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This  index  of  Mullard  valves,  tubes  and  microwave  components  will  be  reissued
periodically to  incorporate  the  latest  information.
Da.ta  sheets  for  types  starred  thus  (*)  have  not  yet  been  published  but  will   be
issued   when   they   become   available.   A   guarantee  that  these   valves   and   tubes
will  become  available  is  not  implied  by  their  inclusion  in  this  list.
The  issue  number  or  date  given  against  each  type  shows  the  latest  information
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Issue  No.              Type                                Pages
or  Date                No.

VOLUME  3

PART  I

Sept  67       Preface

Aug    68        Generallndexvols.31
and  3A

4        Listof symbols

Oct    62       Transmittingand
Industrial  Valves  and
Tubes:  Type
Nomenclature

Cathode Ray Tubes (except te/eyi.si.on
Picture tubes-in  Vol.1)

Nov   67       TubeType
Nomenclature

3       General  operational
Recommendations

Sept  67       ScreenTypeBE

Sept   67       ScreenTypeGH
Sept   67       ScreenTypeGJ

Sept  67       ScreenTypeGM

Sept   67        ScreenTypeGP

Sept   67       ScreenType`W'
*        D7-190G H

Dec   66 /BED1 0-1 1 G H
lLD1°-12GM

GP

D1-D5

*        DIO-160GH

*        DIO-170GH

a          Feb   67{D13-16:EF              D1-D6

AUGUST   1968  (Supp.  Issue  3/7)

Issue  No.             Type                               Pages
or  Date               No.

Cathode Ray Tubes (except te/eyjsjon
Picture tubes-in  Vol.  1)-cant.

Dec   67{D13-268F                D1-D6

Feb    67       D13-27GH                  D1-D5
*       D13450GH/01
*       D13480GH
*        D13-500GH/01

*        D14-120GH

*        D14-121GH

Apr    63

Dec    66

D87-11
DH7-1
DN7-1
DP7-11

D87-78
DH7-78
DN7-78
DP7-78

Dec   66             „

sept  67  (Bg7::i

D1-D4

Feb    67        DH3-91                         D1-D6

Apr    63

*       M17-140W

*        M17-141 W

Dec   65       M21-llW
Noy   64

Dec    65        M21-12W

Sept  67       M28-12W

Sept   67

Mullard

D1-D5

D1-D5
C1-C3

D1-D6

D1-D10

C1-C3
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':Srugary:.           T#.e                         pages

;:tt„h,:i:bEsa|:uvbo;.Sj;=:gtn::/eyJ.SJ.on
Nov   64       M36-llW                  D1-D5
Nov  64

*       M36-16W

Aug   62
(Aug62

Au-62(

MC13T16
M K13-16

MG13-38
MU13-38
MY13-38
MW13-38

Aug   62

C1-C3

D1-D3

CI

D1-D4

C1

Photoconductive Cells

Mar  66     S:::sr:a'cEa#?::tory

Sulphide  Photo-
conductive  cells                13

1       General  operational
Recommendations              2

Apr   66       0RP10                         D1-D5
Apr   66            „                                C1-C5
June  65       0RP11                           D1-D2

June  65             „                                 C1-C6

June  65       0RP12

June   65

Feb    66       0RP13

Feb     66

Jan     64       0RP50
Jam      64

Sept  63       0RP52
Sept   63             „

June  65  (8RB:?

June   65

Jan     63       0RP90

D1-D2
C1-C5
D1-D6
C1-C3
D1-D3
C1-C7
D1-D2

CI

D1-D2

C1-C3
D1-D2

Jan     63             „                                 C1-C6

June  65       0RP93                          D1-D2
June  65             „                                 C1-C6

AUGUST  1968

Issue  No.             Type
or  Date               No.

Photoconductive Cells-cant.
May   64

Mar   64

Mar   68
Mar   68

Dec   67
Dec   67
Mar   68
Mar    68

Pages

ORP94                         D1 -D2

C1-C3
R PY20                           D1 -D4

C1-C2
RPY30                           D1-D2

C1-C2
RPY54                           D1-D3

C1-C2
2         61SV                                                 11

Photoemissive Cells
1        General  operational

Recom mendations              4
1        Spectral  Response               2

2       20CG
3       20CV
1         53CG

1         53CV

1        55CG

June  66       58CG                             D1-D2
June  66            „                                           CI

June  66       58CV                             D1-D2

June  66

2       90AG

3       90AV

3       90CG

3       90CV

Sept   63             „

C1

3

3

3

3

D1-D2
CI

D1-D2
C1

Sept  63150UV                           D1-D2
Sept  63             „                                          C1

u
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Issue  No.              Tyf)e
or  Date                No.

Camera Tubes

Ma,   68  /X818:3

\XQ1043XQ1044
Feb     64       55850AM

N
Apr    64       55850S

F

A

a

®

Apr   64             ,.                                 C1-C6
Dec    67    ,r55851-2-AM              D1-D4

\N

Sept   66 / 55875
55875R D1-D9-1!;8;!8

Accessori.es

Oct    67       AT1113                          D1-D3

0ct    67       AT1132                         D1-D3

Photomultiplier Tubes
May   60       0peratingNotes     D1-D3
Mar    62       Spectral  Response   C1-C2

Sept   64

Feb     68

Feb     67        XP1002

Feb     67

67        XP1010

67

62        XP1030

Dec    67              „
Aug    67        XP1110

A:JJg.   6J

Feb     68         XP1113

Feb     68        XP1114

Feb     68        XP1116

Feb      68         XP1117

C3-C4
C5

D1-D3

CI

D1-D3

CI
D1-D3
C1-C2

4
D1-D4
C1-C2
D1_D3

C1

4
4
3

4

AUGUST   1968

Issue  No.             Type                               Pages
or  Date                No.

Photomultipljer Tubes-cont.
Mar    68       XP1140                                      4

Mar    68        XP1141                                         4
*        XP1143

*        XP1210

*        XP1220

0ct    59       50AVP                         D1-D4
Mar    63        52AVP                            D1-D3

Mar    63

Mar    63

Apr   64
Mar    63

53AVP
53uVP

Mar    63

CI

D1-D3

C1-C2
D1-D3

C1

Feb    65   {§8€¥B                         D1-D2

Feb     62                                                 C1-C3
Mar    68       56CVP                                       4

Mar  68  {§:I#                        4
Dec    67       57AVP                           D1-D4
Dec    67             „                                        CI
Dec    67       58AVP                           D1-D4

Dec   67             „                                C1-C2

Mar   63   {::8€¥B                      D1-D3

Mar    63                                                  C1-C2

Feb     67        150CVP                          D1-D4

Feb     67                                                            CI

Mar    63        153AVP                           D1-D3

Mar    63                                                 C1-C2

Image Converter Tubes
Nov   67       XX1020                        D1-D4
Nov   67            ..                                               C1

D1-D4
C1-C2
D1-D4
C1-C2
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Issue  No.             Type
or  Date                No.

Pages

Image Converter Tubes-cont,
Aug    65        6929-1

Aug   65           '.

PART   11

Switching and  Indicating
Gas filled   Diodes
Jan      68        ZA1001
Jan      68              "
Feb    67       ZA1004
Feb     67

*        ZA1005

D1-D4
C1-C2

D1-D3
C1-C2
D1-D3

C1

Voltage  Stabiliser and  Reference
Level  Tubes

1          Definitions                                  1

Apr   64       General  operational
Recommendations       1-10

July     64                                                                      11

Jan      59        SpecialQualityTubes
General  Notes                      3

Jan      61        M8098                            D1-D2
Feb     59             ,.                                  D3-D5
Feb     59             „                                            C1

M8142                             D1-D2

D3-D5
CI

D1-D5
61                .,                                                   C1

June   62        M8190                             D1-D2

Feb
Apr
Apr
Apr   63
Apr    63

Apr    63
Apr
May

Apr
Apr

D3_D4
D1-D5

C1-C2
D1-D5
C1-C2
D1-D5
C1-C2

4
D1-D2
C1-C2

AUGUST  1968

Issue  No.             Type
or  Date                No.

Pages

Voltage  Stabiliser  and  Reference
Level Tubes-cont.
Sept   60       83AI                               D1-D9
Sept   60            ..                                              C1

3       85A2                                            3
Apr   63       90CI                              D1-D2
Apr    63             `.

Apr   63       108CI
Apr   63            „
Apr    63        15082
Apr   63            "
Mar    60        150C2
Apr    63        150C4
Apr    63            "

C1-C2
D1-D2

CI
D1_D2

CI
D1_D2
D1_D2

C1
Oct    58       5644                              D1-D4

Decade   Counter   and   Indicator
Tubes

1        Counter and  selector
Tubes-Operating
Notes                                       3

2        EIT                                                5
Mar    60        ET51                                D1-D4
May   60           "                                           CI

Oct    61        Z303C                           D1-D3
act    61        Z502S                           D1-D4
July    62        Z503M                            D1-D2

May   65       Z504S                            D1-D9

Nov   61             „                                 A1-A2
May   65             „                                           CI

Feb    67       Z505S                            D1-D7
*        ZMIO00

Mar    65       ZM1020                        D1-D4
Mar   65                                                 C1-C3

Mar    65        ZM1021                          D1-D4

Mar   65                                                 C1-C3
JaLn        6

EH
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Decade   Counter   and   Indicator
Tubes-cont.
May   66       ZM1041                         D1-D4

May   66                                               C1-C2
Feb     67       ZM1050                        D1-D4

Feb    67                                               C1-C2
May    65        ZM1080                        D1-D3

May   65                                                 C1-C2

A       I:::e::(z#':'88;             :;:::
Jan     68       ZM1082                                 DI

May    68        ZM1162                                       9

May    68        ZM1172                                     13

seH
ZM1174
ZM1175

fh

a

Accessori.es

Nov   66       8870067                             DI
Nov   66       8870228                            DI
May    68        55705                                            1

Aug   66       56022                            D1-D2

Sept   62101063                                           1

Sept   62101064                                         1

Sept   62101065

Small    Thyratrons   and    Trigger
Tubes
Apr   63       Coldcathode

TriggerTubes Notes   1-12

Jan      59        SpecialQua.Iity

=heynreartar,ofosoTes                    2
2        EN32                                            6

3        EN91                                               6

July    60        EN92                               D1-D2

Jan      59            „                                   C1-C4
July    60        M8204                             D1-D4

Jan      59            ..                                   D5-D6

Jan      59            „                                   C1-C4

AUGUST   1968

Issue  No.             Type                               Pages
or  Date                No.

Small   Thyratrons   and   Trigger
Tubes-contd.

3       Z300T                                     4
May   64       Z700U                          D1-D6
May   64             .,                                C1-C7
Jan     61        Z700W                        D1-D4
lan     61                                                  C1-C6
Mar   67       Z701u                          D1-D4
Mar    67             „                                 C1-C3

June  62       Z803U                          D1-D4
Apr   62            ,.                               C1-C4

0ct   61       Z900T                         D1-D2
Apr   65             „                                C1-C2

0ct    61             „                                      C3

Large  Thyratrons  and  lgnitrons
Sept  67       General  operationa.I

Recommendations
-Ignitrons                          7

3       Definitions-
Thyratrons                            2

3       General  operational
Recommendations-
Thyratrons                            7

5        XG1 -2500                                7

2       XG2-12                                   6
XG2~25                                    6
XG2i400                 D1 -D3

C1-C4

XG 5-500                                7

Oct    62       XG15-10                     D1-D4

0ct   62                                           C1-C2
3        XG15-12                                   2

2       XH3-045                                 2
2       XH8-100                                 2
2       XH16-200                              2

Sept   62       XH25-500                   D1-D4
Feb     62        XR1-12                          D1-D3

Feb    62                                                 C1-C4

Page  5
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`:Sr"8ary:.            TX:.e                           pages

Large Thyratrons and lgnitrons
-Cont.

Nov   65       XR1-12A                     D1-D4

Nov   65                                               C1-C4

May   65       XR1-3200                    D1-D2

23J
66       XR1-3200A                D1-D4

66                                                C1-C3

63       XR1-6400A                D1-D4

Feb     63

lan     64       Z

C1-C4

D1-D5
C1-C2

D1-D2
D3-D4

C1-C4

D1-D8
Jan     64              „                               C1-C4

May   64              „                               C5-C6

Jan     64              „                             C7-C10

Sept   67
Sept   67
Sept   67

D1-D8
C1-C4
D1-D6

Sept   67                                                C1-C3

Mar    68       ZX1061                          D1-D8

Mar   68              „                               C1-C4

Sept   67       ZX1062                        D1-D6

Sept  67              „                                C1-C3

Aug   66   {;§§±A                           D1-D9

C1-C3
D1-D7

C1-C3

D1-D5

C1-C2
D1-D4

C1-C2

AUGUST   1968

Issue  No.             Type
or  Date                No.

Power Rectifiers

Pages

Quick  Reference
Chart for  Half-wave
Power  Rectifiers

4       General  operational
Recommendations              7

Feb    62       RG1-240A                  D1-D3

June59{R8!=2§8A                  D1-D2

Nov   60                                               C1-C2

June   59                                                            C3

6        RG3-1250                                 5
0ct    62       RG4-1250                   D1-D3
act   62                                           C1-C2
Jan     59       RG4-3000                   D1-D2
Jan      59                                                 C1-C2

4       RR3-250                                   2

5        RR3-1250                                  2

Nov   65        RR3-1250A                 D1-D2

Sept   65        RR3-1250B                  D1-D2

Nov   65        RY12-100                     D1-D2

Nov   65                                                        CI

PART   111

TraLnsmitting and  Industrial
Heating Valves

2        Definitionsand
Interpretation  of  Data     1

4       General  operational
Recommendations               9

Jan     61       QQV02i                  D1-D4
Jan      61                                                   C1-C6

2       QQV03-10                            14
Sept  63       QQV03-20A              D1-D7
Sept   63                                                 C1-C9

May   64       QQVo3-25                 Di-D5
May    64                                                C1-C12

May   61        QQV04-16                 D1-D3
May   61                                                   C1-C6

u

u
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Issue  No.             Type
or  Date                No.

Transmitting and Industrial
Heati ng Valves-cont.

4      QQV0640A
May   64       QQV07-50
May   64

Aug   63       QQV5-P10

Aug   63                 „
May   63       QQZ03-10

May   63

QV03-12

1       QV04-7
Jan     59       QV04-7R

2      QV06-20
Aug   60       QVO8-100

Aug   60

18

D1-D5

C1 -C1 2
D1-D3
C1-C2
D1-D4
C1-C3

D1-D3
C1-C3

8
D1-C1

12

D1-D6
C1-C13

1        QV1-150A                               7

Apr   68 (8¥Z:2:8f
Apr   68

Jan    68  (8(Z:::8f
68

a

QY3-65

QY3-125

D1-D6

C1-C4

D1-D4

C1-C2
D1-D5
C1-C2

14
5J

7-18

QY3-1000A               D1 -D8
C1-C5

QY4-250                              23
QY4400                 D1 -DI O

C1-C6

QY4-500A                 D1 -D5
CI

QY5-500                     D1 -D4
D5

C1-C9

AUGUST  1968

Issue  No.              Type
or  Date                No.

Transmitting and  Industrial
Heati ng Valves-cont.
Dec   64       QY5-800
Dec   64

Oct   62  {8¥j::888dr

July    64

act   62
Mar    59       QYS50-P40

Ma.r    59

July   63       QZ06-20
July    63

2       TY2-125

67„
62      TY4-500

Oct   62
Mar    59       TY5-500
Mar    59
Apr   61        TY6-12A
Apr    61

0ct    58      TY6-800
June  64

June  64

Pages

D1-D4
C1-C4

D1-D8

D9-D12
C1-C9

D1-D3
C1-C2
D1-D3
C1-C4

1+
5-6

7-13
6

D1-D5

C1-C3
D1-D6

C1-C8
D1-D5
C1-C2
D1-D5
C1-C4
D1-D4
D5-D6

C1

Sept  60       TY6-1250A                D1-D5
Sept  60                                              C1-C2
Jan     66       TY6-3000A                 D1-D5

Jan      66                                                 C1-C5

Apr    66
(:f:::::?       D1-Di2

May    64                                                C1-C7

Apr    64       TY6-5000B                 D1-D6
July    64                                                              D7

Apr   64                                              C1-C4

Paoe 7
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Issue_ No.             Type
or  Date               No.

Lreaant:Tgjt;jan,5easnL±c:nn:.ustrja,

Apr   67 (
TY7-6000A
TY7-6000W
TY7-6000H

D1-DIO

Apr   67                                              C1-C5
July    61        TY8-15A                       D1-D3
July    61                                                    C1-C4

8::   ::      TY8-15H                 E:=E:
Oct    61       TY8-15W                   D1-D3
0ct    61                                             C1-C4

May    64

(TY8-6000A
TY8-6000W           D1 -Dll
TY8-6000H

May   64                 „                           C1-C4

0ct    62       TY12-15A                  D1-D5

::: :: (I?:i:28a         5;:::
Aug   63                                                         CI

Mar  66{:#£:§S           D1-D10

Mar    66                                                C1-C5

0ct    62       TY12-120W              D1-D6
0ct   62              „                         C1-C4

2       TYS5-3000                              5

N.v  66  /
YD1150
YD1151                           D1-D6

|YD1152
Nov   66                                              C1-C6

Nov66{;3jj:i                   D1-D6

Nov   66                                               C1-C7

Nay   66

Nov   66

Nov   66        YD1182

Noy   66

D1-D8

CI

D1-D4

C1

AUGUST   1968

Issue_ No.             Type
or  Date               No.

Lreaant:=git;ian|:easn-dc:nn:.ustrial
Nov   66       YD1192

Noy   66
*        YD1202

Nov   66        YD1212

Nov   66

May    67       YD1240

Pages

D1-D4
C1

May   67                                               C1-C5
Dec    65        YL1000(Maint.)       D1-D7

Dec   65             „                               C1-C6

May   63 ( €L€2i:_2o              D1-D2
June  64                 „                           D3-D5

May   63                  „                          C1-C10

May   64  (
€L623o°6_4o               D1-D5

May   64                                               C1-C12

Feb     65        YL1060                           D1-D5

Feb    65                                                 C1-C5

*( YLI070
YL1071

Sept   63        YLIO80                          D1-D5

CI

D1-D6

Feb    66              „                                C1-C7
Feb     66        YL1110                            D1-D7

Feb     66              „                                          C1

Apr    67 ( f[::2!                    D,-D6
Apr   67             „                               C1-C2

May    66        YL1130                           D1-D4

May   66              „                                C1-C4
Nov   67        YL1150                           D1-D4

Nov   67             „                               C1-C2

YL1160
Y L1161

u

u

u

u
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Transmitting and  Industrial
Heating Valves-cont.

*         YL1170

Feb     66

Feb     66

Dec   67
Dec    67

July    64

Jam       68

Jan      68f\

®

a

YL1190                           D1-D4

C1-C2
YL1230                           D1-D4

C1-C3
YL1240                           D1-D4

YL1320                           D1-D6

C1-C3
Apr    68       YL1420                                       8

Quartz Crystal  units
Au8   66       S:::sr?'QEuxapr'taznat°ry

Crystal  units                         2
Aug   66       QX1000                       D1-D5
Aug   66                                                         CI

Aug   66   {8X:88i                     D1-D4

Aug    66              „                                         C1
*       QX1003

Aug   66       QX3000                       D1-D3

Aug   66  {8X!88i                     D1-D3

Aug   66       QX3100                       D1-D3
Aug   66       QX5000                       D1-D3

Aug   66   {8X:88£                     D1-D3

VOLUME  3A
Microwave Devices and
Components
Sept  60 General

Operational
Recommendations-
lntroduction               D1-D2

Communications Magnetrons
Sept   60       General

Operational
Recommendations-
Radar and  Communica-
tions  Magnetrons    D1-D5

AUGUST   1968

;sru8a¥:.          T#.e                        Pages
Communications  MaLgnetrons

-Cant.
Jan      61        JNT1-500                     D1-D3

Jan     61                                                  C1-C2

0ct    63       JP8-02B                       D1-D3

0ct   63                                                   CI
Oct    63       JP8-02C                       D1-D3

act   63                                                  CI
Nov   65       JP9-01                            D1-D3

Nov   65              „                                          C1

Oct    63 •;.i

P9-2.5
P9-2.5B
P9-2.5C

D1-D4

Oct    63                                               C1-C2

Nov   63   {j;;=Z:§P                   D1-D4

Nov   63                                               C1-C2

Feb    62       JP9-5                             D1-D2

May    61              „                                             D3

Feb     62 (
J P9-7
J P9-7A
JP9-7B

D1-D3

Feb    62             „                                C1-C2

June  63       JP9-7D                          D1-D4

Mar   62             „                                C1-C3

July    63   {!;3={§B                        D1-D4

May   64                                                C1-C2
July    63                                                                C3

Dec    67       JP9-18                           D1-D5
Dec   67             „                                        CI

May   62   {!::=§8A                      D1-D3

:::::(I:;:'7:B             :::::
July    64                                                  D3-D5

0ct    63                                             C1-C3
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May    60       JP9-250  Series           D1-D3

May   60              „             „               C1-C2

Apr    63        JP35-30                         D1-D2

Feb     61                                                   D3-D4

Apr    63                                                C1-C2

Apr   62{j§§88¥]¢BB                  D1-D5

Apr   62                                               C1-C2

Feb    63   {j3€;=8iE                   D1-D3

Feb     63                                                  C1-C2

Jan     63   (j3:;:8:B                 D1-D3

Jan      63                                                            CI

Apr   62   {jBfg9_-o°tt                      D1-D5

Apr   62                                               C1-C2
0ct   65                                                    C3

::{j3fg9_?22                =:=::
J PG9-02C                    D1 -D3

Dec    67

CI
D1-D4
D1-D5
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Feb     66                                                 C1-C3

Oct    64
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Dec    67
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D1-D3

D1-D5

D1-D5
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D1-D4

CI
D1-D5

D1-D5

C1
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D1-D4
D1-D5

CI

D1-D4
CI

D1-D4

C1
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Page  10

u

u



Mullard  TechnicaLI   HaLndbook

GENERAL  INDEX
TO  VOLUMES  3  AND  3Aa

';Sru8ary:.          T#                       pages

Industrial  Magnetrons-cont.

Nov   67       ip2ro.2                        Di-D8
Nov   67             „                               C1-C3

*       JP2-1 A

Apr    63        Magnetron
Accessories                 D1 -D2

Jan           / I:3i.:A,              D1-D10

a

A

\JP2-2.5W               iJ I-u,v
C1-C6

JP2-5W                      D1-D4
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Reflex  Klystrons      D1-D3
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1        K S 9-20                                      4
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July    63               „                                  C1-C7
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Mar   63   (?K:88i D1-D5
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-  (f K:8!?
June   68        YK1070  Series                         4

AUGUST  1968

Issue  No.              Type
or  Date                No.

Klystrons-cant.
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Pages
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May    68
(YK1140  Series
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Operational
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Forward-wave
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*        L86-10

Apr   63        L86-12                          D1-D6
Sept  63             ,.                                C1-C2
Apr   63             „                               C3-C8
Aug   68       L86-25                                     7

Feb     68       L86-25A                      D1-D7
*       L 87-20

May    64        YH1030                          D1-D5

May   64             „                                 C1-C2

¥  (I#jf!O

<  ( Iii028o0
*        YH1090

Disc Seal Triodes
Jan      65        EC157                              D1-D5

Jan     65                                                C1-C4

lan      65        EC158                             D1-D5

Jan     65             „                                 C1-C4

Feb    61        TD03-5                         D1-D3

Feb     61                                                               CI

Dec    63       TD03-10                      D1-D2
23i
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Mar   65       TD2-500A                  D1-D5
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sep,  64  /

Sept  64

CL7050
CL7051

|CL7052

(
sept  64  (

CL7300
CL7301

CL7311
CL7312

Sept  64       CL7350                        D1-D2
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PREFACE

ln  order that you  may obtain the  maximum  benefit from your Mullard  Technical

Handbook, we ask you to  read  carefully this  short description  of the Handbook

Service  and  how  it  is  organjsed.

By following  the  simple  suggestions  given  you  will  ensure that your Handbook

i§  always  up  to  date,  and  will  avoid  much  unnecessary  correspondence  and

work  both  at  your  end  and  ours.

THE  HANDBOOK

The   Mullard   Technical    Handbook   is   published    in    seven    volumes    plus   a

general   index.

You  may  possess the complete Handbook, or only one or more of the volumes.

Should  you  wish  to  obtain  any  volumes  not  in  your  possession,  please  write

to   Mullard   Central   Technical   Services   for   subscription   terms,   quoting   the

serial  number  of  your  existing  Handbook.

KEEPING  THE  HANDBOOK  UP  TO   DATE

Each   volume   has   a   separate   index,   and   is   sent   out   complete   with   section

dividers   and   all   current   data   sheets   in   their   correct   positions.   As   new   or

revised  sheets  are  issueci,  copies  are  sent  to  all  subscribers,  together  with  a

list  indicating  the  position   in   which   each   sheet  should   be  filed.

ACKNOWLEDGMENT  OF  RECEIPT   OF  HANDBOOK

ln   order  to   ensure  that  these   sheets   reach   the   correct   individual   you   are

earnestly  requested,  immediately  upon  receipt  of  your  Handbook,  to  detach

and   mail  to   us  the  "Acknowledgment  of  Receipt  Card"  which   you   will   find

just  inside  the  cover.   Please   make  sure  that  the   name  and  full   address  to
which  supplements  should  be  sent  are  clearly  given  in  the  space  provided.

CHANCE  OF  ADDFtESS  OFt  OWNERSHIP

Any  change  in  the  name  or  address  should   be  notified   in  a  similar  way  by

using  the  "Change  of  Address  or  Ownership  Card"  also  included  at the front

of  each  Handbook.
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FILING  DATA  SHEETS

The  prompt  use  of  these  postcards  will  ensure  that,  as  far  as  is  humanly

possible,  our  mailing  records  and  your  Handbook  are  maintained  up  to  date.
This   can   be   achieved,   however,   only   with   the   co-operation   of   Handbook

owners,  not  only  by  notifying  us  of  change  of address  but  by filing  new  data

sheets  as  soon  as  they  are  received  and  removing  obsolete  sheets.

Neglect of this  simple task may  lead to  loss  of data  sheets,  and  an  incomplete

Handbook  congested  with  out-of-date  information.

We occasionally receive  letters from  Handbook subscribers  who  have allowed
their   Handbooks  to   become  disorganised,   asking   whether  they   may  return
them  to  us to  be  made  up to  date,  Please  note that we  cannot  undertake
this  service.  What  we  can  do,  however,  is  to  send  you  a  copy  of the  latest
index  so  that  you  can  check  the  contents  of  your   Handbook.  We  will  then

send  you,  free  of  charge,  copies  of  sheets  which  may  be  missing.

CORRESPONDENCE

Correspondence  concerning  the  Handbook  Service  should  be  addressed  to:

Mullard   Limited,

Central  Technical  Services,

Mullard  House,

Torrington  Place,

London,  W.C.1.

When   writing,   please   quote  the   SERIAL   NUMBER   which   is   given   on   the

introduction  page  of  each  Handbook.  This  number  links  up  with  our  records

and  mailing  system,  and  is  repeated  in  the  address  on  every  set  of  supple-

mentary  sheets  issued.  By  quoting  this  number  you  will  save  us  a  great  deal

of  work  and  avoid  delays  in  answering  your  letters.
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CONTENTS
Volume  1

Part  I
Receiving  and  amplifying  valves  (current  types)

Part  11

Special  quality  receiving  valves
Television  picture tubes  (current types)
Miscellaneous  valves

Volume 2
Maintenance  type  receiving  and  amplifying  valves
Maintenance type  cathode  ray  tubes

Volume 3
Part  I

Cathode  ray  tubes
Photoconductive  cells
Photoemissive  cells
Camera tubes
Photomultiplier  tubes
Image  converter tubes

Part   11

Switching  and  indicating  gasf"led  diodes
Voltage  stabiliser  and  re{erence  level  tubes
Decade  counter  and  indicator tubes
Small  thyratrons  and  trigger  tubes
Large  thyratrons  and  ignjtrons
Power  rectifiers  (valves)

Part  Ill

Transmitting  and  industrial  heating  valves
Quartz  crystal  units

Volume  3A

Communications  magnetrons
Industrial  magnetrons
Klystrons
TraveHing  wave  tubes
Disc  seal  triodes
Microwave  components

Volume 4
Part  I

Transistors  (AC107  to  AUY10)

Part  11

Transistors  (BC107 to  GET898)

Part  Ill

Transistors  (OC16 to  2N3572)

SEPTEMBER  1967 PREFACE    Page3



Part  lv
Semiconductor  diodes
Photodiodes  and  phototransistors

Part V
Rectifier  diodes
Rectifier diode stacks

Part V I
Thyristors
Thyristor  stacks

Volume 5
Fixed  capacitors
Variable  capacitors
Fixed  resistors
Variable  resistors
Non-linear  resistors
Electromechanical  components
Ultra-high  vacuum  devices
Tuners
Piezoxide  components

Volume 6
Part I

#:Tnadn?::rTeag:::smb,ies
Magnetic  recorder  heads
Ferroxcube  multi-aperture  devices
Ferroxcube  storage  cores
Ferroxcube  switch  cores
Memory  systems

Part  11

Ferroxcube  rods,  tubes  and  beads
Ferroxcube  U-cores  and  yokes
Ferroxcube toroids
Ferroxcube transformer  cores
Ferroxcube  pot cores

Part  Ill
Vinkors
High  frequency  vinkors

Part  IV
IEC  size  vinkors
IEC  size transformer  pot cores

Volume 7
Integrated  circuits
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LIST  OF  SYIVIBOLS

These symbols  are  based  on  British  Standard  Specification  No.1409  :  1950.
"  Letter  Symbols  for  Electronic  Valves  ".

____-_

I.  SYMBOLS  FOR  ELECTRODES
Anode      ......        a                Fluorescent  screen  orTarget...              t
Cathode.,.                                         k                External  Metallisation  ......            M

Grid            .„            ...                         g                 Internal  Meta]Iisation    ...                              in

Heater     ......                        h                Deflector  Electrodes     .....  x  or  y
Filament                                                   f                 Internal  shield    ......                                s

Beam  plates         ......     bp                Resonator             .........        Res+

NOTE   1.     In  valves  having  more  than  one  grid,  the grids are distinguished
by  numbers-g],  g2,  etc.,  g]  being  the  grid  nearest the cathode

NOTE   2.     In  multiple  valves,  electrodes  of  the  different  sections  may  be
distinguished  by  adding  one  of the  following  letters:

Diode.„                          .„        d               Hexode
Triode ......                        t                Heptode      .
Tetrode                                     q              Octode        ...
Pentode                             ...        p                Rectifier       .                                 r
Thus,   the   grid   ol.   the   triode   section   of   a   triode-hexode
is  denoted  by  gt.

NOTE   3.    Two  or  more  similar  electrodes  which  cannot  be  distinguished
by  any  of  the  above  means  may  be  denoted  by  adding  one  or
more    primes    to    indicate    to    which    electrode    system    the
electrode  forms  a  part.
Thus,  the  anode  of  the  first  diode  in  a  double  diode  valve   is
denoted  a'.

2.  SYMBOLS  I=OR  ELECTRIC  MAGNITUDES

Voltages
Direct  voltage                         .     V
Alternatingvoltage  (r.in.S.)     Vr.in.a.

Alternating voltage  (mean)     Vav
Alternating  Voltage  (peak)     vpk
Peak  Inverse  voltage              .      P.I.V.

Current
Direct  current                                I
Alterna.ting  current  (r.in.S.)      lr.in.s.

Alternating  current  (mean)     lav
Alterna.ting   Current   (peak)      ipk
No  signa.I  Current  ....       Io

Miscellaneous

Frequency                                      ..      f

Amplification  Factor           ...      H

Mutual  conductance            ..     gin
Conversion  coilducta.nce...     gc
Distortion....D

Anode  Efficiency

Sensitivity      ..

Brightness      ..

Temperature
Time......



LIST  OF  SYMBOLS

Resistance
Reactance

AmdpmeFt::::e
Mutuallnductance           ::.
Capacitance......
Capacitance at Working Temperature
Power      .

3.  AuXILIARY  SYMBOLS
Battery  or  othersource  ofsupply      ...
Inverse  (Voltage  or  Current)

#i|t!:gtn;:(rv,Lt:ftea'ge,      .
Input
Output    ...
Total          ...
Centre Tap          ...

4.  COMPLEX  SYMBOLS
Symbols  in  Sections  1  and  3  above  may  be  used  as  subscripts  to symbols  in
Section  2,  to  denote  such  magnitudes  as  Anode  Current,  Grid  Volts,  etc.j
e.8. :-

Anode  voltage              ..     Va

£:::re°'s-:pr;qy vv°:,ttaaggee    ¥:trb,
Filament  voltage          ..     Vi
Heater voltage            ...     Vh

8::::tDpi:sj!artion     .     pa•..        Pout

Anode Current  (A.C. r.in.s.)
No Signal Anode Current  ...
Control-Grid  current        ...
Total  Distortion       ......
3rd  Harmonic  Distortion  ,.,
Equivalent  Noise

Resistance                                    .      Req
Drivepower  ......      Pdrive         LimitingResistor     ....,.       RLih
Anode  current  (D.C.)     Ia                 Cathode  Bias  Resistor                   Rk

Internal           External
Anode  Resistance         ...                                                                        ra

g:s:i;{t:::c:ec:bee(S:g=c(ohnetart:ir.a:,€a:::d€it.hode              rgL_k

•..               rh-k

Ra

Rg1-k

§§§{:::j=:§:::#:r:cf:r§#tt;:ed;:er,:,cntEot:emspeer£::;:                 ::g::::tw,

Anaondoed et6l nap,utoEhaeprac:i::tcre!d es  ;.icept..c.ontr6i :                       cln

n n e f rAdm `p?#:tuito ncE::::tra n ::.)                                                         :og: i g 8
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TRANSMllTING  AND                                                                             TYPE

INDUSTRIAL  VALVES  AND  TUBES                  NOMENCLATURE

--
iiil

iil

!a,I,i:h:aic:°dtrxt:ure:eoe;s;n#:e::iSe:Ih;e°bT:::wC'i;;:rt::dj;,:ii]T::gred:e:v::I::nft#e:t!:nr#u:Sv::I:a:

NEW  SYSTEM

Te|:.t¥rpaensn#tbeer:,fonra;ja::tejso:rotrubc:SmuieudnjE::roanr[:yqLrp`:re°nf:,Ssj]n°dn::'tra,EP';Cpa:i:c::
tions)  consists  of two  letters followed  by four figures.  This  system  does  not  apply
to  receiving-type valves.

The  first  letter  indicates  a fundamental  characteristic  of the  device:

X-photosensitive  tube
Y-vacuum  valve  or  tube  (except  photodevices)
Z-gasfilled   valve  or  tube  (except  photodevices)

The  second   letter  indicates  the  construction   or  application  of  the  device :

A-diode
C-trigger tube
D-triode or double triode
G-miscellaneous
H-travelling wave tube
J-magnetron
K-klystron
L-tetrode,  pentode, double tetrode or double  pentode
M-cold  cathode  indicator or counter tube
P-photomultiplier tube or radiation  counter tube
Q+amera tube
T-thyratron
X-ignitron,  image  intensifier or  image  converter
Y-rectifier
Z-voltage stabiliser or reference tube

The group of four figures is a serial  number. The last figure  is 0 for basic types;
variants  of the  basic  type  are  indicated  by  the  figures  1   to  9.

Example
YL1030    Transmitting double tetrode

Receivi ng-type valves

Tshsei:¥|pa:::TP:trf:frr:::#!a|8r::|y::n:s::,vpersjT::i:gt'nth`:trotfhe:::a:::'iopupi`cfiagt|Or::
instead  of two  or  three.  The  letters  and  first  figure  have  the  same  significance
as  in  the  receiving  valve type  numbering  system.

Example
EC1000     Triode   for   professional   applications,   special    base,   6.3V

heater



TYPE                                                                               TRANSMITTING  AND

NOMENCLATURE                 INDUSTRIAL  VALVES  AND  TUBES

OLD  SYSTEMS

5,I::!Fee::nti!:bs:ms;e:na:r:g:i,y;:c:,:,if:ri:;:v.ta#,:;:a!:onrt:u.:e:t,:negrs,i:,,;.y::ipbaf::eossaent:
ratings of the valves according to the following code.

The first letter  indicates the general functional  class of valve:
B-backward wave tube
J-magnetron
K-klystron
L-travelling wave tube
M-I.f.  amplifying or modulator triode
P-r.f,  power pentode
Q-r.f. power tetrode
R-power rectifier
T-r.f. power triode
X-large thyratron.  (All  hydrogen thyratrons and other thyratrons

having  max.  mean  anode  current  of 500mA  or  more.)

N ate.-F°r  :;:::Smsh:¥:n:s:du,ale.:!e,C6r6,d:o:yastdeomusb,,ett:trco°ddee.  letters  for  both

The  second  letter  indicates  some  structural  property  in  each  class  of  valve:

(a)   For  transmitting  valves  and   vacuum   rectifiers,  the  type  of  cathode.
(b)  For thyratrons  and  gasfilled  rectifiers,  the  type  of gas  present.
(c)   For microwave devices, a basic structural  feature.

A=:tc::ttss:fpit;`aYdover}'nbackwar:aY:Vteu::sdtraYelling

D-d isc-seal construction
G-mercury-vapour filled
H-hydrogen-filled
N-xternal  magnet required  (in  magnetrons)
P-packaged construction (in  magnetrons)
R-inert-gas filled
S-reflex  (single  resonator)  construc.ion  (in  klystrons)
T-multiple  resonator construction  (in  klystrons)
V-indirectly heated oxide-coated cathode
X-directly heated tungsten filament
Y-directly  heated thoriated-tungsten filament
Zulirectly heated oxide-coated filament

`-

-

u

The third letter

#;;r':;:sni:Y:#:sS::e:I:dhagr:e|i:#atb:,¥::;:ne:t:r:u:c:tj::t|htLera:v.lei:ttehlr.ds'|.etter.Q'.     `   L



TRANSMllTING. AND                                                                             TYPE

INDUSTRIAL  VALVES  AND  TUBES                 NOMENCLATURE

`n

J1

a

The first group of fig.ur®s,  immediately following the  letters,  indicates:

(a)  Teh:j#s:Oxlmate  anode  Voltage   in   kv  for  transmitting  valves  and

i               Thus o3 #::::g °.3k¥ = 2588¥

For  valves  Intended  for  pulse  operation  this  figure  is  the  peak  anode
voltage in  kv.

(b)  The approximate  peak  inverse voltage in  kv for thyratrons.
(C)I,hy:tra:npsr,a:i:::ear{re£:;:C¥u£:s°apnedra:i::e,irngG;/asvef°trub:sa:8netr°ns.

Thus 9  represents 9Gc/s ±  9000Mc/s.

The second group of figures indicates:

(a):n°rwt.ri:Srmd!jt±'j;:tYoa|:e:;]toh€wm::i::rmetpheerTjjssssj`pb::joann?ndek#SjssjEi;:°n|

(b):::utpr?sn;:iitj:8bvya|Vhees,eptrt'eT:Ej,'!njdn:::dfi:gdurf:srjnpduj`csaete°tpheera:£:mtuhLS

peak current jn  amps.

(C)i°Wboa:kwadr:p:nadv,enganodn::=Y::I:::dY::tee:u(.bAe?.o:h.eB,):utputpowerin

(d)  For  magnetrons, the  pulse  power output in  kw.
(e)  For  klystrohs, the  power output in  mw.
(f )   For  rectifiers,  the  approximate  rectifier  output  current  in  rnA.
(g)  For  thyratrons,  the  approximate   maximum   permissible   mean   anode

:::nr:n6:ftTeA.cJrhj:n8tr?su3ect°wn::S;S.Oof::je,asoto:h;:eFgi8:t:;;ehnet:'rosft,°on;
or.more the ciirrent in  amps  is given.

Thus    Of5 represents 45mA
6400 represents 6400mA =  6.4A

12  represents  12A

Afinai::;:;a::::.:re:::o:o:,;:ia:!yr:e:iiiEy[ci:t::::air;i::;|#i:::u:p,e:v#;::ijft,t:lh:y!sp:::t(:,:;i:ji#

Examples
JP9-7 •#:?::tnrcoyn.yitahppp,a.cxkiaf::.,;ongs66g#:7sntoi:hoppeur,:t.io:.a;.:

output of 7kw.

€f'yas#::x?i:::,eyx9Cooonostrc;:ttoj:hfoarpoop:reartj::t;tuta:[efou:nwT

:raatvei}'j%ororMYc;st#°arn°opuetrpaut:°onfa2t58ir#uencyofapproxi-



TYPE TRANSMllTING  AND

NOMENCLATURE                 INDUSTRIAL  VALVES  AND  TUBES

QQV°3-1 °     cDa:#:Lee. beRaaTedte::°d;o#{that!n3dj6Sct|yndheta:edd js°#::C°,a6#

continuously  (5W  at each  anode).

QV20-P18        R.F.    power   tetrode   with   indirectly   heated   oxide-coated

::tohd°edev.oR:::8noefd2fo°krvp:Lsde:Pfia:ju°#;:tahkTnaxo|rsucmurpr::{
of  18A.

RG3-250

XG5-500

Mercury-vapour  rectifier  rated  to  work  at  3kv  and  to  give
a  maximum  rectified  outpuc  of  250mA.

%o::::::;¥dae::::::t;hTy:t;::r5opn5r:i:#:ge.;a5moraoax;e#e;:r+:;S:#:

Cold cathode tubes

The  type  number  for  cold  cathode  tubes  (excluding   photocells  and  stabilisers)
consists  of  one  letter  followed  by  a  group  of  three' figures  which  are  followed
by  a second  letter.

The  first  letter  is  always  Z,  indicating  a  cold  cathode  gasfilled  tube.

Thefi:%:a8::easj?:ic#:i,atrhderteycpe:v:nfgbvasaFv.e:|es{8njficanceofthefigurebeing

The second  and  third  figures  are serial  numbers  indicating a  particular design
or development.

The second  letter indicates the function of the tube:
A-amplifier tube  (continuous operation)
B-binary counter of switching tube
C-mulcistage counter tube
E-Iectrometer trigger or amplifier tube
G-gating tube
M-indicator (metering) tube
S-multistage switching tube
T-3-electrode trigger tube
u+-electrode trigger tube
W-5-electrode trigger tube

Example
Z803U    4-electrode  cold  cathode  trigger tube  with  B9A  base.

OCTOBER  1962
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CATHODE  RAY

TUBES

f\

®

a

TUBE  TYPE

NOMENCLATURE

Mullard  cathode  ray tubes  are  normally  registered .with  Pro-Electron.  The type
number consists  of a single  letter followed  by two  sets  of figures  ending  with
one or two  letters.

The first letter indicates the  primary application  of the tube:
A    -television  display tube for domestic applications.

P   =   :s:i:i:s::B: ::B:=::it,i:,tor::ae;e-
F     -radar displaytube-directviewing.
L     -di§playstoragetube.
M    -professional television  or display tube (except radar)

-direct viewing.
P     -professional  display tubeTprojection.
Q    -flying  spotscanner.

The first group of figures indicates the diameter or diagonal  of the lumines-
cent screen  in  cm :

Thus       7representsa    7cm(3in)  screen.
13  represents  a  13cm  (5in)  screen.
47  represents  a 47cm (19in)  screen.
59  represents a 59cm (23in)  screen.

The   second   group   of  figures   is   a  two-   or  three-figure   serial   number
indicating  a  particular  design  or  development.

The second groLlp of letters indicates the properties of the phosphor screen.

The first letter denotes the colour of the fluorescence (or phosphores-
cence  in  the case  of  long  or very  long  afterglow  screens)  according  to
the  regions of the  Kelly  Chart of Colour  Designations for  Lights, where
applicable:

A     -Reddish-purple.  purple,  bluish-purple.
a     -Purplish-blue,  blue,  greenish-blue.
D    -    BIue-green.
G     -BIuish-green,  green,  yellowish-green.
K     -    Yellow-green.
L     -Orange,orangerpink.
R     -     Reddish-orange,    red,     pink,    purplish-pink,    purplish-red,

W   -    wrh#e-.Purple.
X     -Tri-colourscreen,
Y     -Greenish-yellow,  yellow, yellowish-orange.

tTh:e.sat::::fd!et:,eerv[!S,:nseprj`:{u':ett:i;°edpehno°::hpoartj,C#:r,%*°e;8h.°vi:.aFn°dr
`X' are used without a second letter. The current Mullard  phosphors are

listed  overleaf.

An  internal  graticule  is  indicated  by  a  two-figure  suffix  Separated  from  the
final  letter  by  an  oblique  stroke,  for  example,   D13-450GH/01.

Examples..
A47-26W        Domestic television  picture tube  with  47cm  (19in)  screen.
D7-190GH      Single   trace   o§cilloscope   tube   having   7cm   screen   with

phosphor  `GH'.

NOVEMBER  1967 (CRT-TTN)  Page 1



TUBE  TYPE

NOMENCLATURE

CATHODE  RAY

TUBES

OLD  SYSTEM

fso?I::eedarJ!ye{wC:tshe°t8eo:afiYgtuur%3:  have type  numbers  consisting  of two  letters
The first letter indicates the  method  of deflection  and focusing:

3    =    El:::::::::i: ;:::S!:g,aT3gdnee;:cctq:fl:ction.
M     -Magneticfocusing  and  deflection.

The  Second  letter  indicates  a  particular  phosphor.  Letters  in  use  are  listed
below.

The  first  group  of  figures  immediately  following  the  letters,  indicates  the
diameter or diagonal  of the  luminescent screen  in  cm.

The  Second  group  of  figures  is  a  serial   number  indicating   a  particular
design  or  development.

Examples :
AW53-88

DH3-91

DESICNATION

Cathode  ray  tube  of  53cm  screen   diagonal   having  a  `W'

:thfijc#:ru:S;£tgu?b:P::y:ncgmmsacgr::;!Cd:ae::::Ira:aav|:ge'aenct::i
phosphor    and    employing    electrostatic    deflection    and
focusing.

OF  IvluLLARD  PHOSPHORS
Pro-

Electron       Old         Fluorescent            Phosphorescent
designation  system           colour

BA                C        Purplish-blue
BC                 V        Purplish-blue
BD                A       Blue
BE                 a        Blue
BF                  U         BIue
GB                M        Purplish-blue
GE                 K       Green
GH                H        Green
GJ                G        Yellowish-green
GK                G*      Yellowish-green
GL                 N        Yellowish-green
GM                P        Purplish-blue
GN                J         Blue

colour

Blue

Yellowish-green
Green
Green
Yellowish-green
Yellowish-green
Yellowish-green
Yellowish-green
Green

Equivalent
Persistence   JEDEC

designa-
tion

Very short        -
Killed
Very short        -
Medium  short Pll
Medium short -
Long                     P32
Short                  P24
Medium  short P31
Medium               PI
Medium
Medium short P2
Long                     P7
Medium short  -

(lnfra-red excited)     (fluorescence)
GP               -      Bluish-green           Green                             Medium short p2
KA               -      Yellow-green          Yellow-green               Medium              P20
LA                D       Orange                      Orange                           Medium

i3         i   iji,i!i.u,sc.een:;f:               i?:,g[3:g
YA                Y        Yellowish-orangeYellowish-orange     Medium

*Used  in  projection  tubes.

NOVEMBER  1967 (CRT-TTN)  Page 2
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THODE    RAY
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GENERAL  OPERATIONAL

RECO M M E N DATI O N S

conjunction  with  British  St_andard  Co_de of Practic_e  No.  CP1005:
Parts  1   and  2.:  1954,  "  The  use  of  Electronic  Valves ",  upon

which  these  notes  have,  in  Part,  been  based.

MITING  VALUES
e operating limits quoted on data sheets for individual tubes should

giv no-account be exceeded. Two methods of specifying limiting values
used,  the   ` absolute  '   and   ` design   centre  '  systems,   and   these

uld  be  interpreted  as follows:-
olute  Ratings

i!+i,i

:e:£eutpaT:njtn:::i:jnnegrartuhs:aecntsuua[etutbheato:::::[nrgat::gal:jroensn:::{
iations  as  mains fluct-uations,  component tolerances  and  switching
ges  must  be  taken  into  account.

Centre  Ratings
set  of nominal  valves  inserted  in  an  equipment  connected  to

ahnedst]np;rhT¢tht:icnoomm;::'esnut!R`ayv:Ot'ht:fren:£[|:|avg|j::,ntiaeptpj:€
at  no time  exceed  the  published  maximum  design  centre

::gsbeea`i:::,?:£g::e;,n::gI,:I:o::;)bs:h¥o:u:d:rb::Pr::r::lnnmf::i:an:[e::ui:tc:;:t:i:
ent designer.  Normally  encountered  mains voltage variations

0°/o) are allowed for in the tube  ratings,  provided  normal

o:;e:s:i;d:is!e;sa:S;e:::°§r,§j[Se:;;:ee:i:i:i;:S:|io;no:#:h8:enetr;:::;::::g:e:ro:f:a:s:ei::a:r¥j:;:

ER
Operation

ater voltage  must be within  ±7°/o of the rated value when the

:P!ZbY|?s'::8deh]:aatteit:hna:rcjtnear`]srti::isveaLu;,.oaynedd.Whenatubehaving

:snfi#:jiapne::tsfsaicb.I:r:,nnlytL:steh:irvcou':a;,eanvcaer:a.tt:nt::af::'eenr::::

aYv[bdeu:iaE::i::[ot#seasri:,anrgef:::tt°hfet:fie=::f°tfh:hteo,Seqr::rceess:t#:
parate factors,  providing-no one of these deviations exceeds  ±5°/o.
ould  the  voltage  variatron  depend  on  one  factor only,  the  voltage
riation  must  not exceed  ±5°/o.

OP.  CRT.  259-1



GENERAL  OPERATIONAL

RECO IVI M E N DATI O N S

CATHODE   R

Series  Operation
The heater current must be within  ±5 % of the rated value when t|fr 2L
Spuupb?i`syh::`iae8a:ej;cahtaitasctne°r:::cas'j:a::dp,Voa):::andatubehavingtfe

#:Snf'£uorreejtsh::romnj:Si:::o°rr',ynj:htehseeccTrrcr::tstvaanr:::i,°tnh:St:::,e:i,e#

janndcjevjT:I,bdeetv:5tej:nas::jesjsnqguirroemrotohteoef#cetssuoTt:fet:oe,::aunacreess:i:#
separate factors, provid ing no one of these deviations exceeds ± 3.5 °/€,

:::rue`:ttJaer:a°t::'nc#rursetn:ovta:j£::°endd±3:5no%.upononefactoronly,the
lT

i;t.,ia:,,jsi];Cr:I:::i:::8:i:e;a;::i::ei:'a!¥:c:a:t:h:::£:i:Cr:is;tn:8:ebc:°f¥:;tknee:nn:a:s'i:8:,t:?o¥id
With  certain  combinations  of  valves   and   tube,   differences   in   t|((
thermal  inertia  may  result  in  particular  heaters  being  run  at exceerfe
jpnegr'jyodh,j€hni::smoptehreart*[see€:art:gjtnhteh:;LTij,:8-eudpd:tear,i?tdj.s3eurrLnj€s:rfro

for the heater voltage of the tube to  rise to a maximum value

;n:cbe:Is::e:sj::fe-:::re:co::i;:::::::,,:ss.::[uue::!e::I;:s#;::dt:uv::seuTj:a:y

:uet§:eYa!::h°:sh::t::cvj?,I::g:;:t.jsimportanttoemployapeak

;::a,Si:t;:e|;:tf°::n:o:t;a:::?:w::e;c±u::o:°%dcac:e:p°EV:e:'fa:I:s:l#:I#b:es::nec:oh;e:a#cl:ig

i::t:{i::n!ijn#s::n;:i{;e::i;v°;:;ci:Cii;:oe::ipi;cti;#iv::j:::i::::p::r!a::i:I;i;:jj:rjt::h;:;i;ib£
mance.

low  as  possible.  and  ,in  any  case  must  not  exceed  the  limiting

:T

CATHODE                                                                                                  u2

The  potential  difference  between  cathode  and  heater  should   be :!S

Ta:#

!jv::t;e;r:°g:o;s;::i:e:¥ah:i;S;;t:hac::°:r:c:C:::;:::,!j}!ei;s::e::e£C:°;mp±ir;at:ei;:a:do¥att:hrj#rig
When the heater is  in  a series chain or earthed, the 50c/s  jmpedanee

lssuE  3
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a

GENERAL  OPERATIONAL

RECOIVIMENDATIONS

between  heater  and  cathode  should  not  exceed  100kQ.  If the  heater

isetswu%[jehdea{::Tn3 csa:R:rda:em:::nhs:otremxec:e¥j,n#   the   resistance

INTERMEDIATE   ELECTRODES   (between   cathode   and   final
anode)
ln   no   circumstances   should   the  tube   be  operated   without  a  d.c.
connection   between   each   electrode   and   the   cathode.   The   total
effective  impedance  between  any  electrode  and  the  cathode  should
be  as  low  as  possible  and  must  never  be  allowed  to  exceed  the  pub-
lished  maximum  value.

Grid  (Modulator  electrode)
Television  and  Radar  Tubes

Tehsepevca{uteo°tfh8r:€t::a:eT:;tcenp°ttdbuerjai!°Yheedpt:r[boedc?::epd°]Sajtt:Y;avyj:I
switching the receiveron or off when it may be allowed to rise to +1V.

I::mT|a:ipme:a?,nEo:i:|vdei,,g.ri:i:x;::sj%.:ftt.here::dhe3vsig:3'a:n.dh::
voltage the grid  current  may  be  expected  to  be approximately 2mA.

Instrument  Tubes
The  tube  should  normally  be operated  so that the  instantaneous grid
voltage  is  not  more  positive  than  -1V.

Grid  cut-off voltages

:fu:,¥::::::inv8o[thaeg:jTrj:S[::,8:jeddcjunt-t°hffevd°a'ttaa8f:rf::dsj?:€|fi:i¥:|uees:

a         ifb:::#s#tLleet::S:Cr#;:I:s;hh:0:|n::e:b:e:ire::t:h8p:r:eps)r: atthea:, ::tc::ohdaen€::t:::

LUMINESCENT  SCREEN
To  prevent  permanent  damage to  the  screen  material,  tubes  should

:oro#p:pa::::cri:;::ey!ta:,nh::t:;eat:'t:::ae%s:;a:b'r#yaftT:o#:s:ceasn::,:hege#patg::
Some  television  tubes  have  the  face  plate  made  of
in order to improve the contrast. The proportion of
through these screens is given on the data sheets for

::!tt;::::iE:aesds
ndividual tubes.

'®
For a clear glass screen, approximately 90% of the light is transmitted.

i:frtcyu'i!t8::fsa|'::8:hpe°:ctrheee::rteheenu::"orfe:us`:j#essfi?tfecr°#j[,a:tri;fr:tv!:
the  contrast.

f:din;thyepr:Sn°:csecsrseaer},msahtoeurj:'g:°prreos::c:enddebryuitnraa-#°r'oe:r::tc:t%i£::

OP.   CRT.1159-3
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GENERAL  OPERATIONAL

REC 0 IVI M E N DATl 0 N S

CATHODE   RAY

TUBES

EXTERNAL  CONDUCTIVE  COATING

r::::I:i:sttuob:;eh£:ja|8a::deex:earynab'ec:sneddu::i:erocv°jat:ns8+:::h::!afc::
the  e.h.t.  supply,  and  in  all  cases  it  must  be  earthed.

;:hjiart::e:tc'f:r;nm:Sctt:o:;:I::P:eLriee!;aas::°nn:td::C:i:::::tee:;,s5::;oe;rot;£ab{:,dfurc:

METAL  CONE

;:eT:e:tefu::::i:s¥teaha:v:e:,tn:s:u:;:a:,:g::p;ro#p:;e::::t,ha,,d:ec:oounna:t:ac::#h:,s€ja:s,stc:o::e:
The metal cone must not come in contact with a magnet which would
result   in   it   becoming   permanently   magnetised.   This   would   cause

picture  distortion.

HANDLING

rphoentE:eecoauust!Pmn;,otsa[:ennt:na:::ju:auc;urbeutr::;C:ddtjht:onpa?S::::I::ydu°ef

;:fr:o:iia§;]iird:+¥,;C;:;:jt;:::;r::bf:t;:t;:e:ad:i¢ei:t;;a¥tt:§rf:rti;g#::¥:i:hp:i§:;:n§'Yaa;n:uj;:iai;
Care  should  be taken  to  prevent  bumping or striking the  rim around
the face of a tube having a metal cone as rough treatment may damage
the  glass-to-metal  seal.

#hc:::ctr:::tso#j:ri::::u:ps:f:npta:ro%igiitnaaj,:a:i,;negriit,#:eufobme

§i![:e:id(ibt:i::dit:a:ne:;i:¥a:n;d:b:si:gilt):h;;:o;:1:!iv!e::hb:::in:tiF:I:e:ic:tkthsbeg:::eu:::,I::;d:
supported  when  possible.

;¥ei:i?;nr::are::ci:;e:Cd°i§:d;u:Ca:,:V;:;§i[aat:ivi#:X#°i:;:i:::::an;::i;i:::ef¥¥:;;ea#§ija{
::snug,:[n°gus[nt°datmh:gepetros°tnh,eT[gbhet,;a#jsceha:jgjhnt:°[::t=rxyamr;Fec,tis:
dropped.
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GENERAL  OPERATIONAL

RECOMMENDATIONS

PROTECTIVE  SCREEN
The  viewing  screen  of  a  cathode  ray  tube  should   be  protected   by

#Ftahns:a:: ims;I:sej:n°:ft#:Stpuabr:.nt  material  of  suitable  strength  to

MOUNTING
Unless  otherwise  specified   on  the  data  sheets  for   individual  tubes
there are  no  restrictions on  the  position  of mounting.  Circular-faced
all-glass  television  tubes  should  be  mounted  so  that  the  position  of
the  final  anode  connector  is  uppermost  and  adjustable  within  15.  of

:hd:ev:[tj::I.scTr::Sneanrseu::ShjtnhdatthaenymaT2j.°r8lassblemishesnearthe
ln  mounting the tube the  main  support  should  be  at the  end  nearer
the screen and so arranged that no stresses are produced  in the glass.

f::;:?tiu:b:e::Sd:s::::des:h:::lid:e;d:#:ecti;o8##eiyu;ir::;:au:t:;;h:°:Uiis|:!!aafvs:

wiring jig is recommended when  soldering connections to the  holder.
It   is  very   desirable  that  tubes   should   not   be   exposed   to   strong
electrostatic  and  magnetic  fields.  In  the  case  of  electrostatic  instru-

smhfen,tdti:bgeesn:rae,,;tinegceasts::yYanodevoltagesaclosefittingmagnetic

DIMENSIONS

#p#an%=denuas:hot#d#rmagnecs£?naositetah:=enttFhrEoemde:=n\vd8=n:=d°p#htneudbee§e#Pnmc=nsth:=|rdtnhoet

REFERENCE   LINE
The  reference  line  indicated  on  the  tube  outline  drawing   is  deter-

tmhjenseedgbeynemr:inosp:fr:tsj:jnt:,b|ee:::8:.e%:tY:nn€:OfseveralgaugesfoHow

X-RAD IATI O N
No   maximum   permissible  dosage   rate   has  yet  been   accepted   as  a

ir:::S:hTess:a|:#y::tb::u:tsf,:d°e#gu#arck:;:?%trT°e:reise:::ti-tehhn:tutr::Le:i°:f;3;#h[::
established.

CORNER  CUTTING

:I:::reorncbuetatLngft:nrd8eeflneecrt:bnjsbedf::e|:r:a€ireesc:h:i:::::t:°nndr°efs:}t:
in  a  blacking-out of the  picture  at the  edges of the  raster.  It  may  be
avoided  by  ensuring that:-

(1)   the   dimensions   of  the   picture   do   not   exceed   the   published



GENERAL  OPERATIONAL

RECOIVIIVIENDATIONS

CATHODE   RAY

TUBES

g:#utTa:Stehfi:`dsj:::::ed:fm]::S:a::tivnedc(e2n)t::eof:f:acetc°t:ocn°#:#teh:
reference   line   does   not   exceed   the   maximum   value  given   in   the
outline  drawing.
The  centre  or de.f}ecti.on   is   positioned   such   that  electrons  deflected

:::emrcteh;Stepd°j:;jtnh:t:=jgkhto'fj::::u°bu::reachthescreenwithoutbeing

:::,e:%'.nmubmydterff:ec;'.:3,fsnhge':jsmtahx:rna:8Jeussue}::nsdc::eanttd|:mc:tnet:,e::

#:t8h°:i:i:ot:i:::::,°£erfi::::o8nu'aanrgt]::)es.(Thisshouldnotbeconfused

FOCuSING  OF  MAGNETIC  TUBES
The  magnetic field  of the focus  unit should  be  axially  symmetrical.

Tohceusmfi?eTdntjjsn8o;i?ai`*j:£tshuechnetchka,taunE°tnh:n:eargti::jc°:etnhteretisb:h#:
recommended  position  as  indicated  in  the  individual  tube  data.
In  general,  if the focus  unit  is  moved  toward  the screen  the  required

:p%.cb:u:is;f:'::a;si:r:oina;i:a;t:ei:I:ec:;e;:hfe:t;de:::o!:,;::::::ts:t:ahte:i:ici:ute:u:n.i:t:h;;or:;::r::i;

3:{i::teonr tct:ismaan8dn:jic.t?:idm°afg:he:. focus  unit  and  the  fields  of the

RASTER  CENTERING  OF  MAGNETIC  TUBES
To  centre  the  raster  on  the  screen  it  is  recommended  that  either  a

cmuar8r::tjcb:lei:s!:attbher:jungdhtthheeddeef!Fec:t°orrcc°:'jis.bihuese*:e:jcdjfi|:fj
lie as  much  as  possible  in  a plane  perpendicular to the axis

e;  (2)  be  adjustable  around  it;  (3)  be  variable  in  streng_th;
f-magnetised   and   not  depend   on  stray  fields  from   other

should  (1
of the tu
(4)   be  s
Co'mponents;  (5) extend over as short a length of the neck as possible;

{6e)sit:bi:utfiift°rtTea:epr:Sssjhbj'f:3:::t[tohne§:°::as,:::je°dn.?tf:shenontecrt.c:tj:
mended  that the  focus  field  be  used  to  centre the  raster.
Unless   otherwise   specified   the   centering   device   should   provide   a
shift  of  ±3%  of  the  overall   length  of  the  tube  to  allow  for  non-

::met::I.jtiyn°afdtd|:josnp°tth:i::n::;Pnegctdte°vjttes£:°uTdetpri:vC]%trtehe°fs#f:

:::::tdetfi:ra'i'[::i?arnR:nng-Caenndtra|[sj:ytj°J:::s:i:i:i:|jrna:::[ty(;.ff.atn°y;:m-

loN  TRAPS

#:tv|dteh°esxetet:nba:iywah':ha::::jrcp°f,rea,tdetaoni°e?,etcrtapt'hjet:S,enc:::Snsa::at:
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CATHODE  RAY

TUBES

a
GENERAL  OPERATIONAL

RECO M M E N DATI O N S

#!;d:ir:::#o:i;:fi;i:I:in::##:#,:;:8n:£rn:a;::d:e::r,:o§:y;:#ceT;;o:u:n::nit:hn:gc:rie:::i

:;v;e:::;,,:a:;,o:why:+i¥,,sttsdr:t:a::s:£se:et:rs:,n3gh:o:u;%:b:e::::::fF[Fe;ans:s:s:::;y:d:,::i
not  encroach  further  up  the  tube  neck  than  the  centre  of the  grid
plane.
At  e.h.t.  voltages  in  excess  of 10kv  the  ion-trap  assembly  should  be
earthed.

Notes  on  Adjustment of  Ion-Trap  Magnet

o      fa:#::t:r;y:i;#e:fl:eLc::::t:ihi:e|e,a;§?ni:ntm;a,se:c::eT:b:I:It:s#siigren::ii:n;I,::;ct;#,i

;op:i;;:::oetno5t:h:aTs:tTrt:hv:::s:rt:h;:,h::wi;ii::p::i::tf:h:ecte:srwr,:nrwdtsh:hoe:ie:r:st:;:n,

;o:w:::Fetd:st:h:ije:e:::I;gut;nY::a:::t;hs#r:d:s:ta:h%e::t:i::;::;n:{!a::t!:ilo;:u:,i:°bira:8:n:::ttiri
for   adjusting  the  position  of the  magnet.

a

0

(1)(a):¥a§[ih:#ti::;X:j;:::rvsr:::ew:tEh::§[;:n{e:nf#:a;8k;:::;bo:f:rs;ew#m:tbc#kvs;f;:t;h:e:tu:b!e:

;s:s:e:tJ#::S];:::e°#s°a!:#yN::Par:°vX:nTc:tth::yt:I:S:I::idbta:s:e:#:
(b):atj:shtetsh°ec5::gth°t;:sestcuobnet.rsYj,tfcnhe::s:::yY:|tjau8s::::Pj:essjt:::

of the  ion-trap  magnet  until  a  raster  is obtained.  Ensure that
the  picture  centering  controls  are  set at zero shift.

(c)   Move the magnet assembly along the neck of the tube towards

ihheenscLe::eutnht:'ihaegnreatst3:cErjt8oh;na:asst:8ejn3a:::::.r.eatshe:
brightness once  more  begins to  decrease.  Return the  magnet

:::heextpr°esit::.nT°hfemmaax:Teut*ujFdhtnnoe;Sb':jrnogtabteetdwsi:gnhtt,hye::
fiLnadxjihuem T#Ph°tj::ss?f  the   range   of   rotation   which   gives

lssuE   3



GENERAL  OPERATIONAL

RECO M M E N DATI O N S

CATHODE  RAY

TUBES

(d)   Lock  the   magnet   in   position,   taking   care   not  to  alter   its
position.

(2)  With  the  procedure given  above  more accurate  centering of the
beam  in the final aperture can  be produced  if the beam diameter is
increased  by  underfocusing.

#::;:Et:;::o:ns,:anenn:e:t:::fit:in::::pto:fre::I:e:f:c:uf;::oe:ft:r;[s:u:ELtmL::a:y:::

:u[TLc[aenntjxd,::fgoec::e#aecakmorufutchees3[f:uproes.sffj::yr.atecenterjng

(3):::,,mm°avyeaTseoni:::€:::#|:i:,i:St#ae¢€'jtaj:dnah,epnrcoec:bd':::i:nL£

Note   the   angle   between   the   centre   line   of  the   ion-trap

;Sass::sb{Xrsoeutgfytht:ebepnr:i:dtuhree::n(]o)f'ta:dc:thheo5:a::y::Lceh.

!fnir::h:I:s;[a:n::::;s:::d::T[ijr:e,:e;:ai:t:he.:ea::s:;;'!eor.idt,at:;t:jt:e:t:I?a;:o:c::ti:,'L'n:,i
possible  to  place  the  ion-trap  magnet  in  line  with  the  plane
containing  the  bend  of the  gun.

ELECTROSTATIC  INSTRUMENT  TUBES
The   e.h.t.   line   should   be   earthed,   if   possible,   in   order   to   avoid
instability of traces due to the effects of capacitance and leakage tothe
Smc::::ieTmh:it:Sapr=rt+Cau::r`oynjThpe°:::::nwshuerrf:c:C::rtaf:fuubaen.t!itf:ti::

;tj::rp:::.s:enfls:cet::tnh:nc€e[::ate::.:Lbpeos:jtaj::q,i:tee,;r,eTapurta[cot;csa:leo,uf5
be  taken  to  insulate  the  tube  from  any  earthed  object  such  as  the
chassis.

fhereas;sottve:ptast:e:sutsatn:::hr:I:gegebaestToe;na:af:s:jebf,leecatnodr#:ts::not

::|Cueeesdarteheus:du3:Smh:insTaabxj],#;:ftvha:ute;a::i°aryabneye±;:Sc::d.higher
ln  order to  minimise  the  risk  of trapezoidal  distortion,  tubes  should

:::jgn:erdmaj:yrbtehjussefu#ohsea.Sy,Tmgeetnr:Cr:I,dtehfleec:::nund'::,Se:E::]fipc,aa'[:
potentials  should  approximate to the final  anode voltage  in  order to
reduce  defocusing  of the  beam  to  a  minimum.
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CATHODE   RAY

TUBES

GENERAL  OPERATIONAL

RECO M M E N DATI O N S

T39'17-t-O.08T

®

ERE

38.,±8:88J

All   dimensions  in  mm

REFERENCE  LINE  GAUGE  FOR  CATHODE  RAY  TUBES  HAVING  70  DEGREE

SCANNING   ANGLES

Reference  Line

The  reference  line  is  determined  by  the  plane  C-C'  of the  reference  line  ga.uge
when  the  gauge  is   resting  on  the  cone  of  the  tube.  To  allow  for  dimensional
tolerances the  inner surface of the deflection  coil  must  not extend  into the sha,ded
region  indicated  in  the  drawing.

Issue  3 OP.  CRT.       259-9



GENERAL  OPERATIONAL

RECOMMENDATIONS

CATHODE   RAY

TUBES

•.,

I

88.9±0.3
I

I -                        82.4±o.I                         -,

!Jqu                      ,                             I  ,
9PO          ed t!̀

=±=A
I 12.7sO•lR7+I 9!8 6

•
I +

'

6°Taper  within
indicated  area6.4±0.3

11

L38.i±8:88J

All dimensions  in  mm ERE

REFERENCE  LINE  GAUGE  FOR  CATHODE  RAY  TUBES  HAVING  90  DEGREE
SCANNING   ANGLES

Reference  Line

I:: trhe:e:::jcgen I:nfedj:f,€::::mcjonjfsd s:: :he:a?,'eadned rca-wi;g°foihceo::f:meT:: ,lil:eua8ia:gte;         u
sheets.

lssuE  3



GENERAL  OPERATIONAL                         CATHODE   RAY  TUBE

RECOMMENDATIONS

y=O.0228x2 +  14  63

L64:gH
All    d.iinens.Ions   in  mm EE

REFERENCE     LINE    GAUGE    J.E.T.E.C.    126     FOR    CATHODE     RAY    TUBES
HAVING   110°  SCANNING   ANGLES

Reference Line

The reference  line  is determined by the pla.ne C-C' of the  reference line gauge.

lssuE 3 OP. CRT 159-11
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CATHODE  RAY  TUBE

SCREEN  TYPE  BE(B)
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a REIATIVE  SPECTRAL  ENERGY  DISTRIBUTION  CURVE
FOR  TYPE  BE  LUMINESCENT  SCREEN
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CATHODE  RAY  TUBE
SCREEN  TYPE  BE(B)
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PERSISTENCE   CHARACTERISTIC   CURVE
FOR  TYPE   BE   LUMINESCENT  SCREEN
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CATHODE  RAY  TUBE
SCREEN  TYPE  GH(H)
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a REIATIVE  SPECTRAL  ENERGY  DISTRIBUTION  CURVE
FOR  TYPE  GH  LUNINESCENT  SCREEN
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CATHODE  RAY  TUBE
SCREEN  TYPE  GH(H)
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PERSISTENCE  CIIARACTERISTIC  CURVE
FOR  TYPE  GH   LUMINESCENT   SCREEN
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CATHODE  RAY  TUBE

SCREEN  TYPE  G|(G)

a
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a REIATIVE  SPECTRAL  ENERGY  DISTRIBUTION  CURVE
FOR  TYPE  GJ  LUMINESCENT  SCREEN

SEPTEMBER 1967 SCREEN  GJ  Page  1



CATHODE  RAY  TUBE

SCREEN  TYPE  G|(G)

'e01

GJ B7685

I

I

V ScrCrcitedSCCe n =3 kv:Xim0'
Angetag(pele,ise.aIinSCk)OCudere

seandISpotentOadjng
IsThOf nioCaen=2n=ytVeeatere

Peen

ana excitat io n

0 1 0 20 30 40
Time  after   cessation   of   excitation  (ms)

PERSISTENCE  CHARACTERISTIC  CURVE
FOR   TYPE  GJ LUMINESCENT SCREEN

SEPTEMBER 1967 SCREEN  GJ  Page  2
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CATHODE  RAY  TUBE

SCREEN  TYPE  GM(P)
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a REI-ATIVE  SPECTRAL  ENERGY  DISTRIBUTION  CURVE
FOR  TYPE  GM  LUNINESCENT  SCREEN
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CATHODE  RAY  TUBE
SCREEN  TYPE  GM(P)

8ar`a
11-II-i

I h

]1
L IDO

%EEJ

i i 8 o= I

-..
00

3  § i; I

I= 3 : `E !
0

Ill-I
]1

I
-
-

i
I- II-i

I
= 11111-I

t

11
r` ® ut

i!sg
PERSISTENCE   CHARACTERISTIC     CURVE

FOR  TYPE   GM  LUMINESCENT  SCREEN

SEPTEMBER 1967

®

SCREEN  GM  Pa.ge  2



CATHODE  RAY  TUBE

SCREEN  TYPE  GP
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®
REI.ATIVE   SPECTRAL  ENERGY  DISTRIBUTION  CURVE

FOR  TYPE  GP  LUMNESCENT  SCREEN
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CATHODE  RAY  TUBE

SCREEN  TYPE  GP

I 87689
I I

\

V SC reen 4kV
I SCreen 2. 5 A

loo                             200                             300
Time  after   cesscition   of    excitation   (HS)

PERSISTENCE   CHARACTERISTIC     CUIIVE
FOR  TYPE  GP  LUNINESCENT  SCREEN

SEPTEMBER 1967 SCREEN  GP  Page  2



CATHODE  RAY  TUBE

SCREEN  TYPE  W
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a REljATIVE  SPECTRAL  ENERGY  DISTRIBUTION  CURVE
FOR  TYPE  W  LUMINESCENT  SCREEN
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OSCILLOSCOPE  TUBE         D7-I90GH

TENTATIVE  DATA

QUICK REFERENCE  DATA

7cm (3 .Oin) diameter, flat faced mono-accelerator oscilloscope tube,
primarily intended for use in inexpensive oscilloscopes and read-out
devices .

Final anode voltage

Display area

Deflection factor y

Deflection f actor x

n

a

jiE

This data should be read in conjunction with
GENERAL OPERATIONAL RECOMMENDATIONS -  CATHODE  RAY TUBES

HEATER

Suitable for parallel operation only

Vh

i
OPERATING CONDITIONS

6.3V

300                    rnA

Bean forming

Final anode and astigmatism
control electrode  (See note  1)          VaL+a3+sL                      1°°°±25              V

Focus  electrode                                    Va2             approx.       150                      V

Control grid  (for.visual  cut-ofo     Vg               approx.       -30

Line width (see note 2)

Va|+a3+sl

Va2

vyl = Vy2

Vxl

Vx2

Ix2

V
8

* Line width

1000

adjusted for optimum line width

1000

300

700

10

adjusted for Ix2 value stated

0.3             mm

*Measured by the shrinldng raster method in the centre of the screen.

JULY  1968 D7-190GH  Page  1



DEFLECTION

Double electrostatic

Mean y-plate voltage                          Vy mean

Mean x-plate voltage                          Vx mean

Vertical deflection factor                 Sy

Horizontal deflection factor             Sx

Angle between x and y deflection

1000                         V

1000                        V

T2.           V / c,-

2;A            V / r:-

90± 1             deg

Bothx and y plates are intended for symmetrical deflection. If use is made
of the full deflection capabilities of the tube the deflection plates will inter-
cept  part  of the electron beam near the edge of the scan.  Therefore a low
impedance deflection plate drive is necessary .

Linearity of deflection

The  sensitivity  at  a  deflection of less than  75%  of the useful  scan will not
differ fromthe sensitivity at a deflection of 25% of the useful scan by more
than  2% .

CORRECTION  POTENTIAL RANGES

Astigmatism control range              A va]+a3+s 1                   ±25                     V

SCREEN

Phosphor

Fluorescent colour

Phosphorescent colour

Persistence

r\nnimum useful screen diameter

mnimum useful Scan  (at Vai+a3+si = 1 . °kv)

yl - y2
xl - X2

GH

green

green

medium short

64mm

50mm

60mm

The useful scan may be shifted vertically to a maximum Of 4mmwith respect
to the geometric centre of the tube face .

RATINGS  (ABSOLUTE  MAXIMUM SYSTEM)

Va|+a3+si max.

Va|+a3+si min.

Va2 max.
-V    max.

8
+V   max.

8
Grid drive  (d.c.  or average)  max.

Vh_k max .

Pt max .

JULY  1968

2.2               kv

0.9               kv

2.2               kv

200V

0V

20V

±125                        V

3 .0  TITIV / on2

D7-190GH   Page  2
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OSCILLOSCOPE  TUBE         D7-I90Gl+

CAPACITANCES (measured on a three terminal capacitance bl.idge)

High potential              I.ow potential               Earthed              Capacitance  ®F)

all

all

all

all

all

all

ii]

®

a

®

yl
MOUNTING POSITION

5.0

6.0

4.0

4.0

3.5

3.5

2.5

1.5

Any.     Thetube socket shouldnotbe rigidly mounted but should have flexible
leads and be allowed to move freely.

WEIGHT

Tube alone  (approx.)                                                                 260                                    g

ACCESSORIES

Socket  (supplied with the tube)                                                                                 55566

Mu-metal shield                                                                                                        55534

NOTES

1.  The  astigmatism  control  voltage  should  be  adjusted  for optimum spot
shape.  The range stated  will apply if  the mean x and y  plate potentials
are equal to VaL+a3+s],  With no astigmatism adjustment.

2 .  As the construction of the tube does not permit a direct measurement Of
the beam current,  this current should be determined as follows :

a)  Under  typical  operating  conditions  display  a  small  raster  with  no

%Vae2r:Cdanv'aL=iu;u::Lvf8rfo°prtfam:=poctuqruraeL:;°i:::rc°eift:eato:Lh:°s"c:e=i
b)  Remove the raster and adjust the deflection plate voltages to the values

stated under ' I.ine width' . thus directing the total beam current to x2 .
Measure Ix2  and adjust Vg So that Ix2 = 10HA.

C)5:tL:ran3+ts°LTi:s°nrde£:i::ssfnun:erras(tae)rba:ta¥uhe°ubte=j:Sutr=:::::¥8r;r.

d)  Adjust Va2 for optimum focus in the centre of the screen and measure
the line width.  Do not readjust Vai+a3+s| .

JULY  1968 D7-190GH  Page 3



OUTI-INE  DRAWING OF  D7-190GH

All dimensions  in mm.

Orientation Of axes of deflection
as viewed from screen end

JULY  1968

u

u

I  dia.               _ I

I
40

±10

'
ai' 2     2±5

1      2

5

ia+

die.
5

As viewed from base end
Special  14 pin ba,se

D7-190GH  Page 4
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OSCILLOSCOPE  TUBES

n

a

1

a

Dlo-118E

D I 0-12 GM
GP

QUICK REFERENCE  DATA

10cm (4in) diameter, flat-facedoscilloscopetubes with helical p.d.a.
Particularly  suitable  for  general  purpose  oscilloscopes.   The  only
difference   between  the   D10-11   and  D10-12  is  the  heater/cathode
system;  see the appropriate sections.

Final anode voltage  to.d.a.)

Display area(at Va4 = 4Va3)

Deflection factor y

Deflection factor x

4.0              kv

6x full scan        cm

9.8       V /c;-

2:I.5       V /c:-

This  data  should  be  read  in  conjunction  with  GENERAL OPERATIONAL
RECOMMENDATIONS -CATHODE  RAY TUBES.

HEATER

Suitable for parallel operation only                    D10-11                 D10-12

Vh                                                                                            6.3                          6.3               V

Ih                                                                                           90                          300                rnA

OPERATING  CONDITIONS

BEAM roRMNG

Final anode + luminescent screen                     Va4                     4.0

Geometry control electrode                                  Vs[            1.0 ± 0.1

Astigmatism control  electrode                              Va3             1. 0 ± 0. 05

Focus  electrode                                                          Va2       50 t0  200

First accelerator                                                   Vai                     1. 0

Control grid  (for visua,I outoff)                          Vg       -25 to  -67

Raster distortion

A graticule ,  consisting of concentric rectangles 5 X 6cm and 4 . 84 X 5 . 84cm
is alignedwith the electrical x-axis of the tube . The edges of the raster
will  fall  between  these  rectangles  `vith  optimum correction potentials
applied .

DECEMBER  1966 D10-llBE-Pag`e  D1



Line width  (GH  screen)

Va4

Va3

Val

lt
* Line width

4.0

1.0

1.0

10

0.35

*Measured by the shrinking raster method in the centre of the screen

DEFLECTION

Double electrostatic

Mean y -plate voltage

Mean x-plate voltage

Vertical deflection factor

Horizontal deflection factor

Angle between x and y deflection

V    mean
y

V   mean
X

1.0             kv

1.0              kv

S            8.6 to  ll          V/cm
y

Sx        24      to31           V/cm

90±1          deg

Both x and y plates are intended for  symmetrical deflection .

If  use  is  made  Of the full deflection  capabilities  of the tube the  deflection
plates  will  intercept  part  of the electron beam near the edge of the scan.
Therefore a low impedance deflectioh plate drive is necessarv.
hinearity of deflection

The sensitivity at adeflection of less than  75yo  of the useful  scan will not
differ  from  the  sensitivity  at  a  deflection of 25% of the useful scan by
more than  2% .

CORRECTION PC)TENTIAL RANGES

Astigmatism  control range                         Va3                    950 to  1050                   V

Geometry  control  range                                VsL                    900 to  1100                   V

SCREEN

Pho s phor                                          B E               GH                        GM                           G P

Fluorescent colour                   blue         green   purplish-blue       bluish-gr, een

Phosphorescent  colour           blue          green   yellowish -green               green

Persistence                           medium     medium                      long                 medium
short          short                                                   short

Minimum useful  screen diameter                                                           8. 5           cm

Minimum useful  Scan  (at Va4 =4Va3)

yl  -y2

xl  -X2

6.0            cm

full  scan

The useful scan may be shifted vertically to a maximum of 4mm urith respect
to the  geometric  centre of the  tubeface.

DECEMBER  1966 D10-1lBE-Page  D2
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OSCILLOSCOPE  TUBES

r\

A

a

RATINGs  (ArsoLUTE MAxlMUM s¥sTEM)

Va.4 max.  ®.d.a.)

Va4 min.

Va3 max.

Va.3  min.

Va2 mar.

Vat max.

Val min.

Vsi max.
-V   max.

8
+V    max.

8
twg®k) max.

Vx_a3(pk)  max.

Vy_a3®k)  max.

Rg-k max.

Pt max .

Vh_kmax.

D10-11

Cathode positive

Cathode negative

D10-12

Cathode positive

Cathode negative

]k(av)max.

Rx_a3max.

Ry_a3max.

Ratio Va4/Va3max.

I)Ecl<:MBl':R  1966

DIO-113E

D I 0.12 GM
GP

300

50

50

4.0

D10 -llBE-Page D3



HEux REsrsTANCE

Minimum post rdeflection helix resistance                     50                          MQ

CAPAerTANCES  (measured on three terlninal capacitance bridge)

High potential           I-ow potential            Earthed           Caoacitance (pF`

I)10-11         D10-12

3.0                3.0

4.5                5.0

3.5                4.0

3.5                4.0

2.5                3.0

3.0                3.0

2.0                2.0

1.7                  1.7

EQUIPMENT DESIGN RANGE

Focusingelectrodevoltage           Va2                  50      to200          VAV0fva3

Grid cutiiffvoltage                        Vg                  -25     to  -67          V/kv 0fva3

Deflection factor  Iva4 = 4Va3)

Vertical

Horizonta.I

y                          8.6to    11  V/cm/kv0fva3
x                       24     to   31  V/Cm/kv0fva3

MOuNTING roslTION

Any . The tube socket  should not be rigidly  mounted but  should have flexible
leads  and be allowed to move freely.

WEIGHT

Tube alone

ACCESSORIES

Socket  (supplied with the tube)

a4  connector  (recessed ball  connector  CT7)

Mu -metal shield

DECEMBER  1966

approx . 1.1                 1b
480g
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OSCILLOSCOPE  TUBES

1B59721

©cL4

Orientation  of  axes
of clef lection  as
viewed  from  screen
end

khh

® All dimensions  in  mm

DECEMBER  1966

D I 0- I  I

D I 0-12 GM
GP

As  viewed f rorn base end
Special  14 pin base
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OSCILLOSCOPE  TUBE       DIO-160GH

TENTATIVE  DATA

QucK REFERENCE I)ATA
loom (4 . Oin) diameter , flat faced mono-accelerator oscilloscope tube ,
primarily intended for use in inexpensive oscilloscopes and read-out
devices .

Final anode voltage

Display area

Deflection factor y

Deflection factor x

®

A

ZEE

®

This data should be read in conjunction with
GENERAL OPERATIONAL RECOMMENDATIONS -  CATHODE RAY TUBES

HEATER

Suitable for parallel operation only

Vh

h
6.3V

300                   rnA

OPERATING CONDITIONS

B®rm forzbthg

Final anode and astigmatism
control electrode  (See note  1)          Vat+a3+sL                     1500 ± 30            V

Focus  electrode                                    Va2             approx.       225                     V

Controlgrid  (for visual cut-off)      Vg               approx.       -50

nne width (see note 2)

Vai+a3+sl

Va2

vyl = Vy2

Vxl

Vx2

Ix2

V
8

* hine width

1.5

adjusted for optimum line width

1.5

800

1.2

10

kv

adjusted for lx2 value Stated

0.3             mm

*Measured by the shrinldng raster method in the centre of the screen.

AUGUST  1968 I)10-160GH  Page 1



DEFLECTION

Double electrostatic

Mean y-plate voltage                         Vy mean

Mean x-plate voltage                         Vx mean

Vertical deflection factor                 S
y

Horizontal deflection factor             S
X

Angle between x and y deflection

1.5               kv

1.5               kv

14. 5         V/cm

3;3            V / cJ-

90±1             deg

Bothx and y plates are intended for symmetrical deflection. If use is made
of the full deflection capabilities of the tube the deflection plates will inter-
cept  paul  of the electron beam near the edge Of the scan.  Therefore a low
impedance deflection plate drive is necessary .

I-inearity of deflection

The  sensitivity  at  a  deflection of less than 75% Of the useful scan will not
differ fromthe sensitivity at a deflection of 2597o of the useful scan by more
than  2% .

CORRECTION POTENTIAL RANGE

Astigmatism control range                 Vai+a3+s 1                   ±3°                     V

SCREEN

Phosphor

Fluorescent colour

Phosphorescent colour

Persistence

I\finimum useful screen diameter

rmnimum useful Scan (at Va]+a3+si = 1. 5kv)

yl -y2
xl  - X2

GH

green

green
medium short

85mm

60mm

80mm

The useful scan maybe shifted vertically to a maximum of 5mm with respect
to the geometl.ic centre Of the tube face.

RATINGS  (ABSOLUTE  MAXIMUM SYSTEM)

Va|+a3+si max.

Va|+a3+si min.

Va2 mar.
-V    max.

8-
+V    max.

8
Grid drive  (d.c.  or  average)  max.

Vh_k max .

Pt max.

AUGUST  1968

2.2               kv

1.35             kv

2.2                kv

200V

0V

20V

±125                         V

3 .0 "IV / c,mz

D10-160GH  Page  2
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OSCILLOSCOPE  TUBE       DIO-160GH

CAPACITANCES (measured on a three terminal capacitance bridge)

High potential              Low potential              Earthed              Capacitance  ®F)

all

all

A

a

n

®

all

all

all

all

5.0

6.0

4.0

4.0

3.5

3.5

2.5

1.5

MOUNTING  POSITION

Any.     Thetube socket shouldnotbe rigidly mounted but should have flexible
leads and be allowed to move freely.

WEIGHT

Tube alone  (approx.)                                                                             400                       g

ACCESSORIES

Socket(supplied vyith the tube)                                                                                   55566

Mu-metal shield                                                                                                         55547

NOTES

1.  The  astigmatism  control  voltage  should  be adjusted  for optimum sppt
shape.  The range stated  will apply if  the mean x and y  plate potentials
are  equal  to Va]+a3+sL,  with no  astigmatism  adjustment.

2 .  As the construction of the tube does not permit a direct measurement of
the beam current,  this current should be determined as follows :
a)  Under  typical  operating  conditions  display  a  small  raster  with  no

%e2r=Cdanv'aL¥:::tsLvf8rfo°prtLam::a:poctu:::r±tty°:natphperc°ex:t=:toefL¥hLe°s"cAre=nd.
b)  Remove t,he raster and adjust the deflection plate voltages to the values

stated under 'Line width' , thus directing the total beam current to x2 .
Measure  Ix2  and  adjust  Vg  So that Ix2= 1044A.

C)5:t}u+rang+ts°L:h:h:s°nrde±:::sS£=:erras(tae)rba:ta:theo:te:jucsi=:::::¥#r.

d)  Adjust Va2 for optimum focus in the centre of the screen and measure
the  line width.  Do not  readjust Vai+a3+si.

AUGUST  1968 D10-160GH   Page 3



OUTIJNE DRAVING 0F` D10-160GH

All dimensions in mm.

y¥ trace        pinl

xtroc`   I     Xi i2.©T1--.-

y2
'8.

o`                , a.
pin\'4\

onentation of axes of deflection
as viewed from screen end

AUGUST  1968

As viewed from base end
Specia,1  14 pin base

D10-160GH  Page 4
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OSCILLOSCOPE  TUBE       Dlo-170GH

QUICK REFERENCE  DATA

loom (4in) diameter flat-faced oscilloscope tube with mesh, intended
for use in transistorised oscilloscopes up to 30rmlz .

Final  anode voltage  (p.d.a.)                                                       6.0               kv

Display area  (at va4=6.Oval+a3)                                60 X  80                 mm

Deflection factor y                                                                       3. 5         V/cm

Deflection factor x                                                                    13             V/cm

This data should be read in conjunction with
GENERAL OPERATIONAL RECOMMENDATIONS -  CATHODE  RAY TU.BES

Zil

ill

®

HEATER

Suitable for parallel operation only

Vh

i
OPERATING CONI)ITIONS

Bean forming

FiDal anode + luminescent screen

Geometry control electrode and
interplate shield  (see note 1)

Deflection plate shield  (see note 2)

Focus electrode

6.3V

300                          rnA

First accelerator and astigmatism
control electrode  (See note 3)                   Va[+a3                     1000 ± 30         V

Control grid  (for visual cut-ofo              Vg                  -16 to -40                  V

RAster distortion

A  graticule  consisting  of  concentric  rectangles  60 X  60mm and 58.6 X
58. 6mm  is  aligned  with the electrical x-axis of the tube.  The edges of
a  raster  will  fall   between  these  rectangles  with  optimum  correction
potantials applied.

SEPTEMBER 1968 D10-170GH  Page 1



me width
Va4

Vs2

Vsl

Val+a3

It
* hine width

6.0            kv

1.0            kv

1.0            kv

1.0             kv

10HA

0.42       mm

*Measured by the shrinking raster method in the centre of the screen.

DEFLECTI0N

Double electl.ostatic

Mean y-plate voltage  (see note  2)

Mean x-plate voltage  (see note 2)

Vertical deflection factor

Horizontal deflection factor

Angle between x and y traces

Vy(mean)                         1.0             kv

Vx(mean)                        1.0            kv

av.   3.5,max.   3.8      V/cm

av.13,     max.14           V/cm

9o0  ±  45,

Both x and y plates  are intended for symmetrical deflection.

If  use  is  made  of  the full deflection capabilities of the tube the deflection
plates  will  intercept  part  of  the electron beam near the edge of the scan.
Therefore a low impedance deflection plate drive is necessary.

Linearity  of deflection

The  sensitivity  at  a  deflection  of  less  than 75% of the useful scan will
not  differ  from  the  sensitivity at a deflection of 25% of the useful scan
by more than 2% .

CORRECTION  POTENTIAL RANGES

Astigmatism  control range  (See note 3)        A vai+a3           ±3°

Geometry control  range  (see note  1)              A Vs2                  ±15

SCREEN

Phosphor

Fluorescent colour

Phosphorescent colour

Persistence

minimum useful  Scan  (at Va4 =6. oval+a3)

yl -y2
xl - X2

GH

green

green
medium short

60mm

80mm

The  useful  scan  may  be  shifted  vertically to a maximum of 5mm with
respect to the geometl`ic centre of the tube face .

SEPTEMBER  1968 D10-170GH   Page  2



OSCILLOSCOPE  TUBE       DIO-170GH

RATINGS  (ABSOLUTE  MAXIMUM SYSTEM)

Va4  max.   ®.d.a.)

Va4  min.

Vs2 max.

Vsi max .

Va2  max.

Vai+a3  max.

Vat+a3  min.

-V    max.
8

+V    max.
8

Grid drive  (d.c.  or average)  max.

Vh_k max .

Vx(ai+a3)pk max.

Vy(ai+a3)pk max.

Pt max.

Ratio Va4/Vai+a3  max.

CAPACITANCES  (measured on a three terminal  capacitance bridge)

High potential                    I-ow potential                     Earthed              Capacitance  top)

a

a

a

all

all

all

all

all

all

SEPTEMBER 1968

5.0

6.0

7.0

7.0

5.0

5.0

2.5

1.5

D10-170GH   Page  3



MOUNTING POSITION

cry.  Thetube socket should not be I.igidly mounted but should have flexible
leads  and be allowed to move freely.

WEIGHT

Tube alone  (approx.)

ACCESsORIES

Socket  (supplied with the tube)

a4  connector  (cavity connector CT8)

Mu-metal shield

5008

NOTES

1.  This tube is designed for optimum performance when operating at a ratio
Va4/Vai+a3=6. 0.  The  geometry control electrode voltage  ovs2)  should
be  adjusted  between  -15V  and  +15V  with  respect  to  the mean x-plate
potential .
A  negative  control  voltage  will  give  some pin-cushion  distortion with
less  background   light,   and  a  positive  voltage   will  give  some  barrel
distortion and a slight increase in background light .

2.  The  deflection  plate  shield  voltage  (Vsi)  should  be  equal to the mean
y-plate  potential.  The  mean x-and y-plate  potentials  should  be  equal
for optimum spot quality.

3 .  The  astigmatism  control should be adjusted within the stated range for
optimum spot shape.

SEPTEMBER  1968 D10-170GH  Page 4
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OSCILLOSCOPE  TUBE       DIO-170GH

n

®

uiil

®

OUTLINE  DRAWING OF  D10-170GH

I+ _      100 dja.   _-±2_
+i:

40i•q4iiiii
30 31I

0   3

5

1I

Cavity €nector
CT8

rd::i

•S2

X2

•al+a3
1111111                 i

Orientation of axes of deflection                  As viewed from base end
as viewed from screen end                                   Special 14 pin base

SEPTEMBER 1968 D10-170GH  Page 5
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oSCILLoSCoPE  TUBEs       D13-168L
GP

QUICK REFERENCE DATA

13cm (5in) diameter,  flat  faced  oscilloscope tube with metal backed
screen,  helical p.d.a.  and  side connections to the x and sectioned y
plates . This tube incorporates deflection blanking and is intended for
high frequency,  higiv writing speed displays .

Final anode voltage a.d.a.)

msplay area (at Va4 = 6Va3)

Deflection factor y

Deflection factor x

r\

a

®

10kv

6X10                    cm

6.0       V /c;-
< 18             V/cm

This  data  should  be  read  in  conjunction  with GENERAL OPERATIONAL
RECOMMENDATIONS -CATHODE RAY TUBES.

HEATER

Suitable for parallel operation only

Vh

lh

OPERATING CONDITIONS

6.3V

300             nil

BEAM  roRNING

Final anode + luminesceut screen               Va4                         10               kv

Second accelerator

Focus electrode

First accelerator

Geometry control electrode

Deflection plate  shield

Beam centring electrode

Beam blanking electrode

Control grid  (for visual cutroff)

*Beam blanldng control

Va3                             1.67          kv

Va2           230to500                   v

Va.1                               1.67          kv

Vs3                             1.67          kv

Vs2                             1.67          kv

Vsi                            1.67         kv

Vg2                             1.67          kv

vgl -50 to  -120                  V

Avg2                         < 60                 V

*.For  visual  erfunction  of  a  beam  current  Of  10i4A,   the  beam  blanking
electrodevoltagechangewillnotexceed60voltsWithrespecttoVa].

FEBRUARY  1967 D13-16BE.-Page D1



Raster distortion

A   graticule,   consisting  of  concentric   rectangles  lox 6cm  and  9.8X
5.82cm is  aligned with  the electrical x-aris of  the tube.    .The edges of
a Taster  will  fall  between  these  rectangles,  with  optimum  correction
potentials applied.

Line width (GH screen)

Va4                                                                                                                     10

Va3                                                                                                                          1. 67

Vai                                                                                                                       1. 67

It10

*Line width                                                                                                        0. 35

*Measured by the shrinking raster method in the centre  of the screeh.

DEFLECTION

Double electrostatic

Mean y-plate voltage

Mean x-plate voltage

Vertical deflection factor

Horizontal deflection far}tor

Angle between x and y deflection

V   mean
y

V   mean
X

1.67        kv

1.67        kv

Sy                    5.6to6.6    V/cm

Sx                           <18         V/cm

90±1        de8

If use is made  Of  the full deflection capabilities of  the tube,  the deflection
plates  will  intercept part of  the electron beam near the edge of the scan.
Therefore a low impedance deflection plate drive is necessary.

Both x and y plates are intended for symmetrical deflection.

Linearity of deflection

The sensitivity at a deflection of less than 75% of the useful scan will not
differ  from  the  sensitivity  a.t a deflection of  25% of  the useful scan  by
more than 2%.

CORRECTION IOTENTIAL RANGES

Astigmatism  control range                              Va3               1.67  to 1.77        kv

Geometry control range                                   Vs3              1.67 to 1.77        kv
*Beam centring control range                         Vs[              1.67 to 1.69        kv

*The beam centring electrode voltage should be adjusted for equal bright-
ness in the x-direction oneither side of the electrical centre of the tube.

FEBRUARY  1967 D13-16BE-Page  D2
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OSCILLoSCOPE  TUBES       D13-16=EI
GP

SCREENe

A

0

'nibe face diameter

Phosphol.

Fluorescent colour

Phosphorescent colour

Persistence

13cm

BE                GH                    GP

blue           green      bluish-green

blue           green              green

medium
short

Minimum useful screen diameter

Minimum useful Scan (at Va4 = 6Va3)

yl - y2
xl - x2

medium          me dium
short              short

11. 4                cm

6. 0                cm

loom

The useful scan may be shifted vertically to a maximum Of 5mm with respect
to the geometric centre of the tube face .

RATINGS  (ABSOI.UTE  MAXIMUM SYSTEM)

Va4 max.  to.d.a.)

Va4 min.

Va3 max.

Va2 max.

Vai max.

Val min.

RAtio Of Va4rva3 max.

Ratio of Vat/Va3 max.

Vs3 max.

Vs2 man.

Vsi max.

vg2 max.
-vgl max.

+vgl max.

+vg,pk) max.

[k(av) max.

Vh_k max.

Cathode  positive

Cathode negative
Rx_a3 max.

Ry_a3 max.

FEBRUARY  1967 D13-16BE-Page D3



RATINGS (ABSOLUTE MAXIMUM SYSTEM)   (Cont'd)

Rg-k max.

Maximum screen dissipation

1. 5                  MQ

3.o   "IV/enz
HE I.IX RESISTANCE

Minimum post deflection helix resistance (a4 to s3)             300               MQ

CAPACITANCES  (measured on a three terminal capacitance bridge)

High potential     Lowpotential

kall

91                          all

92                          all

xl                       all

x2                         all

yl.1                     all

y2.1                       all

xlx2

yl.1                        y2.1

EQUIPMENT DESIGN RANGE

Focusing electrode voltage

Focusing electrode current

Grid cut-off voltage

Deflection factor Iva4 = 6Va3)

Vertical

Horizontal

MOuNTING roslTION

Earthed               Capacitance   ®F)

x2

xl

3.0

5.0

9.0

2.8

2.8

tyl.2,1.3,1.4)                          1.6

fy2.1,2.2,2.3,2.4)

fyi.1,1.2,1.3,1.4)                        1.6

ly 2.2 , 2.3 , 2.4)

v /RTN AV  all

LLA

v /AV  CJAV  al

®

u

a.4to4.oV/on/rvav ar3     U
<_ro.8V/on/trNUAva£:a

Any
Any.     The  tube  socket should ha.ve  flexible  leads  and be  allowed to move
freely.

WEIGHT

Tube alone  (approx. )

FEBRUARY  1967

1.3                    kg

2.9                    lb

D13-16BE-Page  D4

®



OSCILLOSCOPE  TUBES

ACCESSORIES

Socket (supplied with the tube)

a4 connector  (cavity connector  CT8)

Side contact connector

Mu-metal shield

FEBRUARY 1967

r\,

®

EiR

®

D13-16gEI
GP

55566

55563

55561

55554

D13-16BE-Pa,ge D5
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osciLLoSCoPE  TUBE                D 13-23GH

DEVELOPMENT   SAMPLE    DATA

QUICK   REFERENCE   DATA

13  cm   (5in)  diameter,    flat  faced  oscilloscope  tube  with   metal

ba.cked   screen.   The   y-plates  are   intended  for   inclusion  in   a

resonant circuit  tunable to frequencies from 300 Mc/s to 900 Mc/s
by means of adaptor  units outside the tube.  This tube is intended

for high frequency narl.ow bandwidth displays .

Final    anode voltage  (p.d.a.)                                         6.0

Display area  (at va,4 =  5Va,3)                                 5 x 10

Sy                                                            See  pages D7 to D10

Sx                                                                                            <18

This    data   should  be   read   in   conjunction   with   GENERAL   OPERATIONAL

RECOMMENDATIONS  -  CATHODE  RAY TUBES .

HEATER

Suitable for series or parallel operation
Vh

Ih

6.3V

300                        rnA

Note:   (applies  to series  operation  only)  -the  surge heater  voltage  must  not
exceed 9.5 V r.in.s.  when the  supply  is  switched on.

When used in aseries heater chain a current limitingdevice may be necessary
in the  circuit to ensure that  this voltage  is not exceeded.

TYPICAL OPERATING CONDITIONS

BEAM  FORMING

Final anode + luminescent screen

Second accelerator
Focus electrode
First accelerator
Geometry control electrode
Inter-plate shield
Beam centring electrode
Beam blanking electrode
Control grid (for visual cut-off)

APRIL 1964

Va4                               6.0

Va3                                 1.3

Va2           100  to  390

Val                                1.3

Vs3                                1.3

Vs2                                 1.3

Vsl                               1.3
Vg2                                  1.3

Vg1            -31  to  -93



DEFLECTION

Double electrostatic
Mean y-plate voltage

Mean x-plate voltage

Vertical deflection factor
Horizontal deflection factor

Angle between x and y deflection

Vy  mean                i.3

Vx mean                 1.3

Sy*

Sx                       <14

90±1

If use  is made of the full  deflection capabilities  of the tube,  the  deflection

plates  will intercept part  of the .electron beam  near the edge  of  the  scan .
Therefore  a low impedance deflection pla.te drive  is necessary.
Both x and y plates are  intended for symmetrical deflection .

*  The  sensitivity in  the  y-direction  is  dependent  on the  frequency  and  the

a.daptors  chosen .

CORRECTION POTENTIAL RANGES

Astigmatism control range
Geometry control range

*  Beam centring control range

Va3                 1.2to  1.4

Va3                1.2  to  1.4

Vsl              1.28to  1.32
**  Beam blanking control                       Vg2 w.r.t.Val                       <60

*  The  beam centring  electrode  voltage  should be  adjusted  for  equal  deflection

defocusing  in the x direction  with respect to  the electrical  centre Of the tube .

**  For visual extinction Of a beam current Of 10 HA,  the beam blanking electrode

voltage will not exceed 60 volts with respect to Val .

Raster   distortion

A graticule,   consisting of concentric  rectangles  10cm x 5 cmand 9.8 cm x

4.82cm  is  aligned  with the  electrical  x-axis Of the  tube.  The  edges of a

raster will fall between these rectangles,  with optimum correction poten-
tials  applied.

SCREEN

Faceplate diameter

Phosphor
Fluorescent colour

Persistence

APRIL  1964

13

GH

green
medium short

Page D2
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osclLLoscoPE  TUBE               D 13-23GH

il

lil

A

Minimum useful screen diameter
Minimum useful scan  (at Va4 =  6Va3)

yl  -y2
xl  - x2

ABsOLUTE MA3nMUM RATINGs

Va4 max.  ®.d.a.)

Va4 min .

Va3 max .

Va2 Inax.

Val max.
Val  min .

Maximum  ratio Of Va.4/Va3

Maximum ratio of Val/Va3
Vs3 max.

Vs2 max .

Vsl  max.
Vg2  max.

-Vgl max.

+ Vgl  max.

Ik  maLX.

*  Vh  _  k

Ca,thode positive

d.c.  max.

pk max .
Cathode negative

d.c.  max.

pk max .
R8  - k max .

Maximum screen dissipa,tion

11.4                       cm

200V

300V

125V

250V

1.5                 ne
8.i J     "N|/on2

*  h order to avoidexcessive hum the  a.c .  component Of Vh  -k should be as low

as possible.  (  Q0 V.  r.in.s.).

During a  warming up period not exceeding 45s,   vh  -k  (pk) max.  (cathode porL
itive)  is  allowed to rise to  410V .

Page D3



HE LIX RESISTANCE

Minimum post deflection helix resistance 300                        M8

CAPACITANCES     (measured on a three terminal capacitance bridge)

High potential         Low potential           Earthed           Capacitance  (pF)

EQUIPMENT DESIGN RANGE

Focusing electrode voltage
Focusing electrode current
Grid cut-off voltage
Deflection factor  ova4 =  5Va3)

Horizontal

x2

xl

Va2          138 to  300                    V/kv of val
la2           -10 to +15                                           HA

vgi         -24 to.72                  v/kv of vat

x                      <10.8       V/cm/kvo£Va3

MOUNTING  POSITION

Any

This tube should notbe supportedby the base alone and under no circumstances
should the socket be allowed to support the tube .

WEIGHT

Tube  alone

ACCESSORIES

Socket

a4 cormector
Side contact connector

APRIL  1964

approx . (2 . 87
(1.3

Supplied with tube

Page  D4

EI

`EE

-

EE



OSCILLOSCOPE  TUBE

ICy2

IC    ©   ©   ©   ©

D 13-23GH

1

r\
All  dimensions  in   mm.
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APPLICATION  DATA

The  D13-23GH  is   intended  for  use   at ultra  high  frequencies   as  a.  monitor   of

transmitter output .
To  achieve the  necessary  sensitivity  the  y-deflection  plates  are  designed  to

form  part of  a tuned  circuit,   resonant  at the  carrier frequency  of the trans-

mitter.   Details of the coupling units  and tuning arrangments  are  given below.

Mechanical construction of the  coupling units .

Unit  1                                   Unit  2                                  Unit  3

(475to  575Mc/s)          (500  to  775Mc/s)        (675  to  900Mc/s)

Coil former

length                               20

diame te r                          9

Primary
No.  of turns                     4

Wire  dia.                           0.9

Approx.  coil length    14

Secondary
*  No.  of  tul`ns                       4

Wire  dia.                            0.5

Approx.  coil length    14

Trimming capacitance         0.6 to 12

20                                      18               mm

93mm

1.5                                                  1.5

0.9                                    0.9          mm

10                                    7              mm

22

0.5                                   0.9          mm

10                                       7              mm

0.5to6                         0.5to6  pF

Copper  wire  is  used  for  all primary  windings  and  enamelled copper wire  is
used for the secondaries .

*  The  secondary turns  are wound between the primary turns .

The trimmer  capacitors  of units  1  and 2  are  connected  between the secondary
transformer windings in order to obtain good symetry . For unit 3 the trimmer

is  connected  between the  secondary transformer  windings  and one  connecting

pin Of the  deflection system in order not to reduce the coupling factor .
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osclLLoscoPE  TUBE                D 13-23Gl+

ZE

ZiE

ZE

Measurement of vertical  sensitivity as  a function Of frequency .

1.     Adjust  the trimmer  so  that  the trimming` capacitance  is  a minimum,   to

enable  resonance  at the highest frequency to be  obtained.
2.     Change  the  frequency  of  the  signal   generator   and  adjust  the   trimming

capacitance  successively  until  a  maximum  deflection  is  obtained  on the

tube face .

Some  care  must be takenwith these  adjustments because  several spurious

resonances will be obs`erved.

3.     When the  resonance frequency has been found,  the  input  impedance  of the

tube  must be  transformed to  exactly  5On  to obtain  a  well defined  signal

voltage.   For this  pupose a  transforming  circuit is needed,   as shown   in
fig. 3,  and any  reflectometer would be suitable. The impedance  is  matched

when no reflection  is  measured and zero reflection can be obtained by the

successive adjustment of the stubs,   1  and 2  shown in fig.  3.
4.     The tube  should  now be  connected to  the  generator  and the  output  power

regulated for a scan of  5 cm.

5.     Replace the tube by a watt-meter to measure the  output power,   see fig. 4.

The  signal voltage  may be  calculated from

vsig=firfe = 7 . o7fiir

The above  procedure must be repeated  for matching each  time the   operating

frequency Of the tube  is  altered.

Typical  power and sensitivity  values are given below  for the frequency  range

445 to  900 Mc/s   (See   page D10  )

Power                                                                                      30 to 400                      mw
Sensitivity                                                                                     1.3 to 4.5.  Vrms/5cm

lt should be  noted that an increase  in  Val  and Va3,  will  cause  a loss  of sens-
itivity at the lowest frequencies .  At the higher frequencies this loss will partly
be  compensated  by  the  decrease  Of  the  transit-time  so  that at gob Mc/s the
accelerating  voltages  can  be  increased  to  2.0 kv  without loss  of sensitivity.

APRIL  1964I Page D7
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OSCILLOSCOPE  TUBES          D 13-26€:

QUICK  REFERENCE  DATA

13cm  ( 5in)  diameter,  flat-faced mesh oscilloscope tube with metal-
backed screen and side connections to the deflection plates . The mesh
together with the helical p.d.a.  makes the  tube  highly sensitive and
suitable for transistorised equipment.

Final anode voltage  (p.d.a.)

Display area  (at Va4 =  L°Va3 )

Deflection factor  y

Deflection factor  x

a

Zil

This  data  should  be read  in  conjunction  with  GENERAL  OPERATIONAL
RECOMMENDATIONS-CATHODE  RAY TUBES.

HEATER

Suitable for parallel operation only

Vh

lh

OPERATING  CONDITIONS

Beam  forming

Final anode + luminescent screen

Astigma.tism control electrode
(see note  1)

Focus  electrode

First accelerator

Post deflection shield

Geometry control electrode
( see note  2 )

Deflection plate shield

Control grid (for visual cut-off )

6.3V

300                nIA

Va4                             15                kv

Va3                             1500  ±  7o

Va2                              375 to 625

Val                           1500

Vs4       Vs3minus   12tol8

Ffaster  distortion

A graticule. consisting of concentric rectangles  10X6cm and 9. 8X5. 8cm
is aligned  with the electrical  x-aris of the  tube.  The edges of a raster
will  fa.Il  between  these rectangles,  with optimum cot.rection potentials
applied.

DECEMBER  1967 D13-26GH-Page D1



®
hine width  (GH screen)

Va4

Va3

Val

lt
*Line width

15                    15                 kv

2.4                  1.5            kv

2.4                  1.5            kv

10                   10               A

0.3                  0.4          mm
*Measured by the shrinking raster method in the centre of the screen.

DEFLECTI0N

Double electrostatic

Mean  y-plate voltage

Mean  x-plate  voltage

Vymean(=VsL)          1.5

Vxmean(=VsL)          1.5

Vertical deflection factor                         S
y

Horizontal deflection factor                     S
X

2.3to    3.5

9.4  to  12.5

If use is made of the full  deflection  capabilities  of the tube,  the deflection
plates will intercept part  of the  electron  beam near the edge of the  scan.
Therefore a. low impedance deflection plate drive is hecessary.

Both x and y pla,tes are intended for symmetrical deflection.

hinearity of deflection

The  sensitivity at a,  deflection  of  less  than 75% of  the useful scan will
not  differ  from the sensitivity at a  deflection of  2597o Of the useful scan
by more than 2% .

CORRECTION  POTENTIAL  RANGES

Astigmatism control rmge                       Va3                 1.43  to  1.57         kv

Geometry control range                             Vs4                  1.43  to  1.57         kv

DECEMBER  1967 D13-26GH-Page D2
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OSCILLOSCOPE  TUBES          D 13-26€¥

SCREEN

Tube face diameter

Phosphor

Fluorescent colour

Phosphorescent colour

Persistence

rt

r\

®

A

13cm

GHGP

green       bluish-green

green                   green
medium short     medium short

Minimum useful Scan  (a.t Va4 =  1°Va3 )

yl-y2
xl-x2

RATINGS  (ABsOLUTE MAXIMUM SYSTEM)

Va4 max.

Va4 min.

Va3 max.

va3 min.

Va2 max.

Vat max.

val min.

Vs4 max.

vs4 min.

Vs3 max.

Vs3 min.

Vs2 max.

Vs2 min.

Vsi max.

vsl min.
-V    max.

9
+vg max.

[k(av) max.

DECEMBER  1967

6.0            cm

loom
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Vh-k

Cathode positive

d.c.  max.
pk max .

Cathode negative

d.c.  max.
pk man.

Vx_a3  max.

Vy_a3  max.

Ratio Va4  max.

Va3

Rg-k  max.

Rx_a3  max.  = Ry_a3  max.

±Ia2  max.

200V
300V

125V
250V

500V

500V

10

1.0              MQ

50kQ

25IA

CAPACITANCES   (measured on a three terminal capacitance bridge )

High potential           Low potential

all

all

all

all

all

all

x2

y2

EQUIPMENT  DESIGN  RANGE

Focusing electrode voltage              Va2

Grid cut-off voltage

Deflection factor  (at Va4 =  ]°Va3 )

vertical

horizonal

DECEMBER  1967

S
y

S
X

Earthed          Capacitance  ( pF )

3.0

5.5

x2                               4.5

xl                            4.5

y2                               3.8

yl                              3.8

all                              2.7

all                               1.8

250  to 417

30  to  56.7

1.53  to  2.33

6.3    tog.4

V /RTN  Clitv  E|3,

v |tlN  CJif v &i

v / on/RTN  CIRV  a3

v / oaf i:N  Of v o£
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OSCILLOSCOPE  TUBES         D13-26€:

MOuNTING  roslTION

cry .  The tube socket should not be rigidly mounted but should ha,ve flexible
leads and be allowed to move freely.

r\

A

a

®

WEIGHT

"be alone  (approx.)

ACCESSORIES

Scoket

Anode comector

Side contact connector

Mu-metal shield

9258

55566

55563

55561

55555

CORRECTION  COII-S

The D13-26GH and D13-26GP are now provided with a coil  unit  consisting
Of a pair Of coils for:

(a)      correction  Of  the  orthogonality Of the x and y traces  (so that  the
angle  between  the x and y  traces at  the centre Of  the screen can
be made exactly 9o0) .

a)      vertical shift of the scanned area.

Further details of these coils canbe obtained from the Industrial Electronics
Division .

NOTES

1. The  astigmatism  control should be adjusted within the stated range for
optimum spot shape.

2.  This tube is  designed  for  optimum  performance  when operating at the
ratio Va4/Va3 = 10 .  Operation at any other ratio may result in  changes
in deflection uniformity and geometry distortion.  The geometry control
electrode should be adjusted within the stated range  for  optimuln  per-
for-ce,

DECEMBER  1967 D13-26GH-Page D5



OUTI.INE  DIIAWING  OF  D13-26GH/GP

ytrace                       All  dimensions   in   mm

xl x2
S !=11a a

yl7*---`J± \
a4 ¥                 y2 \ `, x2                EX5901

y2a4  to  x trace
0.±5®

Orientation  of  c]xes   ot  detlection  as  viewed
from  screen  end
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OSCILLOSCOPE  TUBE         D 13-27GH

TENTATIVE DATA

QUICK REFERENCE DATA

13cm (5in) diameter, flat-faced oscilloscope tube with helical p.d.a.
This tube incorporates deflection blanking and is intended for general
purpose oscilloscopes .

Fiml anode voltage ®.d.a.)

Display area (at Va4 = 2Va3)

Deflection factor y

Deflection factor x

3.0

8.0 Xfull scan

11.3

24

1

Zil

1

1

This data should be read in conjunction with
GENERAL OPERATIONAL RECOMMENDAHONS  - CATHODE RAY TUBES

HEATER

Suitable for parallel operation only

Vh

lh

6.3V

300                rnA

OPERATING CONDITIONS

BEAn4 roRrmNG

Final anode + 1uminescent sol.eon            Va4                              3. 0           kv

Second accelera.tor

Focus electrode

First accelerator

Geometry control electrode

Deflection plate shield

Beam blanking electrode

Control grid (for visual cutoff)
*Beam blanhing control

Focus electrode current

Va3                              1.5           rv

Va2              300 to  550                   v

Vat                             1.5           kv

Vs2                               1.5           kv

Vsi                              1.5           kv

Vg2                               1.5            kv

vgl -38 to  -135                   V

Avg2                          <60                   V

ta2               -15 to +10                 iiA

*For  visual  eatinction  Of  a  beam  current  Of  10[4A  the  beam  blanldng
electrode voltage  change will not exceed 60 volts with respect to Va].

FEBRUARY  1967 D13-27GH  Page D1



mster distortion
A graticule, consisting Of concentric rectangles 10 X 6cm and 9 . 7 X 5 . 8cm
isaligned  with the  electrical  x-aris of the tube.  The edges 9f a raster
will  fall  between these rectangles,  with op[imum correction potentials
applied.

I.ine width (GH screen)

Va4

Va3

Val

It
*hine width (a.t screen centre)

*Measured by means of a shrinking raster .

DEFLECTI0N

Double electrostatic

Mean y -plate volta,ge

Mean x-plate voltage

Vertical deflection factor

Horizontal deflection factor

Angle between x and y deflection

V   mean
y

V   mean
X

3.0

1.5

1.5

10

0.25

1.5           kv

1.5           kv

S                     9.7to  13          V/cm
y

S                       21 to  27          V/cm
X

9 0±1           dog

If  use  is made of the full deflection capabilities Of the tube,  the deflection
plates  will  intercept  part  Of  the electron beam near the edge of the scan.
Therefore a low impedance deflection plate drive is necessary. Both x and
y  plates  are intended for symmetrical deflection.  The useful scan may be
shifted  vertically  4mm  max. with  respect to  the geometric centre of the
face plate .

Lineal.ity of deflection

The  sensitivity  at  a deflection of less than 7597o will not differ from the
sensitivity at a deflection of 25% of the useful scan by more than 27o.

cORRECTI0N POTENTIAL RANGES

Astigmatism control range                          Va3             1.425 to  1.575       kv

Geometry control range                               Vs2             1.425 to  1.575       kv

FEBRUARY 1967 D13-27GH  Page  D2
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OSCILLOSCOPE  TUBE         D13-27GH

r\

a

Zil

Zil

SCREEN

Phosphor

Fluorescent colour

Phosphorescent colour

Persistence

Minimum useful screen diameter

MinimLim useful Scan (at Va4 - 2Va3)

yl - y2
xl-X2

RATINas  IABsoLUTE MAxlMUM s¥sTEM)

Va4 max.  ®.d.a.)

Va4 min.

Va3 max.

Va3 min.

Va2  maLx.

Vai max.

Vs2 max.

Vsi men.

vg2 max.
-vglmax.

+VgL rmLx.

trygi®k) mar.

Vx.a3 max.

Vyra3 max.

Vh_k max.

Cathode positive

Cathode negative

Maximum screen dissipation

Tidf:NOV arflv 7rf erlfin.

Rgi.k max.
Rx.a3 max.

Ry_a3 mar.

FEBRUARY  1967

GH

green

green
medium short

11.4           cm

8. 0           cm

full scan

200

125V

8.OW/crmz

2.0

1.5             MQ

1. 0             MQ

1.0             MQ

D13-27GH  Page D3



HEln[ RrslsTANCE
Minimum post deflection helix resistance  (a4 to s2}             5o               MS2

CAPACITANCES  (measured on a three terminal ca.pacitance bridge)

High potential          I.ow potential           Earthed          Capacitance ® F)

all
all
all

all

all

all

x2

y2

3.5

6.0

4.5

4.5

5.0

5.0

2.5

1.5

rouNIING roslnoN
This  tube  should not be Bupporied by the base alone and under no cirCh:I      u
stances should the socket be allowed to support the tube.

ACCESsORIES

Socket  (supplied with the tube)

a4 comector (C.T.8)

Mu -metal shield

WEIGHT

Tube alone  (approx. )

FEBRUARY 1967

6809

1.5              lb
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OSCILLOSCOPE  TUBE         D13-27GH

Vlew   on  to  tube   face

14   pin   all  glass   base
As  viewed   from   base  end

khh

i

rt

n

r\

I.'1'',.

-

`.,,,''''EE==_I_______I
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OSCILLOSCOPE
TUBE

n

rl

®

D13-450GH/OI

QUICK REFERENCE  I)ATA

13cm  (5in) diagonal rectangular flat fa.ced oscilloscope tube with metal
backed  screen  and  mesh p.d.a.  This high sensitivrty tube with side
connections  to  the  x  and  sectional  y  plates  is  intended  for  use  in
transistorised   oscilloscopes   at   frequencies   up  to  250rmlz  and  is
provided with an intemal illuminated graticule.
Final anode voltage  a.d.a.)

Display area  (at Va4 = L°Va3)

Deflection factor y

Deflection factor x

This data should be read in conjunction with
GENERAL OPERATIONAL RECOMMENDATIONS -  CATHODE RAY TUBES

HEATER

Suitable for parallel operation only

Vh

Ih

OPERATING CONDITIONS

Bean forming

Final anode + luminescent screen

Post deflection shield

Geometry control electrode (see note 1)

Interplate shield  (see note 2)

Deflection plate shield  (see note 2)

Astigmatism control electrode
(see note 3)

Focus electrode

First accelerator

Control grid for visual cut-off

FEBRUARY 1969

6.3

300

Va4                 15                         kv

Vs4      Vs3minusl2tol8    v

Vs3              1500  ±  70                   v

Vs2               1500                               V

Vs 1              1500                              V

D13450GH/01  Page 1



Raster correction

A  graticule,  consisting  of  concentric  rectangles  100 X 60mm and 98 X
58. 2mm  is  aligned  with the electrical x-axis Of the tube.  The edges Of
a  raster  will  fall  between  these  rectangles,  with  optimum correction
potentials applied .

me width
Va4

Va3

Val

lt
* hine width

*Measured by the shrinking raster method in the centre of the screen.

DEFLECTION

Double electrostatic

Mean y-plate voltage                            Vy mean

Mean x-plate voltage                            Vx mean

Vertical deflection factor                   Sy typ.
max.

Horizontal deflection factor               Sx               typ.
max.

Angle between x and y deflection  (see page  7)

If  use  is made of the full deflection capabilities of the tube,  the deflection
plates  will  intercept  part  of  the electron beam near the edge of the scan.
Therefore a low impedance deflection plate drive is pecessany.

Both x and y plates are intended for symmetrical deflection.

Iinearity Of deflection

The sensitivity at adeflection of less than 7597o of the useful scan will not
differ  from  the  sensitivity at a  deflection  of 25% of the useful scan  ty
more than  2% .

CORRECTION POTENTIAL RANGES

Astigmatism control range                 Ava3                       ±50                           V

Geometry control range                       AVs3                        ±70                           V

FEBRUARY  1969 D13-450GH/01  Page 2
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OSCILLOSCOPE
TUBE

SCREEN

Tube face diagonal

Phosphor

Fluorescent  colour

Phosphoresc ent  colc`ur

Persistence

minimum useful  screen dimensions

mnimum  useful Scan  (at Va4= L°Va3)

yl - y2
xl  -  X2

D131450GH/Ol

13cm

GH

green

green

Medium short

SOX  100                            mm

60mm

100                         mm

The  scanned  raster  can be centred  and  aligned with the internal  gratic`ile
by   means  of   correction  coils   mounted   on  the   tube   (see  page   7).   For
illumination  of the  internal graticule  see  page  9 .

RATINGS  (ABSOLUTE  MAXIMUM  SYSTEtwD

Va4  max.   (ii.d.a.)

va4  min .

Vs4  max.

Vs3  max.

Vs2  max.

vs2  min.

Vsi max .

Va3  max.

va3  min.

Ratio  of Va4/Va3  lnax.

Va2  max.

Vat  max.

Val  min.
-V    max.

8
+V    max.

8
Vx_a3  and  Vy_a3  max.

]k(av)  max.

Cathode positiveVh_k max.  cathode negative

Maximum screen dissipation

FEBRUARY  1969 D13-450GH/01  Page 3



OUTI.INE DRAVING
OF  D13-450GH/01

.?5`fiiiill
S3l'a::gswYt,Llinb?h,s
cirea (on  the   underside
of  this  view  )

Connections
1-2     Coll   1
5-6   Coil  2
3-4    Rotati.on   coll

6.0

`                 `.,.`.                  '

'       19max

*These dimensions apply tothe illumination platewhich will always be within
the  limits  117  ±  1. 5 X  79  ±  1. 5mm  of the tube  face.

FEBRUARY  1969 D13-450GH/01  Page 4



OSCILLOSCOPE
TUBE

rl

®

r\

A

D131450GH/OI

10 x 10 =100

sub-dlvlsion   2\

•'\

1.0

6!,o=60i

i

V
I

I

``.\

[ine  width 0.2

1,                                     120±4

Orientatlonota:::ee°;::t:ect'°n|a;_:;eawcee"ram

All   dimensions   in   mm
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CAPACITANCES  (measured on a three terminal  capacitance bridge)

High potential                      Ijow potential                       E arthed               Capacitance  (pF)

hall

gall

all

all

all

x2

y2.1

5.0

6.0

4.8

4.8

1.2

2.5

0.8

MOUNTING  POSITION

Any.  Thetube socket  should not be rigidly mounted but  should have flexible
leads  and be  allowed to move freely.

WEIGHT

Tube alone  (approx. )

ACCESSORIES

Socket  (supplied with tube)

a4  Connector  (cavity cormector  CT8)

Side contact  connector

Mu-metal  shield

1.2                           kg

55566

55563

55561

55568

NOTES

1.  This  tube  is  designed  for  optimum  performance  when  operating  at  a
ratio  Va4/Va3 = 10.  Operation  at  any other ratio  may result  in changes
in deflection uniformity  and geometry distortion.  The geometry control
electrode voltage should be adjusted within the stated range for  optimum
performance.

2 .  This voltage  should be equal to the mean x and y plates  potential.

3 .  The astigmatism  control  electrode voltage  should be  adjusted within the
stated  range for optimum  spot  shape.

FEBRUARY  1969 D13-450GH/01   Page  6



OSCILLOSCOPE
TUBE

A

®

a

a

D131450GH/OI

CORRECTION  COILS

The  D13-450GH/01  is  provided with  a  coil  unit  consisting of :

1.   a pair  of  coils  for
(a) correctionof the orthogonality  of the x and y traces  (so that the  angle

between  the  x  and  y  traces  at the  centi.e  of the  screen can be made
exactly  9oo).

@) vertical  shift of the  scanned area.

2.  a  single  coil for  image  rotation  (aligning the x trace with the  x lines  of
the  graticule)

Orthogonality and shift

The  maximum  currents  required  under  typical  operating  conditions  are
4mA per degree of angle correction and  2mA  per millimetre  of shift.  These
values apply to atube  operating with  a mu-metal  shield closely  surrounding
the  coils. If a closely fitting shield is not used the values have to be  multiplied
by  a  factor  K (1< K< 2),  the  value  of which  depends  on the  dimensions  of the
shield and approaches  2  for the  case  in which no  shield is  present.
The  d.c.  1-esistance  of each  coil  is  approximately  220Q.

Image rotation

The  image  rotation  coil  is  concentrically wound.  Under typical  operating
conditions  a  maximum  current  of  45mA  will be  required for  a maximum
imag'e  rotation of  5  degrees.
The  d.c.  resistance  of  this  coil  is  approximately  550Sl.

CIRctJHT  DIAGRAMS

1.  Orthogonality  and  shift

87575

L _ _ '_ _ _ _ _ _ _ _ _ _ _ _J
I'ig .1

PotenLiometers  RV},   RV4  220Sl,1.OW,   ganged

Potentiometers  RV2,  RV3  220Q,   1. OW,   ganged

FEBRUARY  1969 D13-450GH/01   Page  7



With  the  circuit  of  Fig.1  almost  independent  control  for  shift  and angle
correction  is  achieved.  This  facilitates the col.rect adjustment to a great
extent.
The  dissipation  in  the  pot.entiometers  can  be  reduced considerablyif the
requirement of independent controls  is  dropped  (see  Fig. 2).

89327

Fig.2

Potentiometers  RVL,  RV2  220Q,1. OW,   ganged

Potentiometers  RV3,  RV4  220Q,1. OW,   ganged

A   further   reduction   in   the   dissipation  can  be  obtained  by  providing a
commutator for each coil  (see  Fig. 3)
The  procedure  of  adjustment  will  then  become  more  complicated,  butit
shouldbe kept in mind that a readjustment is necessary only when the tube
has  to be  replaced.

89328

Fig . 3

Potentiometers  RV],  RV2  220Q,1. OW

Sii  S2 Commutators

2.  Image rotation
A  suitable circuit for the  image rotating coil is given in  Fig.4.

89329

Fi8'4

Potentiometers  RV5,  RV6  500Q,   3. OW,   ganged

FEBRUARY  1969 D13-450GH/01   Page  8
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OSCILLOSCOPE
TUBE

A

a

EiE

RE

D 131450GH/0 I

ADJUSTMENT  PROCEDURE

a.  Alignthe x trace with the  graticule by means of the image  rotating coil.

b.  Withthe tubefully scanned in the vertical direction,  the image has to be
shifted  so  that  the  graticule  is fully covered.  With the  circuit of Fig.1
this  is done by means  of the  ganged potentiometers RV]  and RV4.

c.  Adjustthe orthogonality by means  of the  ganged potentiometers RV2  and
RV3. A slight readjustment of Rvi  and RV4 may be necessary afterwards.

d.  Readjust the image  rotation if necessary.

Withthe circuits  of  Fig. 2  or  Fig. 3 these  corrections have  to be  performed
by means  of successive  adjustments of the  currents in the coils.

The most convenient deflection signal is a square wave form,  permitting an
easy  and fairly accurate visual check Of orthogonality.

ILLUMNATION OF  THE  GRATICULE  (see drawing)

To illuminate the internal graticule  a light conductor (e. g. Perspex) should
be used. In order to  achieve the most efficient light  conductance, the holes
for the lamps (A)  and the  edges  adjacent to the tube  (8)  should be polished,
and the contact with the tube  should be  as  close  as possible . It is  advisable
to apply reflective  material to the outer  circumference (C)  and, if possible,
also to the upper  and  lower faces  of the light  conductor  (D) .  The thickness
of  the  conductor  should  not  exceed  3mm,  and  its  position relative to the
front  plate  of  the  tube  should  be  adjusted for  optimum illumination of the
graticule.  It  is  essential  that  the  light  conductor  is  parallel to the front
plate  of the tube .

87573

00

0
II

0
II

00
x--I
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oSCILLoSCOPE  TUBE       D13-480GH

TENTATIVE  DATA

QUIC,K  REFERENCE  DATA

13cm (5 . Oin) diameter, flat faced mono-accelera.tor oscilloscope tube,
primarily intended for use in inexpensive oscilloscopes  and read-out
devices .

Final  anode voltage

Display area

Deflection factor y

Deflection factor x

®

Eil

a

This  data should be read in  conjunction with
GENERAL OPERATIONAL RECOMMENDATIONS -  CATHODE  RAY  TUBES

HEATER

Suitable for parallel  operation  only

Vh

Ih

6.3V

300                nil

OPERATING  CONDITIONS

Bean forming

Final  anode  and  astigmatism
control  electrode  (See note  1)          Vai+a3+si                     2°°°±5°

Focus  electrode                                      Va2                 approx.     300

Control  grid(I.or visual  cut-ofp       Vg                   approx.    -65

nne width  (see,,note 2)

Vat+a3+sl

Va2

vyl = Vy2

Vxl

Vx2

Ix2

V
8

* Line width

2.0

adjusted for  optimum  line width

2.0

1.3

1.7

10

kv

adjusted for Ix2 value  Stated

0.3              mm

*Measured by the shrinking raster method in the centre of the screen .

JULY  1968 D13-480GH  Page  1



DEFLECTION

Double electrostatic

Mean y-plate voltage

Mean x-plate voltage

Vertical deflection factor

Horizontal deflection factor

Angle between x and y deflection

V   mean
y

V   mean
X

S
y

S
X

2.0               kv

2.0               kv

rf)         v / r:-
31              V/cm

90± 1              de8

Bothx and y plates are intended for symmetrical deflection. If use is made
of the full deflection capabilities  of the tube the deflection plates will intel`-
cept  part  of the electron beam near the edge of the scan.  Therefore a low
impedance deflection plate drive is necessary.

I.inearity of deflection

The  sensitivity  at  a  deflection of less  than  75%  of the useful  scan will not
differ fl.om the sensitivity at  a deflection of 25%  of the useful scan by more
than  2% .

CORRECTION POTENTIAL RANGES

Astigmatism control range              A vai+a3+s 1                   ±5°                     V

SCREEN

Phosphor

Fluorescent colour

Phosphorescent colour

Persistence

Mnimum useful screen diameter

rmnimum useful scan  (at Va]+a3+si = 2 . °kv)

yl-y2
xl-X2

GH

green

green
medium  shot.t

114                  mm

80mm

100                  mm

The useful scan maybe shifted vertically to a maximum of 6mm with  respect
to the geometl.ic  centre  of the tube face .

RATINGS  (ABSOLUTE  MAXIMUM SYSTEM)

Va|+a3+si mar.

Va|+a3+s 1 min .

Va2 max.
-V   max.

8
+V    max.

8
Grid drive  (d.c.  or average)  max.

Vh_k max .

Pt max .

JULY  1968

2.2               kv

1.5               kv

2.2               kv

200V

0V

20V

±125                        V

3 .0  rr|N / cm2

D13-480GH   Page  2
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OSCILLOSCOPE  TUBE       D13-480GH

CAPACITANCES  (measured on  a three terminal capacitance bridge)

High potential              Low potential               Earthed              Capacitance  ®F)

all

all

a

a

n

n

all

all

all

all

5.0

6.0

4.0

4.0

3.5

3.5

2.5

1.5

MOUNTING POSITION

Any.     Thetube socket shouldnotbe rigidly mounted but should have flexible
leads  and be allowed to move freely.

WEIGHT

Tube  alone  (approx.)                                                                         650                             g

ACCESSORIES

Socket  (supplied with tube)                                                                                        55566

Mu-metal shield                                                                                                           55580

NOTES

1.  The  astigmatism  control  voltage  should  be adjusted  for optimum spot
shape.  The range stated  will apply if  the mean x and y  plate potentials
are equal to VaL+a3+sL,  with no astigmatism adjustment.

2 .  As the construction of the tube does not permit a direct measurement of
the beam current,  this current should be determined as follows :

a)  Under  typical  operating  conditions  display  a  small  Taster  with  no

%Vae2r=Cdanv'aL:i:::Lvf8rfo°:t±ambL:a:poctuqrur:I::y°Lfn:£:rc°e:t=eato:Lyth:°s"c:e:n:

b)  Remove the raster and adjust the deflection plate voltages to the values
stated under 'Line width' , thus directing the total beam current-to x2 .
Measure Ix2  and adjust Vg so that Ix2= 10"A.

C)3:tLu+=3+ts°L:hfh:s°nrde£:i::sS£::erras(tae)rba:ta|ihe°ubtefjucsutr=:::::YogHir.

d)  Adjustva2 for optimum focus in the centre of the screen and measure
the line width.  Do not readjust Vai+a3+s|.

JULY  1968 D13-480GH  Page 3



OUTLINE  DRAVING OF  D13-480GH

®

All dimensions  in mm

yyl trace_:2L© -¥-L

Xtr.c`ce     I       Xi

y2 I

\
18.
ilo

plo'4\

Orientation  of axes  of deflectjon
as  viewed from  screeii  end

JULY  1968

As vie\\'ed from base end
Special  14  pin  base

D13-480GH   Page 4
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OSCILLOSCOPE
TUBE

Zil

\1

®

D[3-500GH/Ol

TENTATIVE  DATA

QUICK  REFERENCE  DATA

13cm (5in) diagonal  rectangular flat faced ultrawideband oscilloscope
tube  for observation  and measurement  of high frequency phenomena.
This very high s ensitivity tube features a mesh p . d . a .  system enhanced
by scan magnification.  The bandwidth of  800NIlz  is  achieved  by use
of a delay-line system of vertical deflection . The metal backed screen
is provided with  an intei'nal illuminated graticule.

Final  anode  voltage  (p.d.a.)

Display area  (at  Vag=6.oval)

Deflection factor y

Deflection factor x

This data should be  read in conjunction with

GENERAL OPERATIONAL  RECOMMENDATIONS  -  CATHODE  RAY  TUBES

HEATER

Suntable for parallel operation only

vh

L
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OPERATING CONDITIONS

Bean forrfug
Final anode + 1uminescent screen

Post deflection shield

Vag                                  15

Vs3         Vs2minus9tol5

Geometry control  electrode  (see note  1)    Vs2                         2500 ±  100

Interplate shield  (see note 2)

Scan magnification electrode  (see note 3)

Correction electrode  (see note 4)

Horizontal beam centring electrode
(see note  5)

Second focus  electrode  (see note  6)

Vertical beam centring electrode
(see note  7)

First focus electrode  (see note 6)

Spot correction electrode  (see note 8)

First accelerator

Control grid (for visual cut-off)

Vsl                          2500

Va8    Vai  minus  250 to  375

Va7        Vaiplus200

Va6                            2500  ±  5o

Va5    Vai  minus 400 to  6oo

Va4                            2500  ±  5o

Va3     Vai  minus  600 to  8oo

Va2                             2500  ±  5o

Val                           2500

V                                 -50 to  -150
8

deter dlctortlon
A  rectangle  of  98  X  58.2mm  is  concentrically  aligned  with  the  internal
graticule of the tube. The edges  of a raster will fall between this rectangle
and  the  boundary  lines of the internal graticule with correction potentials
applied .

The width

Vag

Vai and Vsi

It

15kv

2.5               kv

loth
*Ifne width                                                                    approx.            0. 35          mm

*Measured  by  the  shrinking  raster  method in the centre of the screen,
adjusted  for  optimum  spot  size  and  a scan magnification factor. of ap-
proximately  1. 9.  See  also note  3 .

DEFLECTION

Double electrc,static
The x plates are intended for symmetrical deflection.
The y deflection system consists of a symmetrical delay line system.

Characteristic impedance                                                      2 X  150                       f2

Bandwidth (for vertical deflection sensitivity
3dB lower than at d . c .)

Rise time  (see page 3)

FEBRUARY  1969

800               unz

0.45              ns
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OSCILLOSCOPE
TUBE

Eil

®

EiE

®

D13-500GH/OI

DEFLECTION  (cont'd)

Rise  time  is  defined  as  the  time  interval between  10%  and  90% of  the
final  value  of  deflection  when  an  ideal  step  function signal is  applied
to the vertical deflection system . The displayed rise time  (to) , the display
rise time of  the  tube  for an ideal  signal  (ti)  and  the true value of I.ise
time for an input signal  (t2)  al.e linked dy the couation

to= tl2  +  t22

as  shown   by  the  graph  below.  Orthogonality  should   be  corrected  by
means of the correction coils before measurement.  (see page  13)

Mean y-deflection system voltage                    V   mean
y

Mean x plate voltage                                                V    mean
X

Vertical deflection factor  (see note  9)

Horizontal deflection factor

2.5          kv

2.5          kv

approx.            2.0   V/cm

approx.          15       V/cm

Angle between x and y deflection  (see page  13)                             90            deg

If use is  made of the full  deflection capabilities of  the tube,  the deflection
plates  will  intercept  part of  the  electron  beam near the edge of the scan.
Therefore a low impedance deflection plate drive is necessary .

Iinearlty of doflectlon

The sensitivity at  a deflection  of  less  than  75% of  the  useful  scan will
not  differ from the sensitivity at  25% of theuseful scan by morethan 2%.

D13-500GH/01 I
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DEFLECTI0N  (cont'd)
The vertical deflection system

For the vertical deflection, a delay-line system is used so that transit-
time  effects  are  practically  eliminated.   The  system  consists  of  two
flattened   helices  to  which  a  symmetrical  deflection  signal  should  be
applied.   Under  these  conditions  the  characteristic  impedance of each
helix is 150Q . The input and output terminals are cormected to the begiiming
of  the helices bv means Of  a matched,  internal  two-wire  transmission
line.  The output of the deflection system should be properly terminated
in order to avoid signal reflections .

With  the  typical  operating  conditions,  the  bandwidth  of  the  deflection
system,  that is,  the frequency at which the sensitivity is  3dB  below its
value at d.c ., is  about 800MHz . Evenabove this frequency, the response
decreases only gradually so that, for narrow-band applications, the tube
can be used with reduced vertical  sensitivity up to about 2000MHz .

If the tube is to be used without an amplifier in order to make use of its
full bandwidth capabilities , care should be taken to ensure good symmetry
Of the input  signal .

Fig.1   shows how  the  tube can be cormected to a  50Q  co-axial  input.   A
matched  power  divider  is used  to deliver  two identical  output signals.
One of  these is  inverted  by  means  of  a  pulse  inverter.   An additional
length Of  50S2  cable  should  be included  in  the  path of  the non-inverted
signal,  having  the  same  delay  time as  the  pulse inverter,  so  that  the
two  signals arrive at the input of the deflection system at the same time .
The  75Q shunt resistors serve to obtain a correct termination of the  50S2
lines .

A     Power divider                   RL,  R2     75Qresistors

8    Inverter                              R3,  R4150Qresistors

C     Cable                                    D,  D]     Deflection system

Note:       Delaytimes  of B and c  are  equal.

Scan magnifying  and focusing system  (see  Fig. 2)

The vertical  scan is magnified  by means  Of an electrostatic quadrupole
lens,  that  is,  an  electron  lens  which  has  two  mutually  perpendicular
planes of symmetry, divergent in one plane and convergent in the other .
This  lens  is  inserted  between  the  vertical  deflection  system  and  the
horizontal deflection plates,  with its plane of divergence in the vertical
direction . Therefore it magnifies the vertical deflection without affecting
the horizontal deflection.

FEBRUARY  1969 D13-500GH/01   Page 4
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OSCILLOSCOPE
TUBE
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D13-500GH/Ol

DEFLECTION (cont'd)

Because  Of  the  astigmatic  properties  Of  such  a  lens,   a  conventional
focusing  lens  cannot  be  used.  nstead,  three  quadrupole  lenses  are
incorperated, with alternating orientation of their planes of convergence
and divergence .

The  strength  of the  scan  magnifier  is  controlled  ty  applying to  a8  a
negative  voltage  with  respect  to ai.  For  a scan  magnification  factor,
REc,  between 1.8 and 2.0,  the lens system will yield an approximately
circular spet at moderate beam currents . (At high bean currents , where
space-charge  repulsion  causes  an  increase  in  spot  size,  the width of
vertical lines will be less than that of horizontal lines .)

Within  this  range,  line  width  at  a  fixed  value  of  screen current,  and
screencurrent a.t a fixed value of grid voltage, are increasing functions
ofthescanmagnificationfactor.Thegrathsonpage6showthesefunctions
relative to their values at Mac = 1. 9, which is generally the most suitable
compromise.

For minimum defocusing of vertical liDes near the upper and lower edge
of the display area,  a7 should  be kept about  200V positive with respect
to ai.  As this voltage has some effect on Msc, both  a7 and a8 should be
connected  to  ai when  the deviation without scan magnification is  being
measured .

y

RiEH

a
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Adjustment of the scan magnlflcatlon factor

The  following  procedure  is  recommended  for  the  adjustment of the scan
magnification factor :

a.  Set Va7  and Va8  equal to Va|.

b.  Display  a timebase line and adjust Va5 so that the line appears sharply
focused .

c .  Apply a square wave signal to the vertical deflection system (the vertical
parts of the tracewill be out of focus,  but this is immaterial)  and adjust
the  amplitude  so  that  the  height  of the display has  a convenient value,
e.g.  30mm.

d.:::L¥oan7ta¥Savrias8::tthheet:Papcre°:::a:egav±:i:Sfo=uds:eadjustva5Sothatthe

e .  Check the height of the display (e . g . for  Msc = 1. 9 this height should now
be  57mm if it was  30mm high previously)

f .   If necessary,  readjust Va8 until the desired value of Msc is  obtained.

Adjustment of the focusing and col.rection electrode voltages

Focusing is controlled by means of Va3  and Va4 .  Having two focus  contl.ols
is not,  in  fact,  an  extra  complication,  as a separate astigmatism control
is not required . Thevoltages on electrodes a4 and a6 can be used to centre
the beam with respect to the vertical and horizontal deflection systems .
The  voltages  of  the focusing and correction electrodes can be adjusted as
follows :

a.  Display  a  square  wave signal on the screen so that both horizontal and
vertical tl.aces  are visible.

b.  Adjust  Va5 so that the horizontal parts  of the display  al`e in focus.  The
vertical parts will,  in  general,  be out of focus.

c .  Adjust  Va3  so that the vertical traces are brought into focus.  This will
de-focus the horizontal parts of the display.

d.  Repeat  a)  and  (c)  successively until both vertical and horizontal traces
are simultaneously in focus .

e.  Adjust Va2 for minimum width of a horizontal line.  If necessary readjust
Va3  and Va5.

f .   Adjust Va6 for equal brightness at the left-hand and right-hand edges  of
the display area.  If necessary,  readjust the focus by means of Va5 .

9.  Adjust  Va4  so that the position of a horizontal trace not deflected in the
vertical direction is at the centre of the vertical useful scan . If necessary,
readjust the focus by means of Va3 .
If the graticule  is not fully covered by the scanned area the  image should
be  shifted  by adjusting the correction coil current  (see page  15)  before
the  adjustment  of Va4  is  made.

FEBRUARY  1969 D13-500GH/01   Page  7



The procedure  for  the adjustment of the scan magnification factor and for
focusing,   as described above,  seems to be rather complicated.  However,

inet::=Cft::%£:h:£s]:£e=£f::f±£ecnatt.to°na:!:::rvFo8rt:a±:::nod:;=:a:aiubeeT±Aths°::
focusing, the user can, with some experience,  achieve the best setting with
very few adjustments.

Post-deflection acceleration

The use of a mesh p.d. a.  shield ensures  a high deflection sensitivity.  The
geometry  control  electrode,   s2,   serves for the correction of pin cushion
or barrel  distortion.  In order  to  suppress background illumination due to
secondary electrons originating from  the p. d. a.  shield,  this  shield should
be  kept  about 12V  negative  with respect to s2,  whereas the voltage of the
interplate shield,  sl,  should be equal to the mean x-plate potential.

SCREEN

Tube face diagonal

Phosphor

Fluorescent colour

Phosphorescent colour

Persistence

Minimum useful screen dimensions

Minimum useful scan  (at Vag= 6 . Oval)

yl  _ y2

xl  - X2

13cm

GH

green

green
Medium short

60xl00                         mm

60mm

100                           mm

The  scarmed  raster  can be centred and aligned with the internal graticule
by means  of  correction coils  mounted on the tube  (see page  13).   For  illu-
mination of the  internal graticule  see page  15.

RATINGS  (ABSOLUTE  I\IAXIMUM SYSTEM)

Vag  max.   (p.d.a.)

vag min.

Vs3  max.

Vs2 max.

Vsi  max.

Va8  max.

Va7 max.

Va6  max.

Va5 max.

Va4  max.

Va3  max.

Va2 max.

Vat max.

FEBRUARY  1969
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RATINGS  (cont 'd)

Val min.

Ratio of Vag/Va] max.

Vai minus Va5 max.

Vai minus Va3 max.

Vx_ai  and Vy_aL max.

-V   max.
8

+V    max.
8

[k(av)  max.

Vh_k max .

Maximum screen dissipation

D13-500GH/Ol

300                            «A

±125                                V

3.0      rriN/onz

CAPACITANCES  (measured on a three terminal capacitance bridge)

High potential                    Ijow potential                       Earthed              C apacitance  ®F)

kall

gall

5.0

6.0

4.5

4.5

2.7

MOUNTING POSITION

Any.   The  tube  socket  should  have  flexible  leads  and be allowed to move
freely .

WEIGHT

Tube alone  (approx.)

ACCESSORIES

Socket  (supplied with tube)

a9 connector  (cavity connector CT8)

Side contact  connector

Mu-metal shield

FEBRUARY  1969

1.3            kg

55566

55563

55561

55582
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OUTLINE DRAWING OF D13-500GH/01

:Silo::gswYtiLlinb:h,s
cirea (on  the   underside
of  this  view )

Connections
1-2     Coil   1
5-6   Coil  2
3-4    Rotatl.on   coil

6.0
±0,.6         i

'        19mox.

All dimensions in mm

*These  dimensions  apply  to  the  illumination  plate  which  will  always  be
within the  limits  117  ±  1. 5 X  79  ±  1. 5mm of the tube  face.
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10  X  10 BIOO

Sub-division   2 mm./
I /`,`

1    ::too8j

-`\

line  wl.clth 0.2±0.05-'20±4----_I
**Clear area for light conductor                                All  dimensions  in mm

plnl

y-tracepin14

X2 X1        S1
a7

a8

y..oe_I    xJ. x2y

fR yl

x-trace U
y2 i-y 2.1ag         y2,2

Orientation of axes of deflection                       As viewed from base end
as viewed from screen end                                  Special 14-pin base
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NOTES

1.  This voltage should be adjusted for optimum picture geometry.

2 .  This voltage should be equal to the mean x-plate potential.

3.  The  range  indicated  corresponds  to a scan magnification factor,  Msc,
(the  ratio by which the vertical deviation on the screen is increased)  in
the  approximate  range  1.8  to  2.0.  Within  this  range,  line  width  and
screen  current  at  a  fixed  value  of control grid voltage are increasing
functions  Of  Msc.   The  best  compromise  between  brightness  and  line
width is usually found at Msc ±1. 9 , which corresponds to Va8-a| ±310V .

4 .  For minimumdefocusing of vertical lines near theupper and lower edges
of the scarmed area this voltage should be adjusted approximately to the
value indicated.  Since  the  value of  Va7.ai has some effect on the scan
magnification factor,  both a7 and a8 should be comected to al when the
deviation without scan magnification is to be measured.

5.  This  voltage  should  be adjusted for equal' brightness in the x-direction
with respect to the electrical centre of the tube.

6 .  These voltages should be stabilised to within ±1V.

7.  ny  adjusting  this  voltage  a  spot  which  is  not deflected in the vertical
direction may be centred with respect to the vertical useful scan.

8 .  This voltage should be adjusted for minimum width of a horizontal line .

9.  For  a  scan  magnification  factor,  Msc = 1.9.  h  the  above-mentioned
range of Va8_ai the vertical deflection will vary by approximately ±5% .

FEBRUARY  1969 D13-500GH/01  Page  12

®

®



OSCILLOSCOPE
TUBE

a

a

rl

a

D13-500GH/Ol

cORREcnoN COII.s

The D13-500GH/01 is provided with a coil unit consisting of :

1.  a pair of coils for
(a) eorrectionofthe orthogonality of the x and y traces  (so that the angle
betweenthex andytraces at the centre of tbe screen can be made exactly
900) .

a) vertical shift of the scamed area.
2.  a single  coil  for image rotation (aligning the x trace with the x lines Of

the graticule).

Onhogonality and shift

The change in angle between the traces will be proportional to the algebraic
sum  of the  currents in the two coils,  and the vertical shift of the Bcamed
area will be proportional to the algebraic difference.

The  maximum  currents  req`iired  under  typical  operating  conditions  are
5mAperdegree Of angle correction and 2mA per millimetre of shift.  These
values apply to a tube operating with a mu-metal shield closely surrounding
the coils.  If  a  close  fitting shield is not used the values have to be multi-
plied  by  a  factor K(1< K< 2),  the value of which depends   on  the   dimen-
sions  of  the  shield  and  approaches  2  for the case in which no   shield   is
present.
Thed. c.  resistance of each coil is approximately 220fa  The supply circuits
should  be designed so that a maximum current of 20mA,  with either pola-
rity.  can be produced in each coil.

Image rotation

The  image  rotation  coil  is coneentrically wound.  Under typical operating
conditions a maximum current of 45mA will be required for the a.Iignment.
The d. c.  resistance of this  coil is approximately 550&

CIRCUIT DIAGRAMS

1.  Orthogonality and shift

87575

L_______ __ _ __ _I
Fig ' 1

Potentiometers  RV],  RV4 220S2,   1.OW,  ganged

Potentiometers  RV2,  RV3  220S2,   1.OW,  ganged

FEBRUARY  1969 D13-500GH/01  Page  13



With  the  circuit  of  Fig.1  almost  independent  control  for  shift and angle
correction  is  achieved.  This facilitates the correct adjustment to  a great
extent .
The  dissipation  in  the  potentiometers  can be reduced considerably if  the
requirement of independent controls is dropped  ( see Fig.2) .

89327

Fi8'2

Potentiometers  RVL,  RV2  220Q,1.OW,  ganged

Poteutiometers  RV3,  RV4 220S2,   1.OW,  ganged

A  further   reduction   in   the   dissipation   can  be  obtained  by  providing  a
commutator for each coil  ( see  Fig.3 ) .
The  procedure  of  adjustment  will  then  become  more complicated,  but it
shouldbe kept in mind that a readjustment is necessary only when the tube
has  to be replaced.

B9328

Fig.3

Potentiometers  RVL,  RV2 220S2,1.OW

Sii  S2 Commutators

2 .  Image rotation

A suitable circuit for the image rotation coil is given in Fig.4

Fig.4
Potentiometers  RV5,   RV6  500S2,   3.OW,  ganged

:nhye;S::heo:;t;h:jn,{::Tcaetj?:rc°t#:'nuet?,::nat::LSPoufb':#yt'°pnatde::e:a;eitmuELr
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OSCILLOSCOPE
TUBE

n

A

A

®

D13-500GH/OI

ADJUSTMENT  PROCEDURE

a.  Alignthe x trace with the graticule by means  Of the image rotating coil.

b . Withthetubefully scanned in the vertical direction,  the image has to be
shifted  so  that  the graticule is fully covered.  With the circuit of Fig.1
this is done by means of the ganged potentiometers RVL and RV4 .

c .  Adjust the orthogonalityby means of the ganged potentiometers  RV2 and
RV3 . A slight readjustment of Rvi and RV4 Ina.y be necessary afterwa,rds .

d.  Readjust the image rotation if necessary.

Withthe circuits  of Fig.2  or Fig.3 these corrections have to be  performed
by means  Of successive adjustments  of the currents in the coils .

The most convenient deflection signal is a square waveform,  permitting an
easy and fairly accurate visual check of orthogonality.

ILLUNINATION OF  THE GRATICULE  (see drawing)

To illuminate the intemal graticule  a light conductor (e .g . Perspex) should
be used. In order to achieve the most efficient light conductance, the holes
for the  lamps (A)  and the edges  adjacent to the tube  (8)  should be polished,
and the contact with the tube  should be  as  close  as  possible. It  is  advisable
to apply reflective material to the outer cil'cumference (C)  and, if possible,
also to the upper  and lower  faces  of the  light  conductor  (D) .  The thiclmess
of  the  conductor  should  not  exceed  3mm,  and  its  position relative to the
front  plate  of  the  tube  should  be adjusted for optimum illumination of the
graticule.  It is  essential  that  the  light  conductor  is  parallel  to the  front
plate  of the tube .

87573
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OSCILLOSCOPE  TUBE       D14-120GH

QUICK REFERENCE  DATA

12 X  loom  (4.7 X 4.Oin)  flat-faced  oscilloscope  tube  with  mesh  and
metal  backed  screen.  Primarily  intended  for  use  in  25  to   30Mlz
transistorised oscilloscopes.

Final anode voltage  a.d.a.)

msplay area  (at Va4 = 6 . 7Vai+a3)

Deflection factor y

Deflection factor x

lil

a

lil

®

This data should be read in conjunction with
GENERAL OPERATIONAL RECOMMENDATIONS -  CATHODE RAY TUBES

HEATER

Suitable for parallel operation only

Vh

i
OPERATING CONDITIONS

Beam forming

Final anode + luminescent screen

Geometry control electrode and
interplate shield  (see note 1)

Deflection plate shield  (see note 2)

Focus  electrcrde

First accelerator and astigmatism
control electrode (see note 3)

C;outrol grid (for visual cut-off)

Average grid drive (It = 10prA)

Line width

Va4

Vs2

Vsl
Val+a3

It
*Line width

6.3

300

10kv

1.5           kv

1.5            kv

1.5           kv

104A

approx.          0. 4         mm
*Measured by the shrinking raster method in the centre of the SCI.een.

(`CTOBER 1968 D14-120GH  Page  1



REter distortion
A  graticule  consisting  of  conceDtric  rectangles 95 X 75mm and 92.8 X
73.6mm  is  aligned  with the electrical x-axis of the tube.  The edges Of
a  raster  will  fall  between  these  rectangles,  with optimum correction
potentials applied.

DEFLECTION

Double electrostatic

Mean y-plate voltage  (See note 2)        Vy(mean)                    1.5

Mean x-plate voltage  (See note 2)        Vx(mean)                    1.5

Vertical deflection factor                       S                     av.        4. 2
y                   max.     4.6

Horizontal deflection factor                   S                     av.      15. 5
max.   16

Angle between x and y traces                                                   90 ± 1

Angle between x trace and horizontal
aris of tube face  (max.)  (see note 4)                                        5 deg

Both x and y plates are intended for symmetrical deflection.

If  use  is  made  of  the full deflection capa.bilities of the tube the deflection
plates  will  intercept  part  of the electron beam near the edge of the scan.
Therefore a low impedance deflection plate drive is necessary.

Iinearity of deflection

The  sensitivity  at  a  deflection  of  less than 75% of the useful scan will
not  differ  from  the  sensitivity at a deflection of 25% of the useful scan
by more than 2%.

CORRECTION  POTENTIAL RANGES

Astigmatism control range (see note 3)  Ava]"               ±50

Geometry control range  (See note 1)         AVs2                       ±15

SCREEN

Phosphor

Fluorescent colour

Phosphorescent colour

Persistence

REnimum useful Scan (at Va4 = 6 . 7Vai+a3)

yl-y2
xl-X2

GH

green

green
medium short

80

100

The  useful  scan  may  be  shifted vertically and horizontallyto a maximum
of 6 . Omm with respect to the geometric centre of the tube face .

OcroBER 1968 D14-120GH  Page 2
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OSCILLOSCOPE  TUBE       D14-120GI+

0

®

A

®

RATINGS  (ABSOLUTE  MAXIMUM SYSTEM)

Va4 max.  a.d.a.)

Va4 min.

Vs2 max.

Vsi max.

Va2 max .

Vai+a3 max.

Vai+a3 min.
-V   max.

8
+V    max.

8
Grid drive (d.c .  or average)  max.

Vh_k max .

Vx-(ai+a3)pkmax.

Vy-(ai+a3)pkmax.

Pt max.

ratio Va4/Vai+a3 max.

CAPACITANCES (measured on a three terminal capacitance bridge)

High potential                   Low potential                    Earthed             Capacitance  ®F)

all

all

all

all

all

all

OCTOBER 1968

4.5

5.5

x2                                 6.5

xl                              6.5

y2                                 5.0

yl                             5.0

all                             2. 2

all                               1.7

D14-120GH  Page 3



MOUNTING POSITION

Any .  Thetube socket should not be rigidly mounted but should haveflexible
leads  and be allowed to move freely .

WEIGHT
'nibe alone  (approx.)

ACCESSORIES

Socket  (supplied with the tube)

a4 connector  (cavity cormector CT8)

Mu-metal shield

900

NOTES

1.  Thistube is designed for optimum performance when operating at a ratio
Va4/Va|+a3=6. 7.  The  geometry control electrode voltage  ovs2)  should
be  adjusted  between  -15V  and  +15V  with  respect  to  the mean x-plate
potential .
A  negative  control  voltage  will  give  some pin-cushion  distortion with
less  background   light,   and  a  positive  voltage   will  give  some  barrel
distortion and a slight increase in background light.

2.  The  deflection  plate  shield  voltage  ovsi)  should  be  equal to the mean
y-plate  potential.  The  mean x-and y-plate  potentials  should  be  equal
for optimum spot quality.

3 .  The astigmatism  control should be adjusted within the stated range for
optimum spot shape.

4 .  in  order  to align the x trace with the horizontal axis of the screen,  the
whole  picture can be rotated by means of a rotation coil.  This  coil will
require 50 ampere-turns for the maximum image rotation of 5 degrees,
and should be positioned as  shown on the outline drawing.

OCTOBER  1968 D14-120GH  Page 4
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OSCILLOSCOPE  TUBE       D14-120GH

OUTIINE DRAWING 0F D14-120GH
r\

®

a

®

'9men Iy_8f,sscreen

o±'o. ky,
i2.0 |ri*1ox,sa4

x'Ly2
'8.I,o.`@

pin 14

Alld

Orientation  cif axes  of deflection
as  `-ie`\.ed from  screen  end

OCTOBER  1968

EH

imensions  in  mm

As  \'ie`\.ed  from  base  end
S|)ecial  14  pin  base

D14-120GH   Page  5
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OSCILLOSCOPE  TUBE       D14-12lGH

QUICK  REFERENCE  DATA

12 x  10cm  (4.7  X 4.Oin)  flat-faced  oscilloscope  tube  with  mesh  and
metal  backed  screen. Side  connections to the x and y plates .  For use
in transistorised oscilloscopes up to  50rmlz.

Final  anode  voltage  (p.d.a.)

Display  area  (Va4  =  6 . 7Vai+a3)

Deflection factor y

Deflection factor x

a

A

a

®

This  data should be  read  in conjunction with
GENERAL OPERATIONAL  RECOMMENDATIONS -  CATHODE  RAY  TUBES

HEATER

Suitable for  parallel operation only

Vh

lh

OPERATING  CONDITIONS

Beam forming

Final  anode + luminescent screen

Geometry control  electrode  (see note  1)

Interplate  shield  (see note  1)

Deflection  plate  shield  (see  note  2)

Focus  electrode

First accelerator and astigmatism
control  electrode  (see note  3)

Control  grid  (for visual  cut-off)

Average  grid drive for It = 10#A

FEBRUARY  1969

6.3V

300             rnA

Va4                        10              kv

Vs3                      1500±100        v

Vs2                      1500±15          v

Vsi                    1500                 v

Va2        250to350                 v

Va|+a3              1500±50

V             -20to  -60
8

AV12
8

D14-121GH   Page  1



IJine Width

Va4

Vs2

Vsl

Val+a3

It
* Irine width

10kv

1.5         kv

1.5         kv

1.5         kv

10„A

approx.                    0.4       mm

*Measured by the shrinking raster method in the centre of the screen.

DEFLECTION

Double  electrostatic

Mean y-plate voltage  (See note  2)         Vy(mean)

Mean x-plate voltage  (See note  2)        Vx(mean)

Vertical deflection factor                        S
y

Horizontal deflection factor                    Sx

Angle between x and y traces

Angle between x trace and horizontal
axis of tube face  (see note`4)

1.5         kv

1.5         kv

a:]i.         4.Z  V/c,in
max.     4.6   V/cm

av.15.5   V/cm
max.16       V/cm

90±1        deg

max.     5            deg

Both x and y plates  are intended for symmetrical deflection.

If  use  is  made  of  the full deflection capabilities  of the tube the deflection
plates  will  intercept  part  of  the electron beam near the edge of the scan.
Therefol`e a low impedance deflection plate drive is necessary.

CORRECTION POTENTIAL RANGES

::toLm=ta=Sc:n::::rr°irg::seeenoteL)::::+a3                 ±:::           ¥        qp
Interplate shield control range
(see note  1)                                                         AVs2

SCREEN

Phosphor

Fluorescent  colour

Phosphorescent colour

Persistence

Minimum useful Scan  (at Va4 = 6 . 7Vai+a3)

yl  _ y2

xl  -  X2

±15V

GH

green

green

medium short

80mm

100           mm

The  useful  scan  may  be shifted vertically and horizontally to a maximum
of  6 . Omm with respect to the geometric  centre of the tube face .

u
FEBRUARY  1969 D14-121GH  Page 2



OSCILLOSCOPE  TUBE       D14-12lGH

Eiz

®

rl

a

RATINGS  (ABsOLUTE  MAXIMUM SYSTEM)

Va4  max.   (p.d.a.)

va4  min.

Vs3  max.

Vs2  max.

vsl,max.

Va2 max .

Vai+a3  max.

Vat+a3 min.

-V   max.
8

+V    max.
8

Grid drive  (d.c.  or average)  max.

Vh_k max .

Vx-(ai+a3)pkmax.

Vy_(ai+a3)pkmax.

Pt max .

Ratio Va4/Vat+a3  max.

llkv
9.0                      kv

2.2                      kv

2.2                        kv

2.2                       kvb

2.2                       kv

2.2                      kv

1.35                     kv

200v

Ov

20v

±125                                V

500v

500v

rrIV/onc2

CAPACITANCES  (measured on three terminal capacitance bridge)

High potential                    Ijow potential                    Earthed             Capacitance  toF)

all

all

all

all

all

all

F`EBRUARY  1969

x2

xl

y2

yl
all

all

4.5

5.5

5.5

5.5

4.0

4.0

2.2

1.7

D14-121GH   Page  3



MOUNTING  POSITION

iiny .   The tube socket should not be rigidly mounted but  should have flexible
leads  and be  allowed to move freely.

WEIGHT

Tube  alone  (approx. )

ACCESsORIES

Socket  (supplied with tube)
a4  connector  (cavity connector  CT8)
Side  contact  connector
Mu-metal shield

9009

55566
55563
55561

55581A

NOTES

1.  The tube is designed for optimum performance when operating at a ratio
Va4/Va|+a3=6. 7.  The  geometry  control  electrode voltage  (Vs3)   should
be  adjusted  between  -100V  and +100V with respect to the mean x plate
potential .
A negative voltage on s2, alsowith respect to the mean x plate potential,
will  cause  some pin-cushion distortion with less background light,  and
a positive voltage will give some barrel distortion and a slight increase
of background light .
ny  Varying  Vs2  and  Vs3  it  is  possible  to  find a compromise between
background light and raster distortion .

2.  The  deflection  plate  shield  voltage   ovsi)   should  be  equal to the  mean
y-plate  potential.  The  mean  x-and y-plate  potentials  should  be equal
for optimuri spot quality .

3 .  The  astigmatism  control should be adjusted within the stated range for
optimum  spot shape.

4 .  In  order  to align the x trace with the horizontal axis of the screen,  the
whole  picture can be rotated by means of a rotation coil.  This  coil will
require 50 ampere-turns for the maximum image rotation of 5 degrees,
and  should be positioned as  shown on the outline drawing.

Detail   of  side  contact

FEBRUARY  1969

Tube    tcice
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OSCILLOSCOPE  TUBE      D14-12IGH

OUTLINE  DRAVING OF  D14-121GH

®
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OSCILLOSCOPE  TUBES

ill

a

\r

n

8

D :7-I I
P

QulcK  REFERENCE  DATA

3-in.    diameter    flat-faced    oscilloscope    tube    with    helical    Post-deflection
accelerator.    Primarily    intended    for    use    .In    trans.Istor    osc.IIIoscopes.

Final  anode  voltage  (p.d.a,)

Display  area  (Va4  ±  4Va3)

1.2        kv

4.5x6.0      cm

4     V/cm

11      V/cm
--,--         _._   -.------   T_            -                  -                                                               `['`

This  data should  be  read  in  conjunction  with  GENERAL  OPERATIONAL

RECOMMENDATIONS  -CATHODE   RAY  TUBES,  which   precede  this

section  of the  handbook.

HEATER
Suitable  for  parallel  operation  only.

Vll

Ill

SCREEN
Phosphor                          8                     H                             N

Fluorescent colour            blue              green          yellow-green
Persistence                        medium        medium             medium

short            short                 short
Minimum  useful  screen  diameter
Minimum  useful  scan  (with  Vat  =  4Va3)

yl-y2
X1-X2

TYPICAL  OPERATING  CONDITIONS

(::  (p.d.a.)

¥::tf:rcs:sa::ee::::goer,contro,range,
Vsi    (inter-plate  shield)

(for visual  extinction  of focused  spot)

APRIL  I,63

`        6.3                V

88mA

P
purple-blue

long

(yellow-green)
6.8          cm

4.5          cm
6.0           cm

1.2
285 to 340

20 to 1 50
1.2

270 to  330
-30 to  too

3.2to    4.1
9.4 to  12
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OSCILLOSCOPE  TUBES

CAPACITANCES

LINE  WIDTH

High  potential      Low  I)otential      Earthed     Capacitance  (PF)

e  width

1.2          kv
300V

1.2          kv
10HA
0.65     mm

*Measured  by  means  of a  shrinking  raster.

FOCuSING
Electrostatic

DEFLECTI0N
Double electrostatic

Both   x  and   y   plates  are  intended  for  a  symmetrical  deflection.

Angle  between  x and  y  deflection 90 + 1 0
`  Linearity of deflection

The  sensitivity  at  a  deflection  of  less  than  75%  of the  useful  scan  will  not
differ from  the sensitivity at a deflection  of 25?'o  of the  useful  scan  by  more
than  2.0?6

Raster distortion
With  a raster pattern the size of which  is adjusted so that the widest points
of the raster just touch the sides of a square of 4.08cm sjde,  no point of these
ra.ster  sides  will  be  within  a  concentric  square  of 3.92cm.

Spot position
With   the  tube  shielded,  the   undeflected   focused   spot  will   be  `within   a
circle  of 4mm  radius  centred  with  respect  to the  geometric centre  of the
face  plate.

Deflection  plates xi, x2 and yi, y2
lf  use  is  made  of the  full  deflection  capabilities  of the  tube,  the  deflection
plates will intercept  part of the beam  ngar the edge of the scan. Therefore,
a low  i mpedance voltage source is necessaryto drive the deflection  plates.

u`
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OSCILLOSCOPE  TUBES
8

D : 71 I I
P

MOUNTING  POSITION
Any

This  tube  should   not   be  supported   by  the   base  alone  and   under  no  cir-
cumstances  should  the  socket  be  allowed  to  support  the  tube.

EQUIPMENT  DESIGN   RANGE
Grid  cut-off voltage

(Va4  =  Val)
Deflection  factor

(Va4  =   Val)

(Va4  =  4Va|)

V" V |V:W  Of V tL|

A

n

EH

Focusing  electrode  current      la2

ABSOLUTE  MAXIMUM   RATINGS
Va4  max.  (p.d.a.)
Va'4  min.
Va3  max.
Va2  max.
Vai  max.
Val  min.
vsi  max.

-Vg  max.
+ Vg  max.

Maximum  ratio  Va4/Va3
Vx-a3(pk)  max.
Vy-a3(pk)   max.
Vll-k  max.

Cathode  positive
Cathode  negative

lk  max.

Pt  max.
Min. post-deflection  helix  resistance

WEIGHT

Tube alone

ACCESSORIES
Socket

APRIL  I,63
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OSCILLOSCOPE  TUBES

Orientation  of  axes   of  deflection
as   viewed  from  screen   end

khh

76.8±1             I

II

a4 I•o/®1a0 Lr't'a®

0+IaaOJ

9.8'

uuUuu
i23m.ex

51 i I.5

y2yl .           X2

0 0
SI0 0Xl

0 0
c,2   I  r` ^IC

0 Olal
9o 0
ko 0IC

h h

Special  14  pin  base

All  dimensions  in  mm

u
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0SCILLOSCOPE  TUBES             D#7-78
P

QtJICK REFERENCE  DATA

7cm  (3in.) diameter,  fla,t-faced oscilloscope tube with helical p.d.a.
intended for small service oscilloscopes.

Final anode voltage  to . d . a . )

Display area (at Va4 =4Va3)

Deflection factor y

Deflection factor x

fh

A

A

This  data  should  be  read  in  conjunction  with  GENERAL OPERATIONAL
RECOMMENDATIONS  -CATHODE  RAY TUBES

HEATER

Suitable for parallel operation only

Vh

Ih

OPERATING  CONDITIONS

BEAM  FORMING

Final anode + 1uminescent Screen  Va4

Geometry control electrode         Vsi

Astigmatism control electrode    Va3

Focus  electrode                                Va2

First accelerator                           Vai

Control grid (for visual cut-off)    Vg

Raster distortion

1.2

300 ± 30

300 ±40

20 to 150

1.2

-36 to -72

6.3

300

4.0

1000 ± 100

1000 ± 50

35 to 165

1.0

-30 to -60

A   graticule,   consisting   of   concentric   rectangles  4.08  X4.08cm  and
3 . 92 X 3 . 92cm is alignedwiththe electrical xrazds  of the tube .  The edges
oftheraster will fall between these rectangles with optimum correction
potentials applied.

DECEMBER  1966 D87-78-Page  D1



Line width

Va4

Va3

Val

It
* I.ine width

1.2               kv

300V

1.2               kv

10HA

0.65           mm
*Measured by the shrinking raster method in the centre of the screen.

DEFLECTION

Double electrostatic

Mean y -plate voltage

Mean x -plate voltage

Vertical deflection factor

Horizontal deflection factor

V   mean
y

V   mean
X

Angle between x and y deflection

300                     1000               V

300                       1000              V

3.2to4.1    10.7tol3.7V/cm

9.4tol2        31.3to40     V/cm

90±1          deg

Both x and y plates are intended for symmetrical deflection .

If  use  is  made  of  the full deflection capabilities  of the tube the deflection
plates  will  intercept  part  of  the electron beam near the edge of the scan.
Therefore a low impedance deflection plate drive is necessary .

Linearity Of deflection

The sensitivity at a deflection  of less  than  7597o  of the useful  scan will not
differ  from  the  sensitivity  at  a  deflection  of 2597o  of the useful  scan by
more than  2% .

CORRECTION  POTENTIAL RANGES

Astigmatismcontrolrange      Va3         260to340         950tol050                V

Geometry  control range            VsL         270to330         900toll00                V

SCREEN

Phosphor                                      8

Fluores cent colour                blue

Phosphores cent colour        blue

Per si stence                      medium
short

Minimum useful screen diameter

green   yellowish-green        purplishholue

green   yellowish-green   yellowishngreen

medium                   medium
short                        short

Minimum useful Scan  (at Va4 =4Va3)

yl  -y2
xl  - X2

long

6.8                cm

4.5               cm

6.0                cm

The useful scan may be shifted vertically to a maximum of 4mm with respect
to the geometric centre of the tube face .

DECEMBER  1966 D87-78-Page  D2
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OSCILLOSCOPE  TUBES

f\

®

1

®

RATINGs  (ArsoLUTE MAxlMUM STBTEM)

Va4 max.  ®.d.a,.)

Va4 min.

Vsi max .

Va3 max.

Va3  min.

Va.2  max .

Vat max.

Val min.
-V   max.

8
+V   max.

8
ftyg(pk)  max.

Vx-a3fok)  max.

Vy_a3tok)  mar.

Rg-kmax.

Pt max .

Vh_kmax.

cathode positive

cathode negative

[k(av.)  max.

Rx_a3max.

Ry_a3  max.

ratio Va4/Va3  max.

DECEMBER  1966

8

D:7-78
P
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HE I-IX RESISTANCE

Minimum post ndeflection helix resistance                              40                  MQ

CAPACITANCES  (measured on three terminal capacitance bridge)

High potential                    Low potential                       Earthed             Capacitance  (pF)

kall

gall
all

all

all

all

EQUIPMENT DESIGN RANGE

Foctising electrode voltage        Va2

Grid cut roff voltage                      Vg

Deflectionfactor(Va.4=4Va3)

Vertica,1

Horizontal

2.6

3.5

3.5

3.5

3.0

3.0

1.7

1.6

yletrjyf ile             V /RTN ofv af  u
3oto60                 V/kv 0f vai

y                     |o.7tol3.7     V/cm/kv of va3
x                      31.3to40         V/Cm/kv0f va3

MOUN"G POSITION
cry. Thetubesocket should not be rigidly mounted but should have flexible
leads and be allowed to move freely.

WEIGHT

Tube alone

ACCESSORIES

Socket  (supplied with the tube)

a4  cormector  (cavity  connect,or  CT8)

Mu -metal shield

DECEMBER  1966

0.8
approx.    370

I:u

40467

55563

55532

©
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OSCILLOSCOPE  TUBES

khh

Orientation  ot  axes  of
deflection   cLs  viewed
from   screen  end

A

ZiE

Zil 86795

8

D#7-78
P

hh

As  viewed  from base  end
Special   14  pin  base

AIl dl.mensions  in  mm

DECEMBER  1966 D87-78-Page D5
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OSCILLOSCOPE  TUBES

Detlection
factor
(V'cm)

f\

r\

A

8

DH7-78
P
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0                       500                  1000                     1500               2000       Va3=Va4

DEFLEcnoN  FACTOR PLOTTED AGAINST Va3  = Va4
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0                                  1                                    2                                   3   Va4/Va3             4

USEFUL  SCAN  PljoTTED AGAINST Va4/Va3 0
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OSCILLOSCOPE  TUBES

A

fh

a

DG7-3 I
DG7-32

QUICK  REFERENCE  DATA

7cm  (3in) diameter low voltage oscilloscope tubes for monitoring pur-
poses.  DG7-31  has asymmetrical  xrdeflection whereas  DG7-32 has
symmetrical x-deflection.  Both types have symmetrical y~deflection.

Final anode voltage

Display area

Deflection factor  y

Deflection factor  x

500v

Full scan in both directions

approx.    21                    V/cm

approx.   37                    V/cm

Unless otherwise stated,  data is applicable to both types

This data should be read in conjunction with
GENERAL  OPERATIONAL  RECOMMENDATIONS -  CATHODE  RAY  TUBES

TYPE  NOMENCLATURE

Following  the  introduction  of  the  suffixes  /01,   /02  etc.to type  numbers
denoting various internal gra.ticules, it has been found necessal.y to cancel
some of the older type numbers which used simila.r  suffixes . The following
list relating the old  and new type numbers also includes the equivalent CV
numbers .

Old Mullard                                New Mullard

Type Number                            Type Number

DG7-31

DG7-31/01                                       DG7-31

DG7-32

DG7-32/01                                      DG7-32

HEATER

Suitable for parallel operation only

Vh

Ih

OPERATING  CONDITIONS

Beam forming

Final anode

Focus  electrode

Control  grid  (for visual  cut~off)

Focusing electrode current

SEPTEMBER 1967

Val+a3

Va2

CV Number

CV5418

CV8330

CV2431

CV8959

6.3

300

DG7-31-Page D1



Raster distortion

A graticule.  consisting of concentric rectangles  4 .0 X4 .Ocm and 4 . 32  X
4 .32cm  is aligned  with  the electrical x axis  Of the tube;  the edges of a
raster will fall between these rectangles with optimum correction poten-
tials applied .

Note :

A contrast improving transparent conductive coating connected to ai+a3
is present between the glass and the fluorescent layer .  This makes poss-
ible the  application of a  high  potential  to ai+ a3 with  respect to  earth,
without the risk Of picture distortion if the face plate is touched .

Line width

Val+a3

It
* Line width

*Measured on a circle of 5cm diameter

DEFLECTION

Double electrostatic

Mean  y-plate voltage

Mean  x-plate voltage

V   mean
y

V   mean
X

500V

0,5             rfu

0.4         mm

Vertical deflection factor                        Sy                       18. 8 to 23. 2

Horizontal deflection factor                    Sx                       33. 3 to 41. 5

Angle between x and y deflection                                               90±1.5

DG7 -31

The x-plates are intended for asymmetrical deflection .
The y-plates are intended for  symmetrical deflection .

DG7 -32

Both  x -and y -plates  are intended for  symmetrical deflection .

SCREEN

Phosphor G(GJ)

Fluorescent colour                                          yellowish -green

Phosphorescent colour                                   yellowish -green

Per s i s tence                                                                         medium

Minimum useful  screen diameter

Minimum useful Scan  (at Va[ + a3 = 5°°V)

yl  - y2
xl  - X2

SEPTEMBER 1967

6.5               cm

Full scan

Fhll  scan

DG7-31-Page  D2



OSCILLOSCOPE  TUBES

rh

a

A

A

RATINGS   (ABSOLUTE  MAXIMUM  SYSTEM )

Vai+a3  max.

Vai+a3  min.

Va2  max.

-V   max.
8

+V   mx.
8

+vg,pk)  max.

Cathode positiveVh_k max.       cathode nega,tive

Pt max .

Rg-k max.

Rx_(ai+a3)  max.

Ry_(ai+a3)  max.

DG7-3 I
DG7-32

800V

400V

200V

200V

0V

2.0V

200V
125V

8 .o  rEN / c;rrf

500                        kQ

5.0                 MQ

5.0                 MQ

CAPACITANCES   ( measured on a three terminal capacitance bridge )

High potential               Low potential              Earthed              Capacitance  ®F)

k

8

xl
x2

yl

y2

xl

y,

EQUIPMENT  DESIGN RANGE

all                                                                       3.2

all                                                                        7.6

all

a.11

all

all

Focusing electrode voltage

Grid cut-off volta.ge

Deflection factor

vertical

horizontal

3.7

3.0

2.5

2.5

1.7

1.0

Va2        0      to   240              V/kv°fvai+a3

vg   _loo      to-200              V/kv °fvai+a3

sy        37.6to     46.4  V/Cm/kvofvai+a3

Sx        67      to      83       V/Cm/kvofvai+a3

MOUNTING  POSITION

Any.     The tube socket should not be rigidly mounted but should have flex-
ible leads and be allowed to move freely.

SEPTEMBER  1967 DG7-31-Page D3



WEIGHT

Tube alone  (approx.)

ACCESSORIES

Socket

Mu-metal shield

OUTLINE  DRAWING OF DG7-31 AND DG7-32

1208

y   trace

x  trace

¥
2     /     /xtracie1

pin9
p:n 90 i 10

Orientation of axes  of deflection
as viewed from  screen end

SEPTEMBER 1967

All dimensions  in mm

h

As  viewed from base  end
812A base

DG7-31-Page  D4
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OSCILLOSCOPE  TUBE               DH3-9I

QUICK REFERENCE DATA

3 cm (1 in} dia.  simple oscilloscope tube for  low voltage applications .

Anode volta.ge                                                                                   500                       V

Displa.y area                                                                     full scan

Deflection factor y                                                                     45.5        V/cm

Deflection fa,ctor  x                                                                      52. 5         V/cm

'I'his  data  should  be  read  in  conjunction  with  GENERAL OPERATIONAL

RECOMMENDATIONS  -CATHODE  RAY TUBES.

A

a

Eii

®

HEATER

Suitable for parallel operation only

Vh

lh

OPERATING  CONDITIONS

Final anede                                          Vaifa3rty2
*Control grid (for visual cut-off)  VgL

Line width

Vaifa3rty2

It

* * Line width

6.3V

300               rnA +

500V

-8.0  to  -27                       V

500V

0.5              th

0.6             mm

*In no circumstances must the grid be allowed to become positive .

**Measured on a circle Of 25mm diameter.

FEBRUARY  1967 DH3-91   Page  D1



DEFLECTION

Double electrostatic

Vertical deflection factor

Horizontal deflection factor

Angle between x and y deflection

35 to 63              V/cm

4|to72       V/onu
90-±5.0                  de8

'I'he x plates are intended for symmetrical deflection .

The y plates are intended for asymmetrical deflection.

For optimum focus with symmetrical operation the average potential of the
x  plates  and Vaifa3rty2 should be equal.  With asymmetrical operation the
potential  on  any  one  deflection  plate Should not differ from Va]+a3rty2 by
more than the deflection voltage.

SCREEN

Phosphor

Fluorescent colour

Persistence

Minimum useful screen diameter

Minimum useful scan

yl  -y2
xl  -X2

RATINGs  (AesoLUTE  MAxlMUM sysTEM)

Vaira3rty2  max.

Vaifa3rty2  min.

-vgl rna.X.

+vgl max.

+Vgi (pk)  max .

Vh_k  (Cathode  positive)  d.c.  max.

Vh_k  (Cathode  negative)  d. c.  max.

p, max .

Rg-k max .

Ry_a3  max.

Rx_a3  max.

FEBRUARY  1967

H

green

medium short

2.8                cm

full  sea.n

full  scan

1.0               kv

350V

200V

0V

2.0V

200                   V  <-

125                    V <-

8 .0  mJiN / on2`

1.0                  MQ

5.0                  MQ

5.0                  MQ

D113-91   Page  D2



OSCILLOSCOPE  TUBE               DH3-9I

CAPACITANCES  (measured on a three terminal capacitance bridge)                         +

High potential               Low potential              Earthed               Capacitance  toF)  -

EE

A

A

®

EQUIPMENT DESIGN RANGE

Grid cut coff voltage

Deflection factor

vertical

horizontal

all                                                                         5.6

all                                 x2                                  4.5

all                                     XL                                      4.5

all                           aL,a3.y2                             3.5

x2                                  all                                  1.0

vg            -|6to-54               V/kv°fvai+a3+y2

y                38.5  to  52.5    V/Cm/kv  °f vai+a3+y2

x                  9oto  120        V/Cm/kv ofvai+a3+y2

MOUNTING POSITION

Any.   This tube may besupported by the base alone but care must betaken
to minimise the effects  of sudden acceleration and shock.

WEIGHT

Tube alone  (approx.)

FEBRUARY  1967

399

1.4                  oz
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86910

Orientation.of axc®  of  d.fl®ction
as   viewed  from  .crc®n  .nd.

k+a2   h         h

-x-trace

®

hh

B8G  Base

All   dimensions  jn  ii.in
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OSCILLOSCOPE  TUBE               DH3-9I

Eii

ZH

CIRcuT NOTES  FOR DH3-91

in view of the simplicity of the operating requirements no additional supplies
may  be  required  when  the  tube  is  incorporated  in  some  equipment.  An
arrangement suitable for use in such a case is  shown in Fig.1.  Fixed bias
is providedbythe cathoderesistor  R3 which may be by-passed if necessary
by a 0 . 5HF capacitor . Although tubes may not be identica.I in respect. Of their
'brightness -grid voltage I  characteristic this method of auto -bias produces
almost constant brilliance in changing from tube to tube.

11 DH3-91 I nl
T! I I

\

I

I
I

I .,I

I

I I

I |mI

I

I

I

1111 I

I I

\
I

I

I

I I L'- Ilill .86966
200       400          GOO           800vbM1°°°

Ctwing  to the presence of a transparent conducting film connected to anode
betweenthe screen of the tube and the glass ,  the tube may be operated with
its  cathode  at  earth  potential  without  any oscillogram distortion when an
earthed body is brought near the screen.
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Depending on the individual application , the simple arrangement shown may
be  unsuitable  for a variety of reasons .  Two of the commonest drawbacks,
with suggestions for  overcoming them ,  ares

1.  If various patterns areto be displayed on the same tube it is probable
that different  beam  currents  will  be  required  to produce the  same
brightness on each oscillogram . A modified variable brilliance control
can  be  provided  merely  by  using  a  variable cathode bias resistor.
Alternatively, if it is required to  'blackrout' the trace a combination
of tube current and bleed can be used. In either case it is desirable to
incori)orate  a  limiting  resistor  in order to prevent excessive beam
current being draiun.

2.  Since  the  deflector  plates  are  essentially  at h.t.  potential it is not
normally  possible  to incorporate d.c.  coupling to them.  Should this
berequired it is necessaryto run the tube anode at the mean potential
of the deflector plates , which usually involves tapping the anode across
theh.t. supply. If there is no point from which the d.c.  signal  can be
tal{en which allows the necessary minimum h.t.  to be  obtained,  it is
recommended that a negative supply be utilised .  This maya,1ready be
incorporated in the apparatus .

Note-If  it  is required to run the y plate only from a d.c.  signal the anode
tap can be used as a centring device .

Fig.2 shows thetwomodifications  listed above .  In it the y plates  are sho`VIi
d . c . cormected and the x plates a . c . cormected . No x shift network is included .
Vl is the actual working voltage of the tube.

h„: ''o'1,F

x  de'le
y  ampll',er

V 2           R6

I.1c2C---
\F-            R7-o.irF*RV1 acMn

1

-
* fivl and   R

*R2
TT

i7h7        R320Mn
chosen   su
the  meano'V20V86!

F3V4

500kn
vcirlable

Fi5

loo kn
h.t.-.
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lra`:

%#L13€€5pE  TUBE                           `` £5i-M`,°3:,%)

CAPACITANCES

cg-all

ck-all

cxl-all  ck2 earthed)

cx2-all  (xl  earthed)

cyl"-all  fyl'  earthed)

cy2' -all  ly2"  earthed)

cyl'-au  (yl"

cy2"-all  ly2'  earthed)

SCREEN

Fluorescent c olour

Persistence

Minimum useful screen dmensions  (Va4=4Val)

y  (each bean)

x  (each bean)

overlap

'SSuE   I
3.62

/ssued  by  MULLARD   LIMITED

Technical    Information   Department



DUAL TRACE
DHM13 -lo                                         OSCILLOSCOPE  TUBE

FCXJUSING

Electrostatic

DEFLECTI0N

Dotole  electrostatic

Both x and y plates  are  intended for symmetrical deflection.

Angle between the x and y axes for each trace  90±1  deg.

The angle  between  the  two  electrical y axes with the beams superimposed is  within ±1. 5 deg.

Deviation Of linearity of scan

The  linearity of the scan is  ±2%.

Easter distortion

With a raster Of Size  45mm by 75mm,  the total raster distortion will be ±29?a for each beam  and

±2 . 5% Col. both beams when they are superimposed.

Spot centrality

When an  the deflector plates  are  connected  to the third anode,   boil`  beams will coincide within

a rectangle  12mm by 20mm  symmetrically  placed ahout  the  geometric  centre uf  the tube  face

and there will be no displacement betweenthe spots  in the x direction when a.djusted for  optimum

centre focus .

The useful screen area may be offset from the geometric  screen centre by a maximum of  3mm.

MOUNTIN G POSITION

This tube should not be supported  by the base  alone .   The  socket should `inder no circumstances be

used to support the tube  .

/ssued  by  MULLARD   LIMITED
Technical   Information   Department

_`-i
\\`-
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DUAL TRACE
OSCILLOSCOPE   TUBE                                         DHM13-lo

ABsoLUTE MA)inn)M RATINGs

Va4 max.  ®.a.a.)

Va4 min,

Va3 mar.

Va3 min,

Va2 max.

Val  max.

Val  min.

-Vg max.

-Vg min.

Vx-a3 mar.

Vy-a3 ]nax.

vh-k®k)  max.

Rx-a3 max.

Fly-a3  max.

Rg-k max.

ra,4-a3 min.

REIGHT

Tube alone

/ssued  by  lvluLLARD   L.MITED
Technical   Information   Department
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DUAL TRACE
DHM 13-lo                                            OSCILLJOSCOPE  TUBE

5

T dd
91I

:avity 664R

5?c8tor            , r\
a)Ou®

9o
gce
r`+INNiTI

y,I y:53-58
2 '± 309.Omax

I

LIL
Min  contact
ength I 2.0

Orlentatlon   of Qxesof
clef lection  as  viewed
from  screen  end.

Viewed  from
base

812F  Base

All   dimensions  in  mm

/ssued  by  MULLARD  LIMITED
Technical   Information   Department
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OSCILLOSCOPE  TUBES

J|

Zil

1

Zi=

BE

E I 0-128:
PRELIMINARY  DATA                                       GP

QUICK  FtEFERENCE  DATA
4=:nd.s:!aemceot%ebc%a:%f:anc±eoda:h§e°,usxb:eua,ntg:ubnie°#:°#udgiuine:!;`ochno.rhpeo'r'acta:spiediah

Final  anode voltage (p.d.a,)

Display area (each  gun)  at Va4 ± 3Va3
Sy
Sx

3.0         kv
7x8.5        cm
<8      V/cm

<2f)      Vlcm

This data should  be read  in  conjunction  with  GENERAL  OPERATIONAL
RECOMMENDATIONS  -CATHODE   RAY  TUBES  which  precede  this

section of the  handbook.

TYPICAL  OPERATING CONDITIONS (each gun)

Va4  (P.d.a.)

Va3  (astigmatism  Correction)

Va2 (focus electrode control  range)
Val
Vs3  (second  inter-gun  shield)

Vs2  (inter-plate  shield)

Vsi  (first  inter-gun  shield)

Vg2  (beam  blanking)  w.r.t.  ai

3.0            kv
1.0             kv

loo to 300                 V
1.0           kv
1.0            kv

1.0            kv
1.0           kv

40
Vgi (for visual  extinction  of focused  spot)                          -25 to -90
Sy<8
Sx                                                                                                                  <2o

CORRECTION  POTENTIALS

Astigmatism correction (each gun)

;!i!!|;iapi:r;::Et:,i3fre!n§t¢S;i;e:O::tr:itaf:e:I::,t#o;|y:b::;i:e)ca:nse€ta:#Ot:hie:y:€;:ms;:'p{,::a:
Raster distortion (each gun)

:fasttheerjgisetr°pr,tajt°ensf:ei:e:tnj:nse:csonpdr°j:jtdeerdgu:ysha]deji:Sty:Ft::e{m;rt.h=e's°p°e¥!
to the  mean  x  plate  potentia.I.

APRIL  I,63 Pag.  D'



BE

E I 0-12::
GP

OSCILLOSCOPE  TUBES

EOulpMENT  DESIGN  RANGE

F:oCusing  voltage                              Va2

Grid  cut-off voltage                    Vgi
Deflection factor (Vat  =  3Va3)

Vertical                                          y
Horizontal                                  x

100 to 300                 V/kv of vai
-25 to -90                V/kv of vai

<8          V|cm|k:V  of vtLB
<2f )         V |cm|kw  of vt.8

SCREEN

Phosphor                        BE                  G H                         GM                         G P

Fluorescent  colour          blue               green             purple-blue        blue-green

Persistence       medium-short    medium-short            long            medium-short

mnimum  useful  screen  diameter                                                                8.5            cm
Minimum  useful  scan  (each  gun)  at  Va4  =  3Va3

yl-y2
X|-X2

7.0            cm
8.5            cm

Toh:huesegf::LC:tnr%acye::rseh:ietdh:::::Cpa,':¥et°w:tTavx:4m=m3?:35rmwithrespect

ABSOLUTE  MAXIMUM  RATINGS  (each gun  if applicable)

Va4  max.

Va4  min.

Va3  max.

Va,3  min.

Va,2  max.

Val  rna.x.

Val  min.

Vs3  max.

vs2  max.

Vsl  max.

Vg2  max.
-Vgl  max.

Max.  ratio  Va4/Va3

vh-k  max.
Cathode  positive
Cathode  negative

Pt  max.

11{   max.

Minimum  post-deflection  helix  resistance

APRIL  I,6} Pat e  D2



OSCILLOSCOPE  TUBES

1

Zil

Zi=

Ziil

HEATER  (each gun)

Suitable for series or parallel  operation

Vh

lh

6.3V

300              rnA

:¥::n:sic;:::ih:i;sh,[hr;ns-s::;:uii:n:t::i;e'::s::x;.p!!y!:[est!:ty:i:gneeo:neesast#:'tt:s:ee:,Tc:u::

L[NE  WIDTH  (each  beam)

Va4

Va3

Va'1

't
*Line width

*Measured  by  means of a shrinking  raster.

CAPACITANCES

High potential     Low potential     Earthed     Capacitance (PF)

k
91
XI
X2

yl
y2
Xl

yl
yl,+ yl.           y2,+ yl.
yl,+ yl.            y2,+ y2,

FOCuSING
Electrostatic.

DEFLECTION

Double electrostatic

Deflection  plates xi ,  x2 and  yi ,  y2

All  x  aLnd  y  plates  are  intended  for symmetrical  deflection.
The  corresponding trace of each  gun  will  align  within  1.5°.

:p!:u:SeesajsToffij:net:r:cd::p:tc:pu#:f:e:Cht::i:C:aeTP:s::a:tr:::S::,f:td:gee::rf:v:eh{:s:ca:n::£{::r:e:-
plates.

Apl|IL  '96,
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E I 0-12:#
GP

OSCILLOSCOPE  TUBES

Linearity of deflection
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Interaction
The  deflection  of one  bea.in.  when  balanced  d.c.  voltages  are applied  to the
deflection  plates  of the  other  beam,  is  less  than  2x lo-3mm/V.

Tracking error

#ii:::r::ii[ii::ec:::i;;'tri!3::.e:±tiiaie4:i:P:::tit:agaet::Pt:ho:Pe€i::oen:a!:::,:t:hbe:I:r,:nf::alto:f

GEOMETRY
Raster distortion

A focused  raster  pattern,  the  size  of which  is  adjusted  so that the  widest

tpr::n::i:::,t:¥:fd:S5:;8:::fwsjjtdhen6:I;r::,:t[:Xea;:„Pe°dj.ntwjthj„Concen.

Angle  between  x and  y deflection  (each  gun).                                  90+|°

Beam blanking

!ihae:£§t:e=mvb:iu::k:f¥rs:u::I:tag:::(H#|t::mi#en%.:ejstshar;e::::tcrte°as:tvas:dab:J':

MOUNTING  POSITION
Any

:uh#s::nbceesshs::[udidnt°htebseocskueptpg:t:,to*yedtht:?uaspepoaL°nt:ea::b:.ndernocir-

ACCESSORIES
Socket (supplied  with tube)
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TELEVISION
MONITOR  TUBE

1

a

EiE

®

M I 7- I 40W

QUICK REFERENCE  DATA

17cm (7in) flat-faced  rectangular direct viewing television tube with
metal  backed  screen,  primarily  intended for use as a viewfinder in
television cameras .

Deflection angle

Focusing

Resolution

Maximum overall length

70                  deg

Electrostatic

> 1100                lines

2 34                mm

This data should be read in conjunction with
GENERAL OPERATIONAL RECOMMENDATIONS -  CATHODE RAY TUBES

HEATER

Suitable for parallel operation only

Vh

Ih

OPERATING CONDITIONS

Va2+a4

6.3

300

14

Va3  (focus electrode control range)                          O to 4oo

Val                                                                                               400

V   for visual extinctiofl of focused raster         -30 to -62
8

SCREEN

Metal backed

Fluorescent colour

Useful screen area

AUGUST  1968

unte
See pa.ge 5
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RESOLUTION

Resolution at screen centre  (see note 1)      >1000      >1100                  lines

Measured at :

Va2+a4

Val

It

Brithtl`ess

14              16                       kv

400             600                            V

50              50                        wh

500            600     cd/m2(hits)

FOCUSING

Electrostatic
The  range  of  focus  voltage  shown  in  'OPERATING CONDITIONS' results
in optimum overall focus at a beam current of 50#A.

DEFLECTI0N

Magnetic

Diagonal deflection angle 70                      deg

The deflection coils  should be designed so that  their internal contour is in
accordance with the reference line gauge shown on page 6 .

CAPACITANCES

cg-all

ck-all

Ca2+a4-M

7.0                   pF

5.0                   pF

300                        pF

EXTERNAL CONDUCTIVE  COATING

This tube has an external conductive coating,  M,  which must be cormected
to chassis,  and the capacitance of this coating to the final anode is used to
provide smoothing for the e.h.t.  supply.  The electrical  connection to this
coating must be made within the area specified on the tube outline drawing.

REFERENCE  LINE GAUGE See page  6

MOUNTING POSITION

Any.

The tube socket should not be rigidly mounted but should have flexible leads
and be  allowed to move freely.
The tube is fitted with a pin protector in order to avoid damage to the glass
base due to bending of the pins whilst handling the tube.  It  is  advisable  to
keep this  pin  protector on  the  base until it can  be I.eplaced  by the socket
after the installation of the tube in any equipment.

AUGUST  1968 M17-140W  Page 2
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TELEVISION
MONITOR  TUBE

rl

a

EiE

e

RATINGS   ( ABsOLUTE  MAXIMUM SYSTEM)
Va2+a4max.   (at Ia2+a4=0)   (See note  2)

Va2+a4min.

+Va3max.

-Va3max.

Vaimax.

Valmin.

Vh_k  ( Cathode positive )

d . c . max .
pk max.   (see note 3)

Vh_k ( Cathode negative )

d. c . max.
pk max .

M I 71 I 40W

135V
180V

NOTES
1.  Measured  by  the  shrinking raster method.  If  necessary the resolution

can be improved bythe use of a bealn centring magnet . This magnet can
be supplied on request, together with instructions for its use .

2.  With  the  high  voltage used  with  this  tube  high voltage flashovers may
occur,  which  may  destroy  the  cathode.   Therefore  it  is  necessary  to
provide  protective  circuits  using  spark gaps.  The spark gaps must be
connected as  follows :

short     connections    to   electrodes

to  chassis short   connections   to   external
conductive    coating

No other connections  between  external  conductive  coating and  chassis
are permissible .

3 .  During  a warm-up  period  not exceeding  15 seconds the  heater may be
410V negative with respect to the cathode.

WARNING

X-ray  shielding is advisable to give protection against  possible danger
of personal injury arising from prolonged exposure at close range to this
tube when operating above 14kv.

ACCESSORIES

Final accelerator connector  ( CT8 cavity connector )
Beam centring magnet

AUGUST  1968

55563
3322   142   11401
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+ The  maximiim   di.mension
is   determined    by    the
reference   line   gauge.

AUGUST  1968

a2 + a4

Eg::::?gr ccaTvity
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TELEVISION
MONITOR  TUBE M I 7- I 40W

9             q2+a4

B8H     Base

A

n

a khh

All     dlmensions    in    mm
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TELEVISION
MONITOR  TUBE

n

fl

a

M I 7- I 4 I W

QurcK REFERENCE  DATA
17cm  (7in) flat-faced  rectangular direct viewing television tube with
metal  backed screen,  primarily  intended  for use as a viewfinder in
television cameras . This tube is provided with a bonded faceplate and
a metal mounting band.

Deflection angle

Focusing

Resolution

Maximum overall length

70                   deg

Electrostatic

> 1100                 lines

240                  mm

'This  data should be read in conjunction with
GENERAL OPERATIONAL RECOMMENDATIONS -  CATHODE  RAY TUBES

HEATER

Suitable for parallel operation only

Vh

Ih

6.3

300

OPERATING CONDITIONS

Va2+a4                                                                                                 14                      16

Va3  (focus electrode control range)                  .  0 to 400        o to 4oo

Vat                                                                                                 400                  600

Vg for visual  extinction of focused faster    -30 to  -62    -40 to,-90

SCREEN

Metal backed

Fluorescent colour

Useful screen area

AUGUST  1968

white

See page  5
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RESOLUTION

Resolution at screen centre  (see note  1)      >1000      >1100                  lines

Measured at  :

Va2+a4

Val

It

Brightness

14              16                       kv

400            600                           V

50                50                           HA

500            60o     cd/m2(nits)

FOCUSING

Electrostatic
The  range  of  focus  voltage  shown  in  'OPERATING CONDITIONS'  results
in optimum overall focus at a beam current of 50pA.

DEFLECTION

Magnetic

magonal deflection angle 70                      deg

The deflection coils should  be designed so that their intemal contour is  in
accordance with the reference line gauge shown on page 6 .

CAPACITANCES

cg-all

ck-all

Ca2+a4-M

Ca2+a4-B

EXTERNAL CONDUCTIVE  COATING

This tube has an extemal conductive coating,  M,  which must be connected
to chassis,  and the capacitance Of this coating to the final anode is used to
provide smoothing for the e.h.t.  supply.  The electrical  connection to this
coating must be made within the area specified on the tube outline drawing.

REFERENCE  LINE GAUGE See page  6

MOUNTING POSITION

Any.

The tube socket should not be rigidly mounted but should have flexible leads
and be allowed to move freely.
The tube is fitted with a pin protector in order to avoid damage to the glass
base  due to  bending of the pins whilst handling the tube.  It is  advisable to
keep this  pin  protector on  the  base until it can  be replaced  by the socket
after the installation of the tube in any equipment .

AUGUST  1968 M17-141W  Page 2

U

EE

u

u



TELEVISION
MONITOR  TUBE

n

a

A

a

RATINGS   (ABSOLUTE  MAXIMUM SYSTEM)

Va2+a4max.   (at  Ia2+a4=0)    (See note  2)

Va2+a4min.

+Va3  max.

-Va3  max.

Vat max.

Val min.

Vh_k  ( Cathode positive )

d . c . max .
pk max.   (see note 3 )

Vh_k  ( Cathode negative )

d . c .  max .
pk max .

M I 7- I 4 I W

135V
180V

NOTES
1.  Measured  by  the  shrinking raster method.  If  necessary the resolution

can be improved bythe use of a beam centring magnet . This magnet can
be supplied on request,  together with instructions for its use.

2.  With  the  high  voltage used  with  this  tube  high voltage flashovers may
occur,  which  may  destl.oy  the  cathode.   Therefore  it  is  necessary  to
provide  protective  circuits  using  spark gaps.  The spark gaps must be
connected as follows :

mH

Jtl
short   connections    to   electrodes

Short  connections    to    external
conductive   coating

No  other  connections  between  external  conductive  coating  and  chassis
are permissible .

3.  During  a warm-up  period  not exceeding  15 seconds the  heater may be
410V negative with respect to the cathode.

4.  The  metal  band  (8)  must  be  connected directly to the chassis by,  for
example,  a spring contact.

WARNING

X-ray  shielding is advisable to give protection against  possible danger
of personal injury arising from prolonged exposure at close range to this
tube when operating above  14kv .

ACCESSORIES
Final  accelerator  connector  ( CT8  cavity connector )
Beam centring magnet

AUGUST  1968

55563
3322   142   11401

M17 -141W   Page 3
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All     dimensions   .in   mm
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B8H     Base
khh

All     dimensions    in    mm
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TELEVIsloN
MONITOR  TUBE

n

a

rl

a

M2l-I IW

QUICK  REFERENCE  DATA

21cm  (8.5in)   rectangular  television  tube with metal backed  screen,
primarily intended for use as  a precision monitor .

Deflection  angle                                                                                 90                   deg

Focusing                                                                      Electrostatic

Resolution                                                                                        > 650                lines

Maximum  overall  length                                                            221. 5             mm

This data should be  read in conjunction with
GENERAL OPERATIONAL  RECOMMENDATIONS -  CATHODE  RAY  TUBES

HEATER

Suitable for parallel operation only

vh

Ih

OPERATING CONDITIONS
--Va2+a4

Va3  (focus  electrode  control range)

Val

V    for visual extinction of focused raster
8

11  ±  109'o                  v

70mA

12

Oto400                                 V

400V

-32 to -69                             V

*Vk for visual extinction of focused  raster                  29 to    62                            V

* For cathode modulation, all voltages are measured with respect to the grid.

SCREEN

Metal backed

Fluorescent colour

Useful screen area

MARCH  1969

Vthite

See page  6
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RESOLUTION

Resolution at screen centre

Measured  at :

va2+a4

val

> 650                        lines

12kv

400V

The tube will  resolve 650  lines measured  at  abrightness  of  340cd/m2  (nits)
based  on  a picture height of  135mm.
The  focus  voltage  is  adjusted  to  obtain  the  smallest  roundest  spot.   For
optimum overall  resolution  an  external  centring magnet may be  required .

FOCUSING

Electrostatic
The  range of focus voltage  shown in  'OPERATING CONDITIONS' results  in
optimum  overall  focus  at  a beam  current  of  10044A.

DEFLECTION

Magnetic

Diagonal deflection  angle 90                           deg

The de£.lection coils  should  be designed  so that their internal  contour  is  in
accordance with the  reference  line  gauge  shown on  page  7 .

CAPACITANCES

cg-all

ck-all

Ca2+a4-M

9.0                        pF

5.0                         pF

375                             pF

EXTERNAL  CONDUCTIVE  COATING

This tube has  an external  conductive  coating,  M,  which must be  connected
to  chassis,  and the  capacitance of this  coating to the final  anode is used to
provide  smoothing for  the  e.h.t.  supply .  The  electrical  connection to  this
coating must be  made within the area specified  on the tube  outline drawing .

RASTER  CENTRING

See  not,es  under  this  heading in  'General  Operational  Recommendations  -
Cathode  Ray  Tubes' .

Centring magnet field  intensity                                    0  to  800                      A/in

Adjustment of the centring magnet should not  be such that a general reduction
in brightness  of the  raster  occurs.

REFERENCE  LINE  GAUGE

MARCH  1969

See  page  7
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TELEVISION
MONITOR  TUBE

n

A

a

M2I-I lw

MOUNTING  POSITION

The  tube  may  be  mounted  in  any  position except vertical with thescreen
downwards,  the  axis  of  the tube making an angle of less than ZOO with the
vertical .
The tube socket should not be rigidly mounted but should have flexible leads
and be allowed to move freely.

RATINGS  (ABSOLUTE  MAXIMUM SYSTEM)

Va2+a4 max.  (See  note  1)

Va2+a4 min.

+Va3  max .

-Va3  max.

Vat  max.

+V   max.
8

+Vgtok)  max.   (See note  2)

-V   max.
8

Vh_k max.  (Cathode positive)

Vh_k(pk)  max.  (Cathode positive)

±Ia3 max.

±Ial max.

H-k max .
Zh_k max.   (f=50Hz)

Zk_e  max.  (f=50Hz)

Rg-kmax.

Zg_k max.   (f=50Hz)

Rai_k max .

Ra3_k max.

RARCH  1969

kv

kv
kv

V

V

V

V

V

V

V

„A

pA

MQ

kQ+
kfl

MS2

kQ

MQ+
MQ-

M21-llW  Page 3



NOTES

1.  Adequate  precautions  should   be  taken  to  ensure  that  the  receiver  is
protected  from damage which  may be  caused by  a possible high voltage
flashover  within the  cathode ray tube.

2 .  The  d.c .  value  of  bias  must  not  be  such  as  to  allow the  grid  to become
positive with respect to the cathode ,  except during the  period immediately
after  switching the  receiver on or off when it may be  allowed to rise to
+1V.   The  maximum   positive   excursion  of   the  video  signal  must  not
exceed +2V;  at  this voltage  the  grid  current may be  expected to be  ap-
proximately  2mA.

WAIINING

X-ray  shielding is  advisable to give  protection  against possible danger of
personal  injury arising fl.om prolonged  exposure at  close range to this tube
when  operated above  16kv.

WEIGHT

Tube  alone  (approx . )

MARCH  1969

i.25                     kg

M21-llW  Page 4
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MONITOR  TUBE
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200±1.5

M2l-I lw

3,%tneermo',netdheby:58:r
edge  of  the   step   on
the   reference   line
gouge   (page  7),   when
the   gouge    is   resting
on    the   cone_

*The  maximum dimension I

is determined by the reference
line  gauge.
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TELEVISION
MONITOR  TUBE

REFERENCE  I-INE  GAUGE

a

Bil

®

M2I-I IW

15.57         6.40.10±0.4

96.8±0.4

1.OR
I

88.9±0.4
I ±0.414.3±0.1I

I,.I

82.5±0.153.9i005|

9bo
e_lJ__J__T_ I__L

r 38:z3 i                   I
F

I

12.7R.±01           +           77.

t                12.7 a,
I

' 1    .9    +     .
20.7          ±0.4

leoII

±0.1
±0.1

-

All dimensions in  mm                               E33E
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TELEVISION
MONITOR  TUBE
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FIRST  ANODE-TO-GRID VOLTAGE.   CATHODE  MODULATION.
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TELEVISION
MONITOR  TUBE

M2I-12W

QUICK   REFERENCE   DATA

21cm  (8 . 5in)  rectangular  television  tube with metal-backed grey

glass  screen  primarily  intended  for  use  as  a  picture monitor.

Deflection  angle

Focusing

Resolution
Maximum overall length

Ilo                         deg

low voltage electrostatic
> 625                     lines

205                        mm

This  data should  be  read  in  conjunction  with  GENERAL  OPERATIONAL

RECOMMENDATIONS   -CATHODE  RAY TUBES.

HEATER

Suitable  for  series or parallel operation

Vh

lh

a

a

n

6.3V

300                             rnA

Note   -(applies to series  operation only)  -The surge heater voltage must not
exceed  9.5  V  r.in.s.   when  the  supply  is  switched  on.   When usedinaseries

heater   chain  a  current   limiting  device  may  be   necessary  in  the  circuit  to

ensure that this voltage  is not exceeded.

OPERATING  CONDITIONS

Va2+a4
*Va3

Val
Vg  (for visual extinction Of focused raster)

16

0 to  400

300

-35  to  -72

* With the  small change  in focus  spot  size with  variation Of  focus  voltage,  the

limit Of  0 to 400 V is  such that an  acceptable  focus  quality is  obtained within

this  range .  If it is  required to pass  through the  point Of focus,a  voltage  Of at

least  -100V to +500V will be required.

SCREEN

Metal backed

Fluorescent colour

Light transmission

DECEMBER  1965

white

approx.  80                             q7o

Page D1



Minimum useful   screen  area       see  drawing on page  D6

RESOLUTION

Resolution at screen centre

Va2  +  a4

Val

BRIGHTNESS

*Brightness

Va2  +  a4

Ia2  =  a4

* Measured with raster  18 x 13 . 5 cm .

625                       lines

16kv

300V

450                   nits

16kv

100                     uA

FOCUSING

Low voltage electrostatic
The range  of focus voltage   shown   in  typical   operation  conditions  results   in

optimum focus  at a beam current of 100HA.

REFERENCE  I.INE  GAUGE

JEDEC   126.For details  see  "General  Operational  Recommendations -Cathode

Ra.y  Tubes" .

DEFLECTION

Double magnetic
The  deflection  coils  should  be  designed  so  that  their  internal  contour  is  in
accordance with JEDEC  gauge  126 and should  provide  a  pull  back  of  4mm on

a nominal tube .

CAPACITANCES

cg -all
ck _ au
Ca2+a4-M

RASTER CENTRING

7.0                           pF

4.0                           pF

250                                pF

See  notes  under  this  heading  in  'General   opel.ational   Recommendations      -
Cathode Ray Tubes ' .

CentI`ing magnet field intensity                                                 0 to  10                        Gs  +
Adjustment Of  the centring magnet should  not be such tha.t a general reduction
in brightness or shading Of the raster occurs .

DECEMBER  1965 Page D2
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TELEVISION
MONITOR  TUBE
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a

ZEE

O

M2 I -12W

EXTERNAL  CONDUCTIVE  COATING

This tube has  an  external  conductive coating,   M,   which must  be  earthed  and

the capacitance  of this to the final anode is used to provide  additional smoothing

for  the  e.h.t.   supply.   The  tube  marking and  warning  labels are  on the  side

of the  cone  opposite  the final anode connector  and this  side  should not be used

for making contact to the external conductive  coating.

RATINGS   (ABSOLUTE   MAXIMUM  SYSTEM)

**  Va2  + a4 max.

Va2 +  a4 min .

+ Va3 max.

-Va3 max.

Vat  max.

Val  min.

- vg max .

* -vg  ®k, max.

i Ia3 max .

i Ial max.

i Vh - k

Cathode positive

d.c.  max.

pk mar .

Cathode negative
d.c.  max.

pk mar .

Rh _ k max .

Zk _ e max. (I = 50 c/s)

:::::=:(f=5oc/s,

DECEMBER  1965

20kv

13kv

1.0                      kv

500V

450V

200V

Page D3



**  Adequate  precautions  should  be  taken  to ensure  that  the  associated  equipment

is  protected  from  damage,   which  may  be   cai`sed  by  a possible  high  voltarL`e

flashover   within   the   cathode   ray  tube.    For  details  see   Mullard   Technical

Communications,   Volume  6.   Number  51,   September  1961  pp.  2  to  6)

*  Duty  factor  22%  max.   tp  max. =  1.5ms.The  d.c.   value  of  bias  must  not be

such  as  to  allow the  grid to become  positive  with  respectto the  cathode, except

during  the  period  immediately  after switching  the  receiver  on  or  off when  it

may  be  allowed to  rise  to  +1V.  The  maximum  positive  excursion  of the  video

signal   must  not   exceed  +2V and   at   this  voltage   the  grid   current   may    be

expected to be approximately 2mA .

I  in  order to avoid excessive  hum the a.c .  component of Vh_k should be  as  low

as  possible  and must not exceed 20 V r .in . s .

During a warming up period not exceeding 15s, vh_k(pk)  max. (Cathode  Positive)

is  allowed to  rise  to  410V.

WARNING

X-ray   shielding  is  advisable   to  give  protection   against  possible   danger  Of

personal  injury  arising  from  prolonged  exposure  at close  range to this  tube
when  operated above  16kv .

MOUNTING  POSITION

Any,  except vertical with screen downwards and the axis Of the tube making an
angle Of less than 20°  with the vertical.

The tube socket shouldnot be rigidly mounted but should have flexible leads  and

be allowed to move freely.

REIGIIT
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TELEVISION
MONITOR  TUBE

®

a

rl

®

M28-12W

QUICK  REFERENCE  DATA

28cm  (llin)  rectangular  direct viewing  television  tube  with  metal
backed  screen a.nd reinforced envelope.  A separa,te sa.fety screen is
not required.   Intended for use as a precision picture monitor.

Deflection angle

Focusing

Resolution

Maximum overa.1l length

90                         deg

Electrostatic

>  850                      lines

250                       mm

This data should be read in conjunction with
GENERAL  OPERATIONAL  RECOMMENDATIONS -  CATHODE  RAY  TUBES

HEATER

Suitable for para.llel operation only

Vh

lh
11

68mA

OPERATING  CONDITIONS

Va2+a4                                                                                           11                       13    kv

Va3  (focus electrode control range)                   0 to 350         50 to4oo      V

Vat                                                                                                   250                     350       V

Vgforvisual extinctionoffocusedraster     -35 to -69      46 to -91      V
*Vkforvisual extinctionoffocusedraster   approx.  45        44 to    80      V

*For  cathode  modulation.  all voltages are measured with respect to the
grid .

RAY  1969 M28-12W Page  1



SCREEN (metal backed)
Fluorescent colour
Light transmission (aLpprox. )
Useful screen area

RESOLUTION
Resolution at Va2+a4 = 13kv

BRIGHTNESS
Brightness  (at Va2+a4 = 13kv)

Brightness (at Va2+a4 = llkv)

Ia2+a4

roster size

whte
50

see page 7
%-

> 850                             lines

a,pprox.       400             cd/m2(ults)

approx.       350             cd/m2(nits)

30                                 rfu

70 x  70                               mm

F OCUSING (Eleetro static)
The  range  of  fcous voltages shown in  'OPERATING  CONDITIONS'  results
in optimum overall fcous at a beam current Of 100f4A.

DEFLECTION quagnetic)
Diagonal deflection angle
Horizontal deflection angle
Vertical deflectlon angle

-
9 0                                deg
8 0                               de8
6 3                              deg

The  deflection coils should be designed so that their internal contour is in
accordance with the reference line gauge shown on page 10.

CAPACITANCES

cg-all

ck-all

Ca2+a4-M

Ca2+a4-B

7.0

3.0

550  to  850

150

EXTERNAL  CONDUCTIVE  COATING
This tube has an external conductive coating,  M,  which must be connected
to chassis,  and the capacitance of this coating to the final anode is used to
provide smoothing for the e. h. t.  supply.  The electl.ical connection  to this
coating must be rna,de within the area specified on the tube outline drawing.

RASTER  CENTRING
See  notes  under  this  heading in 'General Operational Recommendations -
Cathode Ray Tubes'.

Centring magnet field intensity

Maximum distance of centre of
centring field from referenc e line

o to 800                           A/in

55mm

Adjustment of thecentring magnet should not be such that a general reduc-
tion in brightness of the raster occurs.

REFERENCE  LINE GAUGE

RAY 1969

see page 10
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TELEVISION
MONITOR  TUBE

A

a

®

a

M28-12W

MOUNTING  POSITION                                                                                                                 Any

The tube socket should not be rigidly mounted but should have flexible leads
and be allowed to move freely .

This tube is fitted with a pin protector in order to avoid damage to the glass
base due to bending of the base pins whilst handling the tube .

It is advisable to keep th.is pin protector on the base until it can be replaced
by the  socket after the installation of the tube in any equipment.

RATINGS   (ABSOLUTE  MAXIMUM SYSTEM)

Va2+a4  max.  (at Ia2+a4 = 0)   (See note  1)

Va2 + a4  min .

+Va3  max.

- Va3  max .

Vai max.

Val  min.
-Vgtok)  max.  (see note  2)

-Vg max.  (see note  3)

±Ia3  max.

±Ial max.

Vh-k

d.c.  max.
pk max .

Rh-k max .
Zk_e  max.  (f =  50Hz )

Rg-k max.

Zg_k max.   (f =  50Hz)

RM_B max.

Notes

1.  Adequate precautions  should betaken to ensure that the receiver is  pro-
tected  from  damage  which  may  be  caused  by  a  possible  high voltage
flashover within the tube.

2.  Maximum  pulse  duration  22%  Of  one cycle with a maximuni Of  1.5ms.

RAY  1969 M28-12W Page  3



3.  The  d.c.  value Of bias must not  be such as to allow the grid to become
positive  with  respect to the cathode,  except during the period immedi-
ately  after  switching  the  receiver on or off  when it may  be allowed to
rise to + 1. OV . It is advisable to limit the positive excursion Of the video
signal  to+5V  (pk)  max.   This  may  be  achieved  automatically  by  the         u
series  connection  of  a  10ks2  resistor.

WEIGHT

Tube alone  ( approx . )

RAY 1969

®

®

2.2                    k8
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®

M28-12W

All   dimensions  in   mm

RAY  1969
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Dimensions   ol  metal   band

4  holes  6±0.3 dia

The  mounting  bolts
must   lie  within
circles   of   5  dia.
centred  on  the
true  geometric
position   of   these
holes.

10®max                Pin   dimensic>ns  os  in   87G    base.

The  centre  ol  the  socket  must
allow  entry  ot   the   pump   stem.

khh

1.5  a  max

All   dimensions   in  mm

RAY  1969

1877081
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TELEVISION
MONITOR  TUBE

A

®

lil

a

M28-12W

©®- ®
I I
I__

171   min 2.6±1usefuls
228 min

I        262.5min__\

8 3 0 fi
Minimum

of   sphericcil

i-- 262.5 min

Mould   match   line

-   -I-=
Flat to  within  lmm.

All   dimensions   in   mm

RAY  1969

Rim    detail

I a 7 7091
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MAXIMUM   CONE   CONTOURS gahEE

O' Bl::: ir

97.05

9 cf         a/rf            7 cf             errf                  5 Of          4,FO;0             4;rf    29.5

` ,|oJ/ D,ag3o0a

25-2o01o®684RmcIX.0.-

OnceOm27.537.547.5

10 9 8 7 6\ \ \IIIII 5 4 3\ \2 i
'--IIII

I I

1

' /23

/
IillilI. /

Zzz,975107.5 8

9

1175 10

Reference  line

All  dimenslons  in  mm.
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REF.ERENCE.    LINE    GAUGE

All   dimensi.ons  jn   mm
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TELEVIsloN
MONITOR  TUBE M28-12W
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Vg(V)             -4o                      -30                       -20                        -10                         0

FINAL  ANODE  CURRENT  PLOTTED  AGAINST  GRD VOLTAGE.
GRID  MODULATION
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M28-12W
I I I I 87706

Cathode   modulation
I 1111111                                   I                                   111111                                   I                                    I

Vo2.a 4  =7.5 to 14kv ,
I

Vai-g=250V
I I

' 11
I.

I\I

I i\
)

'
I I-\ I I I I I
\

II Ii II
I I\ IIII I

II
> \ I I II

I
I I11 I

`

2

I

0 I

II I
0                          10                           20                          30                          40                Vk(V)

FINAL  ANODE  CURRENT  PLOTTED AGAINST  CATHODE-TO-GRID
VOLTAGE.  CATHODE  MODULATION
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Eil

a

vk-9

(Cut-off)
(V)

M28-12W

M28-12W a 3 93 6

11111

Cothode   modulat ion
I

11 11111

Vc,2+a4.7.5 to 14 kv

I

L

•---,.--

i I

I I

I

I

't
et \ \

I

I

loo                            2cO                               300                               4cO         Vai.g(V)

LIMITS  OF  CATHODE-TO-GRID  CUT-OFF  VOLTAGE  PLOTTED
AGAINST  FIRST  ANODE-TO-GRD VOLTAGE.  CATHODE  MODULATION
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TELEVISION  IVIONITOR  TUBE                                 M36-low.

Eiil

iE

Eii

ri

I

14in.  rectangular  television  tube  with  metal-backed,  grey glass  screen  primarily  intended  for  use  as a

precision monitor .

ADVANCE  DATA  FOR USE  VITH  DEVELOPMENT SAMPLES

Note   -( applies to series operation only).   The  surge  heater vol

Zoo with the vertical.

TYPICAL OPE RATING CONDITIONS

Va2+a4

Va3  (foousing electrode  control range)

Val
Vg  (for visual extinction Of focused spot)

/ssued  by  MULLARD   LIMITED
TechnicaLI    Information    Department
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M36-low.                               TELEVISION  MONITOR  TUBE

This tube will resolve  a minimum Of 650 lines based an a picture height Of  241mm and is measured

at a  brightness Of  approximately  340  nits  i.e.100  ft.Iamberts,   The  focus  voltage  is adjusted  to

obtain the smalleEit rcundest spot .

ABSOLUTE  MAXIMUM RATINGS

iva2+a4 mar.
Va2+a4 min .

+Va3 Inar.
-Va.3  max .

Val  max.

Val min.
-Vg max.

*-Vg min.

+Vgfok)  mar.

Ha3 max.

hal max.
Tvh-k mar .

C athode positive

a.c.  max.

pk max .
C athode negative

d.c.  max.

pk max .
Rg-k max .

Zg-k max.  (f=50c/a)

ETA -k max .

125V

250V

1.5                                .        MQ

boo                                          kfl

see ziote  t

±Adequate  precautions  should  be taken  to  ensure that  the  associated  equipment  is  protected  from

damage which may be  caused by a possible high voltage flashover within the  cathode ray tube.   (For
details see Mullard Technical Communications Volume  6,  Number  51.)

*The  d.c.  value  Of  grid  bias must  not  be allowed  to become  positive with  respect  to  the  cathode,

except  during  the  periods  immediately  after  switching  the  equipment  on  or  off,  when  it may  be
allowed to I.ise to +1V.   The maximum positive grid excursion may reach 2V and at this voltage the

gI`id current may be expected to be  approximately 2mA.

thordertoavoidexcessiveh`mthea.c.componentofvh-kshouldbeaslowaspossible(<20Vr.in.s.).
During  a  warming-up  period  not  exceeding  458,   vh-k®k) max.   (cathode  positive)  is  allowed  to
rise to 4|OV .

When the heater is in aseries chain,  or earthed,  Zk max. is  100162,  where  Zk isthe  50c/s  impedance
betweenearth and the cathode .   When the heater is supplied from a separate transformer Rh-kmax.
is lrm .

2

/ssued  by  MULLARD   LIMITED
Technical    Information    Department
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TELEVISION  IVIONITOR  TUBE                                M36-low.

h-43±0.41

All dimensions in  mm                               Ei3E

/ssued  by  MULLARD   LIMITED
Technical   Information    Department



M36-low.                                TELEVISION  MONITOR  TUBE

_332±3.2Th+5°LI
-~-i-5-O-a-RT--6t6TE=`iu    a   i

1\    -850-/(-*Y,V-a  x
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I        27. 8 ®X
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khh

All  dimensions  in  mm                              EE
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TELEVISION
MONITOR  TUBE M36-I I W

QurcK REFERENCE DATA
36cm  (14ln)  rectangular  direct  viewing television  tube  with  metal
backed  screen,   primarily  intended  for  use  as  a precision  picture.
monitor.

Deflection angle

Focusing

Resolution

Maximum overall length

a

A

®

90                  deg

Electrostatic

> 650               lines

317                   mm

This data should be read in conjunction with
GENERAL OPERATIONAL RECOMMENI)ATI0NS -  CATHODE RAY TUBES

HEATER

Suitable for parallel operation only

Vh

Ih

0 PERATING CONDITIONS

Va2fa4 16

Va3  (focus electrode control range)                         o to 5oo

Val                                                                                                 6oo

Vg for visual extinction offocused raster         -43 to -98
*Vk for visual extinction of focused raster           40 to   9o

+

*For cathode modulation,  all  voltages are measured  with respect to the
grid.

SCREEN

Metal backed

Fluorescent colour

Useful screen area

MAY  1969

unte
See page 6
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REsOLUTI0N

Resolution at screen centre

Measured at:

Va2fa4

Val

> 650                     lines

16kv

600V

The tube will resolve 650 lines measured at a brighthes8 Of 340cd/m2(nits),
based on a picture height of  237mm.
The  focus  voltage  is  adjusted  to  obtain  the  smallest  roundest spet.  For
optimum  overau  resolution an external centring magnet may be required.

FOCUSING

Electrostatic

The  range  of  focus  voltage  shown  in 'OPERAnNG CONDITIONS' I.esults+
in optimum overall focus at a beam current of 100pA. With the small change
in spot  size with  variation.Of  focus voltage.  the limit of 0 to 500V is such
that  an  acceptable  focus  quality is obtained throughout this range.  If it is
required topass through the point Of focus, a voltage range of at least  -100
to +600V will be necessary.

DEFLECTION

Magnetic

Diagonal deflection angle 90                        de8

The deflection  coils should be designed so that their internal contour is in
accordance with the I.eference line gauge shown on page 7 .

CAPACITANCES

cg-all

ck-all

Ca2+a4-M

9.0                      pF

5.0                      pF

800                          pF

EXTERNAL CONDUC TIVE  COATING

This tube has an external ccmductive coating,  M,  which must be connected
to chassis,  and the capacitance of this coating to the final anode is used to
provide  smoothing for the e.h.t.  supply.  The electrical cormection to this
coating must be made within the area specified on the tube outline drawing.

RASTER CENTRING

See  notes  under  this  heading in 'General operational Recommendations -
Cathode Ray Tubes.

Centring maLgnet field intensity                                    0 to  800                  A/in

Adjustment of the centring magnet should not be such that a general reduc-
tion in brighthess of the raster occurs .

REFERENCE  IINE GAUGE

RAY 1969

See  page .7
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TELEVISION
MONITOR  TUBE

a

a

Zii

®

M36-I I W

MOUNTING POSITION

The  tube  may  be  mounted  in  any position except vertical with the screen
downwards,  the axis of  the tube making an angle of  less than 20° with  the
vertical.
The tube socket should not be rigidly mounted but should have flexible leads
and be  allowed to move freely .
The tube is fitted with a pin protector in order to avoid damage to the glass
baseduetobending of the base pins whilst handling the tube.  It is advisable
tokeep this pin protector on the base until it can be replaced by the socket
after the installation of the tube in any equipment .

RATINGS  (ABSOLUTE  MAXIMUM SYSTEM)

Va2+a4  max.   (at Ia2+a4=0)  (See note  1)

Va2ha4 min .

+Va3  max.

-Va3 max.

Vat max.

+Vg max.  (see note  2)

tryg®k)  max.

-vg max.

±Ia3  max.

±Ial max.

Vh_k max .

Vh_k®k)  max.

H-k max.
Zh_k mar.   (i = 50Hz)

Zk_e  max.   (f=50Hz)

Rg-k max.

Zg_k max.  (f=50Hz)

Rat_k max .

Ra3_k mar.

RAY  1969 M36-llW  Page  3



NOTES

1.  Adequate  precautions  should  be  taken  to  ensure  that  the  receiver  is
protected  from damage which may be caused ty a possible high voltage
flashover within the cathode ray tube .

2.  The d.a.  value Of  bias must not  be such as to allow the grid to become
pesitivewithrespecttothecathode,exceptduringtheperiodimmediately
after switching  the receiver on or off when it may be allowed to rise to
+1V . The maximum positive excursion Of the video signal must not exceed
+2V; at this voltage the grid current may be expected to be approximately
2mA.

WARENG

X-ray  shielding  is  advisable to give protection against pessible danger of
personal injury arising from prolonged exposure at close range to this tube .

MAY 1969 M36-llW  Page 4
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TELEVISION
MONITOR  TUBE

Zil

M36-I I W

IT5o
OR  ---_

191±10056in,lnax •54 3in

7X

_-/\

//,

J`        ,/,

r//,-
a     Determi:e=y-±

of   the   upper  edge  of   the
step  on  the  reference  line
gauge  (page  7)   when   the
gauge  js   resting  on  the   cone

ZiE

a

i LiQi.      '       -

All   dl'mensions   in   mm
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khh

All   dimensions   in   mm

B8H     Base
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TELEVISION
MONITOR  TUBE M36-I lw

REFEBENCE    LINE    GAUGE
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FLYING   SPOT  SCANNER  TUBES

n

®

a

1

M:13-16

QUICK  REFEFtENCE  DATA
Sin   diamete.r.£I_ying   spot   scannf:r    Cubes   w.ith    in.etal-backed   screens.    The   only

difference  between  these  tubes  is  ln  the  screen  Properties.

Colour and  Persistence
C  screen
K  screen

Electron  gun
Operating  voltage
Resolution

blue-violet-killed

green-very  short
triode-magnetically focused

25kv
>  1000         lines

This  da.ta should  be  read  in  conjunction  with  GENERAL  OPERATioNAL
RECOMMENDATIONS  -CATHODE   RAY  TUBES  which   precede  this

section  of the  handbook.

HEATER
Vb                                                                                                                                    6.3              V
In                                                                                                                            30o             rnA

SPARK  TRAP  AND  EXTERNAL  CONDUCTIVE  COATING

This  tube  has  a.n  external  conductive  coating  (M)  around  the  neck

3::3:d:usb:'o::£j::ef::Ptahc:€:rhc.:.°sfutph;iy:otheanodemaybeusedto
The  insulating  coa,ting  around  the  cone  of the tube  should  not  be  in
close  proximity  to  any  earthed  metal  parts.
Incorporated  within  the  tube  is  a  spark  trap  so  positioned  that  it
prevents  a.ny  internal  flashover taking  place  between  the  anode  and
the  grid.

Thheetsupbaerkmtursatpbaen€oenxnteecrtneaj::nti:C:ivaessfs°.atingaroundtheneckof

CAPACITANCES
Cg-all
Ck-all
Ca-M

SCREEN

Fluorescent  colour
Persistence
Minimum  useful  screen  diameter
Metal-backed

!:5           3E
250 to 450              pF

-
CK

blue-violet            green
killed       fo8Veryshort

mm

#:i:,tpheeakcvsai::en<ot.ieltsb:i€eh;ntehses:Sxcrjet:tujcoendj:°re3i°:ove(:r])°f the

FOCuSING
Magnetic



M:13-16 FLYING   SPOT  SCANNER   TUBES

DEFLECTION
Double  rna,gnetic

MOUNTING  POSITION
Any, except with screen  downwards and  the a.xis of the tube  making
an  angle  of less  than  50°  with  the  vertical.

TYPICAL  OPERATING  CONDITIONS
Va
la

*Vg for  cut-off

Resolution  at  centre  of screen

DESIGN  CENTRE  RATINGS
Va  max.
Va  min.

*-Vg  max.

Ik  max.
Rg-k  max.
Zg_k  max.  (i ±  50c/s)

tvh_k  max.  (cathode  negative)
tvh_k  max.  (cathode  positive)
±Vh_ktpk,  max.  (cathode  positive)

Rh_k  rna.x.

25kv
50 to 100              prA

-50 to -100               V

>1000           lines

*The  d.c.  value  of grid  bias  must  not  be  allowed  to  become  positive

with  respect  to the  cathode  except  during  the  periods  immediately
after switching the  equipment on  or off,  when  it  may  be  allowed  to
rise  to   +1V.  The   maximum   positive  grid   excursion  of  the  video
signal   may   reach  2V,  and   a.t  this  voltage  the  grid   current   may   be
expected  to  be  approximately  2mA.

tln  order to avoid  excessive  hum,  the a.c.  component of Vn_k should
be  as  low  as  possible  (<20Vr.in.a.).

±During   a  warming-up   period   not  exceeding   45s.

TUBE  PROTECTION
lt  is  essentiaLl  that  meaLns  be  provided  for the  instantaneous  removal
of the  beam  ciirrent in  the event of a failure of either one or both  of
the  timebases.  Unless  such  a  safety  device  is  incorporated  a  fa,ilure
of this type will  result  in  the  immediate destruction  of the screen  of
the  tube.

X-RADIATION   PROTECTION
Shielding  equivalent  to  a  lead  glass  thickness  of  0.5mm   is   required
to  protect the  observer against X-radiation.

u
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FLYING   SPOT  SCANNER  TUBES M:13-16
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FLYING   SPOT  SCANNER  TUBES M:13-16
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PROJECTION  TUBES
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M : I 3-38
PRELIMINARY  DATA         W

OU!CK  REFERENCE  DATA

Sin  diameter  Projection  tubes  with  metal-backed  screens  intended  to  Provide
high   brightness,   large   ar€a   displays

GUYW
Colour                                  green              blue            yellow        white

Light   output   (when
used        in       colour

projection  system)    24,000            3,350           3,750       9,700nits
Electron  gun                                      triode-magnetically focused

Operating  voltage                                                                    50             kv

This data should  be  read  in  c6njunction  with  GENERAL OPERATloNAL

RECOMMENDATIONS  -  CATHODE   RAY  TUBES  which   precede  this

section  of the  handbook.

HEATER

This  tube  is  suitable  for  parallel  operation  only.

Vn

111

6.3V

660           rnA

SPARK TRAP AND  EXTERNAL  CONDUCTIVE  COATING

There  is  a  conductive  layer  under  the  insulating  coating  in  the  region  Of
the  reference  line  of the  tube,  (see  drawing) and  it is therefore  necessary
to  insulate the  deflection  coils  from  the  neck  of the  tube.

The  insulating  coating  around  the  cone  of the  tube  and  neck  should  not
be  in  close  proximity to earthed  metal  parts.

Incorporated within the tube is a spark trap, so positioned that it prevents
any  internal  flash-over taking  place  between  the  anode  and  the  grid.

The  spark  trap  and  external  conductive  coating  must  both  be  connected
to the chassis.

CAPACITANCES

Cg-all

Ck-all

10pF

9.0           pF

Fag. D'
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M ? I 3-38
Ln

PROJECTloN  TUBES

SCREEN
Fluorescent  colour
Light output (measured  at

Va= 50kv,  Ia= 500pr,A and  with
a  raster of size 72 x 96mm)

tTypical  percentage  va.Iues  of
total  anode  current to  produce
white

tRatios  of anode current to
produce white

*MY13-38 to  MG13-38
*MY13-38  €o  MU13-38

MG13-38           Mul 3-38              MY13-38

green                     blue                        yellow

24,000   .               3,350                 16,000   nits
Or

*3,750

13                          39                          *48         o/o

Minimum       Ty|)ical        Maximum

2.5                    3.7                    5.0
0.6                      1.2                     1.8

*MY13-38  used  with  Wratten  25  filter.

twhite  is  defined  by the  colour co-ordinates:   x  =  0.310,   y  =  0.316.

MW13-38
Fluorescent  colour                                                                                       white

Light output (measured  at
Va= 50kv,  la= 500prA and with
a  raster of size 72 x 96mm) 9.700            n its

The  raster dimensions  must  not  be  smaller than  72x 96mm.
The screen  should  be forced-air cooled  by  a continuous  airflow of O.06m3fa
(2.1ft3/s).

(1  nit  =  10mcd/cm2=  0.292 ft.Iamberts)

FOCuSING
Magnetic

DEFLECTION

Double  magnetic

MOUNTING   POSITION

fnng¥: :=i:gst t#nh5Socorewej:hdt°h:nv:=rjdcai.nd  the  axis  Of the  tube  making  aLn

{eh:ae§;t#§§a:;a:#:::t:hs::#:;:r:Frn€:v;e[::e:i:,nda#e:::oo;t:ne:reT:oc:::u8tum:i:;::n,cctha:jt:h::nxjr::

TYPICAL  OPERATING  CONDITIONS
Va
'a(pk)

Vg  for cut-off

Mullard

50kv
2.5         rnA

-100 to -170               V

-

'EI
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PROJECTION  TUBES

r\

-

Zil

ABSOLUTE  MAXIMUM  RATINGS

Va,  max.
Va  min.

-Vgl  max.

+Vgl  max.
+ v8i(pk)  max.

'a  max.
Rg-k  max.
Zg_k  max.  (f =  50c/s)
Vh-k(pk)  max.  (cathode  positive)
Vh_k(pk)  max.  (cathode  negative)
Rn_k  max.
Minimum  raster  dimensions

TUBE  PROTECTION
lt is  essential  that  means  be  provided for the  instantaneous  removal  of the
beam  current,  in  the  event  of a failure  of either one or  both  of the time-

:e=:itrnn:ehsesi:C:eadiaatf:tzeds:¥|Ccetj:Sn!nocf°:£:rsactreed:na:af''tuhr::::::StypewHI

X-RADIATION  PROTECTION

Shielding  equivalent to  a  lead  thickness  of 1 mm  is  required  to  protect the
observer against X-radiation.

OPERATING  NOTES

i.      B:f:;rsechr:rT::.in8 the tube from  an  equipment  the screen  and  cone should

2.      A  50kQ  resistor  should   be  included   in  the  e.h.t.   lead   in  order  to  avoid
damage to the tube due to a momentary internal  arc.

3.      It is recommended thatthe connection tothe final anode be made with the
e.h.t.  connectorrsupplied  with  the  tube.

4.   :pu:r:ad;:enrg::: i:t:h:I:5:#%i :h::rsh::i:r}i:i::;:r::::erg:a:::e:;:k:e:d: t:n:#:ceri#j::i

anode  current  is  500HA.

WEIGHT

Tube alone

Shipping  weight

(2Ib950g

(    :.Jb  12::



PROJECTION  TUBES

useful  screen  dimensions

-,,,01,Or,,-

812A  Base

All  dimensions in mm
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PROJECTION  TUBES
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CADMIUM   SULPHIDE
PHOTOCONDUCTIVE   CELLS

Hill

ill

ng®

GENERAL
EXPLANATORY

NOTES

1.        DESCRIPTION

Cadmium sulphide  (Cds)  cells  are  two-terminal  light-sensitive resistors
enclosed  in  a  protective  envelope of  glass  or  plastic.  They are  made  by
sintering   photoconductive   cadmium   sulphide   powder   into   ceramic-like
tablets of the required shape.  Cadmium sulphide,  when suitably prepared,
is an insulator in  the dark,  but  becomes a conductor when light falls upon
it , due to the release of electrons within the material . The resistance varies
roughly in inverse proportion to the  illumination,  and its range may cover
up to six decades .

Electrcrdes are deposited upon the tablet surface, and are made of materials
which give an ohmic contact,  but  with  low  resistance compared  with  that
of the cadmium sulphide.  The electrodes are usually inter-digital,  i.e.  in
the  form  of   interlinked  fingers  or  combs.    The  design  of  the  electrode
systemaffects the resistance and voltage rating of the cell, so that differeut
resistances  and  voltage ratings can  be achieved on a  tablet of  given size.
A device with a small number of widely spaced electrodes will have a higher
resistance and  voltage rating  than  a  device  using  the same  tablet  with a
large number of closely spaced electrodes .

2.        DATA PRESENTATION

in genel.al the data is divided into four main sections :  quick reference data,
cell character.istics,  ratings and shock and vibration resistance.

2.I     Quick reference data

This section contains  the main  characteristics  of  the  cell  to allow  rapid
comparison with other cells .  The information for  circuit design should be
obta.ined  from  the  succeeding  sections  of  the  data.   The  characteristics
usually given in the quick reference data are :  maximum power dissipation
at  an ambient  temperature of 25°C,  maximum  ceu  voltage,  nominal  cell
resistance  at  50  lux  illumination,   sensitive  area  of  the  cell,   maximuni
overall dimensions and any special features.

2.2     Cell characteristics

The electl.ical properties of cadmium sulphide cells are dependent on many
factors,   such  as  illumination,   colour  temperature  of   the  source,   cell
voltage  and  current,  temperature,   time  of  operation  in  the  circuit,  and
operation during  the 24 lrours prior  to measurement.  The characteristics
given in the data are thel'efore only checkpoints of the electrical properties ,
measured  under specified conditions  and  at  start of  life.  They are based
on the device being uniformly illuminated try a tungsten lamp operated at a
specified  colour  temperature,  usually  2700°K.   ch  explanation  of  colour

t          temperature is  given in section 6.2.

APRIL  1969 Page I



GENERAL
EXPLANATORY
NOTES

CADMIUM   SULPHIDE

PHOTOCONDuCTIVE   CELLS

The  cell  resistanceat a fixed level of illumination  is  affected by the  colour
temperature  or  colour  content  of  the  illumination.  A curve  of the  spectral
response  of  Mullard  caclmium  sulphide  cells  is   given on  page  8  of  these
ncites .

More detailed information on cell  characteristics  is  given in section 3 .

2.3      Ratings

The  ratings  of  Mullal'd  cadmium  sulphide cells  are  given according  to the
absolute  maximum  system,  as  defined below:

2 . 3 .11. E . C .  definition  (International  Electrotechnical  Commission)

Absolute  maximum  ratings  are  limiting  values  of  operating and  environ-
mental conditions applicable to any device of a specified type as  defined  by
the  published data,  and  should  not  be exceeded  under  the worst  probable
conditions.

These values  are chosen by the device  manufacturer to provide acceptable
serviceability of  the  device,  taking no responsibility for  equipment val.ia-
tions,  environmental  variations,  and  the  effects  of  changes  in  operating
conditions  due  to  variations   in   the  characteristics  of   the  device  under
consideration and of all  other devices  in the  equipment.

The  equipment  manufacturer  should design so that  initially and throughout
life  no absolute  maximum  value  for  the  intended  service is  exceeded with
any  device under  the  worst probable  operating  conditions  with  respect to
variation  in  supply  voltage,  envil.onment,  equipment  components,  equip-
ment  control adjustment,  load,  signal or characteristics of the device  under
consideration and  of all  other devices  in the equipment.

2 . 3 . 2 Absolute  maximum  cell  surge  voltage

The absolute maximum  cell surge voltage  is ,  unless otherwise  stated, twice
the  absolute  maximum cell voltage given in the data. A surge  is  defined  as
an occasional over-voltage due to  supply transients .

2 . 3 . 3 Maximum power dissipation

The value of maximum power dissipation given in the data applies to uniform
illumination of the cell . If only  part of the tablet is  illuminated the maximum
power  should  be  reduced  in  proportion to  the area used.  Therefor.e  it  is
generally preferable  to reduce the illumination on the  cell by interposing a
filter,   instead  of  reducing  the  illuminated  area  by  means  of  an  iris  or
shutter .

2.4     Shock and vibration  resistance

The conditions  for  shock and vibration given in the data sheets  are  intended
only  to give  an  indication of  the  mechanical  quality of  the  cells.  It  is not
advisable to  subject a  cell to such conditions .

APRIL  1969 Page 2
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GENERAL
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NOTES

3.         CELL CHARACTERIS'I`ICS

3.1     Illuminated resistance

When the illumination incident  on a cell  is  changed the resistance  changes
to a value which  is  a  function  of  the  new  illumination.  The  change  is  not
immediate,  and the  resistance  may  overshoot  as  shown below:

3.2     Illuminated resistance (a.c.  operation)

When  a  cell  is   operated   fl.om   an   a.c.   supply   the  effective  resistance
measured as   |V/I I   is usually  greater than theresistamce measured under
d.c.    conditions.   Where   a.c.   resistance   characteristics   are   not   fully
described,  the  a.c.  resistance values  at  50Hz  are  approximately  1 to  1.3
times  those  for  d. c .

When using  h.f .  supplies there will  be some  change  in impedance  accom-
panied by  a phase  shift between the applied voltage  and the  cell  current.

3.3      Definitions

The following terms  are used in the data:

Illuminated resistance  -the resistance of the  cell when illuminated.

Initial illuminated resistance - the first virtually constant value of illumin-
ated   resistance  after  a  change   in   illumination,   usually   after  a  change
following  16  hours  in  complete  darkness.    (AIter  16  hours  in  darkness,
changes  in the cadmium sulchide material are  still occurring,  but have an
insignificant effect on subsequent measurements . )

Equilibrium illuminated resistance - the illuminated resistance after such
a time  that  the  rate  of change  of  illuminated  resistance  is  less than 0.2%
per minute .

nluminated current - the current  which  flows  when a specified  voltage is
applied to the illuminated  cell .

APRIL  1969 Page 3
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CADMIUM   SULPHIDE
PHOTOCONDUCTIVE   CELLS

Initial illuminated current -the firstvirtually constant value of illuminated
current after a change of  illumination,  usually after  a change following  16
hours in complete darkness .

Equilibrium illuminated  current - the illuminated current after such a time
that the rate of change of illuminated current is less than 0 . 2% per minute.

Dark resistance - the resistance of the  cell in complete darkness .

Initial dark resistance - the  dark  resistance  at  a  specified   time  after  a
specified history .

Equilibrium dark resistance - the dark  resistance  after  such a  time  that
the  rate of change of dark resistance is  less  than 0 . 2% per minute .

Dark current - the current which flows when a specified voltage is  applied
to the  cell in  complete darkness .

Initial dark current - the dark current at a specified time after a specified
history .

Equilibrium dark current - the dark current after such a time that the rate
of change  of dark current is  less than 0.2% per minute.

Resistance rise time - the time taken for the resistance of the cell to rise
to  a  specified  value  after  switching  off  a  specified   illumination  after  a
specified history .

Resistance decay time - the time taken for the resistance of the cell to falll
to a specified value,  measured from the instant of switching on a specified
illumination after  a specified history.

CuITent decay time - the time taken for the current throuch the cell to fall
to  10%  of  its  value  at  the instant  of  switching off  a specified  illumination
after a specified history.

Current rise time - the time taken for the current  through the cell to rise
to  90%  of  its  initial   illuminated  current,   measured  from  the  instant  of
switching on a specified illumination after  a  specified history.

Illumi]iation  sensitivity - the  illuquinated  curl.ent  divided   by  the  incident
illunrinat ion .

Temperature coefficient of illuminated resistance  (current)  - the relation-
ship   between   illuminated   resistance  (current)   and  variation  Of  ambient
temperature, under conditions of constant illumination and applied voltage.
Within  the normal opel.ating range of the cells the temperature coefficient
of illuminated resistance is typically -0 . 2% per degc .

Initial drift - the difference between the equilibrium and initial illuminated
current,  expressed as  a percentage of the initial illuminated current.

Illumination response ~ the   relationship   between   the   initial   illuminated

resistance  (R)  and the illumination  (E) ,  defined as

APRIL  1969
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Gamma - the relationship between change in resistance and corresponding

change in Illumination,   deflned   as  RE  where  R1 = reslstance  at

illumination  El  and R2 = resistance at  illumination  E2.

4.        THERMAL DATA

4.1     Ambient temperature

The ambient temperatul.e is the temperatureof the air surrounding the cell
in  its  practical situation,  which means  that all  other devices  in  the  same
space or apparatus must  have their normal  maximum  dissipation and  the
normal apparatus  envelope must be used.

The ambient temperature cannormally be measured by means of a mercury
thermometer with a blackened bulb, placed 5mm from the cell in the hori-
zontal plane through the centre of the effective area of the cadmium sulphide
tablet.   The   thermometer  should   be  exposed   to  substantially   the  same
radiant energy as that  incident on the  cadmium  sulphide tablet.

4.2     Thermal  resistance

The thermal resistance of a cell  is defined as  the  temperature difference
between the  hottest  point of the  cell  and the dissipating medium, divided by
the power dissipated in the device.

5.         MECHANICAL CONSIDERATIONS

5.1      Mounting position

Unless  otherwise  stated in the published data,  cells  can be mounted in any
position.

5.2      Soldering and wiring recommendations

Most  photoconductive  cells  can  be  soldered  directly  into  the  circuit,  as
indicated in the published data.  Heat conducted  to the  seals  should be kept
to  a minimum by theuse of a thermal shunt. Unless otherwise  stated,  eel,ls
may be dip-soldered at  a solder  temperature of  240°C  for a maximum of
10  seconds up  to a point  5mm from the  seals .  Care should  be taken not to
bend the leads nearer than  1. 5mm from the seals .

5.3      Storage

lt  is  recommended  that  cells  are stored  in  the  dark.  In  any case  direct
sunlight  should be avoided .

5.4     Outline drawin

All dimensions  are  given in millimetres .

APRIL 1969 Page  5
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6.         CELL ILLUMINATION

6.1      Lightunits

Cadmium  sulphide cells  are  sensitive  mainly  in  the  visible  region of  the
spectrum, so units  associated withvisible  light  areused in thedata sheets .
The four preferred units  are  defined below.

Cadmium sulphide data is usually given in terms  of the  illumination on the
cell .

6.1.1 Luminous  intensity  -candela  (cd)

Luminous  intensity is  the term used to  express the  light  giving power of a
source .

The candela  is  1/60th  of  the luminous  intensity,  in a direction  normal to
the surface,  of one square centimetre of  a  black  body at  the temperature
of solidification  of platinum.

6 .1. 2 Luminous  flux  -  1umen  (1m)

Luminous flux is the termused to express the total amount of light  emitted
or received by a  given surface,  or passing through a given area.

The  lumen is  the  luminous  flux radiating  from a point  source  of  uniform
luminous  intensity  1  candela,  and contained  within  a  solid  angle of  1  ste-
radian.

A steradian is the solid angle subtended at the centre of a sphere of radius
r  by  an  area  r2  on  the  surface  of  the  sphere.  As  the  surface area of a
sphere  is  47Tr2,  a  complete sphere  comprises  4fr  steradians,  so the total
luminous  flux from a point  source of  1  candela is  47r lumens .

6 . 1 . 3 Illumination  -  1ux  qx)

Illumination is the term used to express the amount of luminous flux falling
on a given surface .

The lux is the illumination produced when  1  lumen of flux falls on  a surface
of area  1  square  metre. It will be seen that an illumination  of 1  lux is  pro-
duced on an area of  1  square metre  at a distance of  1  metre from a point
source  of  1  candela.

6.1.4 Luminance -candela/square metl`e  (cd/m2)

Luminance is a measure of the brightness of a surface whether illuminated
or self-luminous .

The preferred unit  is  the candela per. square metre,  previously  lmown as
the nit .
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CADMIUM   SuLPHIDE
PHOTOCONDUCTIVE   CELLS
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GENERAL
EXPLANATORY

NOTES

6.2     Colour temperature

The normal  way of  specifying  the  colour of a  light  source is  by means  Of
its  colour  temperature.   This  is  the  temperature  to  which  a  black  body
would have to be raised to  give  a  similarcolour  sensation to that produced
by the light  source under examination.  Certain light  sou.rces  (e. g. the  sky)
have a colour which cannot in practice be obtained by heating a black body,
and   to   quote   equivalent   colour  temperatures   in   these   cases   involves
theoretical extrapolations.  The colour  temperature  of  the  sky  may be as
high as  20 000°K,  but  it  is  possible  to  simulate  the colour  source  by the
iise  of conventional tungsten lamps  in conjunction with filters .

6 . 2 .1 C .I. E .  Standard  (Commission htemationale de  l'Eclairage)

The  C.I.E.  standard  illumination  source  A  has  a  colour  temperature  of
2854°K.  To  obtain  a  good  test  lamp  stability,  Mullard  cadmium  sulphide
cells are normally  measured  at  the slightly  lower colour  temperature of
2700°K,  and  the published characteristics are given for  this  illumination.
The  cell  resistance  with  an  illumination  of  2854°K  is  approximately  5%
highel`  than  the  resistance  at  2700°K.    For  other  light  sources  the  ceu
resistance should be multiplied by the following approximate factors :

SSourceofillumination

Incandescent radiation at
colour temperature of :

15oo0K
*20oo0K

Sunlight
White fluorescent light

*2000°K corresponds to light from an oil fired burner flame

fyellow flame) .
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PHOTOCONDuCTIVE CELL    ORPIO

QurcK REFERENCE DATA

Indium antimonide photoconductive element mounted on a copper heat
sink. Recommended for operation at a temperature of 20°C . Sensitive
to  infra-red  radiation  extending  to  7. 5#m and intended for use with
modulated or pulsed radiation.

Peak spectral response

operating temperaful.e

Typical  D*  (6.04tm,   800,   1)

Element dimensions

Time constanta

n

®

6.Oto  6.3                               Hm

2o0c

2.ox|o8          cm(c/s)±tw

6.OXO.5                              ]nm

approx.  0.1                            ps

CHARACTERISHcs  (at 2o°c)

SPECTRAL RESPONSE

Peak spectral response

Spectral response range

6.0 to  6.3

visible to  7 . 5

A typical response curve is shown on page C1.

Cell resistance max.                                                              120

min.                                                                     30

Time constant                                                              approx.  0.1

Dimensions of sensitive  element                                    6.0 XO.5

MONOCHROMATIC  PERFORMANCE  (see notes  1 and 2)

Responsitivity  (to 6. 04tm ra,diation)           min.                     0. 4             HV/HW

typ ,                      1. 0            „V/„W

D*  (6.OHm,   800,1)                                              min.         8.5X107     cm(c/s)i/W
'1

typ.         2.ox|o8    cm(c/s)Ztw

N.E.P.   (6.OHm,   800.1)                                    typ.           8.6X10-10   (r.in.s.)W

men.       2.Ox|0-9     (r.in.s.)W
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BI.ACK BODY PERFORMANCE  (see notes  1 and 2)

Responsitivity  (to  500°K radiation)           typ.

D*  (5oo°K,   8oo,   1)                                               typ.

N.E.P.  (5o0°K,   8oo,   1)                                    typ.

RATINGs  (ArsoLUTE MAHMUM s¥sTEM)

Maximum bias  ourrent  (at 2o°c)

Maximum operating ambient temperature

Storage temperature                                    max.

nrin .

0.3              pN.N I uN;NJ

6.ox|o7     cm(c/s)i/W

2.5x|o-9     (r.in.s.)W

NOTES

1.  Test conditions

The  detector  is  attached to  a heat sinkwhich is maintained at a temp-
erature of 20°C and a bias  current of 50mA is applied. A parallel beam
of  monochl.omatic radiation of wavelength 4.4#m,  which would produce
a steady irradiance Of 68pW/cm2 at the sensitive element , is square wave
modulated at 800c/s . The actual r.in.s .  power at the element is there-
fore reduced to

%=31#W/cm2

Measurements  of  the  detector output are made with an amplifier tuned
to 800c/s andwith abandwidth of 50c/s,  and are referred to open circuit
conditions  i.e.  correction  is  made  for  the shunting effects of the bias
supply  impedance  and  the amplifier input impedance.  Under these test
conditions,  the  oRP10  will  exhibit a minimum signal-to-noise ratio Of
45 and typical of 105. The detectivities quoted at the wavelength of peck
response   and  under  black  body  conditions  are  calculated  from  these
measurements, assumingthe detector to have a typical response curve.

2.  N.E.P.  and D*

These  are figures of merit for the materials Of detectors and are fully
discussed  in  most  textbooks  on  infra-red e.g.  'Infra-Red Physics' by
J.T.  Houghton  and  S.D.  Smith  (O.U.P.1966)  and  'Elements  of Infra-
Red  Techaology'  by  Kruse,   MCGlauchlin  and  MCQuistan  (John  Wiley,
New York  1962) .  D*  is defined in the expression

D*=
Jjx[A,AD]in

W

where           Vs    = Signal voltage across detector terminals

Vn   = Noise voltage across detector terminals

A      = Detector area

(Af)  = Bandwidth of measuring amplifier

W     = Radiation power incident on detector
sensitive element in r .in. s .  watts .
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PHOTOCONDUCTIVE CELL    ORPIO

The figures in brackets which follow D* refer to the test conditions e . g.
D*   (5.3#m,  800,  1)  denotes  monochl.omatic  radiation  incident   on  the
detector Of wavelength 5 . 3Hm, modulation frequency 800c/s , an electronic
bandwidth Of lc/s .
The Noise Equivalent Power OT. E. P. ) is related to D* by the expression:

1

N.E.P.

1

®

1

®

3 . Variation of performance with bias current.

Bothsignal andnoise vary with bias  current in this type Of cell.  Typical
curves are shown on page C2 . At high currents the noise increases more
rapidly than the signal , andtherefore the signal lo -noise ratio has a peak
value at some optimum current, whichwill vary slightly from cell to cell .
A  typical  value  is  50mA.  In  addition the ohrnic heating caused by bias
cur.rents  above 60mA causes the temperature of the element to become
significantly  greater  than the substrate so that the signal decreases as
described in note 4 .

4 .  Variation of performance with element temperature .

As  with  all  semiconductor  photocells, the  performance depends on the
temperature  of  the  sensitive element.  In the case of the ORP10 this  is
influenced  by the ambient temperature and ohmic heating caused by the
d.c.  bias  current.  To minimise fluctuations,the element is mounted on
a copperbase  from which it is insulated by a layer of aluminium oxide,
and can readily be attached to a large heat sink.
Atypicalvariation of performancewithtemperature is given on page  C4.
The  curve  on  page  C2 shows the decrease in signal caused by the high
current raising the temp_erature of the element .
On cooling , indium antimonide exhibits improved detectivity and increased
resistance.    Below   15°C   this  is  impractical  with  the  ORP10  unless
special  precautions are taken  to prevent  condensation and  icing on the
exposed  element.   Detectors  designed  for low  tempera.ture  operation,
such as the ORP13 , are therefore contained in an evaouated dewarvessel
and fitted with a sapphire window.

5 . Warning

The  sensitive  surface  is  unprotected  and  should  not  be touched.  It is
stable in normal atmospheres but should not be exposed to high concen-
trations ofthevapours of organic solvents . Care should be taken to avoid
straln when attaching cells to heat sinks .
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Recommended circuit for use with radiation chopped at 800c/s .

Circuit notes .

Transformer   -   Fortiphone  type   MM634.   This   component  should  be
adequately screened to prevent stray pick-up.
The   resistor   R  should  be  wire  wound  to  minimise  noise.  It  mustbe
substantially  larger  than  the  cell  resistance  and  its  actual value will

:ehpeen5d6ouppfnct:pea:rt::Lyt:°::a::eansde:::dc£L; tcourarpepnrtosm?:a:1:=;d8.ooc/s but        u
since the  'Q' is low,  the actual value is not highly critical.

a
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PHOTOCONDuCTIVE CELL    ORPIO
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PHOTOCONDuCTIVE CELL    0RPIO

A

a

0 R P10 a446 2

I
I

0            1.0         2.0          3.0         4.0         5ho         6.0         7.0      8.0
Wavelength  (Hm)

SPECTRAL RESPONSE  CURVE

APRIL 1966 Page C1



I

®tia] EQ®+aC'IU,1tJ,u0

Zi7i

®to5aI9't!0 ®uIC'+U'U'£
®U'0Z€0

\
\ I

I\ I
/

\ I
I
II

\\ J

aOL`tta I
I

/ I
I

I
I
I

\
I\ I

I\

J
I

I
I

I
I

95S-g          f         8

2%s=8         !         !

ORP10  PARAMETERS  PIOTTED AGAINST BIAS  CURRENT

APRIL 1966

u
Page C2



PHOTOCONDuCTIVE CELL    ORPIO
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PHOTOCONDuCTIVE CELL    ORPIO
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PHOTOCONDUCTIVE  CELL              ORpl  I

n

a

a

®

QUICK  REFERENCE  DATA

Cadmium sulphide photoconductive cell for end-on incidence of illumination .
htended for flame failure,  smoke detection and general inchistrial applica-
tions .

Maximum power dissipa,tion  (Tamb = 25°C)

Absolute maximum cell voltage

a.c.  (r.in.s,)

d.c.

Cell resistance  (at 50 lux)

Sensitive area

400 mw

This  data  should  be  read  in  conjunction with  'OPERATING  NOTES'  given on

page D2 .

CHARAC`TERISTICS

(measured under d.c .  conditions,  at Start of life,  with Tamb =  25°C)

Cell resistance at lov d.c .,   50 lux and

lamp colour temperature  270o°K
*Initial

Maximum
Nominal

Minimum
Equilibrium

Nominal

3.0              kQ

1.5              kfl

750Q

1.7              kQ

Minimum ultimate dark resistance  at 300V d.c.                             8.0          MS2

(see  pages  C4  and C5)
*This is the first virtual.Iy constant value of resistance when illuminated shortly

after 16 hours storage in complete darkness .

ABSOLUTE  MARIMUM  RATINGS

Vceii max.  (d.C.  or  a.c.  pk)

Pceii max.   With uniform illumination  (see  curve on page C3)
at Tamb =  25°c

Tanb
Maximum  (<1  lux illumination)
Maximum  (±1 lux illumination)
Minimum

JUNE  1965

300V

400              mw

+50                      OC

+70                      OC

.40                     OC
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OPERATING  NOTES

1.     This  data is based on the device being uniformly illuminated.

2.   ::rcse:I::::s:=[c]::h:::;°bne°:ue]:i:[=dabLyThpe ::I:o°;°=: :ep:rpoexrfa:uar: :a7c°t°o°r¥.   .

Source of illumination Factor
Incandescent radiation at

1/2

colour temperature of :
1500OK

2000OK 2/3
Sunlight 4/3
lhrhite fluorescent 2

3.     For a.c.  conditions,  the  nominal  and limit resistance values are approx-

imately  1 .1 times those for d . c .

4.    When  the   cell  illumination  is  changed  the  cell  resistance  changes  to  a

transientvalue andthen, over a period Of approximately 10 minutes assumes
an equilibrium value . The transient usually overshoots the final equilibrium
resistance .

5.     The   cell   should  not  be   subjected to  high  relative  humidity  at  ambient

temperatures above  5o°C .

`-.   ==      ===

cell  lead„
The   polarity  of
the  supply   is   not
i mporta nt.

Cell ead®e" lead''

83A  Base

All  dimensions   in  mm

JUNE  1965

Sensitive
surface
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PHOTOCONDUCTIVE  CELL             ORP I  I
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PHOTOCONDUCTIVE  CELL              ORPI  I
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PHOTOCONDuCTIVE  CELL             ORP 12

QUICK  REFERENCE  DATA

Cadmium sulphide photoconductive cell for end-on incidence Of illumination .

htended for general purpose applications and automatic contrast and bright-
ness control of television receivers .

Maximum power  dissipation  (Tamb = 25°C)

Absolute maximum cell voltage
Cell resistance  (at  50 lux)
Sensitive area

®

n

®

This  data  should  be  read  in  conjunction  with  'OPERATING  NOTES'  given on

page D2 .

CHARACTERISTICS

(measured under d.c .  conditions,   at start Of life,  with Tamb = 25°C)

Cell resistance at  1000  1`tx and

lamp colour temperature  270oCK

Typical                                                                                   75 to  3oo                    s2

Minimum ultimate  dark resistance  a.t  ll0V d.c.                            10               Mr2

(see  pages  C2  and C3)
*Nominal resistance rise time

**Nominal resistance fall time
75ms

350                 ms

*Whenan illumination of 50 lux is removed,  the resistance rise time  is the time

ta.ken for the  cell  resistance to rise to 24kLn .

**When an  illumination  of 50   lux   is  applied  to  a  cell  that  was  in  the  dark  the

resistance  fall  time  is  the  time  taken for the resistance to fall from its dark
value to  5 . 3kQ .

ABSOLUTE  MAXIMUM  RATINGS

Vceii  max.   (d.C.  or  a.c.  pk)

Pce]] max.  With uniform  illumination  (see  curve  on page  C4)
at Tamb = 25°c

Tamb
Maximum
Minimum

JUNE  1965

110V

200              mw

+60                      OC

-10                     OC
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OPERATING  NOTES

1.     This  data is based on the  device being uniformly illuminated.

2.     For soul.ces of illumination other than alamp of colour temperature 2700°K,

the cell resistance shouldbe multiplied by the following approximate factors .

Source  Of illumination Factor

Incandescent radiation a,t

1/2
colour temperature of:

1500OK

2oo0OK 2/3

Sunlight 4/3

White fluorescent 2

3 .     Care  should be taken not to bend the  leads nearer than  1.5mm to the  seal.

4.    When  the   cell  illumination  is  changed  the  cell  resistance  changes  to  a          \u
transientvalueand thenover a period of approxima,tely  10  minutes assumes
an equilibrium value . The transient usually overshoots the final equilibrium
resistance .

5.     The   cell   should   not  be   subjected  to  high  relative  humidity  at  ambient

temper.atures atove  5o°c .

6 .     The cell may be  soldered directly  into the circuit but heat conducted to the

cell body should be kept to a minimum by the use of a thermal shunt .

Direction  of  light'
Sens.Itive  area

::8ppy°'fsrj::t°ifmtphoertant
All  dimensions  in  mm

JUNE  1965

Tinned  copper
leads  23 s.w.g.
( O.6 d ia )

Page D2

®



pHOToCoNDuCTIVE  CELL             ORP12
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PHOTOCONDuCTIVE  CELL             ORP12
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PHOTOCONDuCT.VE  CELL             ORP 12
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PHOTOCONDu(=TIVE CELL ORP13

QUICK REFERENCE DATA

Indium antimonide photoconductive element mounted in a glass dewar
vessel and cooled by  Liquid nitrogen .  Sensitive to infra-red radiation
extending  to  5.6#m  and  intended  for  use  with  modulated or pulsed
radiation .

a

A

e

Peak spectral response

operating temper€iture

Typical  D*  (5.344m,   800,1)

Element dimensions

Time constant

5.3                              „m

77                                       ,  OK

4.5xl0]°           cm(eps)2/W

6.OxO.5                                mm

approx.  5                                    Hs

CHARACTERISTICS  (cooled to  77°K)

SPECTRAL RESPONSE

Peak spectral response

Spectral response range
5.3

visible to  5.6

A typical response curve is shown on page  C1.

Cell resistance max.

min.

Time constant  (see note 5)                                       approx.  5

Dimensions  of sensitive element (see note  8)          6.0 x 0.5

Dwell time of liquid nitrogen                                               >40

MONOCHROMATIC  PERFORMANCE (see notes  1 and  2)

Responsitivity  (to  5. 3pm radiation)     min.                         12                mv/HW

tjf p.                             CIA                 TIIN / u.N

D*  (5.3qu,   800,   1)

N.E.P  (5.3pm,   800,1)

FEBRUARY  1966

min.             2.6 x 1010  cm(eps):/W

typ.               4.5 x  1010   cm(eps)iF/W

typ.               3.8x  |o-12  (r.in.s.)W

max.            6.6x  |o-12  (r.in.s.)w

Page D1



BIACK BODY PERFORMANCE  (see notes  1 and  2)

Responsitivity  (to  500°K radiation)     typ.

D*  (500°K,   8o0,   1)

N.E.P.   (500°K,   800,1)

RATINGs  (ABso I.UTE MAlm«]M s¥sTEM)

Maximum bias  current  (at 77°K)

Storage temperature

NOTES

1.

4.5          mv/"W

typ.              8.0 x  lo9    cm(eps)I/W

typ.              2.2 x  io-11                    w

5.0                    rnA

max.                     +55                         °c

min.                       -55                          0C

Test conditions .

The detector is  cooled to  77°K by filling the dewar vessel with liquid
nitrogen  and a  bias  current of 250/AA  is applied.  A parallel beam of

=s°tne°£¥£°r=i:=rcaed;%t£7°.n6„°#ca:e2]:t¥hhe4s.e4n"sTtiv:¥ehmwe°n¥dfsp:;::::
wave modulated at 800c/s . The actual r .in . s . power at the element is
therefore reduced to                 Zi:= 3.45HW/cm2

Measurements of the detector output are made with an amplifier tuned
to  800c/s  and  with  a bandwidth  of 50c/s,  and are referred to  open
circuit conditions  i.e.  correction is  lnade for the shunting effects of
the bias supply impedance and the amplifier input impedance .  Under
these  test  conditions,  the  ORP13  will exhibit  a  minimum signal to
noiseratio of  1650 and typical of 3270.

The  detectivities   quoted   at  the  wavelength  of  peak  response  and
under blackbody conditions are calculated from these measurements ,
assuming the detector to have a typical response curve.

2.         N.E.P.  andD*

These are figures of merit for the materials of detectors and are fully
discussed in most textbooks on infra-red e .g. 'Infra-Red Physics' by
J.T.  Houghtonands.D.  Smith (0. U. P.  1966) and  'Elements of hira-
Red Technology' by Kruse,  MCGlauchlin and MCQuistan  (John Wiley,
New York  1962) .  D*  is defined in the expression:

VI

vix   [A(Af)]5
W

where     Vs    = Signal voltage across detector terminals

V     = Noise voltage across detector terminalsn
A     = Detector area

(Af) = Bandwidth of measuring amplifier
W     = Radiation power incident on detector

sensitive element in r.in.s .  watts .

FEBRUARY  1966 Page D2
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PHOTOCONDuCTIVE CELL

®

®

rl

®

ORP I 3

The  figures  ir`  brackets which follow D* refer to the test conditions
e.g.  D*  (5.3Hm,  800,  1)  denotes  monochromatic  radiation  incident
on  the detecto]f of  wavelength 5. 3Hm,  modulation  frequency 800c/s,
an electronic bandwidth of 1 c/s .
The Noise Equivalent Power  OJ. E . P. )  is related to D* by the express-
ion:                                                     1

N.E.P.=          (A,2
D*

3.       Variation of performance with bias  current.

Both  signal  and  noise  vary  with  bias  current  in  this  type  of  cell.
Typical  curves  are  shown  on  page  C2  .  At  high  currents the noise
increases more rapidly  than  the signal,  and  therefore  the signal to
noise  ratio  ha,s  a  peak  value  at  some optimum current,  which will
vary slightly from cell to cell.  A typical value is  250¢A.

4.        Effect of ambient radiation.

Care should be taken toavoid the incidence on the cell of appreciable
radiation  in  the visible range.  Such radiation will  cause  adecrease
in the cell resi;Stance and signal as longas the cell is kept cool . Normal
daylight  can  cause  this  effect  if seen  for more  than a.  few minutes.
Hecautions  should  be  taken  to  prevent  visible  light  reaching  the
sensitive element via the liquid nitrogen compartment.

5.        Time constant.

The time constant of the ORP13 maybe as high as  10#s .  For ,applica-
tions  where  speed  of  response  is  critical,  a specially  constructed
ORP13 with a  time constant  of  less  than  lps is available.  This  has
the type number RPY36 .

6.       Wa-ing.

Care should be taken to ensure thatthe device is not allowed to reach
room temperature while still biased.

7.        Warning

The  dewar  vessel  must  always  be completely dry  before being re-
filled  with  liq.uid nitrogen.  In very  humid  conditions,  water  vapour
may condense at  the  top of the dewar vessel.  Should this occur,  the
remaining liquid nitrogen should be allowed to boil off , the ice should
be removed and precautions taken to avoid a recurrence .

8.        Element dimensions.

Elements of dimensions other than those stated a.re available to special
order in the same dewar vessel . Multi-element detectors  can alsobe
specially cons,tructed.

FEBRUARY  1966 Pa.ge D3
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The  polarity of the
supply is not
important

All dimensions in mm.
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PHOTOCONDuCTIVE CELL
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Surface  aluminised
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All dimens.Ions  in  in in

MIRROR ATTACHMENT
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PHOTOCONDuCTIVE CELL
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PHOTOCONDuCTIVE  CELL

®

a

®

ORP50

Quicr{  REFERENCE  DATA
A miniature  flying  lead  cadmium  sulphide Photoconductive

cell  with  top  and  side sensitivity.

Maximum  power  dissipation  (Tamb ±25°C)           400       mw

Absolute maximum  cell voltage
a.c.  (r.in.s.)

d.c.

Cell  resistance (at 50 Iux)

Sensitive area

210V

300V

2.5       kQ

1.1      cm2

This data should  be  read  in conjunction  with  the
`OPERATING  NOTES' given on  page  D3.     .

CHARACTERISTICS  (measured   under  d.c.  conditions,  at  start  of  life,  with
Tanb =  25°C)

Cell  resistance at 20Vd.c„ 50 lux (4.6  lm/ft2) and
lamp  colour temperature 2700°K

*lnitial

Maximum
Nominal
Minimum

Equilibrium

Nominal

Minimum  ultimate dark  resistance at 300V  max.
**Nominal  resistance  rise time

***Nomina!  resistance fall  time

6.2         kQ
2.7         kQ
1.3           kf2

3.4         kQ
8.®        MQ   +
75ms

350             ms

*This  is  the  first  virtually  constant  value  Of  resistance  when   illuminaterd

shortly  after 16  hours  storage  in  complete  darkness.

**When an  illumination  of 50  lux  is  removed, the  resistance  rise time  is the

time taLken for the cell  res.stance to rise to 25kQ.

***When an illumination of 50 lux is applied to a cell that was in the dark, the

resistance  fall  time  is  the  time  taken  for  the  resistance  to  fall  from  its
dark value to 7kQ.



ORP50 PHOTOCONDuCTIVE  CELL

ABSOLUTE  MAXIMUM  RATINGS

Vce|i  max.  (d.c.  or a.c.plc)

Pee+:mmbax=.25°C

Tnb = 70°C
Ta'mt'

Maximum
Maximum
Minimum

`--=-=::i===

Cell  lead,'

The polarity of  the
supply is  not
important

All  dimensions  in  mm

JANUARY  19«

300            V +

400       mw
100        mw

+50             OC
+70              OC
roOC
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PHOTOCONDuCTIVE  CELL

0

EiE

ORP50

OPERATING  NOTES

1.      The  data  is  based  on  the  device  being  uniformly  illuminated.

2.      For  other  sources  of  illumination,  the  cell  resistance  should  be  multiplied
by the following  approximate  factors:

Source of illumination

Incandescent  radiation  at  colour  temperature  of:
150ooK
2000OK

Sunlight

Wh ite fluorescent

Factor

3.    #o:ni,:e:d[,e=::;:¥r§[g8cj:a:t`:°:y:tin:I:ii!;#:en#|t:boy:ftih:Set ::¥::o:ntc/!o:r::i:g: v,:,:urEiu:irtl:n:a:-

a
Cell  current  (rnA)

J=E

4.     #haentraancs::nits :#:i:Ceteodf tr°es?s:ahnacne8ew:f,c°hp?sra[tin:xCc::sd i:{°:E: tpeesi:tamn::

change   due  to  the   difference   between   the  equilibrium   illumination   re-

£a:,#e::ce:S::;::e:rTfdd;argk£S:tr°£rh;::iiiu:€i[§:a:jsoitn.hv#hal£:¥enan::y::fatr::eTsaht:u°rte:a::::+:'
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PHOTOCONDuCTIVE  CELL ORP50
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ORP50 PHOTOCONDuCTIVE  CELL
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PHOTOCONDuCTIVE  CELL    ORP52

QurcK REFERENCE DATA

Cadmium sulphide photoconductive cen for end-on or side incidence ,
intended for use in industrial on-off applications such as flame failure
equipment.  The cell is tropic proof,  sbock and vibration resistant.

Maximumpowerdissipation(Tamb=25°C)                         400              mw

Maximum cell voltage (d. c. and repetitive peak)               200                  V

Cellresistance (at 501ur, 2700°Kcolourtemperature)        1.2             kQ

Maximum overall dimensions                                          44 X  15. 9 dia  mm

®

r\

®

This data should be read in conjunction with GENERAI, EXPI-ANATORY NOTES-
CADMUM SULPHIDE  PHOTOCONDUCTIVE CE LI.S

GENERAL

The electrical properties of cadmium sulphide cells are dependent on many
factors ,  such as illumination,  colour temperature of the source,  cell vol-
tage and current, temperature, time of operation in the circuit,  and opera-
tion duringthe 24 hours prior to measul.ement .  The following characteris-
tics are therefore only checkpoints of the electrical properties,  measured
under specified conditions and at start of life.

CHARACTERIS:;gosc(ELe:::a¥±:dceorL:i:.t:inp::a°tn:.e::t7%#o%]±fe'W±thTanb

Mn.            Typ.         Max.
Dark resistance (200V applied in series
with lM9     (see note 1)

after 20s in darkness
after 30min in darkness

nluminatedresistance(501uxillunination,
10V applied voltage)

initially after 16h in da.rlmess
(see note 2)
after 15min under the measuring
conditions

Current rise time (timeto reach 90% of
the max.  value,  measured from the instant
of switching on 50 lux illumination after
16h in darkness,  10V appliedvoltage)

Curl.ent decay time (time to reacb 10% of
the max.  value,  measuredfromthe instant
of switching off the illumination,  after
16h indarkness and 10s  at 50 lur,
10V applied voltage)

NOVEMBER 1968
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100

0.75               1.2          3.0
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CHARAC TERISTICS  (Continued)

Sensitivity  (50 lux illumination ,
10V applied voltage)

Temperature coefficient of
illuminated resistance

Resistance with 0 . 5V applied voltage
Resistance with  10V applied voltage

THERMAL CHARAC TERISTIC

Thermal resistance from cadmium sulphide
tablet to ambient device free in air

RATINGS  (ABSOLUTE  MAXIMUM SYSTEM)

Vce[] max.  (d.C.  and repetitive peak)

Vceii(pulse)  max.  (maximum period  5ms,

maximum repetition frequency lpulse/min)

Pcell max.

Pcell(pulse)  max.

[ceii max.  (d.C.  and repetitive peak)

Maximuln illumination

Ttabiet   max.

Tamb max.  (Storage)  (see note  3)

Tamb max.  (Operating)  (see note  3)

Tarnb min.  (Storage and operating)

Typ.                     Max.

0.17                        -           rnA/1ux

-o.2                        -0.5       %/degc

1.05

150                          degc /W

200

500

See page 4

5 X Pceii max.

100

50  000

+85

+50

+70

-40

DESIGN  CONSIDERATIONS

Apparatus using cadmium sulphide cells should designed so that changes in
resistance  of  the  cells  during  life  from  -3097o  to  +70%  do not  impair the
circuit  performance.  Direct  sunlight  should be avoided.

SHOCK AND  VIBRATION

Samples taken from normal production are submitted to shock and  vibration
tests  as below.  Morethan 95% of the devices pass these tests without per-
ceptible damage .

Shock

25 g  toeak),   10  000  shocks  in one of the three positions of the cell.

Vibration

2 . 5  g  ®eak),  50Hz,  32 hours  in each Of the three positions  of the cell .

NOVEMBER  1968 ORP52  Page  2



PHOTOCONDuCTIVE  CELL    ORP52

rl

e

rl

NOTES

1.  The  spread  of  dark  resistance is  large,  and values higher than  100MS2
and  10  000 MQ  are  possible  for the initial and equilibrium dark resis-
tance respectively .

2.  After  16  hours  in  darkness  changes in the cadmium sulphide material
are  still  occurring,   but  have  an insignificant effect on the illuminated
resistance and the resistance decay time.

3 .  Operation of the cell counteracts the deteriorating effect of long periods
at high temperature.  The maximum operating temperature is therefore
higher than the maximum storage temperature.

4.  'I'he  cell  may  be  soldered  directly into the circuit,  but heat conducted
to the tablet should be kept to a minimum by the use of a thermal shunt .

5.  The  cell  may  be  dip-soldered  at  a  solder temperature of 240°C  for a
maximum  of  10  seconds  up to  a point  10mm from the  seals .

6 .  Care should be taken not to bend the leads nearer than 1. 5mm from the
seals .

OUTLINE  AND DIMENSIONS

Incident~m    FEE
radiation

•`ffii
cell  lead''

The  polcirity of  the
supply  is  not
important

All  dimensions  in  mm

NOVEMBER  1968 ORP52  Page 3
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PHOTOCONDuCTIVE CELLS     0RP60
0RP6I

QUICK REFERENCE  DATA

Cadmium  sulphide  photoconductive  cells  intended  for  use  in flame
control and other industrial applications , and for automatic brightness
and contrast control in television receivers . The cells  are shock and
vibration  resistant.  ORP60  is  for  end-on  incidence,  ORP61  is  for
side incidence.

Maximum power dissipation  (Tamb=25°C)                             70           mw

Maximum cell voltage  (d. c.  and repetitive peak)               350                V

Cell resistance  (at  50lux,  2700°K colour temperature)      60              kQ

Maximum overall dimensions                                             16. 5 X  6. Odiamma

rl

Unless otherwise stated,  data is applicable to both types

This data should be read in conjunction with GENERAL EXPLANATORY  NOTES -
CADMIUM SULPHIDE  PHOTOCONDUCTIVE  CELLS

GENERAL

The electrical properties of cadmium sulphide cells are dependent on many
factors,  such as illumination,  colour temperature of the source,  cell vol-
tage and current, temper.ature, time  of operation in the circuit, and opera-
tion during the 24 hours prior to measurement . The following characteris-
tics are therefore only checkpoints of the electrical properties,  measured
under  specified conditions and at start of life.

CHARACTERISTICS  (Measured under d.c.  conditions,  at  start  of life,  with
Tamb= 25°C ,  illumination colour temperature= 2700°K,
unless otherwise stated)

NIn.         Typ.         Max.

hitial dark current (300V applied
in series with  lMQ,  after 20s
in darkness )

Initial illuminated current  (30V
applied voltage ,  50lux illumination
after  16h in darlmess)  (see note  1)

Sensitivity  (501ux illumination,
30V applied voltage)

NOVEMBER  1968

1.5A

200             500            800               IA

10              -     IA/lur
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END OF  LIFE  CHARACTERISTICS  (Measured under d.a .  conditions,  with
Tamb= 25°C,  illumination colour
temperature=27oo°K)

Noneof the following end of life characteristics  are expected to be reached
before 2500 operating hours under the following conditions :

Illumination = 50 to  1001ux

Colour temperature a 25oo°K

Power dissipation = 60mw

Tamb = 35°c

Initial dark current  (300V applied
voltage,  after 20s  in darkness)

Change of intial illuminated current during
life  (30V applied voltage,  50lux illumination,
after  16h in darkness)

RATINGS  (ABSOLUTE  MAXIMUM SYSTEM)

Vce]] max.  (d.C.  and repetitive peak)

Pcell max .

Iceii max.  (d.C.  and repetitive peak)

Tamb max.  (Storage)  (see note  2)

Tamb max.  (Operating)  (see note  2)

Tamb min.  (Storage and operating)

S3.0                  A

±60

350

See page 4

7.5

+50

+70

-40

SHOCK AND VIBRATION

Samples taken from normal production are submitted to shock and vibration
tests  as below.  More than 95% of the devices pass these tests without per-
ceptible damage .

Shock

25g  toeak) ,  3000  shocks  in one of the three positions of the cell.

Vibration

2.5g  ®eak),  50Hz,  32 hours  in each of the three positions  of the cell.

NOVEMBER  1968 ORP60-Page 2
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PHOTOCONDuCTIVE CELLS     ORP60
0RP6I

1

®

NOTES

1.  After  16 hours  in  darkness  changes  in the cadmium sulphide material
are still  occurring,  but  have  an  insignificant  effect on the illuminated
resistance and the resistance decay time.

2 .  Operation of the cell counteracts thedeteriorating effect of long periods
at high temperature.  The maximum operating temperature is therefore
higher than the maximum storage temperature.

3.  The  cell  may  be  soldered  directly into the circuit,  but heat conducted
to the tablet should be kept to a minimum by the use of a thermal shunt .

4.  The  cell  may  be  dip-soldered  at  a  solder temperature of 240°C  for a
maximum of 10 seconds up to a point 5mm from the seals .

5 .  Car.e should be taken not to bend the leads nearer than 1. 5mm from the
seals .

OUTLINE AND DIMENSIONS                                                                                                        +
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PHOTOCONDuCTIVE  CELL    ORP62

QUICK REFERENCE DATA

Cadmium  sulphide  photoconductive  cell  for  side incidence intended
for use in industrial on-off applications such as flame failure circuits.
The cell is tropic proof ,  shock and vibration resistant.

Maximum power dissipatioD  (Tamb = 25°C)                     100                 mw

Maxizmim cell voltage  (d. c.  and repetitive peak)         350                     V

Cellresistance (at 50 lux, 2700°Kcolour temperature)   45                    kQ

Maximum overall dimensions                                      16. 5x6. 0 dia.    mm

a

rl

®

This data should be read in conjunction with GENERAL EXPI.ANATORY NOTES -
cADhmrM SULPHIDE  pHOTocoNDucTlvE cELLs

GENERAL

The electrical properties of cadmium sulphide cells are dependent on many
factors,  such as illumimtion,  colour temperature of the source,  cell vol-
tage and current, temperature, time of operation in the circuit,  and opera-
tionduringthe 24 hours prior to measurement.  The following cha.racteris-
tics are therefore only checkpoints of the electrical properties,  measured
under specified conditions and at start of life.

CHARACTER]S=T2]5CoSc:m£:]=mingt:onndecro::ucj:e°:dp£:i°anfea±:#oto%f)]{fe'WfthTamb

Min.           Typ.      Max.

Initial dark resistance  (300V applied
in series with  lMfty  after  20s
in darkness)           (see note  1)

Illuminated resistance  (30V applied
voltage,  50 lux illumination)

initially after  16h in darkness
(see note 2)
after 15min under the measuring
conditions

Current rise time

Current decay time

Sensitivity  (50 lux illumination ,
30V applied voltage)

Temperature coefficient of illuminated
resistance
Resistance with 0. 5V applied voltage
Resistance with 30V applied voltage

NOVEMBER 1968

150              -                                                MQ

30              45             100                          kQ

30              60              170                          kQ

See page 5

See page 5

13                              H A/lur

-0.2         -0.5      %/degc

1.4-
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THERMAL  CHARACTERISTIC

Thermal resistance from  cadmium sulphide tablet
to ambient,  device free in air

RATINGS  (ABSOLUTE  MAXIMUM SYSTEM)

Vce]]max.   (d. C.   and  I`epetitive peak)

Vcelltoulse) max.   (maximum period  5ms,
maximum repetition frequency 1 pulse/min)

Pcellmar.

Pcelltou|se) max.

Ttabietmax.

Tambmax.   (Storage)  (see note 3)

Tambmax.   (Operating)  (see note 3)

Tamb min.   (Storage and operating)

600              degc/W

350V

1.0                       kv

See page 4

5 X Pceii mar.

+85

+50

+70

-40

DESIGN  CONSIDERATIONS

Apparatus using cadmium sulphide cells should be designed so that changes
in resistance  of  the  cells during life from  -30% to +70% do not impair  the
circuit performance.  Direct sunlight should be avoided.

SHOCK AND  VIBRATION

Samples taken from normal production are submitted to shock and vibration
tests as below.  More than 95% of the devices pass these tests without per-
ceptible damage.

Shock

25g  ®eak),10  000 shocks  in one of the three positions  of the  cell.

Vibration

2. 5  g  toeak) ,  50Hz,  32 hours  in each of the three positions  of the cell.

NOTES

1.  The  spread  of dark resistance  is  large,  and values higher than  1000Mf2
are possible for the initial dark resistance.

2.  After  16  hours  in  darkness  changes  in the cadmium  sulphide  material
are  still  occurring,   but  have  an insignificant effect on the  illuminated
resistance and the current rise time.

3.  Operation of the cell counteracts  the deteriorating  effect of long periods
at high temperature.  The maximum operating temperature is therefore
higher than the maximum storage temperatiire.

4.  The  cell  may  be  soldered  directly  into the  circuit,  but heat conducted
tothetablet should be kept to a minimum by the us.e of a thel`mal shunt.

5.  The  cell  may  be  dip-soldered  at  a  solder temperature of 240°C for a
maximum  of 10  seconds  up to a point 5mm  from  the seals.

6.  Care  should be taken not to bend the  leads  nearer than  1. 5mm  from the
seals.

NOVEMBER  1968 ORP62  Page  2



PHOTOCONDuCTIVE  CELL    ORP62

OUTLINE  AND  DIMENSIONS
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PHOTOCONDuCTIVE  CELL    ORP62
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PHOTOCONDuCTIVE  CELL    ORP69

QUICK  REFERENCE  DATA

Cadmium sulphide  photoconductive cell  for end-on or  side  incidence
intended for use in industrial on-off applications such as flame failure
circuits.  The cell is tropic proof ,  shock and vibration resistant.

Maximum power dissipation  (Tamb=25°C)                            100           mw

Maximum cell voltage  (d. c.  and  repetitive peak)                350                V

Cellresistance (at 50lux,  2700°K colour temperature)        30              kQ

Maximum overall dimensions                                   6.0 dia.  X  16.5       mm

a

rl

a

This data should be read in  conjunction with GENERAL EXPLANATORY NOTES -
CADMIUM SULPHIDE  PHOTOCONDUCTIVE  CELLS

GENERAL

The  electrical properties  of cadmium sulphide cells are dependent oh many
factors,  such as illumination,  colour temperature of the source,  cell vol-
tage and current, temperature, time of operation in the circuit, and opera-
tion during the 24 hours prior to measurement. The following characteris-
tics are therefore only checkpoints of the  electrical properties ,  measured
under  specified conditions  and  at  start  of life .

CHARACTER±S2T5]oCcS,(#Leua==nraet:ounn:::odu.rot.ec:=ditaLt°unrse'=a:7S:;±t)°fLffe'WLthTamb

Initial dark resistance  (3oov applied            Min.          Typ.         Max.
in  series  with  lMS2 after  20s
in darkness)  (see note  1)

Illuminated  resistance  (30V  applied
voltage,   50  lux  illumination)

initially after  16h in darkness
(see notes  2  and  3)

after  15min under the measul.ing
conditions  (see  note  3)

Resistance with side incidence
Resistance with end-on incidence

Current  rise time

Current decay time

Sensitivity  (501ux  illumination,
30V  applied  voltage)  (see note  3)

Temperature coefficient  of
illuminated resistance

Resistance with 0 . 5V applied voltage
Resistance with  30V  applied

MARCH  1969

100-

20             30                 60

27              46               115

0.7           1.0               1.8

See  page  5

See  page  5

MQ

-           17                 -            HA/lux

-           -0.2         -0.5     %/degc

1.4-
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TH ERMAL  CHARACT ERISTIC

Thermal resistance from cadmium sulphide
tablet to ambient,  device free in air

RATINGS  (ABSOLUTE  MAXIMUM  SYSTEM)

Vce[]max.   (d.C.  and  repetitive  peak)

Vce|i (pulse) max.  (maximum period  5ms ,

maximum repetition frequency  1  pulse/min. )

Pcellmax.

Pcell(pulse)max.

Ttabietmax.

Tambmax.  (Storage)  (see note 4)

Tambmax.   (Operating)  (see note 4)

Tamb min.  (Storage  and  operating)

DESIGN  CONSIDERATIONS

600                        degc/W

350

700

See page 4

5 X  Pce]]max.

+85

+50

+70

-40

V

Apparatus using cadmium sulphide  cells should be designed  so that  changes
in resistance of  the  cells during  life  from -30%  to +70% do not  impair the
circuit performance.  Direct  sunlight  should be  avoided.

SHOCK  AND VIBRATION

Samples taken from normal production are submitted to shock and vibration
tests  as  below. More than  95%  of the devices  pass  these tests without per-
ceptible damage .

Shock

25g  toeak) ,  10 000  shocks in one of the thl`ee positions  of the  cell .

Vibration

2 . 5g  (peak),   50Hz,  32 hours in  each of the three positions of the cell.

NOTE:.   The spreadof dark resistance is large, and values hlgher than  L°°°MR           u

are possible for the initial dark resistance .

2.    After  16 hours  in darkness  changes  in  the  cadmium sulphide material
are still  occurring,  but have  an  insignificant effect on the illuminated
resistance and the curl`ent rise time.

3.    Measured with end-on incidence.

4.   Operation of the cell counteracts the deteriorating effect of long periods
at high tempel`ature . The maximum operating temperature is therefore
higher than the maximum storage temperature .

5.    The cell  may  be  soldered directly into the  circuit,  but heat  conducted
to the tablet should be kept to a minimum by the use of athermal shunt.

6.    The cell may be  dip-soldered  at  a  solder  temperature of 240°C  for a
maximum of 10  seconds up to  a point  5mm from the  seals .

7 .    Care  shouldbetaken not to bend the leads nearer than 1. 5mm from the
seals .

a
RARCH  1969 ORP69  Page 2



PHOTOCONDuCTIVE  CELL    ORP69

OUTLINE  AND DIMENSIONS

\1cidd,,I

The  polarity   of   the
supply   is   unjmportcint

h

rl

e

White   dot   indicates
sensitive   side.

* Alternative   di.rections  for   Incident  rodlatlon

All   dimensions  in   mm

MARCH  1969
ORP69 Page 3
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PHOTOCONDuCTIVE  CELL    ORP69
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PHOTOCONDuCTIVE  CELL    ORP90

QUICK  REFERENCE  DATA

87G based cadmium sulphide photoconductive cell for side incidence,
intended  for  use  in  flame  control,   smoke  detection  and  industrial
on-off switching applications.  The cell is  shock and vibration resis-
tant .

Maximum power dissipation  (Tamb=25°C)                              "          W

Maximum cell voltage  (d.c.  and repetitive peak)               350                V

Cellresistance  (at  50lux,  2700°K colourtemperature)        1.0          kQ

Sensitive  area                                                                                11 X  29            mm

Maximum  overall dimensions                                           60.3 X  19dia.    mm

®

n

®

This data should be read in conjunctionwith GENERAL EXPLANATORY NOTES -
CADMUM  SULPHIDE  PHOTOCONDUCTIVE  CELLS

GENERAL

The electrical properties of cadmium sulphide cells  are dependent on many
factors,  such as  illumination,  colour temperature of the source,  cell vol-
tage and current, temperature, time of operation in the circuit, and opera-
tion during the  24 hours  prior to measurement. The following characteris-
tics  are therefore only checkpoints of the electrical properties,  measured
under  specified  conditions  and  at  start  of life.

CHARACTERISTICS  (Measured under d.c .  conditions,   qt  start  of life,  with

:nngsbs=o2t5h°e:wi]s[:u=;:£!)OncoIOurtemperature=27oooK,

Darkcurrent  (300Vapp|iedinseries                 Mn.         Typ.         Max.
with  lMfty

after 20s  in darkness
after 15min in darkness

Initial illuminated current  (50lur
illumination,   10V applied voltage,
after  16h in darkness)  (see note  1)

at 2700°K colour temperature
at  1500°K colour temperature

Sensitivity  (50lux illumination ,
10V applied voltage)

Current rise time

Current fall time

NOVEMBER  1968

70«A
2.5           HA

3.0           10                15              rnA
6.0           20                31              rnA

0.2           -    rnA/lur

See page 4

See  page 4

ORP90  Page  1



RATINGS  (ABSOLUTE  MAXIMUM SYSTEM)

Vceii max.  (d.C.  and  repetitive peak)

Pcell max '

Tamb max.  (storage)  (see note 2)

Tamb max.   (Operating)  (see note  2)

Tamb min.  (Storage and operating)

350

See page 3

+50

+70

-40

NOTES

1.  After  16 hours  in  darkness  changes in the cadmium sulphide  material
are  still  occurring,  but  have  an  insignificant effect on the illuminated
resistance and the resistance decay time .

2 .  Operation of the cell counteracts thedeteriorating effect of long periods
at high temperature .  The maximrim operating temperature is therefore
higher than the maximum storage temperature .

OUTljlNE  AND  DIMENSIONS
1892541

r;:e::i:,:O:n,

S®ce",ead"

ce„  lead"

The  polarity  of
the  supply  `,s
not   important_

87G Bcse

NOVEMBER  1968

All  dimensions  in  mm

ORP90   Page 2
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PHOTOCONDuCTIVE  CELL    ORP90
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PHOTOCoNDuCTIVE  CELL             ORP93

QUICK  REFERENCE  I)ATA

Cadmium sulphlde photoconductive cell on 87G base,  for side -on incidence
of  illumination.  intended for  use  in  fla.me  failure,   Smoke  detection  and

general inchistrial applications .

Maximum power dissipation  (Tanb = 25°C)
Absolute maximum cell voltage

a.c.  (r.in.a.)

d.c.

Cell resistance  (at  50 lux)
Sensitive area

1.0 W

®

A

a

®

This  data.  should  be  read  in  conjunction  with  'OPERATING  NOTES'  given on

page D2 .

CHARACTERISTICS

(measured under d.c .  conditions,  at start Of life,  with Tanb  = 25°C)
Cell resistance  at 10V d.c .,   50 lux and

lamp colour temperature 270o °K
*hitial

MaLximum

Nominal

Minimum
Equilibrium

Nominal

3.0              kQ

1.5              kr!

750Q

1.7              kfi

Minimum ultimate dark resistance at 400V d.c.                             5.0          MQ

(see pages C4 and C5)

*This is the first virtually constant value of resistance when illuminated shortly

after  16 hours  storage  in complete daLrknes§ .

ABSOLUTE  MAXIMUM  RATINGS

Vceii  max.  (d.c.  or  a.c.  pk)

PceLL max.  With uniform  illumination  (see curve on page C3)
at Tamb = 25°C

Tamb
Maximum  (<1  lux illuniination)

Maximum  (±1  lux illumination)

Minimum

JUNE  1965

400V

1.0W

+50                    cC

+70                       OC

-40                    OC

Page D|



OPERATING  NOTES

1.     This  data is based on the  device being uniformly illuminated.

2.     For sources of illumination other than alamp of colour temperature  2700°K,
the cell resistance should be multiplied by the following approximate factors .

Source  of illumination Factor

hcandescent radiation at

1/2
colour temperature  Of :

1500OK

2000aK 2/3

Sunlight 4/3

White fluorescent 2

3.     For  a.c .  conditions,  the  nominal  and limit  resistance values  are  approx-

imately  1.1 times those for d.c .

4.     When   the   cell  illumina.tion  is  changed  the  cell  resistance  changes  to  a

transientvalue andthen,  over aperiodof approximately  10  minutes  assumes
an equilibrium value . The tl.ansient usually overshoots  the I inal equilibrium

resistance .

Sensitive     surface    is
posltioned   3.2  mm  (nom)
in  f ront  of  centre
Of     bulb direction of  light

",ea\ts®    feea,:`„i

Cell   leadJJ                              IC

The polarity  of
the  supp,y  is
not  important

„1
cell  lead'

87G   Base

All   dimensions   in   mm

The   sensitive   surfcice  to  be  illuminQted  (nomincilly  lox25)
is  loccited   w.ithin   the   indicated   cireQ   llx27

JUNE   1965 Page  D2
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PHOTOCONDuCTIVE  CELL             ORP93

ORP93 i
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PHOTOCONDuCTIVE  CELL             ORP93
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PHOTOCONDuCTIVE  CELL    RPYI8

QUICK REFERENCE DATA

Flat cadmium sulphide photoconductive cell for side incidence intended
for use in general control circuits. The cell is tropic proof,  shock and
vibration I.esistant.

Maximum power dissipation (Tamb = 25°C)                          0. 5                  W

Maximum  cell voltage(d.c.  andrepetitivepeak)              100                       V

Cell resistance (at 501ux,  2700°K colourtemperature) 500                        a

Sensitive area                                                                                10 x 15          mm

Maximum  overall dimensions                                          27 x 16. 3x6. 0    mm

a

n

®

This  data shouldbe read in conjunction with  GENERAL  EXPLANATORY NOTES  -
CADMIUM SULPHIDE  PHOTOCONDUCTIVE  CELLS

GENERAL

The electricalproperties of cadmium sulphide cells are dependent on many
factors,  such as illumination,  colour temperature of the source,  cell vol-
tage andcurrent, temperature, time of operation in the circuit,  and opera-
tion during the 24 hourspriorto measurement.  The following characteris-
tics are therefore only checkpoints Of the electrical properties,  measured
under specified conditions and at start Of life.

CHARACTER¥::8%,(I,:=ufrnea:I:nd::I:i:t::npd::£a°tnusr'ea±:;%#o°£)tife'W±thTanb

M in.         Typ.        Marl
Dark resistance (100V applied in series
with lMQ)           (see note  1)

after 20s in darkness
after 30min in darkness

initial illuminated resistance (after
16h in darkness)     (see note 2)

at 50  lux,  10V applied voltage
at 5000  1ux,   1V  applied voltage

(see note 3)

Equilibrium illuminated resistance (after
15min under the measuring conditions)

at 50  lux,  10V applied voltage
at 5000  lux,  1V applied voltage

(see note  3)

NOVEMBER  1968

5.6

50

235                400          1200               a
25               35               a

235                  480            1560                 S2
35Q
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CHARACTERISTICS  (Continued)

Resistance decay time (time to reach 50S2,
measured from the instant of switching on
5000 lux illuminationafter  16hin darkness)

Resistance risetime (time to reach 2ks2,
measured from the instant of switching off
5000 luxillumination after 5min or more
illumination)

Sensitivity  (501ux illumimtion,10V
applied voltage)

Temperature coefficient of
illuminated resistance

Resistance with 0. 5V applied voltage
Resistance with 10V applied voltage

THERMAL  CHARACTERISTIC

Thermal resistance from cadmium sulphide
tablet to ambient,  device fl.ee in air

RATINGS  (ABSOLUTE  MAXIMUM SYSTEM)

Vce]] max.   (d. C.  and repetitive peak)

Vce||  touise) max.   (maximum period 5ms,

maximum repetition frequency lpulse/min)

Pce|imax.

Pcell ®uise) max.

Iceii max.   (d. C.  and repetitive peak)

Maximum illumination

Ttabietmax.   (See note 4)

Tambmax.   (Storage)  (see note  5)

Tambmax.   (Operating)  (see note 5)

Tamb min.   (Storage and operating)

DESIGN  CONSIDERATIONS

u

Typ.            Max.

5.0                25                      ms

40                  200                     ms

0. 5                 -           rnA/lux

-0.2               -0.5      %/degc

1.1

12 0                   degc/W

100

250

See page  5

5XPce]]max.

250

50  000

+85

+50

+70

-40

Apparatus using cadmium sulphide cells  should be designed sothat changes
in resistance  of  the  cells during life from -30% to +70% do not impair the
circuit performance.  Direct sunlight should be avoided.

SHOCK AND  VIBRATION

Samples taken from normal production are submitted to shock and vibration
tests as below.  More than 95% of the devices pass these tests without per-
ceptible damage.

Shock

25 g  ®eak),  10  000 shocks  in one of the three positions  of the  cell.

Vibration

2. 5 g  ®eak),  50Hz,  32 hours in each of the three positions of the cell.

NOVEMBER  1968 RPY18 Page 2



PHOTOCONDuCTIVE  CELL    RPYI8

a

®

n

®

NOTES.

1.  The  spread  of  dark  resistance  is  large,   and values higher than 15Mfl
and 2000MS} are possible for the initial and equilibrium dark resistance
respectively.

2.  After  16  hours  in darkness,  changes in the cadmium sulphide material
are  still  occur.ring.   but  have  an insignificant effect on the illuminated
resistance and the resistance decay time.

3.   Maximum during life 40Q.

4.  If no forced  air  cooling  is  used  the envelope temperature opposite the
centre  of  the  sensitive area is about 83°C when the temperature of the
cadmium sulphide tablet is  85°C.  This  temperature  can  be measured,
for example.  by means of a tbermocouple fastened on the envelope.

5.  Operation of the cell counteracts the deteriorating effect of long periods
at high temperature.  The maximum operating temperature is therefore
higher than the maximum storage temperature.

6.  The  cell  rna,y  be  soldered  directly into the circuit,  but heat conducted
to the tablet should be keptto a minimum by the use of a thermal shunt.

7.  The  cell  may  be  dip-soldered  at  a  solder temperature of 240°C for a
maximum of 10 seconds up to a point 5mm from the seals.

8.  Care should be taken not to bend the leads nearer than 1. 5mm from the
seals.

OUTIINE AND DIMENSIONS

14.1 -15.9

10

24-:

10
15L_

5.Omax

q:oex2Fi7n
t  tinned)

I Bcoed

All  dimenstons  jn   mm

The spacing of the leads is compatible with
the standard 2. 54mm  (0.1 in) printed wiring grid

NOVEMBER 1968 RPY18 Page 3
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PHOTOCONDuCTIVE  CELL    RPYI8
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PHOTOCONDuCTIVE  CELL    RPYI9

QUICK REFERENCE DATA
Flat cadmium sulphide photoconductive c eu for side incidence intended
foruse ingeneralcontrolcircuits. Thecen is trqpic proof,  shock and
vibration r esi stant.

Maximum power dissipation (Tamb = 25°C)                         0. 5              W

Maximum cell voltage (d. c.  and repetitive peak)          400                   V

Ceu resistance (at 50 lux,  2700°Kcolour temperature)   3. 0             kQ

Sensitive area                                                                              10 x 15       mm

Mardmum overall dimensions                                         27 xl6. 3x6. O mm

a

Eil

a

This data should be read in conjunction with GENERAII ERTI.ANATORY NOTES-
CADMIUM  SULPHIDE PHOTOCONDUCTIVE  CELLS

GENERAL

The electrical properties Of cadmium sulphide cells are dependent on many
factors,  such as illumination,  colour temperature of the source,  cell vol-
tage andcurrent, temperature, time of operation in the circuit,  and  apera-
tionduringthe 24 hours prior to measurement.  The fouowing characteriB-
tics are therefore only cheekpoints of the electrical properties,  measured
under specified conditions and at start of life.

CHARACTERISTICS(measuredunder d. c,  conditions, at start of life,  with Tamb
= 250C,  illumination colour temperature = 2700°K)

M in.              Typ.           Max.

Dark resistance (300V applied in series
with lMQ)     (seenote 1)

after 20s in darkness
after 30min in darkness

nluminated resi8tanc e (50 1ux illumination,
10V applied voltage)

initially after 16h in darkness (see note 2)
after15minunderthemeasuring
conditions

Resistance decay time (time to reach 20k£2,
measured from the instant Of switching on
50 lux illumination after 16h in darkness,
10V applied voltage)

1.4               3. 0              6. 6         ks2

1.4                3. 8              9. 0         ks2

0.2s

Resistance rise time (time to reach lMR,
measured from the instant of switehing off
50 lux ilumination,  after 5min or more
illumination,10V applied voltage)                                            0. 6           1. 25       a

OCTOBER 1968 RPYl9 Page 1



CHARA CTERISTICS  (Continued)

Sensitivity

Tempera.ture  coefficient of
illuminated resistance

Resistance with 0. 5V applied voltage
Resistance with 10V applied voltage

THERMAL  CHARACTERISTIC

Thermal resistance from cadmium sulphide
tablet to ambient,device free in air

RATINGS  (ABSOLUTE  I\IAXIMUM SYSTEM)

Vce]] max.   (d. C.  and repetitive peak)

Vce|itouise) max.   (maximum period 5ms,

maximum repetition frequency 1 pulse/min)

Pce|i max.

Pcell®u|se) max.

[ceiimax.   (d. C.  a.nd repetitive peak)

Maximum illumination

Ttabietmar.   (See note  3)

Tambmax.   (Storage)  (see note 4)

Tamb max.  (operating)  (see note 4)

Tamb min.   (Storage and operating)

DESIGN  CONSIDERATIONS

Typ.             Max.
o. 07            -             rnA/lux

-0.2                -0.5        q7o/degc

1.1

120                           degc/W

400

1.0

See page  5

5XPce[]max.

250

50  000

+85

+50

+70

-40

Apparatus using cadmium  sulphide cells should be designed so that changes
in resistance  of  the  cells during life from  -3097o to +7091o do not impair the
circuit performance.  Direct sunlight should be avoided.

SHOCK AND  VIBRATION

Samples taken from normal production are submitted to shock and vibration
tests as below.  More than 95% of the devices pass these tests without per-
ceptible damage.

Shock
25 g  ®eak),  10  000 shocks  in one of the three positions  of the  cell.

Vibration

2. 5 g  ®eak),  50Hz,  32 hours  in each of the three positions  of  the cell.

OCTOBER 1968 Rpn9 Page 2
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PHOTOCONDuCTIVE  CELL    RPYl9

rl

®

rl

®

NOTES

1.  The  spread  of  dark  resistance is  large,  and values higher than 100MS2
and 10  000MQ are possible for the initial and equilibrium dark resistance
respectively.

2.  After  16  hours in darkness,  changes  in the cadmium sulphide material
are  still  occurring,   but  have  an insignificant effect on the illuminated
resistance and the resistance decay time.

3.  If no  forced  air  cooling  is  used the envelope temperature opposite the
centre  of  the  sensitive area is about 83°C when the temperature of the
cadmium  sulphide  tablet  is  85°C.  This temperature can be measured,
for example,  by means of a thermocouple fastened on the envelope.

4.  Operation of the cell counteracts the deterioratingeffect  Of  long periods
at high temperature.  The maximum  operating temperature is therefore
higher than the maximum storage temperature.

5.  The  cell  may  be  soldered  directly into the circuit,  but heat conducted
to the tablet shouldbe kept to a minimum by the use of a thermal shunt.

6.  The  cell  may  be  dip-soldered  at  a  solder temperature of 240°C for a
maximum of 10 seconds up to a point 5mm from the  seals.

7.   Care should be taken not to bend the leads nearer than 1. 5mm from the
seals.

OUTIINE AND DIMENSIONS

14.1 -15.9

10

24-Z

10

iL
I   ,6.3      I

5.Omen

I,oex2EL7n
t  tinnecl)

I  Bco40 I

All  dimensions  jn   mm

The spacing of the leads  is  compatible with
the standard 2. 54mm  (0.1  in) printed wiring grid
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PHOTOCONDuCTIVE  CELL    RPYI9
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PHOTOCONDuCTIVE  CELL    RPY20

QUICK  REFERENCE  DATA

Flat cadmium sulphide photoconductive cell for use in general control
appllcatious such as twilight  switches and  flame  failure  equipment.
The cell is tropic proof,  shock and vibration resistant.

Marimum power dissipation (Tamb= 25°C )                         1.0

Maximuln cell voltage  (d.a. and repetitive peak)            400

Cellresistance  (at 501ux, 2700°K colourtemperature)       1.5

Sensitive area.                                                                                      3. 2

a

®

This data should be readin conjunction with GENERAL EXPLANATORY NOTES-
CADMUM SULPHIDE  PHOTOCONDUCTIVE  CELLS

GENERAL

The eleetrical properties of cadmium sulphide cells are dependent on many
factors , such as illumination, colour temperature of the source, cell voltage
and current.  temperature.  time of  operation in  the circuit,  and operation
during the 24 hours  prior to  measurement.  The  following characteristics
are therefore only checkpoints of the electrical properties , measured  under
specified conditions and at start of life.

CHARACTERISTICS      (measured  under  d.c.  conditions,  at  start  of  life,   with
Tamb = 25°C,  lamp colour tempera,ture = 27oo0K)

Min.       Typ.   Max.

Dark resistance  ( 300V applied in series
with  lMQ)  See note  1

after 20s in darkness
after 30min  in darkness

Illuminated resistance  ( 501ux illumination,
10V applied voltage )

initially after 16h darkness  (See note 2 )
after 15min  illumination

Resistance decay time (time to reach
10kQ,  mea,sured from the instant of
applying 50lux illumination after  16h
darlmess,  10V applied voltage )

Resistance rise time (time to reach
lM8. measured from the instant of switching
off 50lux illumination after 5mln  or
more illumination,  10V applied voltage )

hrmcH 1968

6.5
120

0.7          1.5      3.3            ks2
0.7          1.9      4.5           ks2

-            -       0.2           s

-            0.9      1.5             s

RPY20   mge D1



CIIARAC T ERISTIC S (Continued)

Sensitivity (50lux illumination,  10V applied
voltage)

Temperature coefficient Of illuminated
resistance

Resistance with 0 . 5V aunlied voltafe
Resistance with 10V applied voltage

THERMAL CHARACTERISTIC

Thermal resistance from cadmium suldyde
tablet to ambient,  device free in air

RATINGS  (ABSOLUTE  MAIHMUM SYSTEM)

Vceu max.  a.C.  and repetitive peak)

[ceu max.  (d.C.  and repetitive peak)

Pceu max.
Ma]dmum illumination

Mat[imum temperature Of cadmium sulphide
tablet  (see note 3)

Tanb max.  (storage)  (see note 4)

Tamb max.  (Operating)  (see note 4)

Tamb min.  (Storage and operating)

TYPICAL  TWIHGHT  SWITCHING  CIRcuT

Typ.                  Max.

0.15                  -             rnA/1ux

-0.2                 -0.5   %perdegc

1.05

co                deF!Ww

V.D.R.         Voltage dependent  resistor,10mA  at  180V,  2W.

F                   Absorption  filter  to be used  to correct circuit spreads and
to adjust the switching level  ( 10 to 701ux ). Light transmission
5  to  2097o,

RLA               D.C.  relay,  20kQ,  ratio Ion/Ioff <2.7 (e.g.[on=2mA. ]off=
0 . 8mA ) .

DESIGN  CONSIDERATIONS

Apparatus with ca.dmium sulphide cells should be designed so that changes
in resistance Of the cells during  life  from -3097o to +70%  do not impair the
circuit performance.  Direct sunlight should be avoided.

hrmcH 1968 RPY20  Page D2
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PHOTOCONDuCTIVE  CELL    RPY20

a

A

®

®

SHOCK  AND  VIBRATION

Samples taken from normal production are submitted to shock and vibration
tests  a,s  below.   More  than  95%   Of  the  devices  pass  these  tests  without
perceptible damage.

Shock

25g (peak),10 000  shocke in one of the three positions of the cell.

Vibration

2.5g  (peak),   50Hz,  32 hours in each of the three positions of the cell.

NOTES

1.  The  spread of  dark resistance is large,  and values higher than  100MQ
and 10  000MQ are possible for the initial and equilibrium dark resistance
respectively.

2. After  16 hours  in  darlmess changes in the  cadmium  sulphide material
are still occurring,  but  have an  insignificant  effect on the illumination
resistance and the resistance decay time.

3. If  no  forced air cooling is used,  the envelope temperature opposite the
centre of  the sensitive area is  about  83°C when the temperature of the
cadmium  sulphide  tablet is 850C.  This  temperature can be measured,
for example,  by means of a thermocouple fastened on the envelope .

4 . Operation of the cell counteracts the deteriorating effect Of long periods
at hick temperature.  The niaximum operating temperature is  therefore
higher than the ma]dmum storage temperature.

5.  The  cell  may be soldered  directly into the circuit,  but  heat  conducted
to the tablet should be kept to a minimum bythe use Of a thermal  shunt.

6.  The  cell  may be  dip-soldered  at a solder  temperature of  240°C  for a
maximum of 10 seconds up to a. point 5mm from the seals .

7.  Care should be taken not to bend the leads nearer than 1.5mm from the
seals .

hrmcH 1968 RP¥20   Page D3



OUTI.INE AND DIMENSIONS
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EEzm

All   dimens.lens    in   mm.

The spacing of the leads is  compa,tible with
the standard printed wiring grid 2. 54mm (0 .1in)
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PHOTOCONDuCTIVE  CELL    RPY20
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PHOTOCONDuCTIVE  CELL             RPY30

TEl.TATIVE  DATA

QUICK  REFERENCE  DATA

A  flat  cadmium  sulphide  photoconductive  cell  in  a  plastic  encapsulation.

Maximum power dissipation  (Tanb = 25°C)                            200                    mw

Absolute maximum cell voltage  ®k)                                           150                        V

Cell resistance  (at  50 lux)                                                                       1.6                   ld;2

Sensitive  area                                                                                          o.6               cm2

®

®

This  data  should  be  read  in  conjunction  with  OPERATING  NOTES,  given  on

page D2 .

CHARACTERISTICS

(measured under d.c.  conditions,  at start of life with Tamb = 25°C)

Cell resistance at 1000 lux

and lamp colour temperature  27oo°K

Typical
Minimum ultimate dark resistance

RATINGs  (ABsOLUTE  MAlaMUM sysTEM)

Vceii max.  fok)

75  to  300                   a

10M8

150V

Pce]L max.  With uniform illumination at Tamb =  25°C                       200              mw

Tamb

Maximum
Minimum

I)ECEMBER  1967
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OPERATING  NOTES

1.     The data is based on the  device being uniformly illuminated.

2.     For sources of illumination other than alamp of colour temper.ature  2700°K,

the cell resistance shouldbe multiplied by the following approximate factors .

Source Of illumination

hcandescent radiation at colour temperature Of :
1500OK

2000OK

Sunlight

`hrhite fluorescent

factor

3.     When   the   cell  illumination  is  changed  the  cell  resistance  changes  to  a

transientvalue andthen,  over aperiodof approximately 10 minutes  assumes
ajn equilibrium value . The transient usually  overshoots the final equilibrium

resistance .

4.     The cell may be soldered directly into the circuit but heat conducted to the

encapsulation  should  be  kept to a minimum by the use  of a thermal shunt.

5.     Care  should  be taken not to bend the tags nearer than  1.5 mm to the  seal.

```:=      ==-

Cell  lecld

The  polarity  of  the
supply  is  not
important

EEE
L7.5J

3=1 I- I
All  dimensions  in  mm
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PHOTOCONDuCTIVE  CELL             RPY30

7 Y30 83801I,I
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PHOTOCONDuCTIVE  CELL    RPY33

TENTATIVE  DATA

QUICK REFERENCE  DATA

Cadmium sulpho-selenide photoconductive cell for end-on incidence in-
tended  for  use  in  exposure  meters,   light  control  equipment and for
general  industrial  use.  The  cell  is tropic proof,  shock and vibration
resistant.   The  envelope  is hermetically sealed and has a plane glass
window,

Maximumpowerdissipation     as ameasuringdevice     10                     mw

for general use                75                    mw

Maximum  cellvoltage (d. c.  and repetitive peak)             50                          V

Cell resistance (at 25 lux,  2854°K colour temperature)    2. 5                   kn

Sensitive  area                                                                         4.9 X  3                     mm

Maximum  overall dimensions                               9.4 dia.  X 3.4                 mm

This data should be read  in conjunction with GENERAL EXPLANATORY NOTES-
CADMIUM  SULPHIDE  PHOTOCONDUCTIVE  CELLS

CHARACTERISTICS   (measured  under   d.c.   conditions,  at   start   of   life,   with
Tamb=25°C)

The cell is  pre-conditioned for  at least  1  hour with 3001ur illumination  (fluores-
cent  light)

Min.             Typ            Max.

rl

rl
Initial dark resistance  (50V applied
voltage,   20s  after  switching  off an
illumination  o£ 25. 6  lux)

Initial illuminated resistance  (25. 6  lux
illumination,  2854°K colour temperature,
1V applied  voltage)

Current decay time  (time to reach  10%
of the current at the instant of switching
off 5  lux  illumination)

Gamma over  the  illumination range
0. 4  to  25. 6  lux  (see  note  1)

Illuminated  current drift  (over  10min
period,   50  lux  illumination)

Pre-conditioning factor  (see note  2)

Illumination  at  2700°K     (for  the  same
Illumination at 4700°K     cell resistance)

OCT013ER  1968

100

1.33         -                  4.4

3.0-

0.63          0.75           0.87

-10

0.9             -                    1.2

0.9_

k8

kQ
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RATINGS (ABSOLUTE MAXIMUM  SYSTEM)

Vceiimax.       (d.a.  and repetitivepeak)

Pceii max.            for use as a measuring device
for general use

Tanbmax.

Tambmin.

SHOCK AND VIBRATION

Samples taken from normal production are submitted to shock and vibration
tests as below.  More than 95%  of the devices pass these tests withoutper-
ceptible damage.

Shock

50 g toeak),  5 shocks in each of the three positions of the cell.

Vibration

2. 5 g ®eak),  50Hz,  32  hours  in  each Of the three positions Of the cell.

NOTES

1.  Gamma-iggE!#i                 wh=: E! : :::i::=:: :: :::=::::::: E:

2.  Pre-conditioning factor =
Cell current at 0 . 41uxalter 3 days in darkness
Cell  current  at  0.4 lux  after 1 hour precon~
ditioning at 300  tux (fluorescent light)

3.  The  cell  may  be  soldered  directly into the circuit,  but heat conducted
to the tablet should be kept to a minimum by the use of athermal shunt.

4.  The  cell  may  be  dip-soldered  at  a  solder temperature Of 245°C for a
maximum  of  10  seconds  up  to  a  point  5mm  from  the  seals,  or for a
maximum of 3 seconds up to a point 1. 5mm from the seals .
At a solder temperaturebetween 245  and 400°C the maximum soldering
time is 5  seconds up to a point 5mm from the seals.

5.  Care should be taken not to bend the leads nearer than 1. 5mm from the
seals .

OCTOBER  1968 RPY33 Page 2
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PHOTOCONDuCTIVE  CELL    RPY33

OUTLINE  AND DIMENSIONS

EEr
n

®

EiR

a

All    dimensions   in    mm
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PHOTOCONDuCTIVE  CELL    RPY43

QUICK REFERENCE DATA

Flat cadmium sulphidephotoconductive  cell  for  side  incidence.  The
device satisfies I. E. C.  Test C  (dampheat test-long term exposure),
as given in I. I. C.  publication 68-2.

Maximum powerdissipation  (Tamb= 25°C)                         0.75              W

Maximum cell voltage  (d. c.  and repetitive peak)            4.00                     V

Cellresistance (at 50 lux,  2700°Kcolour temperature)     1. 5                kQ

Maximum  overall dimensions                            30. 5X 13. 5X 2. 0             mm

a

A

®

This data should be read  in conjunction withGENERAL EXI]LANATORY NOTES-
cADrmuM SULPHIDE  pHOTOcONDucTlvE  cELLs

GENERAL

The electrical properties of cadmium sulphide cells are dependent on many
factors,  suck as illumination,  colour temperature of the source,  cell vol-
tage and current, temperature, time of operation in the circuit,  and opera-
tion during the 24 hours prior to measurement.  The following characteris-
tics  are therefore only checkpoints  of the electrical properties,  measured
under specified conditions  and at start of life.

CHARACTERISTICS (measured under d. c.  conditions,  at Start of life,  With  Tamb
= 25°C,  illumination colour temperature =  2700°K)

inn.         Typ.         Max.

Dark resistance  (300V applied in series
with  lMfty  (see note  1)

after 20s in darlmess                                      10
after 30min in darlmess                               200

Illuminated resistance  (50 lux illumination ,
10V applied voltage)

initially after  16h in darlmess
(see note  2)

after  15min under the measuring
conditions

Resistance decay time  (time to reach  10kQ,
measured from the instant of switching on
50 lux illumination  after  16h in darkness,
10V applied voltage)

0.7               1.5               3.3                 ks2

0.7               1.9              4.5                ks2

0.2s

Resistance rise time  (time to reach lMQ,
measured from the instant of switching off
50 lux illumination,  after 5min or more
illumination,10V applied voltage)                                         0. 9            1. 5               s

NOVEMBER 1968 RPY43 Page 1



CHARACTERISTICS  (Continued)

Sensitivity  (50 luxillumination,10V applied voltage)   O. 15        -          rnA/lux

Temperature coefficient of
illuminated resistance                                                             0. 2          0. 5     %/degc

Resistance with  o. 5V applied voltage                                  1. 05        -
Resistance with 10V applied voltage

CLIMATIC  EFFECTS

The device satisfies test C  (damp heat test-long term exposure),   severity
4  (56 days at 40    20C,  90 to  95% humidity) given in  publication 68-2  of the
International Electrotechnical Commission a. E. C. )

RATINGS  (ABsoLUTE  I\IA2nMUM s¥sTEM)

Vce]] max.   (d. C.  and repetitive peak)

Vce||touise)  max.   (maximum period  5ms,

maximum repetition frequency lpulse/min)

Pce|i max.

Pcell®ulse)  max.

[ceii max.   (d.C.  and repetitive peck)

Maximum illumination

Ttabiet max.   (See note 3)

Tamb max.   (Storage)  (see note 4)

Tamb max.   (Operating)  (see note 4)

Tamb min.   (Storage and operating)

400V

1.0                    kv

See page  5

5 X Pce]]  max.

500                         rnA

50  000

+85

+50

+70

-40

DESIGN  CONSIDERATIONS

Apparatus using cadmium sulphide cells  should be designed so that changes
in resistance of  the  cells  during life from -30yo to +70% do not impair the
circuit performance.  Direct sunlight should be avoided.

SHOCK AND  VIBRATION

Samples taken from normal production are submitted to shock and vibration
tests as below.  More than 95q}o of the devices pass these tests without per-
ceptible damage.

Shock
25 g  ®eak),  10 000 shocks in one of the three positions of the cell.

Vibration

2. 5 g  ®eak),  50Hz,  32 hours in each of the three positions of the cell.

NOVEMBER  1968 RPY43  Page 2
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PHOTOCONDuCTIVE  CELL    RPY43

EiE

®

Ril

®

NOTES

1.  The  spread  of  dark resistance is large,  and values higher. than  100MQ
and  10 000MQ  are  possible  for  the  initial and equilibrium dark resis-
tance respectively .

2.  After  16  hours  in  darkness  changes in the cadmium sulphide material
are still  occurring,   but  have  an  insignificant effect on the illuminated
resistance and the resistance decay time.

3.  Operation of the cell counteracts the deteriorating effect of long periods
at high temperature.  The maximum operating temperature is therefore
higber than the maximum storage temperature.

4.  The  cell  may  be  soldered  directly into the circuit,  but heat conducted
tothetablet should be kept to a minimum by the use of a thermal shunt.

5.  The  cell  may  be  dip-soldered  at  a  solder temperature Of 240°C for a
maximum of 10 seconds up to a point 5mm from the seals.

6.  Care should be taken not to bend the leads nearer than 1. 5mm from the
seals.

OUTLINE AND DIMENSIONS

c6,
Cell  lead ,,

The   polarity   of  the
supply   is    unimportant

All   dimensions   :n   mm
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PHOTOCONDuCTIVE  CELL    RPY43
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PHOTOCONDuCTIVE  CELL    RPY54

QUICK REFERENCE DATA

Cadmium sulthide phbtoconductive cell intended for use in industrial
on-off applications such a,a flame failure circuits .  The cell is tropic
proof , Shock and vibration resistant .
mximum power dissipation ITamb = 25°C)                           0. 5

Maximum cell voltage  (d. c. and repetitive peak)             200

Cellresistance (at 50lux, 2700°Kcolourtemperature)        1.5

Sensitive area                                                                                 1. 5

EiE

a

This da,ta should be read in conjunction with GERERAL EXPLANATORY NOTES-
CADMUM SULPHIDE  PHOTOCONDUCTIVE CELLS

GENERAL

The electrical propertleB of cadmium §ulphide cells are dependent on many
factors , such as illumination, colour temperature Of the source, cell voltage
and current,  temperature,  time Of  operation in  the circuit,  and operation
during the 24 hours  prior to  measurement.  The  following characteristics
are therefore only checkpoints Of the electrical properties , measured  under
specified conditions and at start of life.

CHARACTERISTICS      (measured  under  d.c.  conditions,   at  start  of  life,   with
Tamb=25°C,1ampcolourtemperature=27ooOK}

inn.        Typ.    Max.

Da,rk resistance (200V applied in series
with lM9 See note 1

after 20s in darkness
after 30min in darkness

Illuminated resistance (50lux illumination,
10V applied voltage)

initially after 16h darlme8s  (Bee note 2)
after 15min illumination

Resistance decay time (time to reach
10ks2,  measured from the instant of
applying 501ux illumination after  16h
darlmess,  10V applied voltage)

Resistance rise time  (time to reach
lMQ, measured from the instant Of switching
off 50lux illumination after 5min or
more illumination,  10V applied voltage)

hrmcH 1968

6.5
120

0.7          1.5      3.3            ks2
0.7          1.9      4.5           ks2

-            -         0.2           a

-              0.9      1.5             s
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CIIARAC TERISTIC S  (Continued)

Sensitivity  (50lux illumination,  10V applied
voltage)

Temperature coefficient Of illuminated
resistance

Resistance with 0 . 5V aTro]ied voltage
Resistance with 10V applied voltage

THERMAL crlARACTERISTlc

Thermal resistance from cadmium sulchide
tat)let to ambient,  device free in air

RATINGS  (ABSOLUTE  MAXIMUM SYSTEM)

Vceu max.  (d.C.  and repetitive peck)

[ceu max.  a.C.  and repetitive peak)

Pceu max.
Maximum illumination

Maximum temperature Of cadmium sulphide
tablet  (see note 3)

Tamb max.  (Storage)  Gee note 4)

Tamb max.  (Operating)  (see note 4)

Tamb min.  (Storage and operating)

DESIGN CONSIDERATIONS

Typ.                  Max.

0.15                 -            rnA/lux

-0.2                 -0.5   %perdegc

1.1

120

Apparatus with cadmium sulphide cells should be designed so that changes
in resistance of the cells during  life  from -307o to +70%  do not impair the
circuit performance.  Direct sunlight should be avoided.

SHOCK AND VIBRATION

Samples taken from normal production are submitted to shock and vibration
tests  as  below.   More  than  95%  of  the  devices  pass  these  tests   without
perceptible damage .

Shock
25g ®eak),10 000 shocks in one of the three positions of the cell.

Vibration
2.5g ®eak),  50Hz,  32 hours in each of the three positions of the cell.

NOTES

1.  'I'he  spread  of  dark resistance is large,  and values higher than  100MQ
and 10 000MQare possible for the initial and equilibrium dark resistance
respectively .

2.  AIter  16 hours  in  darkness changes  in the cadmium  sulphide material
are still occurring,  but  have an  insignificant  effect on the illumination
resistance and the resistance decay time.

h-H 1968 RPY54  Page D2

u



PHOTOCONDuCTIVE  CELL    RPY54

A

®

3 . If  no  forced air cooling is used,  the envelope tempera,ture opposite the
centre of  the sensitive area is  about  83°C when the temperature of the
cadmium  sulchide  tablet iB 85°C .  This  temperature can be  mea.sured.
for example,  by means of a thermocouple fastened on the envelope.

4 .  Operation of the cell counteracts the deteriorating effect Of long periods
at high tempel'ature.  The maximum operating temperature is therefore
higher than the nnaximum Storage temperature .

5.  The  cell  may be soldered  directly into the circuit,  but  heat  conducted
to the tablet should be kept to a minimum bythe useof a thermal shunt.

6.  The  cell  may be  dip-soldered  at a solder  temperaLture of  240°C  for a
maximum of 10 seconds up to a point 5mm from the seals .

7.  Care should be taken not to bend the leads nearer than 1. 5mm from the
seals .

OUTLINE ANI) DIMENSIONS

14.1 -15. 9

10

24 -17n

10
15t5L-

''16.3

•Omax

q,.2Fitinned)

All  dimensions  in   mm.

I  B8b48 I

The spacing of the leads is compatible with
the standard printed wiring grid 2.54mm (0.1in)
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PHOTOCONDuCTIVE  CELL    RPY54

®
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PHOTOCONDuCTIVE  CELL     RPY55

A

n

®

QUICK REFERENCE DATA

Cadmium sulphide photoconductive cell for end-on incidence ,  intended
for  use  in  general  control  circuits,   such  as twilight switches   and
flame failure equipment.  The cell is tropic proof,  shock and vibration
resistant.

Maximum power dissipation  (Tamb= 25°C)                           1. 0

Maximum cell voltage  (d. c.  and repetitive peak)          200

Cell resistance (at 50 lux, 2700°K colour temperature) 420

Maximum overall dimensions                                        7. 6 x32 dia.

This data should be read in conjunction with GENERAL EXPIANATORY NOTES -
cADmuM suLI>HIDE  pHOTOcONDucTlvE  cELLs

GENERAL

The electricalproperties of cadmium sulphide cells are dependent on many
factors,  such as illumination,  colour temperature Of the source,  cell vol-
tage andcurrent,  temperature,  time of operation in the circuit,  and opera-
lion during the 24 hours prior to measurement.  The following characteris-
tics ire therefore only checkpoints of the electrical properties,  measured
under specified conditions and at start of life.

CHARACTERIS=T215CoSc:m£:]ausmurfdtgndecro:;:tce°mn::tr£:;:ea±:Foroto:I)]£fe'WfthTamb

Dark resistance  (200V applied in series          Min.           Typ.       Max.
with lMQ)          (see note  1)

after 20s in darkness                                             3. 0           -
after 30min in darkness                                       50

Illuminated resistance  (50 1ux illumination,
10V applied voltage)

initially after  l6h indarkness (seenote2)    250             420        1250             f2
after l5minunder themeasuringconditions 250             530       1700            Q

Resistance decay time  (time to reach 5. Ok§2,
measured from the instant of switching on
50 lux illumination after 16h in darkness,
10V applied voltage)

Resistance rise time  (time to reach lMQ,
measured from the instant of switching off
50 1ux illumination,  after 5min or more
illumination,  10V applied voltage)

NOVEMBER  1968
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CHARACTERISTICS  (continued)

Sensitivity (50 lux illumination,  10V applied voltage)

Temperature coefficient of
illuminated resistance

Resistance with 0. 5V applied voltage
Resistance with 10V applied volta,ge

THERMAL  CHARACTERISTIC

Thermal resistance from cadmium sulphide
tablet to ambient,  device free in air

RATINGS  (ABSOLUTE  MAZHMUM SYSTEM)

Vce][max.   (d. C.  and repetitive peak)

Typ.      Max.
0.5- rnA/lur

-0.2    -0.5       %/degc

1.05        -

60                degc/W

200V

:C£L±Lm®uuis :)e¥e=;io(=::=uue:c;elf:uis :% in)                   5 0 0                       V

Pcellmex.

Pcell ®ulse) max.

[ceiimax.   (d. C.  and repetitive peak)

Maximum illum ination

Ttabietmax.

Tambmax.   (Storage)   (see note  3)

Tambmax.  (Operating)  (see note  3)

Tamb min.   (Storage and operating)

See page 4

5XPceiimax.

250

50  000

+85

+50

+70

-40

DEsmN cONslDERATIONs

Apparatus using cadmium sulphide cells  should be designed so that changes
in resistance  of  the  cells during life from  -30% to +70% do not impair the
circuit performance.  Direct sunlight should be avoided.

SHOCK AND  VIBRATION

Samples taken from normal production are submitted to shock and vibration
tests as below.  More than 95% of the devices pass these tests without per-
ceptible damage.

Shock

25 g  ®eak),  10 000 shocks  in one of the three positions of the cell.

Vibra.tion

2. 5 g  ®eak),  50Hz,  32 hours in each of the three positions of the cell.

NOVEMBER  1968 RPY55  Page 2
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PHOTOCONDuCTIVE  CELL     RPY55

NOTES

1.  The  spread  of  dark  resistance  is  large,   and values higher than 50MQ
and 5000MQ are possible for the initial and equilibrium dark resistance
respectively.

2.  After  16  hours  in  darkness  changes in the cadmium sulphide material
are  still  occurring,  but  have  an  insignificant effect on the illuminated
resistance and the resistance decay time.

3.  Operationof the cell counteracts the deteriorating effect of long periods
at high temperature.  The maximum operating temper.ature is therefore
higher than the maximum storage temperature.

OUTLINE  AND  DIMENSIONS

a

a

rt

a ACCESSORY

Pin cormector

NOVEMBER 1968

189,531

oJL19-0

All  dimensions   ln   mm.

55561
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PHOTOCONDUCTIVE   DEVICE

TENTATIVE  DATA

RPY58

QUICK  REFERENCE  DATA

Cadmium sulphide photoconductive device for  side incidence in pla'stic
encapsulation.  The device consists  of  two  cells  connected in series,
and  is  intended for general  applications .

Maximum power dissipation  (Tamb=40°C)                           200            mw

Maximum cell voltage  (d.c.  and repetitive peak)                  50                 V

Cellresistance (at 50 lux, 2700°Kcolourtemperature)        600                a

Maximum  ovel`all  dimensions                                            6.0  X  6.0 X  2.Omm

rl

e

rl

®

This data should be read in conjunction with GENERAL  EXPLANATORY NOTES -
CADMIUM  SULPHIDE  PI10TOCONDUCTIVE  CELLS

CHARACTERISTICS      (measured  under  d.c.   conditions,   at  start  of  life,   with
Tamb=25°C,   illumination  colour  temperature=2700°K)

inn.        Typ.           Max.
Initial  dark resistance  (50V applied in
series  with lMQ,  after  20s  in darhess)

Initial  illuminated  resistance  (1V  applied
voltage,  50 lux illumination,  after  16h in
darlmess)

Initial  drift

R:S:S:a=:::::#:::::::::=:=
(at  constant  illumination)

RATINGS  (ABSOLUTE  MAXIMUM  SYSTEM)

Vce]]  max.  (d.C.  and  repetitive  peak)

Vceii(pulse)  max.  (maximum period  5ms,

maximum repetition frequency  1  pulse/min)

Pce|i  max.

[ceii  max.  (d.C.  and  r.in.s.)

Tamb max.   (Storage)

Tamb max.  (operating)

Tamb min.  (Storage and operating)

APRH.  1969

200               -                                     kQ

0.35        0.6               1.4             ks2

-                  0                      -                      Cno

-               1.2             -

50

100

See  page  3

25

+50

+70

-40
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NOTES

1.  The device  consists  of  two  photoconductive  cells  connected  in  series.
The resistance of the device is mainly governed by the resistance of the
cell receiving the lower luminous flux.
If  for any application  it  is  required  to  partially  shade the device,  the
shadow  line  should  be  perpendicular   to   the  axis  of   the device  (i.e.
horizontal if the cell is positioned as in the drawing below) .

2.  Since heat produced  in  the cell is removed mainly  by  conduction along
the leads ,  short leads will improve the performance.

3 .  The device may be soldered directly into the circuit, but heat conducted
to the tablet should be kept to a minimum by the use of a thermal shunt .
It mayt;e dip-soldered at a solder temperature of 270°C for a maximum
of 2  seconds  up to a point  6mm from the envelope.

OUTLINE  AND  DIMENSIONS

I L 2.54

l   r2.omax

cell      lecids

The   polarity   of   the   supply
is  not   important

All   d.iinens.Ions    in    mm

The spacing of the leads is compatible with
the  standal.d 2 . 54mm  (0 .1in)  printed wiring grid

APRIL 1969 RPY58  Page 2
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PHOTOCONDUCTIVE   DEVICE

0

EiE

®

1o5

R
(a)

1o4

RPY58

7

I 11

Fi PY 58111`

Mea sured   cit  1 Vd.c
2 70 OOKcolour tomPerQture . I

7

.I

75

7

1o-1 1 10 1 o2 1o31ll urn I nQ t io n  (lux)

INITIAL  CELL RESISTANCE  PLOTTED AGAINST ILLUNINATION

300

Pce"mc,x

(mw)

200

I
11 II tl  F` PY 58LH

Ill I I

I

I Ill                                                                        1111111

I +Avera   in     time-O.5 S I...'
1

I +i I

I
i I

I I I

TII

`1
I I

I I

+ '
I

I

I 11

I I
I

I LL I

I
I I I

I
11

I

11

I

I

I 11

I I.
I

11 I
I

I
(

I I i

0 2 a 4060 8 0 Ta mb(OC)

MAXIMUM  CE LL DISSII>ATION
I>LOTTED AGAINST AMBIENT TEMPERATURE

APRIL 1969 RPY58  Page 3



u
'e;e•000000 I

R PY5 8 I a 9 60 3

I

I

I

i \ I

I

I

I

I \
I I

I \
I
L\

( I \
I

I I

I

I
I \

I \
1

I \
I

I

\
\

I

i \
i \
I

I

i\

I J I I

/ i

I /

)

400                      500                          600                          700                      800
Wavelength (nm )

RELATIVE  SPECTRAL  RESPONSE

APRIL  1969 RPY58  Page 4



PHOTOCONDuCTIVE  CELLS     6ISV

t;RSN

QUICK REFERENCE DATA

Evaporated lead sulphide photoconductive cells with sensitive element
mounted in a glass dewar.  Normally encapsulated in a metal envelope
for room temperature operation.  Also available without metal  envelope
for cooled operation.
Speetral response fl.om 0. 3 to 3. 5#m and intended for use with  pulsed
or modulated radiation.

61SV                  62SV

Wavelength at maximum response  2. 2                  2. 5                                pin

Resistance                                                     1. 5                     1. 5                                     MS2

Responsivity  (2.044m radiation)       8.ox|o4        1.2x|05                    v/w
1

D*  (2.Opm,   800,1)                                 4.ox|oL°      6.ox|oL°      cmquz)Z/w

Time constant                                      100                    175                                         Hs

Sensitive  area                                           6. Ox6. 0         6. Ox6. 0                       mm

Eii

Unless otherwise stated,  data is applicable to both types

CHARACTERISTICS  (at Tamb = 20°C under  conditions  specified in note  1)

61SV                              62SV

Wavelength at maximum response          2. 2                             2. 5

Spectralresponserange(seepage 5)       0.3 to 3.5                0.3 to 3.5

Cell resistance           min.                           1. 0                             i. 0

typ'                               1. 5                                1. 5

max.                            4.0                               4. 0

Time constant
(see  note  2)                    typ.                          100                                175

Noise voltage
(see note  3)                    typ.                               8. 5                                8. 5                          HV

MONOCHROMATIC  PERFORI\IANCE  (see notes  1  and 4)

Responsivity (to 2. 0#m
r adiation)                            typ.

D*  (2. 04tm, 800,1)                typ.

N.E.p.   (2.O#in,800,1)   typ.

APRIL 1969

8.ox|o4                 1.2xio5

4.Oxl0£°               6.oxioL°

1.5x|o-11            1.oxio-11

v/w
1

cmquz)j2/w

W

61SV-Page 1



BLACK BODY PERFORMANCE  (see notes  1  and 4)

61SV                          62SV

Responsivity  (to 5oo°K
radiation)                             in in.

typ.

D*  (5oo°K,   8oo,1)            min.

typ.

N.E.P.   (50o°K,   8oo,1)  typ.

max.

2.2x|o2                 1.oxio3

1.3x|o3                 2.oxio3

2.2x|o8                6.oxio8

6.5x|o8                1.oxio9

9.2x|o-L°            6.oxio-10

2.7xlo-9              1.oxio-9

RATINGS  (ABSOLUTE  MAXIMUM SYSTEM)

Electrical

Vceiimax.

Icellmax.

250

0.5

Temperature   (see note 5)

Tamb max.   (Storage and operating)                      +6o

Tamb min.  (Storage and operating)

Encapsulated ver s ion

Cooled version

VrN

v/w
Cmquzj`2/W

Cmquzy2/W

W

W

NOTES

1.   TEST  CONDITIONS

Characteristics  are  measured  with  the  cell  biased  from  a 200V d.c.
supply in series with a 1. OMQ load resistor.  No correction is made for
the loading effect of the 1. OMQ resistor,  i. e.  open circuit characteris-
tics are not given.
A monochromatic source provides a uniform field   at 2. OHm wavelength
so as to provide a steady irradiance o£ 0. 864tw/cm2 at the sensitive ele-
ment. However the beam is modulated at 800Hz,  giving an actual r. in. s.

powerattheelementof%±o.4#W/cm2.
Irradiation from the 500°K black body source is also squar± wave modu-
1ated at  800Hz,  giving an actual I.. in. s. power of4.55#W/cm2. Measure-
ments of the detector  output are made with an amplifier tuned to 800Hz
with a bandwidth of 50Hz.

APRIL  1969 61SV-Page 2
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PHOTOCONDUCTIVE  CELLS     6ISV

62SV

2.   FREQUENCY RESI'ONSE

The 61SV and  62SV have typical time  constants  of loops  and  17544s res-

:::t:#:vTa:::eafftfegrurre£L::±Porne::ntth:hcee)tL±¥aesfb°ere:hceut°::?.utBte°c:::::°f
this,  responsivity varies with the frequency of interruption of the radia-
tion in accordance with the following relationship:

rl

®

rl

®

where S and So are the responsivities at frequencies f and zero respec-
tively,  and t is the time constant.

3.  VARIATION  OF  PERFORMANCE  WITH  BIAS  CURRENT

Both signal and noise varywith bias current in this type of cell.  Typical
curves are shown on page 6.  At high currents the noise increases more
rapidly  than  the  signal,  and  therefore  the  signal-to-noise  ratio  has a
peak value at some optimum current, which will vary slightly from cell
to cell.  A typical value is  20ttA.

4.  RESPONSIVITY

Responsivity is defined  as  the  r.in.s.   signal  voltage  per  unitr.in.s.
radiant power,  expressed in volts per watt.

N. E. P.   and  D*

These  are  figures of merit for the materials of deteetol.s and are fully
discussed  in  most  textbooks  on  infrared,  e.g.  ''Ifrared  Physics"  by
J. T.  Houghton and S. D.   Smith(O.U.P.1966) and  "Elements of Infrared
Technology"  by  Kruse,  MCGlauchin  and  MCQuistan  (John  Wiley,   New
York 1962) .
D*  (detectivity)  is defined by the  expression

V
S

D*=Vn
x[A(AD]'/2

W

where  Vs    =  Signal voltage across detector terminals.

V      = Noise voltage  across detector terminals.n
A      = Detector  area

(Af)  = Bandwidth of measuring amplifier.

W    =  Radiation power  (watts i..in.s.)  incident  on  detector  sen-
sitive  element.

APRIL  1969 61SV-Page 3



The  figures  in brackets which  follow  D*  and  N. E.1>.   refer to the test
conditions,   e. g.   D*  (2. OHm,   800,1)   denotes   monochromatic   radiation
of  2. Opm wavelength incident on the detector ,  modulation frequency 800Hz
and an electronic bandwidth of 1. OHz.
The  Noise Equivalentpower (N. E. P. )  is  related toD* by the  expl'ession

`,  a  T.  _iceN.E.P.   =
D*

5.  AMBIENT  TEMPERATURE

The performance  of  the  cell  depends  upon  the   ambient  temperature.
Correction  factors  for  variation  of  ambient  temperature are given on
page  8   for resistance,  detectivity and responsivity.

6.  WARNING

Prolonged exposure to visible radiation should be avoided.

OUTLINE  DRA\VING  OF  61SV AND  62SV

89703

:I:===

cell  lead "

`,'

r22max+

-:  ___    i

i i?6g  L

SOCKET

A suitable socket for the encapsulated version is Belling-Lee type  789/CS.

APRIL  1969 61SV-Page 4
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PHOTOCONDuCTIVE  CELLS     6lsv
62SV

loo

Relati.ve    7o
response

(a/o)        50

30

r\

®

n

®

I

II -±1 I II

I

L= I    61SVI62SV
I.-JIIII \\1

I I 1 r\.\ I.rlll I

I
\\ \ I

1 I )

I
I \ I

1

1I

II

N 62SV
I

I

I I I

I

I
I

1161SV

h
II

II

II

I

I1

I(

II

I

II

I (

II

II

I

i

Tut

i

I

I

II1

I I I 11 I 11
I I I 11'

I
I I I 11

111111 I
I

11'1

) I I I

I

I I

I

II

I

1

I
I

I)

I

I

I

I + I

I

I I

:!

I(

I

I

11!

I(

II

i11

i i

ii
I

1.0                                        2.0                                       3.O  Wavelength(rm)4.O

TYPICAL  SPECTRAL RESPONSE AT 20°C

1o't
D*

[EEEH
3

Ill
I I I I

61SV
I

I
I

I

I   62SVI

I

11 _1'1111 11
I

i

I 1

I

I

I \ 6 2SV I
I

I

I i \ i

I

I

I

I

i

I

II

III

I

1I

I

I

I

I

II

III

III

I

II

I11

I

1

I
I l'|Lll I

I I

1
I \1, 1

I
(

1
I

11 I \`` ) I

I 1

II \ 1

I

I

II

1 I I

II

11

II

III

I

1

I

III

II

II

I

II

II

I

I I

II

I I I I

I

I

II

iI

II

1.0                                          2.0                                           3.0    Wcivelength(tim) 4.O

TYPICAL VARIATION OF DETE CTIVITY WITH WAVELENGTH

APRm i969 61SV-Page 5



I I 61SV --f?iY|±
+

._T   T_IH'l Noise  ,t.. 1*
DL- •  1 ZIA

I i I

illlll I, es ponslvity
I I I 11 I 1._   ,+    i,_ _-+

I

T
t Z ` .1,

I |i 1
I -

I
I

I
11

I Ice„I I
I I

I

S
I I

v!upp,yi

//lyp'ca'cell(1.5Mn)10MJL1I,I
I

POSl y
I

I (I

I
II II II I

I
I

•r
lJl I I I

( I I 11 11 L,
i JJ I I

I

I
T, I

I

lJ
I11 r-I I

I I I I--
I I 11

J I I I I iliii -t-
I 11 I

I
I

I Ill I I Ill I
I

I

20                    40                     60
50                     100                      150 28o°o;::::[yA(L)

DETECTIVITY,  RESPONSIVITY AND NOISE
PLOTTED AGAINST  CELL  CURRENT

The values given are for a typical cell (1. 5MQ)  in series with a lMQ
resistor,  and are relative to the values at Vsupp|y = 200V,  corresponding

to a cell current of 80iiA.

I 66 12SS B 9099
7

I- 6 2 SV

3

61SV
I

7
Iill

3 I I
10                                   |o2                                    1CP   Frequency(Hz) 104

DETECTIVITY PLOTTED AGAINST  FREQUENCY

APRIL 1969 61SV-Page 6

®

®

u



PHOTOCONDuCTIVE  CELLS     6ISV
62SV
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PHOTOCONDuCTIVE  CELLS     6lsv
62SVn
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PHOTOCONDuCTIVE  CELL

Cooled   lead   telluride   Photoconductive   cell   having   a

high   infra-red   sensitivity   at   lic|uid   air   temperature.

63TV

SENSITIVE  AREA

The  sensitive   area   is   0.1sq.cm.,   the   two   electrodes   being   10mm    long
and  1.Omm  apart.

CHARACTERISTICS  (measured  with  the  cell  cooled  by  liquid  oxygen)

Peak spectral  response
Spectral  response  range

Sensitivity  (see  notes)

Black  body  at  20oC'C

4.2H

O.6  to  6.0                   H

6S0 Vr.in.s.|W
(pk  to  pk)

Signal-to-noise  ra.tio                                                                            > 250

Noise  equivalent  power  (bandwidth  lc/s)                               <8xl0-10   W

(Test  conditions   1.36prw  of  radiation  falling  on   the  cell  area. with
150V  applied  across  cell  and  1.OMQ  load  resistor.  The  interruption
frequency   of  the   radja.tion   is   800c/s   a.nd   the   measuring   amplifier
bandwidth  is  50c/s.)

Cell  resistance  (variation  from  cell  to  cell)                     1  to  50                  MQ

Time  consta.nt                                                                                10  to  100                     Hs

Noise equivalent  power at 4w                                                      2.2xl0-[°  W+

A

\h

LIMITING  VALUES  (absolute  ratings)

*Maximum  applied  voltage  across  cell  and  load                                 250                      V

*No   voltage   should   be   applied   to   the   cell   before   it   is   cooled   by   liquid
oxygen  otherwise  permanent damage  may  result.

NOTES

Sensitivity.   The   63TV   differs   from   the   vacuum   photoemissive   cell   in

::i:atgheeasignj=',i%:r8|Ype:o'rarba:i=ti°ono;naecrr8o!s!Sc:,ipaennddfonatdTP°ntheapp"ed
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63TV PHOTOCONDuCTIVE  CELL

i!:T;#:i:d::[¥y::;##:L§ec:r;e:::ts:esRs°:Wb';:a:t::c:t3ot::rgu;:::a:uTtr:eemc;h:a:n:g:t:s¥:;.:oT:hfls:h£

ADDITIONAL  INFORMATION

Shape of spectral  response curve.

It   is  found   that  some   cells   have   curves   which   have   a  secondary

ELeaanky i:eii:ejtr:sgi%nm3{e::iyTahbesehnetj.8ht  of this  Peak  is  variable  and  in

Applications

(1)  Detector for spectroscopic work out to 6.OH

(2)   Rapid  scanning spectrometry out to 6.Or

(3)   Gas  analysis.

OCTOBER  1958  (2)
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PHOTOCONDuCTIVE  CELL 63TV

a

Ziil

®

35.5 max

36.2 max

All  dimensions in mm
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63TV PHOTOCONDuCTIVE  CELL

r37|

All  dimensions  in  mm

MIRROR    ATTACHMENT

FOR   63TV
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PHOTOCONDUCTIVE  CELL 63TV
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63TV PHOTOCONDUCTIVE  CELL
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PHOTOEMISSIVE

TUBES

a

A

ill

a

GENERAL  EXPLANATORY
NOTES

1.        GENERAL

Photoemissive  tubes  are  photoelectric  devices  of  the  emissive  type,  as
distinct from barrier layer and photoconductive cells . They may bedivided
into two main groups :

a)        High vacuum tubes

b)        Gas-filled tubes

Each of these groups can be sub-divided into I.ed sensitive and blue sensitive
photo tubes ,. the spectral response depends upon the photocathode material.
Blue sensitivetubes have a type  'A' or type  'U'  cathode  (caesiun antimony),
type  'U'  having  a  quartz  window  to  extend   the  response  into  the  ultra-
violet  region.   Red  sensitive  tubes  have  a  type  'C'  cathode  (caesium  on
oxidised silver) .

Spectral  response  curves  for  each type of cathode are given at the end of
these  notes.  These  curves  are for guidance only,  and should not be taken
as exact.

2.        OPERATING CHARACTERISTICS

For   a  vacuum   photo  tube   the  anode  current   at  a  fixed   illumination  is
reasonably  constant  at  voltages  above  a  certain  low  value  known  as the
''saturation voltage" .

Gas-filled photo tubes contain a quantity of inert gas, the ionising potential
of  which  is  generally  somewhat  higher  than  the saturation  voltage of  an
equivalent  vacuum  photo  tube,  so  that  the  anode  current is substantially
constant  between the saturation voltage and the voltage at which ionisation
commences.  Above  this  voltage range,  ionisation increases,  resulting  in
a progressive increase in anode cur.rent.

Since the gas-filled photo tube operates at ahigher voltage than the ionising
potential,  it  will  have  a  greater  sensitivity  than  a similar vacuum photo
tube.  Within  the  opera.ting  ranges  of  both  groups of  photo tube the anode
current  is  directly  proportional  to  the  quantity  of  light  incident  on  the
cathode surface.

2.1     IrmlnouB Bengltlvlty

The  response  of  a  photo  tube  to  light falling on its cathode is termed its
luminous  sensitivity,.  this is expressed in micro-amperes per lurnen.  The
sensitivity  of  all  types  of  pboto  tube  is  dependent  upon  the  colour ten-
perature  of  the  light  source  and  in  some  cases  upon  the  |rortion  of  the
cathode that is illuminated.

The sensitivity of gas-filled photo tubes,  moreover,  is dependent upon the
anode  voltage,.  the  sensitivity  of  vacuum   photo  tubes  in  the  ''saturation
region", in which region the tube mainly operates , is practically independent
of the anode voltage.

nuncH 1969 Page 1



GENERAL  EXPLANATORY                 PHOTOEMISSIVE
NOTES                                                                                        TUBES

2.1      Ijuminous sensitivity  (cont'd)

Unless  otherwise  stated,   the  va,lues  given  in  the  data  sheets  have  been
obtained  by illuminating the total useful cathode  area with  an incandescent
lamp having a colour temperature of 270o°K.

The  values  given  for  sensitivity  on  the  data sheets al.e the initial values
for  avel.age  photo  tubes.  The  ratio  between  the  maximum  and minimum
initial  sensitivity of photo tubes of a given type will not exceed  3 to  1.

2.2     Dark current

This  is  the  current  which  flows between the  photocathode  and  anode when
the  photo  tube  is  in total darlmess.  The tube is  in total darkness  when no
radiation within the spectral sensitivity curve  of the photocathode is present .
This current is caused mainly by electrical leakage and thermionic emission
from the  photocathode  and  will  thel.efore  increase  with  temperature and
voltage .

2.3     Frequency response

The  sensitivity  of a vacuum photo tube  is  constant for frequencies  of light
modulation  up  to  those  generally  met  in practice.  Only at very high fre-
quencies,  at which transit time  limitations  occur,  the  sensitivi+,y becomes
dependent upon the  frequency .

The sensitivity of gas-filled  photo tubes , however, decreases with increasing
frequency. At a frequency of  15  000Hz thisdecrease  is about  3dB,  as shown
in the  accompanying curve.

3.         THERMAL DATA

Ambient temperature

The   temperature  of   the   photocathode  must   not   be   too   high   otherwise
evaporation  of   the  emissive  cathode  layer  may  result,   with  consequent
reduction  in  sensitivity  and  life.  As  it  is  difficult  to  measure this tern-
perature  the  limiting  value  for  the  ambient  temperature  is  given  in the
published data  sheets .

It  must  be  considered,  however,  that  even when the  ambient tempel'ature
in  the  immediate  vicinity  of  the  photo  tube  is  not  beyond   the  limit,   an
excessive  temperature  rise  of  the  photocathode  can  still  be  caused,  for
example,  by  infra-red  heat  radiation.  If  the  possibility  of  this  radiation
exists  a  suitable  filter  should  be  inserted in the optical path  tominimise
this  effect.

MARCH  1969 Page  2
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PHOTOEMISSIVE                 GENERAL  EXPLANATORY

TUBES                                                                                     NOTES

0

a

n

e

4.        OPERATIONAL NOTES

4.1     Stablllty during nfe

Where a gas-filled photo tube is continuously operated at its maximum rated
voltage,  its sensitivity may fall by as much as 50% during 500 hours.

Vacuum photo tubes on the other hand are inherently more stable.

The  stability  of  both  types  of  photo  tube  will  be improved if the current
density at the photocathode is reduced (for example by reducing the incident
light or increasing the illuminated area of  the photocathode) .  Particularly
in  the  case  Of  gas-filled  photo  tubes  reduction  of  the  anode voltage will
improve the stability.

In the inoperative periods, also, photo tubes must not be exposed to strong
radiation such as strong sunlight .  A loss of sensitivity of both vacuum and
gas-filled photo tubes during opera.tion will be wholly or partially restored
during inoperative periods .

4.2     Prevention of glow discharge

Ga.s-filled  photo tubes must not be operated above the published maximum
voltage since the glowdischarge, indicated by a faint blue glow in the bulb,
may ocour,  and  this  may  adversely affect the good operation of the  photo
tube  and  can  even  result  in  rapid  destmction of the photocathode.  If ac-
cidental  overrurming  can  be  expected  the  anode resistance should have a
value  of  at  least  0.1MQ.  When  it  is necessary to approach the maximum
operating voltage a stabilised supply is recommer)ded.

5.         MOUNTING

If no  restrictions  are made on tbe individual published data sheets,  photo
tubes may be mounted in any position.

6.       sroRAGE

It is necessary for photo tubes to be always stored in the dark.

7.        RATINGS

The  ratings  Of  photo  tubes  are  given a.ccording to the absolute maximurn
rating system.

8.        OUTHNE  DIMENSIONS

The outline dimensions are given in millimetres,

nuncH 1969 Page  3



GENERAL  EXPLANATORY                 PHOTOEMISSIVE
NOTES                                                                                     TUBES

9.        TYPE  NOMENCLATURE

The type nomenclature for Mullard photoemissive tubes consists of two or
three  figures  followed by two letters.  These symbols provide information
concerning the class of tube and the type of photocathode .

The figures are a serial number indicating a particular design or develop-
ment .

The first letter indicates the type of spectral response  (see section 1)

A   -    Type  A  (Sll)  response  (caesium antimony)

C   -    Type  C  (S1)  response  (caesium on oxidised  silver)

U   -    Type U  (S13)  response  (caesium antimony,  quartz window)

The second letter indicates the class of tube

G   -    Gas-filled

V   -Highvacuum

Example:-   150AV

150 A

Serial number                            Type  A  (Sll)
phtotcathode

nuncH 1969

V
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PHOTOEMISSIVE                 GENERAL  EXPLANATORY

TUBES
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GENERAL  EXPLANATORY                 PHOTOEMISSIVE
NOTES                                                                                      TUBES
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PHOTOEMISSIVE

CELLS

SPECTRAL  RESPONSE

Two types of photocathodes are  used  in  Mulla.rd  photocells and  each
responds  to  a different  part  of  the  light  spectrum.     Below  is  given
the  spectral  response  curve  for  the  photocathode  Type  " A  "  and
shows   relative   sensitivity   plotted   against   wavelength   of   light   in
Angstrom   units.     The  response  curve  for  the  photocathode  Type

"  C  "  is  given  on  the  next  page.
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SPECTRAL  RESPONSE PHOTOEMISSIVE

CELLS
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GAS-FILLED  PHOTOCELL
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53CG
where  space  is  a  limiting  factor  or  where  multipld  banks  of  Photocells  are  required.

CATHODE

Surface

Projected  Area

MOUNTING  POS.TION

CAPACITANCE

CHARACTERISTICS  (measured  at  Va  ±  85V)

Ida,k

*S

Agmax.

Caesium  on  oxidised  silver

1.1     sq.cm

Any

3.0             pF

=0.1             quA

100         lJA/lm

9

*   Measured   with  the   whole  cathode  area  illuminated   by  a  lamp  of

colour temperature  2700°K and  with a series  resistor of lMr2

RECOMMENDED  OPERATING  CONDITIONS

Va,1,,

LIMITING  VALUES     (Absolute  ratings)

Va(b`,  max.

Ik  max.

Tambielit  max.

'SSuE1.

85V

90V

1.5              quA

100                   OC



GAS-FILLED  PHOTOCELL

Gas-fillled Photocell Particularly sensitive to ±ncandes.ce.nt I igh.t53CG
wheresDace,-,,in,t,nsogonuf:,Ccnfci,,rdeaon:cdewth:efrne;,a#uritH#e,.orbneadnafnsaddo,faut#anoi!eEeefis#a=r!prfe:c:auti,rnoedn5.
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GAS-FILLED  PHOTOCELL

Gas-fiilled Photocell Particularly sensitive to incandescent light

rl
53CG

sources,  and  to  near  infra-red   radiation.  Designed  for  end-
on   incidence   of   illumination   and   suitable   for   applications
where  space  is  a  limiting  factor   or  where  multiple  banks  of.  Photocells  are   required.
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VACUUM   PHOTOCELL
Vacuum  Photocell  Particularly  sensitive  to  incandescent  light

n

rl

1

lil

53CV
::ur,.:ecsj'deanncdet:rnj:,aurmj,rnfarf,.-orn€da:%djsaut;.%b/eDefso'.,8n#crat:.:f:
where  space  is  a  limiting  factor  or  where  multiple  banks   of.  Photocells  are   required.

CATHODE

Surfa.ce

Projected  area

MOUNTING  POSITION

CAPACITA NCE

CHARACTERISTICS

Idark  (at  Va±100V)
*S  (at  Va±50V)

Caesium  on  oxidised  silver

1.1      sq.cm

Any

3.0             pF

<0.05        uA
20        LIA/lm

*Measured   with  the  whole  cathode  area   illuminated   by  a  lamp  of

colour temperature  2700°K,  and  with  a series  resistor of 1 MQ

RECOMMENDED  OPERATING  CONDITION

Va(b)

LIM[TING  VALUES   (Absolute  ratings)

Va(b)  max.

Ik  max.

Tambient  max

lssuE   1

50V

250V
.   3.0           uA

100                  OC

S3CV     360-1



53CV
VACUUM   PHOTOCELL

Vacuum  Photocell  Particularly  sensitive  to  incandescent  light
sources,  and  to  near   infra-red   radiation.  Designed  for  end-

wherespaceisaiimitin°gnfajcntc:,deonrcewh°efr;'#H:#j°bnanaknsdofu#thaobt!ecefRsraargo::Cqautjjr°ends.
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VACUUM   PHOTOCELL
Vacuum  Phofocell  f>artic¥Iarly  .sensi.tive  to  incandescent  light

rh

53CV
sourfes.,.and   to_ne.€r   infra-red   radiation.   Designed  for  Ofnd-
on.   incidence  _of`   il.Iuminatign   and    suitable  for   app-Iications
where  space  is  a  limiting  factor  or  where  riultipid  banks  of photoce!Is  are  required.
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GAS-FILLED  PHOTOCELL

gaaci#:e:s;c.enti`:,:t?oh#a','ioud:%rnt!aEonun!fr!'yoen32ee:?::::svfu::ia'b:ida
for   use   in   standard   16 mm.   sound  fillm   Projectors.

55CG

CATHODE

Surface

Projected  area

MOUNTING  POSITION

CAPACITANCE

CHARACTERISTl 4e(elJat  90 V)

with    th

on  oxidised  silver

2.2             sq.  cm

fry
3SS

(absolute  ratings)

max.

Tk  max.

Tambient  max.

lssuE  1

pF

=      0.1                       HA

125           HA/Iumen

10

hole    cathode    area
temperature

or of 1  M a

90V

2.0                       prA

100                               OC

55CG     360-1



55CG
GAS-FILLED  PHOTOCELL

J;a€d;-:fig:ieni:1J°!t&:ae,';`;g,r;e:s::'::n;gsa';:n::Sr::i:`Jtn:ir:::rbe::

for   use   in   standard   16 mm.   sound  film   Projectors.

Dlrection   ot   light

Issue  1 55CG     360-2
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GAS-FILLED  PHOTOCELL
Gas-fillled       Photocell,      Particularly      sensitive      to
incandescent   light   sources   and   to   near    inf.ra-red
radiation.      Its   small   dimensions   render   it   suitable
for   use   in   standard   16 mm.   sound  fillm   Projectors.n
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GAS-I=ILLED  PHOTOCELL             58CG

Gas-filled  photocell  particularly  sensitive  to  incandescent light sources,
andtonearinfra-redradiation.DesignedforendconincidenceOfillumimtion
and  suitable  for  applications  where  space  is  a  limiting factor  or where
multiple banks of photocells are required.

A

rl

®

CATHODE

Surface

Projected area

MouNTING roslTloN

capAaTARTCE

ca-k

CHARACTERrsHCS  (Measured at 85V)

Idark
*S

A   max.
8

Caesium on oxidised silver

1.1           sq.cm

Any

3.0                    pF

<0.1                    wh

100                HA/lm

9.0

*Measured  with  the  whole  cathode area illuminated by a lamp of colour
temperature  2700°K and with a series resistor of  lMS2.

OPERATING  CONI)ITION

vaqu)

RATINGS  (ABSOLUTE MAXIMUM SYSTEM)

va®)

Ik

Tamb max.

JUNE  1966

85V

90V

1.5                      HA

loo                      0c

Page D1



Direction   of    light

I

k
(  b I c) c k ):ix

___.  __ ?-

All   dl.mensions   ln   mm

JUNE  1966

Sensitive   cathode    clrea
shown   shaded

I a 5 9 , 8_1
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GAS-FILLED  PHOTOCELL            58CG
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VACUUM  PHOTOCELL

®

a

®

58CV

Vacuum photocell particularly sensitive to incandescent light sources , and
to  near infra-red radiation. Designed for endon incidence Of illumination
and  suitable  for  applications  where  space  is  a  limiting  factor  or where
multiple banks of photocells are required.

CATHODE

Surfa.ce

Hojected area

MOuNTING roslTION

CAPACITANCE

ca-k

CHARACTERETICS

)dark  (at Va = 100V)

*S  (at Va=50V)

Caesium on oxidised silver

1.I          sq.cm

Jiny

3.0                   pF

<0.05                 „A

20                HA/1m

*Measured  with  the  whole  cathode area illuminated by a lamp of colour
temperature 2700°K,  and with a series resistor of lMQ.

OPERATING  CONDITION

va@,

RATINGS  (ABSOI.UTE MAIHMUM SYSTEM)

va®)  max.

Ik

Tamb max .

JUNE  1966

50V

250V

3.0                     HA

loo                     0c

Page D1



Direction   of    light

1

u

u

All   dimensions   in   mm

JUNE  1966
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VACUUM  PHOTOCELL
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GAS-l=ILLED  PHOTOCELL
Gas-fillled   i)hotocell   Particularly   sensitive   to   day-

n

A

r\

a

90AG
light and  to  radiation  having  a  blue  Predominance.
It  is  suitable  for  use  in  sound  reproducing  systems
where a dye-image sound track is  used  in  conjunction  with  an  incandescent light source.

CATHODE

lvlouNTING  POSITION

CAPACITANCE

Surface

Projected  area

CHARACTERISTICS     (Measured  at 85V)

ldark

*S

Ag  max.

Caesium  antimony

4.0              cm2

Any

0.7           pF -

<0.1                HA

130   iiA/lumen

7.0

*   Measured   with  the  whole  cathode  area  illuminated   by  a  lamp  of

colour temperature  2700°K  and  with  a series  resistor of 1 Mf2.

RECOMMENDED  OPERATING  CONDITIONS

Va(b)

LIMITING   VALUES     (Absolute  ratings)

Va(b)  max.

Ik  max.

Tamiiient  max.

85V

90V

2.5                 HA

70OC



90AG
GAS-FILLED  PHOTOCELL

Gas-fillled   i)hatocell   Particularly   sensitive  to   day-
light and  to  radiation  having  a  blue  Predominance.

whereadye-i.mogesoundtrack,.suse'::.:Sc:';tjaubn':t,Too;#::h'.:ns?nucnodn::9:#;.ggtssyos:::e:

19 mm.

Direction  of

158

light  '

kak
87G  BASE

Sensitive  cathode
area  shown  shaded

The   cathode   connecti`on
should   be   made   to   p.lns
I.2,6  &  7   connected
(oq€thcr   and   the  anode
connection   to  pins   3.4
&  5   connec`ed   toqe`11er.

®



GAS-FILLED  PHOTOCELL

Sos-fillleq   Photqcell   Particularly .sensitive   to   day-

r\

a

A

90AG
'|#ght3trs§un::adtbr°:a:,af#:ags±s°esnoluhnnagv:.nur%akrb:I?ur:Osd%2;:°8go:nYn,?a%Cgt;onw,thanmcandescen€|igh`source.
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VACUUM  PHOTOCELL

Yfgchutur€dj%ht:otn°C#hgabr,t:Ceu#yo::nn::t%:tT°h:auys':8ohftthaendBit8
miniature   all-glass   base   Permits   a   rigid   construction   and
maximum  cathode  area for  a  cell  of this  size.A

fl

ZiE

®

90AV

CATHODE

S u rface

Projected  area

MOUNTING  POSITION

CAPACITANCE

CHARACTERISTICS     (measured  at  va±100V)

IdaTk

*S

Caesium   antimony

4.0                   cm2

Any

0.7                pF-

= 0.05                    HA

45         HA/!umen

*   Measured   with  the  whole  cathode  a.rea  illuminated   by  a  lamp  of

colour  temperature  2700°K  and  with   a   series   resistor   of  lMQ

LIMITING  VALUES     (Absolute  ratings)

Va(b)  max.

Ik  max.

Tamblent  max.

'SSUE   3

100V

5HA

70cC



90AY VACUUM   PHOTOCELL

%¢hu.urTd,Paht3otn°C£';'tihpaa#:CeuSa,'e'dYo#jnnsg:'cvee.`T°hedauYs'ggohftthaend87tg
miniature   all-glass   base   Permits   a   rigid   construction   and

maximum  cathode area for  a  cell of this  size.

I

I

Sensitive  cathode
c]rea  shown  Shad.d

D,rest,®kn®dsk

87G  BASE

158

The   co`hod.   conn.ctlon
should   bc    mcide   `o   p.lns

I,2,6  a  7  conn€c`cd
`ogc`hcr   and   the  anode
connection   `o  pins   3.4
a  5  conrtec`cd   tog.`h.r.

SOFN   iar2
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VACUUM  PHOTOCELL
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GAS-FILLED   PHOTOEMISSIVE   TUBE         90CG

QucK REFERENCE DATA

Gas-filled photoemissive tube , particularly sensitive to incandescent
light sources and to near infra-red radiation.

Anode supply voltage                                                                 90                     V

Luminous  sensitivity                                                                125            /+A/1m

Spectral response curve                                                               Type c  (S1)

This data should be read in conjunction with
GENERAL EXPLANATORY NOTES -  PHOTOEMSSIVE  TUBES

®

EiE

®

PHOTOCATHODE

Surface

Spectral response curve

Projected sensitive area

CHARACTERISTICS

Anode supply voltage

Anode series resistor

Luminous sensitivity (measured with the
whole cathode area illulninated by a
lamp of colour temperature 270o°K)

Dark current

CAPACITAIC E

ca-k

RATINGS  (ABSOLUTE  MAXIMUM SYSTEM)

Vao)  max.

Ik

Tamb max.

NOVEMBER 1968

Caesiuln on oxidised silver

Type  C  (S1)

3.o                  cm2

90V

1.0                        Mf!

12 5                IA/lm

±0.1                     IA

1.1                       pF

90V

2.0                   th

loo                        0c

90CG  Page  1



OUTLINE AND SCHEMATIC  DRAWING
OF  90CG

87G   Base

The cathode connection may be made to pins  1, 2, 6  and  7 connected together
and the anode comection to pins  3,4  and  5  cormected together.
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ANODE  CURRENT  PljoTTEI) AGAINST ANODE VOLTAGE
WITH ILLUMINATION AS PARAMETER

NOVEMBER 1968 90CG Page 2
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VACUUM   PHOTOEMISSIVE   TUBE                 90CV

QUICK REFERENCE I)ATA

Vacuum  photoemissive  tube,  particularly  sensitive  to incandescent
light sources and to near infra-red radiation.

Anode supply voltage  (max. )                                                 250                     V

Luminou s  s ensitivity                                                                    20            {AA/1m

Spectral response curve                                                               Type c  (S1)

This data should be read in conjunction with
GENERAL EXPLANATORY NOTES -  PHOTOENISSIVE  TUBES

®

A

a

PHOTOCATHODE

Surface

Spectral response curve

Projected sensitive area

CHARACTERISTICS

Anode supply voltage

Anode series resistor

Luminous sensitivity (measured with the
whole cathode area illuminated by a
lamp of colour temperature 2700°K)

Dark current  (at Va= 100V)

CAPACITAVCE

ca-k

RATINGS  (ABSOLUTE  MAIHMUM SYSTEM)

Vaa,)  max.

Ik

Tamb max .

NOVEMBER 1968

Caesium on oxidised silver

Tire c (si)
3.o                   cm2

50V

1.0                         MQ

20              A/lm
sO.05                     HA

0.8                       pF

250V

104
loo                       0c

90CV  Page  1



OUTLINE AND SCHEMATIC  DRAWING
OF  90CV

87G   Base

The cathode connection may be made to pins  1, 2, 6  and  7 cormected together
and the anode  connection to pins 3,4  and 5  connected together.
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GAS-FILLED   PHOTOEMISSIVE   TUBE         92AG

QUICK REFERENCE DATA

Gas-filled photoemissive tube,  particularly sensitive to daylight and
to radiation having a blue predominance .

Anode supply voltage  (max.)                                                     90                      V

Luminous  sensitivity                                                                 130            HA/lm

Spectral response curve                                                        Type A  (Sll)

This data should be read in conjunction with
GENERAlj.EXPLANATORY  NOTES -PHOTOEMSSIVE TUBES

PHOTOCATHODE

EiR

®

Surface

Spectral  I.esponse curve

Projected sensitive area

CHARACTERISTICS

inode supply voltage

Anode series resistor

L`iminous sensitivity  (measured with the
whole cathode area illuminated by a
lamp of colour temperature 2700°10

Dark current

CAPACITANCE

ca-k

RATINGs  (ABSoLUTE  MA2nMUM S¥STExp

va®)  max.

Ik

Tamb max.

NOVEMBER 1968

Caesium antimony

Type  A  (Sll)

2.1                      cm2

85v

1.0                            MQ

13 0                     „A/1m

SO.1                    4

0.9                          pF

90v

12.5           nA/mm2

7o0c

92AG Page 1



OUTLINE  AND  SCHEMATIC  DRAWINGS
OF  92AG

Incident
radiation

87G   Base

19dia  mcixllmjn aEE

I__II
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•6mln
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i  £:agl
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J
13:a5x  '¥x

I I Ill

The cathode connection may be made to pins  1, 2, 6  and  7 cormected together
and the anode connection to pins  3,4  and  5 counected together.
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VACUUM   PHOTOEMISSIVE   TUBE                92AV

QUICK REFERENCE DATA

Vacuum photoemissive tube,  particularly sensitive to daylight and to
I`adiation having a blue predominance.

Anode supply voltage  (max.)                                                    100                       V

Luminous  sensitivity                                                                 45            #A/1m

Spectral response curve                                                         Type A  (Sll)

This data should be read in  conjunction with
GENERAL EXPLANATORY NOTES -  PHOTOEMISSIVE  TUBES

a

n

e

PHOTOCATHODE

Surface

Spectl`al  response curve

Projected sensitive area

CHARACTERISTICS

Anode  supply voltage

Anode series resistor

Lnminous  sensitivity  (measured with the
whole cathode area illuminated by a
lamp of colour temperature 2700°K)

Dark current

CAPACITANCE

ca-k

RATINGS  (ABSOLUTE  MAXIMUM SYSTEM)

va®)  max.

Ik

Tamb max.

NOVEMBER  1968

Caesium  antimony

Type A  (Sll)

2.1                      cm2

85v

1.0                          Mn

4 5                    HA/lm

=  0.05                      4A

0.9                          pF

100V

Th           riA/ "m2
7o0c

92AV Page  1



OUTLINE AND SCHEMATIC  DRAWINGS
OF  92AV

Inc''dent
radiation

B7G   Base

The cathode connection may be made to pins  1, 2, 6 and  7 connected together
and the anode cormection to pins  3,4  and 5  connected together.
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ANODE  CURRENT  PI.OTTED AGAINST ANODE VOLTAGE
WITH ILLUMNATION AS  PARAMETER

NOVEMBER  1968 92AV  Page 2
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VACUUM   PHOTOEMISSIVE   TUBES                150AV

150CV
150UY

QUICK REFERENCE  DATA

Vacuum  photoemissive  tubes  with  high  stability and linearity,  intended for use
in  high  precision  photometry  (up  to  1  lux)  and   for  measurements  of  quickly
changing light phenomena  (up to  approx.  10001ur) .

The  150AV is particularly sensitive to light having a blue predominance
The  150CV is particularly  sensitive to light  having a red predominance
The 150UV  is  particularly  sensitive  to  blue  light  and  has  a  response
which extends into the ultra-violet region.

Anode voltage

Maximum avel`age current

Maximum peak current

Sensitivity

RIse time

Spectral response curve

150AV                 150CV                 150UV

6to90               6to90               6to90

50                          35                          50

35                           25                           35

60                          20                          60

14                          14                          14

A  (Sll)                  C  (S1)                U  (S13)

V

nA

HA

HA/lm

ns

Unless otherwise stated,  data is  applicable to all types
This data should be read in conjunction with

GENERAL EXPLANATORY NOTES -  PHOTOEMSSIVE  TUBES

PHOTOCATHODE 150AV             150CV             150UV

*Surface                                                    Caesium      Caesium       Caesium
antimony   on oxidised    antimony

silver
**Spectral  response  curve                     A  (Sll)             C  (S1)           U  (S13)

Iuminous sensitivity  (Measured
using a tungsten lamp of
colour temperature 2850°K)

typi cal                                                        6 0                   20                   6 0         #A/lm
minimum                                                   3 5                    14                   3 5         ¢A/lm

Each  tube is marked with its sensitivity.  An angle of  15° between the axis
of  the  tube and the direction of the incident light decreases the sensitivity
by not more than 5%.

*The cathode material is deposited on the inner surface of the window, which
is optically plane and polished.  This allows the luminous source to be at a
close and repeatable distance from the cathode.

**The  spectral response curve is a nominal one,  and considerable variation
between individual tubes may be expected.

RARCH  1969 150AV-Page  1



CHARACTERISTICS

Saturation voltage
luminous  flux = 0 . 05 lm
luminous  flux =  1. 01m

Anode voltage

Dark current
150AV,   150Ov
150CV

* hinearity

Insulation resistance

rise time

-
<6.0                            V
<70V

6to90                              V

<1.0                         pA
<1.0                        nA

1o-4

>1ol5                           a

_     14                                 ns

*Tube  current  is  proportional  to  luminous  flux  within  measuring errors,
provided that the anode voltage is higher than the saturation voltage.

CAPACITANCE

ca-k

RATINGS  (ABSOLUTE  MAXIMUM  SYSTEM)

V    max.a
]k Teair  ®er unit area,

average  (averaging time =  1s)

)k ¥eair  (Cathode uniformly illuminated)

150AV,   150UV
150CV

average  (averaging time = 1s)
150AV,   150Ov
150CV

Tbuib max.

Tbuib min.

I.IFE  EXPECTANCY

u

13                     pF+

<®
100V

At the maximum average current the sensitivity will not decrease by more
than 10% of its initial value between start of life and  500 operating hours.
At lower cathode currents a higher stability may be expected.

NOTES                                                                                                                             +
The cathode should not be exposed to direct sunlight.
In cases where low frequency noise influences the measuring results,  this
source of noise may be reduced by cooling the tube to -90°C .
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VACUUM   PHOTOEMISSIVE   TUBES

OUTljlNE  DRAWINGS

O AN                         6.35+-ocI5i3ifi'.,rl3F E3k6o.in/
9.09±o.o5 dia

rn

6. 35±o.o5   dla                     |2 9
I

X 3+d

9 I

3id%T##-'1
•5a•5a

15

-82max
®

rl

a Anode and cathode terminals  are CTl  caps
All dimensions in millimetres
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APPHCATI0N NOTES

The currents allowed through this tube are so small that amplification will always
be  necessary.  To  maintain  the accuracy of the signal from the tube is often the
main problem.  This problem may be divided into four parts.

1.        DlstortiorL due to capacltlve shunting
The signal at the input of the amplifier is

1

2.

where  v  =  signal in volts
i  =  current through photoemissive tube,  in amps

R  =  series resistance across which signal is taken,  in ohms
cLi  =  27rf  (f= signal frequency  in Hz)
C  =  total capacitance of cathode of photoemissive tube

+ input capacitance of amplifier + stray capacitance,
in farads .  The value of C will probably be at least
20pF .

Given a maximurn allowabledistortion, the lpaximum signal frequency will
limit the value of R,  and thel.efore also the value of v.

NolBe

The signal  level at  the input  to the amplifier must exceed the noise level.
The three main sources of noise .are :

a.  Shot noise in the photoemissive tube,  which follows the formula:

[noise  =  JZTB (amps r.in.s.)

Vnoise  =  R[noise

where  e  =  electronic  charge  (1.6 x  1o-19  cou|omb)
i  =  current through photoemissive tube,  in amps

8  =  bandwidth in Hz
R  =  series resistance across which signal is taken,  in ohms

b.  Resistance noise,  which follows the formula:

Vnoise  =  JZETRi5

where  k  =  Boltzmann's  constant  (1.38 x  |o-23  Nm/degK)
T  =  temperature in °K
R  =  series resistance across which signal is taken,  in ohms
8  =  bandwidth in Hz

c .  Input noise of the amplifier

When a thermionic valve is used in the input stage of the amplifier,  the
noise voltage follows the formula:

V-nolse

¥:!rraer:::nwc}{tehsfraebqouveencLydi=%:qasd:eds{f£::ecnhta:::u::°crhe;:thh:::Vqeu:::;:
so that the formula may be approximated to :

VT,o±se --VeqJfT

hrmcH  1969 150AV-Page 4
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VACUUM   PHOTOEMISSIVE   TUBES

®

a

A

®

APPI-ICATI0N NOTES (cont'd)

In this  case Veq can be approximated within a factor of 2 or 3 by:

3xLdr-9fr:

eqgm

Wherela  =  the anode current of the valve,  in amps

gin  =  tbe mutual conductance in amps/volt.
3.       Amplifier input current

The  input  curl.ent to the amplifier should be low compared with the signal
current through the photoemissive tube .

4.       Ampllfler llnearity
'ITie amplifier should have negative feedback so that the stability of the signal
is not impaired and distortion is not introduced.

If the circumstances are such that the signal-to-noise ratio carmot be kept within
acceptable limits -usually where low incident light levels are combined with high
frequencies,  use of this type Of tube should be abandoned inpreference to a photo-
multiplier tube,  in which distortion due to capacitive shunting and noise sources
other than shot noise  are of lower relative importance.

Circuit examples

An example  of a  simple  circuit which is useful  for many purposes  of static  light
measurement is  shown in fig.1.

rm
1.8kn

33knVd.c.

vy5710rF

V a.c.

100kn

#fredpA5kn   Rv,
80

ECIOOO
15

1 1000 27kn kn
Mn Illi

1

80

lvd.c.

-        i     57'Vac

`  'OrFL`l

F!V2
-vy

I
3. 6 Va.c.                                        6.3Va c

I

F,'g  1
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The  50pA meter can be calibrated in millilumens or,  if the whole of the cathode
is illuminated, in lur.  Assuming that the pointer of the meter will not move with
frequencies above 20Hz, noise  level calculations may be restricted to  frequencies
below this . With  a photoemissive tube current of 5nA, the  amplifier input voltage
is   5V,  the  shot noise is  0.1mv,  the resistance noise is  10HV and the equivalent
noise voltage at the  amplifier is  lHV.
The negative feedback in the system is about  1000 times ,  so the accuracy is solely
determined by the accuracy of the 50pA meter,  all other inaccuracies being small .
Mains  voltage variations between +10%  and  -15% have no  effect on the measured
result .

The  circuit  of fig.1  is  calibrated as follows :

Adjust  RV2  so that the total  cathode  series  resistance of the  EC1000  is g6ri S2,

whel.e  RL  is  the  value  of the  series  resistor of the  photoemissive tube and

A is the sensitivity of the photoemissive tube tr{A/lm) as marked on the tube .

Disconnect the  EC1000  grid  from the  photoemissive tube  and  connect  it to  earth.
Connect  the  mains input  and  adjust  Rvi  so that the  50HA meter reads  zero.  The
circuit is  now  set up and  calibrated  for  0.02mlm  per HA deflection on the meter.
For measurements of  rapidly changing phenomena the series  resistor (Ri) should
be  chosen for  an acceptable  signal-to-noise ratio  and acceptable distortion,  and
the meter  should be replaced by a  resistor shunted by the  input to anoscilloscope .
Depending  on  the  frequency,  further  adaptions  of the  circuit may be necessary,
for  example,  further  smoothing  of  the  direct  voltages  and  a d.c.  heater  supply
for  the  EC1000.
For extremely rapid  changes , when all the  circuit time constants must be reduced
as  far  as  possible, the  circuit  of fig.2  may be used.  With this  circuit laser light
flashes can be  recorded with  a  rise timeof the  signal  at the  oscilloscope of  20ns .

F,92
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GAS-FILLED
PHOTOEMISSIVE  TUBE

a

a

EiE

®

155UG

QUICK REFERENCE DATA

Ga,s -filled  photoemissive  tube  with  end-on  incidence,  sensitive  to
ultra-violet radiation and intended for use as an on-off device in flame
failure circuits .

Spectral response                                                             0.20 to o.29            Hm

Supply voltage  (r.in. s.)                                                             220                      V

This data should be read in conjunction with
GENERAL  EXPLANATORY NOTES -  PHOTOEMSSIVE  TUBES

OPERATING PRINCIPLE

When photons of sufficient energy strike the cathode of the tube,  electrons
may be released.  Provided that the tube voltage is sufficiently high,  these
electrons  may  initiate a dischal.ge.  The probability that this will occur is
dependent  amongst  other  things  on the value of the supply voltage and the
intensity of the ultra-violet radiation.

The  discharge  will  cease  as  soon  as  the  instantaneous  value of the tube
voltage falls below the maintaining voltage.

CHARACTERISTICS

Spectral response  (see page  7)

Maintaining voltage

RATINGS

Tamb max.  (opel.ating)

when used in the circuit of Fig.1
when used in the circuits  Fig.2  and  Fig.3

Tamb min.  (operating)

Tamb max.  (storage)

Tanb min.  (Storage)

0.20to  o.29                    „m

180 to  220                               V

No electrical ratings are given for this tube . Designers are strongly advised
to  use  the  recommended  circuits.  Any departure may result in an unsafe
operatingmodewhich is likely to cause an intema,I short circuit in the tube
before its rated iiseful life has expired.

It should be noted that most sources of visible light (e . g . the sun, fluorescent
lamps, etc.)  are also sources of ultra-violet radiation.  Where the level of
such radiation affects circuit operation adequate shielding or filtering should
be provided .
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RECOMMENDED CIRCUITS

1.          Dlrectrelryolrcult  (Tambmax.=70°C)

\\

R1          100Q±10%

R2         220kQ±|o%

R3          270Q±1o%

D               4 diodes  800V  P.I.V.
e.8.  BYX10

CL             12nF±1597o

C2             25HF±15%

Relay :

R               12kQ±  10%

I              < 3mA
On

toff           0.5tol.5mA

P max . > 1 . 2W

NOTES

1.  The  filter  Ri  Ci  reduces  the  effect  of  high  voltage  transients on the
mains .

2.  Incidental  discharges  of  the  tube  will  not  activate  the  relay  with  the
stated range of supply voltage.

SENSITIVITY

Under  the  worst  probable  conditions of supply voltage  (190V) ,  component
variations  and  characteristic  variation of the tube  over 10 000 hours, the
tube  will  activate  the  relay when the standard radiation source  (Fig.4)  is
less than 50mm from the tube.

SEPTEMBER 1968 155UG  Page 2
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GAS-FILLED
PHOTOEMISSIVE  TUBE

2.             bdlr®otrtlftyolroutt  'A'  (Tambmax.  = 100°C)

\\
a

®

®

155UG

100Q ±  10%

100Q ±  10%

120kfl ±  10%

120kQ ±  1Ovo

470kQ ±  1097o

CL            12nF±15%

C2             12nF±1597o

C3              2.2#F  ±  15%

Di.D2     diodes  800V P.I.v.
e.g.  BYX10

NOTE

The filter RL  C] reduces theeffect of high voltagetransients on the mains.

SENSITIVITY

The curve on page 8 shows the relationship between the output voltage  ovo)
and thedistance between the tube and the standard radiation source (Fig.4)
under the worst probable conditions Of supply voltage  (198V)  and component
variations for the least sensitive new tube.

After the first 10 000 hours of operation the sensitivity will have decreased,
but  in  all  cases  will  be  better than indicated by the appropriate curve on
page  8,  provided  that  the  radiation  source  is  doubled  (two candles as in
Fig . 4) .
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3.             mdlreotr®layolroutt 'B'  (Tambmar.  = 100°C)

\\

Ri           100S}±1097o

R2          100Q±10%

R3          330kQ±1o%

R4          150kQ±1o%

R5        470ki}±|o%

Ci           12nF±15%

C2            12nF±15%

C3               2.2#F  ±  15%

DL              diode  800V  P.I.V.
e.g.  BYX10

NOTE

The filter RL  CL reducesthe effect of high voltage transients on the mains .

SENSITIVITY

:de:hue¥:st°::=beet8wsehe°nwd:hteubree::°tnhsehi::i:tw±e:±hfeat::ip::uvr°::a?;±gT8)
under the worst probable conditions of supply voltage  (198V)  and component
variations for the least sensitive new tube .

After the first 10 000 hours of operation the sensitivity will have decreased,
but  in  all  cases  will  be  better than indicated by the appropriate curve on
page  8,  provided  that  the  radiation  source  is  doubled  (two candles as in
Fig . 4) .

SEPTEMBER 1968 155UG  Page 4
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GAS-FILLED
PHOTOEMISSIVE  TUBE

a

®

RiE

®

155UG

APPLICATION NOTES

To ensure that the intensity of radiation incident on the tube in its equipment
will  be  sufficient throughout its service life  (10 000 hours in the case of a
new tube) the following procedure should be observed:

For the circuit of Fig . 1

Place  a  standard  radiation  source  (Fig.  4)  50mm  from  the  tube  and
measure the average voltage across the relay .
h  actual operation the same tube should be mounted at a distance from
the flame such that the average voltage across the relay is a;t least equal
to that obtained using the standard radiation source at 50mm distance.
Care  should  be  taken  that  the  mains  voltage  is  the  same during both
measurements .  The  flame used during this ineasurement should be the
minimum flame which has to be detected . No further readjustment of the
distance between tube and flame will be necessary when the tube is rep-
laced .

For the circuits of Fig. 2 and Fig. 3

Theoutputpowerfromthesecircuitsistoolowtooperatearelaydirectly.
For  effective  discrimination,  the  voltage  at  the  input of the amplifier
must  attain  a  certain  threshold  value  when  the  ultra-violet  radiation
emitted by the flame reaches a certain critical intensity.
Therefore steps must be taken to ensure that the output voltage rvo) from
the recommended circuit will remain above this threshold value through-
out the life of the tube.  This may be done as follows :
Itead from thedotted curve on the relevant graph on page 8 the distance

:Lca°crer::Po°ns::8d::dthre=£=|rnedsomur¥e¥urFivg°.Lj)aga:¥°distancedfromthe
tube and measure the average output volta.ge with a high resistance d . c .
voltmeter  (this is the mean value around which the needle swings) .
In actual  operation the same tube should be mounted at a distance from
the  flame  such  that  the  average output voltage ovo) is at least equal to
that obtained using two standa.rd radiation sources at a distance d.
Care  should  be  taken  that  the  mains  voltage  is  the  same during both
measurements .  The  flame used during this measurement should be the
minimum flame which has tobe detected . No further readjustment of the
distancebetween tube and flare will be necessary when the tube is rep-
laced.

The above procedures do not , of course, include allowance for dirt deposited
on the tube during life .
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GAS-FILLED
PHOTOEMISSIVE  TUBE

A

®

EiE

155UG
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OUTPUT VOLTAGE AS A FUNCTION OF  THE DISTANCE  BETWEEN
RADIATION SOURCE  AND THE  LEAST SENSITIVE  TUBE IN THE

CIRctJ[T OF  Fig . 3

The curve is valid at 0 hours when the tube is irradiated ty one 'standard radiation
source'  and at  10 000 hours when irradiated by two  'standard radiation sources' .
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COIL  ASSEMBLY

rl

A

r\

TENTATIVE  DATA

ATl 113

Deflection  assembly,  consisting  of  deflection,  focus  and  alignment
coils,  for usewith Plumbicon  camera tubes in colour cameras.

Va2fa3= 3°°V    Va2fa3= 6°°V

Line deflection current  a-p)                 170                       250                rnA
Frame deflection current to-p)                 27                         37                rnA

OPERATING  CONDITIONS

Plumbicon tube voltage                            Va2fa3= 3°°V      Va2fa3= 6°°V

Line deflection current a-p)
Frame deflection current ®-p)
Focus current (L9 and Lio in series)
MaLximum alignment currents

LINEARITY

Linearity inside the circle
Linearity outside the circle

170                             250                  rnA
27                           37                nd
75                           loo                 rnA
±5                             ±5                 rnA

s 0 . 5% of picture height
i 1.0% of picture height

I                                           17.1                                              '!

Scalmed area Of tube
Dimensiaus  in  mm
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ELECTRICAL  CIIARACTERISTICS

1

EE alig7nment  c8oiis                         9
detlection  coils

N. T. C.  thermistors  =  1300Q ± 20%  at  250C

R  =   560Q±5970

1  =  black
2  =  transparent  (screened)
3  =  broun
4  =  yellow  (screened)
5  =  red
6  =  orange
7  =  yellow
8  =  9  =  blue

10  =  white
11=-
12=-
13  =  grey

®

2EZE

Terminating panel

Coils Measuring Inductance Resistanceat25°c
points (mH) (a)

L1 +  L2 2rd 0 . 995 ± 3 . 5% 2 . 6 ± 10%

L3 +  L4 3-5 22.1      ±3.5% 63 . 8 ± 109}o

L5 +  L7 6-8 2143       ±10%

L6 +  L8 7-9 2143       ±10%

L9 +  Llo 10-13 148        ±10970

Internal  shield 1

Temperature  dependence of  alignment coils  L5 + L7 and L6 + L8 from  25

to  6o°c  <   197o.

OCTOBER  1967 AT1113   Page  D2
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COIL  ASSEMBLY

OUTLINE  AND  DIMENSIONS  OF  AT1113

AT I I I 3

686           Jf    3

_        32.8      J.         39.8      _
bll'eblack

I+I grey
white

tramspar.nt Ill
12o.(3x)

I •+-=

a

.,,,,,,,'              `•32x)

I,.

`     2oo+
approx.              y.,,o

bro1dimensionsinmm.

EZE 7®                             Al
angeyellow
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COIL  ASSEMBLY AT I I 32

QUICK  REFERENCE  DATA

Deflection  a.ssembly,  consisting  of  deflection,  focus  and  alignment
coils, foi. use with Plumbicon camera tubes in monochrome cameras.

Va2+a3= 3°°V    Va2+a3= 6°°V

Line deflection current a-p)                 170                      250                   rnA
Frame deflection current  ty-p)                Z'/                         37                   rnA

OPERATING  CONDITIONS

Plumbicon tube volta,ge                             Va2+a3= 3°°V       Va2+a3= 6°°V

A
I.ine deflection current  ®-p)
Frame deflection current  to-p)
Focus current (L9 and Lio in Series )
Maximum alignment currents

LINEARTY

Linearity inside the circle
Lineal.ity outside the cii.cle

170                             250                    rnA
27                               37                   rnA
17                               25                    rnA
±5                              ±5                   rnA

= 0 . 5% Of picture height
= 1. 0% of picture height

EZEE

Scarmed area Of tube
Dimensions  in  mm
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ELECTRICAL  CHARACTERISTICS

N.T.C.  thermistor  =   1300S2 ± 2097o  at  25°C
R=     560Q±5%

Terminating panel

fflhEH i

Coils Measuring Inductance Resistance
points (mH) (8)

L1 +  L2 2i 0.99 2.6

L3 +  L4 3-5 22.1 63.8

L5 +  IJ7 6-8 2390

L6 +  L8 7-9 2390

L9 12-13 1100

Llo 10-11 1650

Internal shield 1

CX)T0BER  1967 AT1132   Page  D2



COIL  ASSEMBLY

a OUTIINE  AND  DIMENSIONS

AT I I 32

All  dimensions   in  mm.             EZEE

OCTOBER  1967 AT1132   Pa.ge  D3



®

®



-, VIDICON  TUBE

DEVELOPMENT SAMPLE DATA

XQI010

QUICK REFERENCE  DATA

2 . 5cm (1in) diameter ruggedised vidicon camera tube with low heater
power  and  electrostatic  focusing and deflection.  Intended for use in
military and other applications under limited dimensional conditions .
Thistube has a low power consumption and is suitable for use where
vibration and shock conditions are experienced.

Resolution capability  (at picture centre)

Spectral sensitivity is a maximum at

Typical output current  (8 1ux illumination)

700                lines

0.4               «m

0.15            th

This data should be read in conjunction with OPERATING NOTES on page D3 .

HEATER

Indirectly heated

Vh

lh
6.3±10%              V

90mA

OPERATING CONDITIONS AND PERFORMANCE
(for scarmed area of 11. 2mm X 11. 2mm and a faceplate temperature Of 25 to 35°C)

Pick-up from limited motion live scenes

Conditions

All voltages with respect to cathode

V (target electrode) for dark current
of 0. 2/iA  (typical value)

Vg5  (decelerator mesh)

Vg4  (Collector)

Vg3  (focus)

Vg2  (accelerator)

40

275 to 325

225

0 to  50

225

Vg[ adju.sted for sufficient beam current to stabilise highlights .

Tlll8  Development  Sample  Data  is  derived  fiom   Dovolopm®nt  Samples   provided
tor  inltlal  circuit  woik.   it  does   not  torn   I)art   of  lho   Mullard   T®chnical   Handbook
Service  and   doo§   not   riocossarily  imply   that   the   dovlce   will   eo   into   production
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Perfor-ce
Average deflector plate voltage

Vxi _x2  (Sawtooth at  11. 2mm)

Vxi_y2  (Sawloofh at 11. 2mm)

Peak highlight target current (see note 1)

225 to 250

75

75

0.3

Average target output current  (see note 1)                  0.1 to o.2

Minimum modulation depth at centre Of
picture for 400 t.v.  lines                                                            25
Average gamma of transfer characteristic                          . 0.6

Typical decay                                                                                       10                      %

Measured  with   8  1ux  on  photoconductive  layer,  the  target  .voltage
adjusted for a dark current Of 0 . 2+AA .  Residual signal after dark pulse
of 200ms .

FOCUSING

Electrostatic

DEFLECTI0N

Electrostatic

RATINGS  (ABSOLUTE  MAXIMUM SYSTEM)

When  designing  the circuit,  variations in supply voltages,  component tol-
erances  and ambient temperature must be taken into account.  The ratings
given apply for the full scanned area of 11. 2mm X 11. 2mm  (see note 2) .

Vtarget max.

vg5max.

vg4max.

vg3max.

vg2max.

Maximum voltage between deflection electrodes
-vgl max.

+vgl max.

Faceplate

Maximum illuminati on

Maximum temperatur e

Vh_k(pk) max.

Cathode positive

Cathode negative

Peak dark current max .

Peak target current max.  (see note 1)

JULY  1966

250V

750V

750V

750V

750V

200V

200V

0V

u
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VIDICON  TUBE XQloIO

CAPACITANCES

Target electrode to all other electrodes                                         4.5              pF

This   capacitance,   which   affects  the  output  impedance,   increases  by
approximately 3 .OpF when the tube is mounted in a shield .

ORIENTATION 0F SCANNEI)  RECTANGLE

Correct orientation is obtained when the horizontal scan is parallel to the
plane passing through the axis  of the tube and pin two.

MOUNTING POSITION Any

OPERATING NOTES

1.  Defined  as the component of the targct electrode current after the dark
current has been  subtracted.

2 .  The entireworking area (11. 2mm X 11. 2mm) of the photoconductive layer
should always be scanned, accordingly the use of the mask having these
dimensions is recommended . Scanning an area less than 11. 2mm X 11. 2mm
may permanently damage the photoconductive layer .

3.  The tube requires a mu-metal shield to exclude magnetic fields.

SHOCK AND VIBRATION

The  tube  will  function satisfactorily when vibrated at a frequency of 25 to
500Hz  with  an acceleration of 20g in each of three mutually perpendicular
directions one of which coincides withthe axis of the tube . The rate of change
of  frequency  to  be  logarithmic  and  such  that  a  complete  cycle occupies
approximately  10  minutes .  The  duration Of the test to be twelve complete
cycles in each of'its three directions .

ACCESSORIES

Valve holder

JULY  1966
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CAMERA  TUBES

DEVELOPMENT  SAMPLE I)ATA

XQ1020
Series

QUICK REFERENCE DATA

3cm  ( 1.2in) diameter*Plumbicon camera tubes with separate mesh,
for   sensitive,   high   definition  pick-up  in   monochrome  and   colour
broadcast cameras .

These tubes incorporate a photoconductive layer

XQ1020         -      for use in moDochrome television cameras

XQ1020L      -      providesthe lumimncecomponentof acolour picture

XQ1020R      -      provides the I.ed component of a colour picture

XQ1020G      -      provides the green component of a colour picture

XQ1020B      -      provides the blue component of a colour picture

Dark current                                                                  < 3.0                          nA

Resolution capability                                                 > 600               T.V.  lines

Transfer characteristic                                    linear

GENERAL OPERATIONAL  RECOMMENDATIONS  AND  INSTRUCTIONS FOR
USE ARE GIVEN ON PAGES D7 to D9.

Unless otherwise stated,  data is applicable to all types in the series

Zziil

Eii

I

HEATER

Suitable for parallel operation only

Vh

lh

6.3±5%                       V

300                             rnA

* Registered trade mark for television camera tubes.

tTohrjin,E:iv::?cPuTt9*to:k:Ttp':ogsa':Jtsf::#V8pdaj'°oTtpoev#u°,PaTden+e:aT{€L:SHE:°dv[::t
Service   and   does   not   necessarily   imply   that   the    device   will   go   into   production
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OPERATING CONI)ITIONS
For  scanned area  12 . 8 X 17.1mm  (see note  1)

Conditions

Va3  (See note 2)                                                  Va2 Plus  50 to  100

Va2

Val

Mnimuln peak-to-peak blanldng voltage
when applied to grid
when applied to cathode

la] for normal beam currents

Dark current  (target electrode voltage = 45V)

Faceplate illumination

Perfor-ce
Target electrode voltage  (see note 4)

vg(:oorb:=rne8cauptp-1:£rth

*HighliBht target electrode current

*Average target electrode current

< 1.0                   nrfu

<3.0                   nA

See note 3

45V

-30 to -100                         V

0.3                   wh

approx.  0.15                iiA
Beam current should be adjusted for correct stabilisation of a highlight
signal current of twice the value stated in the table below.

Resolution

Modulation depth at centre of picture for 400 T.V.  lines  (see note 5)

XQ1020XQ1020L
XQ1020R XQ1020G XQ1020B

Highlight target currentVa2=550to650V**,Va3=Va2+50to100V 0.3 0.15 0.3 0.15 wh

40 35 40 50

Resolution capability                                                              >600      T.V.  lines

Signal-to-noise ratio at a siglial current
of o.15iiA  (see note 6)                                                 approx.  200:1

Gamma of transfer characteristic  (see note  7)                    0.95 ±0.05

Peak spectral response                                         approx.  500                    nm

Decay  (see note  8)
Measured  with 100% signal  current Of 0.1i+A and with a light source
Of colour  temperature 2850QK.  The  appropriate filter is inserted in
the light path Of the XQ1020R,  G,  8.

XQ1020,  XQ1020L, R, G          XQ1020B
Max.  residual signal

after dark pulse of 60ms                        5.0                                     6.0        %
after dark pulse of 200ms                      2.0                                     3.0        %

*Subtraction  Of  dark  current  is  unnecessary  because  Of  the  high  ratio of
signal current to dark current.

**Va2 adjusted for optimum focus.
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CAMERA  TUBES

Sensitivity (see note 9)

XQ1020,  XQ1020L

XQ1020R

XQ1020G

XQ1020B

ORIENTATION 0F SCANNED RECTANGLE

Zii

EiiFI

lil

I

XQ1020
Series

275              „A/lm

> 60             A/lm
12 5               wh/lm

> 32               IA/1m

The  picture  quality  specification  will  hold  for  a quahity rectangle 12. 8 X
17.1mm. For correct orientation of the image on the photoconductive layer
the vertical scan should be essentially parallel to the plane passing through
the tube aJds and the mark on the tube base .

FOCUSING AND DEFLECTI0N (see "Accessories")

Magnetic

Approximate values
Focus IJine Field

current current current
(inA) (rnA p-p) (nil p-p)

Monochrome coil assembly AT1132
25 235 35Va2=6°°V]  Va3=Va2 Plus  50 to  100V

Colour coil assembly AT1113
100 235 35Va2=6°°V.  Va.3=Va2 Plus  50 to 100V

PHOTOCONDUCTIVE IAYER

Dimensions Of image on thotoconductive
layer (aspect ratio 4:3)

RAmNGs (ABsOLUTE MAIHMUM sysTEM)

Vtargetmax.

Va3 max.

Va2 max.

Va3.a2 mar.  (a3 positive)

Vat max.  (at Vk=OV)

Pal max.
+vg max.
-vg®k) max.

Vh_k®k)  max.

cathode positive
cathode negative

JANUARY  1968

12.8X17.1

XQ1020 Series  Page D3



RATINGS  (continued)

Minimurn warm-up time of heater to be observed
before drawing cathode current

Tamb max.  (Storage and operation)

Tamb lnin.  (Storage and operation)

1.0

+50

-30

Maximum faceplate temperature  (storage and operation)     +50

Minimum faceplate temperature  (storage and operation)      -30

Maximum faeeplate illumination  (see note 10)                          500

CAPACITANCES

Target electrode to all other electrodes (see note 11)   3 .0 to 6.0

MOUNTING POSITION

WEIGHT

Tube alone  (approx.)

ACCESSORIES

Socket

Focusing and deflection coil assembly

for XQ1020
for XQ1020L,  R,  G,  8

Any

100

pF

56021

AT1132
AT1113

NOTES

1.  Underscanning  Of the specified useful target area of 12 . 8 X 17.1mm,  or
failure  of  scanning,  should  be  avoided  since  this  may  cause  damage
to  the  photoconductive  layer.  The  boundaries  outside this area should
preferably  be  covered  by  a mask to reduce the effects Of internal ref-
lections in the faceplate.

2.  The  optimuni  voltage  difference between a3 and a2 depends on the type
Of focus/deflection coil unit used. For types AT1113. AT1132, a voltage
difference of 50 to  100 volts is recommended .

3 .  Faceplate illurnination level for the XQ1020 and XQ1020L typically needed
to  produce  0.3prA target  current  will  be  approximately 41ux.  For the
colour  tubes XQ1020R,  G,  8,  the target currents stated in the table on
page D2 will be obtained with an incident illumination level on the filters
Of approximately 10 lux,  2850°K colour. temperature.

4 .  The target electrode voltage should be adjusted to 45V . To compete with
excessive  highlights  in  the  scene  to  be  televised  the target electrode
voltagemay be reduced to a minimum Of 25V; this, however, will result
in some reduction in performance, particularly in respect of sensitivity.

5 .  The figures shown represent the typical horizontal amplitude responses
of  the  tubes  after  correction  for  the  faults  introduced  by  the  optical
system. Horizontal amplitude response can be improved by the addition
Of  suitable  correction circuits.  Such compensation,  however,  does not
affect vertical resolution, nor does it influence the resolution capability.

JANUARY 1968 XQ1020 Series  Page D4
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CAMERA  TUBES XQ1020
Series

6 .  The stated ratio represents the ''visual equivalent signal-to-noise ratio" .
Because the noise in such a system is predominantly Of the high-frequency
type, the signal-to-noise ratio is taken as the ra,tio of the highlight video
signal current to the r.in .s .  noise current,  multiplied by a, factor of 3 .
An r.in.s.  noise current in the pre-amplifier Of 2nA.  bandwidth 5rmz,
is assumed.

7.  Gamma   is,   to  a  certain   extent,   dependent  on  the  wavelength  of  the
illumination  applied.
The use of gamma-correcting circuitry is recommended.

8 .  The tubes have a short persistence which makes them ideal for live studio
monochrome and colour applications .

9 .  As measured under the following conditions :
Tubes are exposed  to an illumination of 4 . 54 lux Of colour temperature
2850°K.  The  appropriate filter  is inserted in  the light  path (XQ1020R,
G,  8) . The current obtained is a measure Of the colour sensitivity,  and
is expressed in micro-amperes per lumen of white light before the filter .

Filters used:

XQ 1020R                     Schott                  OG2                      3mm thick

XQ1020G                     Schott                  VG9                      1mm thick

XQ1020B                     Schott                  BG12                    3mm thick

10.  For  short  intervals.  During  storage and idle periods when the camera.
is  not  in  use,   the  tube  face  should  be  covered  with  the  plastic  hood
provided,  or the lens  should be capped.

11.  This  capacitance,  which is  effectively the output impedance,  increases
when the tube is inserted into the deflection/focusing assembly.
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OUTLINE DRAWING OF XQ1020  SERIES

lB8o46l

khh

All   dimensions   in  mm.

JANUARY  1968

Target  electrode
connection
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CAMERA  TUBES XQ1020
Series

®
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ZiEZ
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GENERAL opERATloNAL REcoMMEroATloNs

TRANslroRT,  HANDI.ING AND STORAGE

During transport, handlingor storage, the longitudinal axis must be in either
a horizontal or vertical position . In the vertical position the faceplate Of the
tube must be upwards .
During  long  term  storage  the anibient temperature  should preferably not
exceed 300C .

GENERAL

mse pins
The  Plumbicon has  been  provided  with  tungsten base  pins;  a,ccordingly,
care must be taken when the tube and socket are mated.

Target electrode

Target electrode comection is made with the metallic coating at the face end
of the tubeby a 8pringueoutact which is part Of the focusing coil assembly.

Photoconduetlve layer

n some instances the properties of the rhotoconductive layer may slightly
deteriorate during long idle periods , such as encountered between the manu-
facturer 's last test andthe first time of operation by the user . It is therefor.e
recommendedto operate the tube directly after receipt to restore the photo-
conductive layer. Tbe tube should be operated for a few hours with normal
voltage  settings  and  a  signal  current of 0.15/AA and should be adjusted to
overscan an evenly illuminated target.

ngivt transf er
Because  the  light  transfer  characteristic  has  a gamma of approximately
unity, it may be desirable for broadcast applications to incorporate a gamma
correcting  circuit  in the video-amplifier system with a gamma adjustable
from 0.5 to 1.0.

When  designing this gamma correcting circuit,  manual control  should  be
provided  for the  compression of the video signal in the range 75% to 100yo
Of normal peak white level.

This provision will prevent overloading of the video amplifier system when
the tube is exposed to scenes containing small peaked highlights as caused
by reflections of shiny objects .

Signal -to -nolBe ratio

Sincethe tube does not generate noise to any noticeable extent,  the signal-
to-boise  ratio  will be determined mainly by the noise factor of  the video-
amplifier system.
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Under  normal  studio  lighting  conditions  the  high  sensitivity  Of  the  tube
produces  a  high signal-to-noise ratio,  provided that the output Of the tube
is  fed  into  a  well-designed  input  stage  of the video amplifier system. In
such a system an aperture correction may be incorporated to increase the
resolving power without visually impairing the signal-to-noise ratio.

OPERATING INSTRUCTIONS

1.  Insert  the  tube  into  the  deflection unit  in  such a way that the vertical
scan  is  essentially  pa,rallel  to  the  plane  through the tube axis and the
mark on the base .

2 .  Clean the faceplate of the tube and press the socket gently onto the base
pins .

3 .  Cap the lens and close the iris

4.  Adjust the operating conditions as follows :

a)        Grid bias control at maximum negative bias  a]eam cut-off)

b)        Target electrode voltage at 45V

c)        Scanning amplitndes to marinum

5.  Switch  on  the  camera and monitor equipment.  Allow a few minutes for
heating up .

6. Adjust the monitor to produce a faint,  non-overscanned raster.

7 .  Direct the camera to the scene to be televised and uncap the lens.

8.  Slowly  adjust  the  grid  bias  control  until  a  picture  is produced on the
monitor.  If the picture is too faint,  increase the lens apertul.e.

9.AdjustVa2andVa3®eanfocus)andopticalfocusalternatelyformaximum
focus .

10.£d£Thtethbeei8h::Pruetn=£dsvsgufsf::i::tatsofg::±C[gere#::tp£¥::r¥ean:.below.

XQ1020,  XQ1020L,  G                                          0.3HA

xQio2oR,   B                                                          o.i5prA

Then alignthe beam Of the Plunbicon by one Of the two following methods .

a)        Adjustthe alignment fields so that the centre of the picture on the
monitordoes not move when Va2 and Va3  ®eam focus) are va,ried.

b)        Reduce  the target electrode voltage to a few tenths of a volt only.
Adjust the alignment fields until the most uniform picture is obtained,
as observed on the monitor or an oscilloscope.

Readjust the target electrode volta.ge to 45V.
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I
CAIVIERA  TUBES XQ1020

Series

11.  Adjust the scanning amplitudes as follows :

Direct the camera to atest chart having an aspect ratio of 4 :3 and adjust
the centring controls so that the target ring is just visible in the corners
Of the picture.

a

F!;ff:Hi.ff:i:i;:::;i;:iTit:;:;:;i;i:!|̀!:,:f!¥i

( ( ) )     i:ij!iiii

FS:;i::;;:.
'.i;i:;::f;:fiJ'f;j§:;;i;E

Adjust  the  distance  from the camera to
the  test  chart  and  the  optical focus al-
ternately,  until  the  picture  of  the  test
cha,rt  is  positioned  on  the target as in-
dicated on the adjoining figul`e . (This ap-
plies to XQ1020. For types XQ1020L, R,
G,  a used  in  a colour camera,  the pic-
ture  Of  the  test  chart should besliBhtly
within the circle)

Decrease  both  scanning  amplitudes  until  the  picture  of the test  chart
completely fills the scanned raster on the monitor.

12 .  Adjust the iris for a picture Of sufficient contrast.

13 .  Standby condition and return-to-operation procedure

From operation to standby-

a)        Cap lens

b)        Setvgforbeamcut-off

From standby to normal operation-

a)       Increase beam current to normal value

b)        Uncap lens

A:HNA:XS

-   use  full  size  (12.8X17.1mm)  scanning  Of  the target,  and avoid under-
scamiing.

-   adjust sufficient beam current to stabilise the picture highlights .

-   ensure  that  the  deflection  circuits  are operative before turning on the
bean curl.ent.

-   operate a3 at a voltage equal to or more positive than Va2.

-   avoid focusing the camera directly into the sun.

-   keep the lens capped when transporting the camera.
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VIDICON  TUBES

TENTATIVE  DATA

®

®

XQ1040
XQ1042
XQ1043
XQ I 044

QUICK REFERENCE  DATA

2 . 5cm  (1in)  diameter  vidicon camera tubes with separate mesh,  for
industrial  and  broadcast  applications.  Suitable  for  use  in  transis-
torised  cameras.  The four types  are identical except for the quality
of the photoconductive layer .

XQ1040   -For use in film scanners

XQ1042   -    For.  industrial  and  broadcast  applications  where a high
picture quality is required

XQ1043   -For normal industrial applications

XQ1044   -    A low cost tube for general purposes

Focusing and deflection

Resolution

Heater voltage

Heater current

Magnetic

Up to  1000                lines

6.3V

90mA

HEATER

Suitable for series or parallel operation,  a.c .  or d.a .

6. 3±10%                      V

90mA

Note (applies to series operation only) .  The surge heater voltage must not
exceed 9 . 5V r . in . s . when the supply is switched on . When used in a series
heater chain,  a current  limiting device may be necessary in the circuit to
ensure that this voltage is not exceeded .
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OPERATING CONDITIONS  (for scanned area 9 . 6 X  12 . 8mm)

Condltlons                                                        Normal                operation for
operation            max.  resolution

Va3        Mesh voltage  (see note  1)                265 to 400                   575 to  850

Va2       Focus electrode control range     250 to 300                   550 to 650

Va]       First anode voltage                                       3oo

Vg adjusted for sufficient beam current to stabilise highlights.

mnimum peak-to-peak blanking voltage

::=::E[:=::::8::ode
Field strength at centre of focusing
coil  (approx.)  (see note 2)

Field strength of adjustable
aligrment coils

Performance

Vas      gi:kaLcue::::=¥fe2Vo:LAage fora.

Typ.
nch.

V_         (for picture cut-off with
no blanking applied)

Typical signal current with
faceplate illumination of 8 lux

Resolution capability at centre
of picture  (see note 3)

Modulation depth at 4oo T.V.
lines at centre of picture (see note 4)

40

300

60

Oto4                            0to6

-30 to -loo

150

750                                1000   T.V.lines

50

Typical decay (8 lur illumination,
Vas adjusted for dark current of 20nA;
residual signal after dark pulse of 200ms)                          10

Average gamma of transfer
characteristic   for signal ctirrents
between 10 and 300nA

Appz.ox.  visual equivalent Signal-to-
noiBe ratio  (see note 5)

RAY  1968
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VIDICON  TUBES

a

a

A

a

FOCUSING

Magnetic

DEFLECTI0N

Magnetic

PHOTOCONDUCTIVE  IAYER

Maximum useful diagonal of rectangular image
(4:3  aspect ratio )  (see note 6)

RATINGS  (ABSOLUTE  MAXIMUM SYSTExp

Vas  max.  (see note  7)

Va3  max.

Va2 max.

Vai max.
-V   max.

8
+V   max.

8
£as®k)  max.  (See note 8)

Maximum peak dark current

Vh_k®k)  max.

cathode positive
cathode negative

Maximum faceplate illumination

Maximum faceplate temperature  (see note 9)

16

XQ1040
XQ1042
XQ1043
XQ1044

CAPACITANC ES

Signal electrode to all other electrodes                                    4. 5                    pF
'This capacitance,  which is effectively the output  impedance,  increases ty
approximately 3pF when the tube is insetted into the deflection and focusing
coil  assembly.  The  resistive component of  the output impedance is of the
order Of 100MQ.

ORIENTATION OF SCANNED RECTANGLE

The  horizontal  scan  should  be  essentially  parallel  to  the  plane  passing
through the tube axis and the short index pin.

MOUNTING  POSITION

WEIGHT

Tube alone (approx.)

m¥ 1968

Any

758
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NOTES

1.  Under  no  circumstances  should  the mesh  (a3)  be  allowed to operate  at
a  lower  voltage  than  the  final  anode  (a2),  since  this  may damage the
photoconductive layer .

The   minimum  voltage  difference  (a3  positive  with  respect  to  a2)  to
produce  an  attractive  gain  in resolution  is  15V.  The optimum value  of
Va3  for the highest resolution and the best uniformity  of  I`esolution and
white  level  will  depend  on the type of coil unit used,  and  will  be within
the range  1.05 to  1.3 times Va2.

2.  The  higher  voltage  operation  will  necessitate  an  increase  in focusing
and  deflecting  power.  Provision  should  be  made  for  adequate  cooling
of the tube under these conditions .

3 .  With a video amplifier system having a flat response to  10I\fflz .

4.  'fypical   values,   measured   under   conditions   of   peak   signal   current
I     =150nA and beani current sufficient to  stabilise  500nA.as

5 .  Because the noise in such a system is predominantly of the high frequency
type,  the ''visual equivalent signal-to-noise ratio" is  taken as the ratio
of  the highlight video signal current to the r.in. s .  noise current,  mul-
tiplied  by  a  factor  of 3.  An r.in.s.  noise current in the pre-amplifier
of 2nA,  bandwidth  5hfllz,  is  assumed.

6.  The  entire  working  area  (9.6 X  12. 8mm)  of  the  photoconductive  layer
should  always  be  scanned.  Accordingly the use of a mask having these
dimensions  is recommended.  Scanning an al.ea less than this may per-
manently damage the photoconductive layer.

7.  Vas  should  never  exceed  loov,  either during warm-up or standby,  or
during operation . An excessive signal electrode voltage may permanently
damage the photoconductive layer .

8 .  Video amplifiers should be capable of handling signal electrode cur.rents
of this magnitude without overload or picture distortion.

9 .  Absolute maximum forshelf life and operation.  Under high temperature
conditions a flow of cooling air directed at the faceplate is recommended .
When  televising   flames   and  furnaces,   appropriate  infra-red   filters
should be used.
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VIDICON  TUBES
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Curve A:   Spectral response of XQ1040 Series

Scanned area = 12 . 8 X  9 . 6mm

Signal current = 20nA

Curve 8:   Relative spectral response of the human eye

SPECTRAL RESPONSE CURVES
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CAMERA TUBES
PLUMBICON*

.A

Eiil

f\

XQ1070
XQ1070L
XQ1070R
XQ I 070G
XQ1070B

DEVE I.OPMENT SAMPLE  DATA

XQ1070/OI
XQ1070/OIL
XQ1070/OIR
XQ1070/OIG
XQ1070/OIB

QUICK REFERENCE DATA

25.4mm  (1 in) diameter Plumbicon camera  tubes with  photoconductive  layer
and  separate  mesh construction for broadcast,  educational  and  high quality
industrial applications .  The basic types XQ1070,  L, R, G, 8 are provided with
an anti-halation glass disc, whilethetypes XQ1070/01,  L, R, G, 8 are without .
These tubes are mechanically interchangeable with 1 inch vidicons with separate
mesh and have the same pin connections .

XQ1070    -for use in monochrome television cameras
XQ1070L -provides the lulninance component of a colour picture
XQ1070R - provides the red component of a colour picture
XQ1070G - provides the green component of a colour picture
XQ1070B - provides the blue component of a colour picture

Dark current                                                                                      < 3                       nA
Resolution capability                                                                      > 600             Tv lines
Tr ansfer char acteri stic                                                          line ar

GENERAL OPERATIONAL RECOMMENDATIONS AND INSTRUCTIONS FOR USE
are given on pages 6 to 8.

HEATER

Suitable for parallel or series operation,  a.c.  or d.c .

Vh

Ih

6.3  ±10%              V

95mA

When the tube is used in a series  chain,  the heater voltage must not exceed 9 . 5Vr . in . s .
when  the supply is  switched on.  To  avoid  registration  errors  in  colour cameras,
stabilisation of the heater voltage is recommended.

FOCUSING

DEFLECTI0N

Magnetic

Magnetic

PHOTOCONDUC TIVE  LAYER

Image dimensions on photoconductive lay-er
3:4 aspect ratio  (seenote 1)                                                                               9.6x  12.8    mm

For correct  orientation of  the image on  the  photoconductive  layer,  the  horizontal
scan should be essentially parallel to the planepassing through the tube axis and the
short index pin.

CAPACITANCE

Target electrode to all other electrodes                                                    4.5 ±1.0          pF

This  capacitance,  which  is  effectively  the  output  impedance,  increases  when  the
tube is inserted in the coil assembly.

*Registered trade mark for televisiori camera tubes
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TYPICAL OPERATION

Operating conditions_

Vk

vtarget

Va3  (See note 2)

Va2  (See note 2)

Val

Vg adjusted to give the

Scarmed area

Fa.ceplate illumination

Faceplate temperature

required beam current

9.6X12.8     mm

See note 3

20  to 45                          °c

XQ1070, L, G, XQ1070/01, L, G   XQ1070R, 8, XQ1070/01R, a

Highlight signal current
Beam current

Typical performance

Dark current

200                                                            100                      nA
400                                                          200                     nA

<3nA

Resolution

Typical modulation depth measured at centre of picture for 400  TV lines,  with-
out  aperture  correction  but  corrected  for  losses  introduced  by  the  optical
system .

XQ1070  and /01,  XQ1070L and /01L
XQ1070R,  XQ1070/01R
XQ1070G,   XQ1070/01G
XQ1070B,  XQ1070/01B

Resolution capability

Gamma of transfer characteristic  (see note 4)

Wavelength  (approx. )  (see page  9)
at maximum response
at cut-off

> 600              Tv lines

0 . 95  ± 0 . 05

500                          nm
650                         nm

Lag  (see note  5)
XQ10 70 , XQ10 70 L, R, G

XQ1070/01,XQ1070/01L,R,G         XQ1070B  and  /01B
MaK.  residual signal
after dark pulse of 60ms                    5

Max.  residual signal
after dark pulse of 200ms                  2

E

6%

3%

Sensitivity  (see note 6)
IVIni mum              Typi c al

XQ1070  and  /01,  XQ1070L  and /01L                 275                         400
XQ1070R,  XQ1070/01R
XQ1070G,   XQ1070/01G
XQ1070B,   XQ1070/01B

6080
125                              165
3235

HA/1m
HA/lm
pA/lm
pA/1m

XQ1070-Page  2
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CAMERA TUBES
PLUMBICON

RATINGS (ABsoLUTE  MAmMUM s¥sTEM)

Vtarget max.  (See note  7)

Va3 mar.

Va2 mar.

Va3_a2  max.

Vai max.
-V   men.

8
+V    max.

8

k
Vh.k®k)  max.

C athode positive

Cathode negative

Maximum faceplate illumination (see note 8)

Maximum faeepla.te temperature (operation and storage)

rmnimum faceplate temperature (operation and storage)

IVInimum warm-up time of heater to be observed before
drawing cathode current

EQUIPRENT DESIGN RECOMMENDATIONS

Vtarget  (See note  9)

Va3

Va2

V
8

rmnimum peak-to-peak blanking voltage

when applied to the grid

when applied to the cathode

XQ I 070
Series

25 to 45

820  to  880

570 to  630

0 to -100

70V

25V

The curl'ent drawn by the tube from the first anode supply will not exceed lmA.

MOUNTING POSITION

Any

WEIGHT

Tube alone  (approx. )

ACCESSORIES (see separate data sheets)
Socket
Coil assembly

608

Cinch no.  54A18088 or  equivalent
AT1102 or equivalent

XQ1070-Page 3



NOTES

1.  Underscanningof the useful target area of 9 . 6 X 12 . 8mm, or failure of scanning,
should be avoided, since this may cause damage to the photoconductive layer . The
boundaries outside  this area should  preferably be covered  by a mask  to reduce
the effects Of internal reflections in the faceplate.

2 .  Va2 and Va3  are adjusted for optimum beam focus . The optimum voltage Va3_a2
to  obtain  minimum  beam  landing  errors  (should be =2) depends  on  the  type of
coil  assembly used.  For  the  type  AT1102  a  ratio of  1.3:1  to  1.5:1  is  recom-
mended,  and this ratio should be maintained when focusing.

3.  Adjusted  to  give  the  required   peak  signal  current.   For  a  typical  XQ1070  or
XQ1070/01  the  required  illumination  will  be  approximately  5  lux.   The  signal
currents stated for thexQ1070R, G, a and XQ1070/01R, G, 8 will be obtained with
an incident  illumination of  approximately 12. 51ux  (2854K  colour  temperature) ,
this figure being based on the use of the following filters :

for XQ1070R and /01R Schott OG2    thickness 3mm
XQ1070G and /Old Schott TVG9    thickness  lmm
XQ1070B and /018 Schott BG12 thickness lmm

Transmission curves for these filters  are given on page 10 .

For a monochrome  camera,  the  faceplate  illumination  is  related `to  the  scene
illumination by the for.mula

Bph   =   Bsc
R.T

4F2(in+1)2

where Bsc = scene illumination
Bph = faceplate illumination
R     = scene reflectivity (average or that of the objectunder consider.ation,

whichever is relevant)
T     = lens transmission factor
F      =lens  a.perture
in     = linear magnification from scene to target

A similar  formula may  be  derived  for  the  illulnination  on  the photoconductive
layers,Of  the R,  G and 8  tubes,  in  which  the effects of  the various components
in the complete optical system are taken into account.

4 .  Gamma is to a -ceitain extent dependent onthe wavelength of the incident illumina-
tion.  The use of gamma-correcting circuits is recommended.

5.  Measured with a  100%  signal current Of 100nA and  with a light source of colour
temperature  2854K,.   The  appropriate  filter  is  inserted  in  the  light  path  when
measuring colour tubes .

6 .  As measured under the following conditions :
Tubes  are  exposed  to  an  illumination  of  8.151ux  at  a  colour  temperature  of
2854K.  The appropriate filter is inserted in the light path.  The current obtained
is  a measure of  the colour sensitivity,  and  is  expressed  in micro-amperes per
lumen of white light before the filter.

Filters used:
for XQ1070  and /01R Schott  OG2    thickness  3mm

XQ1070  and /01G Schott VG9    thickness  lmm
XQ1070  and /018 Schott  BG12 thiclmess  3mm

Transmission curves for these filters  are given on page 10 .

XQ1070-Page 4
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CAMERA TUBES
PLUMBICON XQ I 070

Series

7 .  Automatic sensitivity control carmot be obtained in Plumbicon tubes by regulating
the  target electrode voltage.  Adequate  control  can  be  achieved  by  iris control
and neutral density filters .
When a Plumbicon tube is used in cameras originallydesigned for vidicon tubes,
the  automatic  sensitivity  control  circuits  should  be  made  inoperative  and  the
target electrode voltage set to 45V.

8.  For  short  intervals.  During  storage  the  tube  face  should  be covered  with  the
plastic hood provided.  When the camera is idle the lens should be capped.

9 .  Thetarget electrode voltage should be adjusted to45V. If the scenetobe televised
contains excessive highlights,  the target  electrode voltage may  be reduced  to a
minimum of 25V;  this,  however,  will  result  in some reduction in performance,
particularly in respect Of sensitivity.

OUTIINE DRAWING OF XQ1070  SERIES

'The anti-halation glass disc  (for types XQ1070, L, R, G, 8) is located within a circle

of diameter 20 .6mm,  concentric with the target electrode ring.
The base seal of the tube is protected  by a metal sleeve,  which is cut-off obliquely
at the top.  Rotating  the  tube while pulling  will free  the  tube without damage to the
centring or target-electrode springs .

XQ1070-Page 5



I
GENERAL OPERATIONAL RECOMMENDATIONS

Transport, handling and storage

During transport, handlingor storage, the tube should beplaced so that the face-
plate is not below the level of the base.

Base pins

The pins Of  this  tube are of Kovar.  Accordingly,  care  must  be  taken  when  the
tube and socket are matched,  in order  to avoid  damaging  the pins or the glass-
to-metal seals .

Target electrode

The connection  to  the  target electrode is made at  the face end of  the  tube  by a
spring contact which is paul of the coil assembly .

Phctooonductive layer

In some instances the properties of the photoconductive layer may sligivtly deterio-
rate during  long idle periods,  such as  encountered  between  the manufacturer's
last I;est and the first time of operation by the user . It is therefore recommended
to operate the tube at approximately monthly intervals from receipt.  To restore
thephotoconductivelayer, the tube should be operated for afewhours with normal
voltage settings  and a signal current of 150nA.  and should be adjusted to overscan
an evenly illuminated target .

Light transfer

Because the light transfer characteristic has a gamma of approximatelyunity, it
may be desirable for broadcast  applications  to incorporate a gamma-correcting
circuit in the video system, with a gamma adjustable from 0 .4 to 1. 0 . In addition,
provision should  be made for  limiting the video  signal  above  10097o  Of peak white
level, in order to prevent overloading of thevideo amplifier system when the tube
is  exposed to scenes containing small peaked highlights  as caused by reflections
from shiny objects .

Signal-to-noise I.atlo

Since thetubedoes not generate noise to any noticeable extent, the signal-to-noise
ratio will be determined mainly by the noise factor of the video amplifier system.

Under normal studio lighting conditions the high sensitivity of  the tube produces
a high signal-to-noise ratio provided that the output of the tube is fed into a well
designed input  stage of  the video amplifier system.  In such a system horizontal
andvertical aperture correction may be incorporated to ensure sufficient gain in
resolving power without significantly impairing the signal-to-noise ratio.

OPERATING INSTRUC TIONS

1.  Clean the faceplate of the tube and insert in the coil assembly in such a way that
theplane defined by the tube axis  and the mark on thebase is  essentially parallel
to the direction of the vertical  scan.

2 .  Car.efully mate the socket with the base pins .

3.  Cap the  lens  and  close  the iris.

8i
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CAMERA TUBES
PLUMBICON XQ I 070

Series

.1

OPERATING INSTRUC TI0NS  (contd. )

4 .  Adjust the operating conditions  as follows :

(a)  Grid bias control to maximum negative bias  ®eam cut-off)

a)  Target  electrode voltage to 45V.

(c)  Scanning amplitudes to maximum  (overscanning)
5 .  Switch on camera and picture monitor equipment. Allow a few minutes forwarm-

ing up .

6.  Adjust the monitor to produce a faint,  non-overscanned raster.

7 .  Direct the camera towards the scene to be televised and uncap the lens .

8.  Slowly adjust the grid  bias control until a picture is produced on the monitor.  If
the picture is too faint,  increase the lens aperture.

9.  Adjust Va2 control  @eam focus)  and optical focus  alternately for optimum focus.

10 .  Align the beams  of the  Plumbicon by one of the following methods :

(a)  Adjust the alignment  fields in such a way that the centre of  the picture on
the monitordoes not movewhenva2 @eam focus) is varied. This is catered
for automatically in some cameras.

a)  Reduce the target electrode voltage to a very  low value.  Adjust the align-
ment fields until the most uniform picture is obtained,  as observed on the
monitor or an oscilloscope.

11.  Adjust the scanning amplitudes as follows :

(a)  By means  of a 9 . 6 X  12 . 8mm mask which is  in contact with and centred on
the  faceplate.  Decrease  the  horizontal  and  vertical  scanning amplitudes
until the periphery of  the mask is  just  outside  the raster on  the monitor.
This may be i acilitated by small adjustments of the centring controls .

@) If no mask is  available, direct the
c amera towa].ds  atest chart having
an aspect ratio  of  4:3   and  adjust
the centring controls in such away
that  the target ring is  just visible
in the corners of the picture . Adjust
the  distance  from camera  to test
chart,  and re-focus until the image
of  the  test chart  is positioned  on
the  faceplate  as  indicated  on  the
adjoining figure .

Decrease both scanning amplitudes until' the image of  the test chart com-
pletely fills the scanned raster on the monitor.

XQ1070-Page  7
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OPERATING INSTRUCTIONS  (contd . )

12 .  Adjust the iris for a. picture of sufficient contrast and adjust thebeam current to
a value at which all highlights are stabilised.

13 .  Check alignment,  beam focus  and optical foous .

14.  Procedure for standby operation

From operation to standby -

(a)  Cap lens

a)   Set Vg for beam cut-off

(c)  Switch off heater

From standby to normal operation -

(a)  Restore heater voltage to 6 . 3V

¢)  Wait 1 minute

(a) Increase beam current to normal value

(d)  Uncap lens

ALENI A:HS -

Use full size  (9. 6 X  12 . 8mm)  scanning of the target and avoid underscanning.

Adjust sufficient beam current to stabilise the picture highlights .

Ensure  that  the  deflection  circuits  are  operative  before  turning  on  the  beam
current .

Operate a3  at a voltage equal to or more positive than a2 .

Avoid pointing the camera directly into the sun.

Keep the lens capped when transporting the camera.

XQ1070-Page 8
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VIDICON  TUBE

1

lil

55850AM

PRE LIMINARY   DATA

QUICK   REFERENCE   DATA

2 . 5 cm  (1 in)  diameter vidicon television camera tube with low

heater power.  Intended for use  in  low-cost industrial,  or  ex-

perimental cameras .

Pick-up from limited motion live  scenes
Final anode voltage  (focus range)

Field strength at centre  of focusing coil
Resolution capability  (at picture  centre)

This  data should be  read in conjunction with OPERATING NOTES on pages

D5  and D6

HEATER

hdirectly heated.  Suitable for series or parallel operation.
Vh

lh
6.3V

90mA

N ote -  (applies to series operation only) .  The  surge  heater  voltage  must not
exceed  9.5Vr.in.s.  when  the  supply is  switched  on.  When  used  in  a  series
heater  chain,   a  cur.rent  limiting  device  may  be  necessary  in  the  circuit  to

ensure that this voltage is not exceeded.

TYPICAL OPERATING CONDITIONS AND  PERFORMANCE

(for scanned area Of  9.6 mm x 12 .8 mm and a faceplate temperature Of 25 to 35°C)

Pick up from limited-motion  live scenes

Conditions

Va2+a3 focusing electrode  control range  (see note 1)     25o to 3oo

Val                                                                                                                      300

Vgadjustedforsufficientbeamcurrenttostabilisehighlights

Minimum peak-to-peak blanking voltage
when applied to the  grid
when applied to the cathode  (see note  3)

Field strength at centre Of focusing coil  (see note  3)  approx.  40

Field strength of adjustable  alignment coils  (seenote 3)      0 to 4

FEBRUARY  1964



P e r i o r in an c e

Signal electrode voltage  (for dark current Of 20 nA)

Minimum

Typical

Maximum

Vg  (for  picture   cut-off  with  no  blanking  applied)    -20to-110

Minimum signal current with faceplate  illumination

of 10 len (see note  4)

Resolution capability at centre Of picture (see note 5)

Typical decay

(Measured with  10 lux on photoconductive  layer,   a

peak white  signal Of  100nA  and rest signal after
dark pulse  of 200 ms . )

Average gamma Of transfer characteristic for signal

output currents between 10 and 300nA

Visual equivalent signal-to-noise ratio  (see note  6)

Spurious signals

Shading

Spots and blemishes

FOCUSING

Magnetic

DEFLECTION

Magnetic

PHOTOCONDUCTIVE  LAYER

Maximum useful diagonal of rectangular image

(4  :  3  aspect ratio)

0.6

300   :   1

EI
see note  7

see note  8

16mm

ABSOLUTE  MAHMUM RATINGS

The equipment designer must ensul.e thatthe tube does notexceedthese  ratings.
When designing the circuit, variations in Supply voltages, component tolerances
and ambient temperature must be taken into account.

The  ratings  given  apply for the full  scanned  area  Of  9.6mm x 12.8mm  (see
note  9) .

*  Signal-electrode voltage  max.

Va2 + a3 max.

Vat  max.

FEBRUARY  1964

100V

800V

350V
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VIDICON  TUBE

-vg max.

+  vg max.
**  Peak signal  current max.

Faceplate

Maximum  illumination

Maximum temperature  (see note  10)

Vh.k(pk)  max.

C athode  positive

Cathode negative
Vh  max .

Vh min .e

A

55850AM

125V

0V

600                           nA

*  An excessive signal-electrode voltage  may cause  permanent damage tothe

photoconductive  layer,  and the  signal-electrode voltage  must never exceed
100V,   during warming-up or stand-by,   or during operation.

**  Video amplifiers  must be  capable  Of amplifying  signal-electrode  currents

of  this   magnitude   without   over.loading   the   amplifier   or   distorting  the

picture .

CAPACITANCES

Signal  electrode  to  all  other  electrodes                                                 4.5                     pF

This  capacitance,   which  is  effectively  the  output  impedance,   increases

by  approximately  3  pF  when  the  tube  is  mounted  in  the   deflection   and

focusing coil-assembly .  The  resistive  component of the  output  impedance

is  approximately  100MQ .

ORIENTATION  OF SCANNED RECTANGLE

Correct  orientation  is  obtained  when  the  horizontal   scan  is  parallel  to  the
straight  sides  of the  masked  portions  of the  faceplate.   The  masking is  only

a reference for  orientation  and does not  define the  proper  scanned area Of the

photoconductive  layer .

MOUNTING  POSITION

WEIGIIT

tube  alone

FEBRUARY  1964
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VIDICON  TUBE 55850AM

A

f\

OPERATING NOTES

1.     Focusing  Of  the  beam  is  controlled  by   Va2   and  a  focus  coil  having  an

average field strength of  40 G.  For  adjustment Of fcous provision must be
made in the a2 circuit to allow variation of  Va2 within the specified range

Normally  a2  should be operated above  250V.  Loss  Of both  definition  and

uniformity  of  focus  over  the  screen  area  occurs  as  Va2  is  decreased.

2.     h transistor cameras cathode  blanking is  preferable.  The cathode impe-

dance  is in the  order Of 30kfl .

3.     With an indicator placed at the  image end of the focusing coil,  the.direction

of the currentpassedthrough the coil should be such thatthe north seeking

pole of the indicator is attracted to the image end Of the coil.
The alignment con  assembly should be located  round the tube so that

its  axis in common with the  axes of the tube,   the  deflection  yoke  and  the

focusing  coil.  The  centre  of  the  alignment  coil  assembly  should be ap-

proximately  9. 4 cm from the face Of the tube . .

4.     Defined  as  the  component of the  signal-electrode  current  after  the dark

current has been subtracted.

5.     With a video-amplifier system having  7.5Mc/s  bandwidth  (-3dB points).

A resolution capability of approximately     9001ines  cam be  achieved

With  the  Va2 + a3  adjusted  to  750V  and  a  focusing  field  strength of ap-

proximately   70 G.  With   this   mode  of  operation,   beam -landing   errors
resulting in para.bolic shading and dark corners increase,and the deflecting
and focusing coils should be designed to eliminate these errors .

Because higher power will be required to produce  70G  the tube ten-

perature will increase and adequate pl.ovisions for cooling should be made .

6.     Measured  with  a  peak  signal  output  current Of   200nA  into  a  high-gain

cascode -input   type  of  amplifier  with  an  internal  noise  current  Of  2nA
r.in.s.  and a bandwidth of  5Mc/s.  Because the noise in such a system is

predominantly Of the high-frequency type,  the visual equivalent signal-to-
noise ratio is  taken  as  the  ratio of the  highlight  video-signal  current  to
the r .in.s .  noise current multiplied by a factol. Of 3 .

7.     Target voltage adjusted to obtain a dark curI.ent Of  20nA  with the camera

directed  towal`ds  a  uniformly  illuminated  white  background and the light
level  adjusted  to  produce  a signal  output  current  (see note  4)  of  200nA.
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The  composite video  sigrial when viewed as  a  horizontal trace on a wave-
form oscilloscope will have  a peak-to-peak amplitude of less than 50  % Of

the peak signal.

8.     The  test  for   spots   and  blemishes   is   to  be  made   under  the   fouowing
conditions  . -

a)     Target voltage  adjusted to obtain a dark current Of 20nA.

b)     The  camera  focused  on  a  uniformly  illuminated  two -zone  test

pattern,  the  diameter  Of  the  centre  zone  (1)  being  equal  to  the
raster height.

c)     Light level adjusted to produce  a signal output current  of  200 nA

(see  note  4) .

d)     Scarming  anplitude  of  rectangular  monitor  adjusted  to  obtain a
faster with an aspect ratio of 4  :  3.

e)     Monitor  set -up  and  contrast  control  adjusted  for  i.aint  raster
when  lens  Of  camera  is  capped,  and  for   non-blooming   bright

raster when lens  Of camera is uncapped.

With the conditions as specified,  the number and  size Of the  spots visible
in the monitor picture is not to exceed the limits stated below.  Both black
and  white  spots  must  be  counted,  unless  the  contrast  ratio  is   2  :  1  or
less .

Spot size Maximum number Of spots

Percentage of raster height Zone  1 Zone  2

>  1  97o none none

1  -0.6  % 1 3

0.6  _  0.2  % 4 6

<0.2% * *

* Do  not  count  spots  Of  this  size  unless   concentration   ca.uses  a   smudgy

appearance.

9.     The entire working area  (9.6mm x 12.8mm)  of the photoconductive layer

should always  be  scaned,   accordingly the  use  of  a  mask  having  these
dimensions is recommended. Scarming an area less than  9.6mmx 12 .8mm
rna.y permanently damage the photoconductive layer .

10.    Absolute maximum for  shelf-life  and operation.  Under  difficult  environ-
mental conditions a flow Of cooling a.ir directed at the faceplate is recom-
mended. When televising flames and furnaces appropriate in{ra-red filters
should be used .
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VIDICON  TUBES
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IIIRE
PRELIMINARY DATA

5585og
F

QUICK RE FERENCE DATA

2 .5cm  (1  in)  diameter  vidicon camera  tubes with the  low heater

power.   Intended  for   use  in  industrial,    medical  and  broadcast
television   systems   in  either   black  and  white  or   colour.   The
55850 has three  grades,   namely  55850N  -for normal  industrial

applications.   55850S   -for   industrial,    medical  and  broadcast

applications  in which a higher picture quality is  I.equired. 55850F

for use in film scanners .
Pick-up from limited motion line  scenes

Final anode voltage  (focus range)              250 to  300                           V

Field strength at centre  of focusing coil                40                          G

Resolution  capability  (at picture  centre)            >600                     lines            _`£' `
HELFg

This data, should be  read in conjunction  with OPERATING NOTES on pages D5

and D6 .

HEATER

hdirectly heated.  Suitable for series  or parallel operation.  (see note  10) .

Vh                                                                                                                             6.3                         V

Ih                                                                                                                     90                         rnA

Note   -   (applies to series  operation only) . The  surge hea,tervoltage must not

exceed  9.5V r.in.s.   when  the  supply  is  switched on.   When  used in  a series

hea.ter  chain,   a  current  limiting  device  may  be  necessary  in  the  circuit  to

ensure that this voltage is not exceeded.

TYPICAL OPERATING CONDITIONS AND PERFORMANCE

(for  scanned area of  9.6mm x 12 .8mm  and  a faceplate temperature  of  25 to 35°C)
Pick up from limited-motion live  scenes

Conditions
Va2+a3  focusing electrode  control  range  (see  note  1)   250  to  300                            v

Val                                                                                                                       300                            V

Vg adjusted for  sufficient beam current to stabilise highlights
Minimum peak-to -peak blanking voltage

When applied to the grid

APRIL  1964
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when applied to the  cathode  (see note 2)                                   20

Field strength at centre of focusing coil  (see note  3)  approx.  40

Field strength Of adjustable  alignment coils  (see note  3)    0 to 4

P e r f o r rna n c e

Signal electrode voltage  (for dark current Of 20nA)

Minimum
Typical
Maxinum

Vg  (for picture cut-off with noblanking applied)          -20 to  -110

Minimum signal current with faceplate illumination
Of  10  lux  (see  note  4)                                                                                        75

Resolution capability at centre of picture  (see note  5)           aeoo

Typical decay

(Measured with 10 lux on photoconductive  layer,  a

peak white signal Of  100nA and rest signal after dark
pulse  of  200ms.)
Average gamma of transfer characteristic for signal
output currents between  10 and 300nA 0.6

Visual equivalent signal-to-noise  ratio  (see note 6)           300  :  1

Spurious signals  (shading)                                                       see note  7.

Pick-up from film(minimum-lag   operation)

Conditions

As under 'Pick-up from limited-motion live scenes' with the exception Of :

Faceplate illumination (highlight)                                     500                        lux

Performance
As under 'Pick-up from limited-motion live scenes'  with the exception of :

Signal voltage  (for dark current of 5nA)

Minimum
Maximum

Signal current

Typical decay

(Measured at peak white  signal of 300nA and rest signal after
dark pulse  of zooms .)

Operation for maximum resolution
Conditions

As under 'Pick-up from limited-motion live scenes'  or  'Pick-up from film',

with the exception  of : -

Va2+a3                                                                                                 750                             V

Field strength at centre  of focusing coil        approx.  70                          G
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Performance
As under 'Pick-up from limited-motion live scenes'  or  'Pick-up from film',

with the  exception  Of : -

Resolution capability at centre  of picture    approx.  900                    lines

FCXJUSING

Magnetic

DEFLECTION

Magnetic

PHOTOCONDUCTIVE  LAYER

Maximum spectral response

Maximum useful diagonal of rectangular  image

(4:3  aspect  ratio)

ABSOLUTE MAXIMUM RATINGS

0.45                   Hm

16mm

The equipment designer must ensure that the tube does not exceedthese ratings .

When designing the circuit,  variations in supply voltages,  component tolerances

and ambient temperature  must be taken  into account .

The ratings  given  apply for  the full  scanned area  of 9.6 mm x 12.8  mm  (see

note  9)
*  Signal-electrode voltage max.

Va2  +  a3  max.

Vat  max.
-V    max.

8
+ vg max .

**  Peak signal current max.

Faceplate
Maximum  illumination

Maximum  temperature  (see note  10)

Vh.k  (pk)  max.

Cathode  positive
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Cathode negative                                                                               10                          V

Vh max.                                                                                                                   6.9                       V

Vh min.                                                                                                                        5.7                        V
* An  excessive signal-electrodevoltage may cause  permanent damage to   the

photoconductive layer,  and the signal -electrode voltage must never exceed
100 V,  during warming-up or stand-by,   or  during operation.

Video amplifiers must be capable of amplifying signal-electrode  currents

Of   this   magnitude   without   overloading   the  amplifier   or  distorting   the

picture .

CAPACITANCES

Signal electrode to all other electrodes                                               4. 5                    pF

This  capaeitance,   which  is  effectively  the  output  impedance,   increases

by  approximately   3 pF  when  the  tube  is   mounted  in  the  deflection   and

focusing coil-assembly.  The resistive component of the  output  impedance

is  approximately  100MQ .

ORIENTATION  OF SCANNED RECTANGLE .

Correct  orientation  is  obtained  when  the  horizontal   scan  is  parallel  to   the

straight  sides  of  the  masked  portions  of  the faceplate.   The  masking  is  only

a reference for  ol`ientation  and does not define the proper  scanned area of the

photoconductive  layer .

MOUNTING POSITION

WEIGHT

Tube alone
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OPERATING NOTES

1.     Focusing  Of  the   bea]m  is  controlled   by Va2  and  a  focus  coil  having   an

average field  strength of 40G.  For adjustment  Of focus provision must be

made  in the  a2  circuit to allow  variation of Va2 within the specified range

Normally  a2  should  be  operated  above  250V.  Loss  of  both definitionand

uniformity  Of focus  over the screen  area occurs  as Va2  is  decreased.

2.     in transistor cameras cathode  blanking is  preferable.  The  cathode  impe-
dance  is  in the order of  30kfl .

3 .     With an indicatorplaced at the image end of the focusing coil,  the direction

of the  current passed through the coil should be suchthat the north seeking

pole of the indicator  is attracted to the  image  end Of the  coil .
The  alignment  coil assembly should be  loca.ted  round the tube so that

its  axis  in  common with the  axes  of the tube,   the deflection  yoke  and  the

focusing  coil.  The  centre  Of  the  alignment  coil assembly  should be  app-

roximately  9 . 4cm from the face  of the tube .

4.     Defined  as the  component Of  the  signal-electrode  current  after  the  dark

current has been subtracted.

5.     With a video-amplifier system  having 7.5 Mc/s bandwidth  (-3 dB points)  .

A  resolution  capability  of  approximately  900  lines  can  be  achieved

With  the Va2 +  a3 adjustedto 750 V and afocusing field strength of approx-

imately 70 G.  With this mode of operation, beam-landing errors resulting

in  parabolic  shading  and  dark  corners  increase,   and  the  deflecting and
focusing coils  should be  designed to eliminate these errors .

Because higher power will be required to produce  70  G the tube  tern-

perature will increase andadequate provisions for cooling shouldbe   made.

6.     Measured  with  a  peak-signal   output   current  of  200nA  into  a  high-gain
cascode-input  type  of   implifier  with  an   internal   noise  current  Of   2nA
r .in .s .  and a bandwidth Of  5 Mc/s .  Because the noise  in such a system is

predominantly Of the high-frequency type,  the visual equivalent signal-to-
noise  ratio is  taken as  the ratio  Of the  highlight  video-signal  current  to
the  r. in.s .  noise current multiplied by a I.actor  Of  3 .

7.     Target  voltage adjusted to obtain  a dark current of  20nA with the camera

directed  towards a  uniformly  illuminated white  background  and the  light
level  a.djusted  to  produce  a, signal output  current   (see note  4)  Of   100nA.

The composite video signal  when viewed as a horizontal trace on a wave-
form oscilloscope will have  a peak-to-peak amplitude  Of less than 5`0%  Of
the peak signal .
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8.     The   entire workingarea(0.6 mm x  12.8 mm) Ofthephotoconductive   layer

should  always  be  scanned,   accordingly  the  use  Of  a  mask  having  these

dimensions is recommended . Scanning an arealess than 9 . 6 mm x 12 . 8 mm
may permanently damage the photoconductive layer .

9.     Absolute  maximum for  shelf-life and  operation.  Under  difficult environ-

mental conditions a flow Of cooling air directed at the faceplate is recom-
mended. When television flames and furnaces appropriate infra-red  filters
should be used.

10.  When  the  55850  vidicon  is  used  as  a  replacement  for types  requiring a

larger  heater   power,   it  is   poBBible,   because   Of  the   regulation  Of  the
heater supply,  for the heater voltage limits to be exceeded.

The  heater  voltage,    measured  at  the  base  pins  must  therefore   be
checked after a substitution is carried out.
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TENTATIVE  DATA

5585 I -2IAM
5585 I -2IN

QUICK  REFERENCE  DATA

2.5cm  (1 in)  diameter  vidicon  camera  tubes  with  separate  mesh,
for   industrial   applications.  The  two  types  are  identical,  but  the
55851-2-AM  is a  low-price  tube  with  a  slightly  lower  standard  Of
blemishes  on  the  target  surface.

Final anode voltage  (focus range)

Resolution capability at picture centre

Heater voltage

Heater current

V

HEATER

Suitable for series or parallel operation,  a.c.  or d.c.

Vh

i
6.3V

300to350     rnA

Note (applies to series operation only) .  The surge heater voltage must not
exceed 9 . 5V r.in . a . when the supply is  switched on.  When used in a series
heater chain,  a current limiting device may be necessary in the  circuit to
ensure that this voltage is not exceeded.

OPERATING  CONDITIONS   (for scanned area 9.5 X12.7mm)

Conditions

Vas        Signal electrode voltage

Va.3         MeshvoltaLge   (seenote  1)

30to  70           V

300 to 450         V

Va2        ge°ecunsoftne82e.]ectrode control range  (final anode)     2oo to 3oo        v

Vai        First anode voltage

Vg  adjusted for sufficient beam current to stabilise highlights .
300V

Mnimum peak-to-peck blanhing voltage
when applied to the grid                                                           50
when applied to the cathode                                                     25

Field strength at centre of focusing coil (approx.)                       40

Field strength of a,djustable alignment coils                             0 to 4
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Perfor-ce
Vg(forpicturecut-offwithnoblandnga.pplied)

Signal current with faceplate illumina,tion of
10lux  (approx.)  See note 3

Resolution capability at centre Of picture
(see note  1)

-30 to  -100                   V

Average slope of transfer characteristic for signal
output currents between 50 and 200nA  (approx.)

rocuslNG
Magnetic

DEFLECTION

Magnetic

PHOTOCONDUCTIVE  IAYER

Maximum useful diagonal of rectangular image
(4:3  a.spect ratio)   See note 4

RATINGS   (ABsOLUTE  MAXIMUM  SYSTEM )

V      max.   (seenote5)as
Va3  max.

Va2  max.

Vat  max.
-V-.

8
+V   max.

8
Vh_k®k)  max.

cathode positive
cathode negative

150                  nA

up to 900            lines

0.65

Maximum temperature of faceplate  (see note 6)                    70

CAPACITANCES

Signal electrode to all other electrodes  (approx.)                         5.0           pF

This capacitance,  which is  effectively the output impedance.  increases  Py
approximately 3pF  when the tube is mounted in the deflection and focusing
coil assembly.  The resistive component Of the output impedance  is  of  the
order of 100MQ.

ORIENTATION  OF  SCANNED  RECTANGLE

Preferred  orientation  is  obtained  at  the  point  where  no mesh  pattern ls
observed.

MOUNTING  POSITION

WEIGHT

Tube alone  (approx.)

DECEMBER  1967
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5585 I -2IN

OPERATING  NOTES

1.  The  mesh  (a,3)  should  be opera.ted  at a higher electrical  petential  than
that Of the final anode  (a2) . Va3  should be adjusted for optimum resolution
and  minimuln  shading.  If  a,  separate  supply  is  not  available  for a3 it
should be cormected to a2 .

2.  Focusing  of  the  beam  is  controlled  by  Va2  and a  focus coil having an
average field strength of 40Gs . For focus adjustment provision must be
made to allow variation Of Va2 within the specified range .

3 .  Defined  as the component Of the signal electrode current after the dark
current has been subtracted.

4.  The  entire  working  area  (9.5 X12.7mm)  Of the photoconductive  layer
should  always  be  scanned.  Accordingly the use Of a mask having these
dimensions is recommended.  Scanning an a.Tea less  than this ray per-
manently drmage the thotoconductive layer .

5.  Vas  Should never  exceed  100V,  either during warm-up,  or standby,  or
duringoperation.Anexcessivesignalelectrodevoltagemaypermanently
damage the photoconductive layer .

6.  Absolute maximum for shelf-life and operation.  Under high temperature
conditions a flow of cooling air directed at the faceplate is recommended.
When televisingflames and furnaces , appropriate infra-red filters should
be used .
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CAMERA  TUBES

TENTATIVE DATA
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ZiR

55875
55875R
55875G
558758

QUICK REFERENCE DATA

:3cm(1. 2in)diameter plumbicon camera tubes for sensitive , high defini-
tion pick-up in monochrome  and colour broadcast cameras.
These tubes  incorporate a photoconductive layer.

Dark current                                                                                 < 3. 0               nA

Resolution capability                                                              > 600        Tv lines

Transfer characteristic                                                linear

GENERAL OPERATIONAL RECOMMENDATIONS AND INSTRUCTIONS  FOR USE
given on pages D7  to D9.

HEATER

Suitable for parallel operation only

Vh

Ih

6.3±5%          V

90mA

OPERATING  CONDITIONS

For scanned area of 12mm X 16mm and a faceplate temperature of 20°C to
45°C  (see note  1)

Conditions

Va2fa3

Val

Minimum peak to peak blanking voltage

when applied to grid

when applied to  cathode

la] for normal beam currents

Dark current (target electrode voltage =45V)

Faceplate illumination  (see note  2)
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Performance

Target electrode voltage  (see note 3)

Vg (for picture cut-off with no blanking applied)
*Highlight target electrode current

*Average target electrode current

Beam current  (see note 4)

Resolution-

Modulation  depth  at  centre of picture for 400 TV lines  (see notes  5,
6 and  11)-

55875 55875R 55875G 558758

At highlight target current 0.3 0.15 0.3 0.15      A

Va,2itL3 = 250V to  30ov 35 30 35 45%

Va2fa3 = 550 to  650V 40 35 40 50%

Resolution capability                                                            > 600             Tv lines

Signal to noise ratio at a signal current
of o.15[AA  (see note  7)                                                   approx.  200:1

Gamma of transfer characteristic  (see note 8)                  0. 95 ± 0. 05

Peak spectral response                                        approx.  500                       nm

Decay  (see note  9)

Measured with  100%  signal  current  of 0 .1HA
and with a light source with a colour temperature
of 2850°K.  The appropriate filter is  inserted
in the light path of the  55875R, G, 8 tubes

Max.  residual signal

after dark pulse Of 60ms

after dark pulse of 200ms

Persistence  (see note 9)

Sensitivity  (see note  10)

55875

55875R

55875G

558758

> 275                  IA/lm

> 60                 „A/lm

> loo                  HA/lm

> 32                   4,A/lm

*Subtraction  of  dark  current  is  umecessary  because of the high signal
current to dark current ratio.
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55875
55875R
55875G
558758

ORIENTATION OF SCANNED RECTANGLE

The   picture  quality  specification  will  hold  for  a  12mm  X  16mm  quality
rectangle . For correct orientation of the image on the photoconductive layer
thevertical scan should be essentially parallel to the plane passing throuth
the tube axis and the mark on the tube base .

FOCUSING

Magnetic  (see note  11)

DEFLECTION

Magnetic  (see note  11)

PHOTOCONDUCTIVE  LAYER

Image dimensions  on photoconductive layer

3 :4 aspect ratio  (see note  1)

RATINGS  (ABSOLUTE  MAXIMUM SYSTEM)

Vtargetmar.

Va2ia3 max.

Vat max.
-V   max.

8
+V    max.

8
Ik max .

Vh_k(pk)  max.

cathode positive

cathode negative

Faceplate

maximum illumination  (see note  12)

12mm X 16mm

500

maximum temperature  (operation and stora,ge)                    50

minimum temperature  (operation and storage)                   -30

CAPACITANCES  (see  note  13)

Target electrode to all other electrodes                            4.0 to 6.0               pF

MOUNTING  POSITION

Inthenormal, horizontal, stand-by position of the camera,  the longitudinal
axis  of  the  tube  should  be  approximately   horizontal.  During   operation,
deviations from this position are allowable,  provided that the declination of
the axis does not exceed 45 degrees .
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WEIGHT

Tube alone

ACCESSORIES

Socket

Focusing and deflection coil assembly

for  55875

for  55875R, G and 8

approx.100                 9

56020

AT1132

AT1112

NOTES

1.  Underscanning  of the specified useful ta,rget area of 12mm X 16mm,  or
failure Of scanning, shouldbe avoided since this may cause damage to the
photoconductive layer. The boundaries  outside Of this area should pref-
erablybe coveredby a mask to reduce the effects of internal reflections
in the faceplate .

2.  Fa.ceplate  illumination  level  for  the  55875 typically needed to produce
0.3tAA  target  current  will  be  approximately 51ux.  The target currents
specified for the colour tubes 55875R, G and 8 respectively will be obtair,ed
withan incident white light level  (2850°K)  on the filter  of approximately
12lur.

These figures are based on the use of the filters described in note 10 . For
filter BG12,  however,  a thickness of lmm is  chosen.

3.  At Vk=0.

4.  The  beam  cur.rent  to be adjusted for curreut stabilization according to
the highlight target currents as stated in the table.

5 .  The figures shown represent the typical horizontal amplitude responses
ofthetubes after correction for faults introduced by the optical system.
Horizontal  amplitude  response  can  be  improved  by  the  application  of
suitable correction circuits . Such compensation , however , does not affect
vertical resolution,  nor does it influence the resolution capability.

6 .  Va2fa3 adjusted for optimum focus .

7 .  The stated ratio represents the ''visual equivalent signal -to-noise ratio" ,
which is taken as the ratio of highlight video signal current to r . in . s . noise
current,  multiplied  by  a  factor  of  3.  (An  r.in.s.  noise current of the
video pre-amplifier of 2nA,  bandwidth 5MHz,  is assumed) .

8.  (a)       Gamma, to a certain extent, is dependent on the wavelength of the
illumination applied .

a)      The use of gammangorrecting circuitry is recommended.
9.  The  tube  has  a  short  persistence  which  makes it ideal for live studio

monochrome and colour applications .
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558758

10 .  As measured under the following conditions:

Tubes  are  exposed  to  an  illumination  of  5.2lux at black body ten-
perafure  of  2850PK.  The  appropriate  filter  is  inserted  in the light
path. The current obtained is a measure of the colour sensitivity and
is expressed in units of micro-amperes per lumen of white light before
the filter .

Filters used:

55875R      Schott         OG2          3mm thick

55875G       Schott         VG9          1mm thick

558758       Schott         BG12        3mm thick

11.  For  focusing  and  deflection  coil  assembly see under  "ACCESSORIES"

Approximate values
Focus Line Field

current current current
(rnA) (rnA p-p) (rnA p-p)

Monochrome coil assembly AT1132

17 160 25Va2fa3=300V

Va2fa3=600V 25 235 35

Colour  coil assembly AT1112

75 160 25Va2ia3=300V

Va3ia3=600V 100 235 35

12.  For shortintervals . During storage and idle periods when the camera is
notinusethetube fa.ce should be covered with the plastic hood provided,
or else the lens should be capped .

13.  The  capacitance  existing between the target electrode and all the other
electrodes,  which  affects  the output impedance,  increases by approxi-
mately  5pF  when  the  tube  is  inserted  into  the deflecting and focusing
ass embly .
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GENERAL OPERATIONAL RECOMMENDATIONS

TRANSPORT,  HANDI.ING AND STORAGE

During transport , handling or storage. the long`itudinal axis must be in either
ahorizontal or vertical position . In the vertical  position the faceplate of the
tube must be upwards .

GENERAL

Base pins

The  Plumbicon as described in this  Tentative Data has been provided with
tungsten base pins , accordingly, care must be takenwhen the tube and socket
are mated .

Target electrode

Target electrode connection is madewiththe metallic coating at the face end
of the tube by a spring-contact which is part Of the focusing coil assembly.

Photoconductive layer

In some instances the properties  of the photoconductive layer may slightly
deteriorate during long idle periods , such as encountered between the manu-
facturer's last test and the first time of operationby the user .  It is therefore
recommended to operate the tube directly after receipt to restore the photo-
conductive layer . The tube should be operated for a few hours with normal
voltage  settings  and  a  signal  current of 0.15pA and should be adjusted to
overscan an evenly illuminated target.

Light transfer

Because  the  light  transfer  characteristic  has  a gamma of approximately
unity , it may be desirable for broadcast applications to incorporate a gamma
correcting  circuit  in the video  amplifier system with a gamma adjustable
from  0.5 to  1.0.

When designing this  gamma correcting circuit,  control should be provided
forthe  compression  Of the video signal  in the range  7597o to  100% of normal
peak white level .

This provisionwill prevent overloading of the video amplifier system when
the tube is  exposed to scenes  containing small peaked highlights as caused
by reflections  of shiny objects .

Signal -to-nol8e ratio

Sincethe tube does not generate noise to any noticeable extent,  the sigrial-
to-noise ratio  will  be determined mainly by the noise factor  of  the video-
amplifier system.
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Under   normal  studio  lighting  conditions  the  high  sensitivity  of  the  tube
produces ahigh signal-to-noise ratio provided that the output of the tube is
fed into a wellrdesigned input state of the video  amplifier system.  In such
a  system  an aperture correction may be incorporated to ensure sufficient
gain  in  resolving  power  without  effectively impairing the sigrial -to-noise
rati o .

OPERATING INSTRUCTIONS

1.  Insert the tube in the deflection unit in such a way that the plane defined
by the mark atthe base Of the tube and the tube axis is  essentially parallel
to the direction of the field scan.

2 .  Carefully mate the socketwiththebase pins and clean the faceplate of the
tub e .

3.  Cap the lens  and  close the iris .

4 .  Adjust the operating conditions  as  follows :

a)        Grid-bias  control  at maximum negative bias  @eam cutcoff).

b)        Target  electrode  voltage  to  the  value  as  indicated on test sheet
supplied with the tube .

c)        Scanning amplitudes to maximum.

5 .  Switch on camera and monitor equipment . Allow a few minutes for heating
uP.

6 .  Adjust the monitor to produce a faint,  non-overscanned raster .

7 .  Direct the camera to the scene to be televised and uncap the lens .

8.  Slowly  adjust  the  grid-bias  control  until  a  picture  is produced on the
monitor .  If the picture is too faint,increase the lens aperture .

9.  £dajxu±Siuvma?:%3s:°ntr°[  theam  focus)  and  optical  focus  alternately  for

10 .  Alignthe beam of the  Plumbicon by either of the two following methods :

a)        Adjust  the  alignment  fields  in  such  a  way  that the centre of the
picture  on  the  monitor  does  not  move when Va2ia3 ®eamfocus)
is varied .

b)        Reducethetarget electrode potential to a few tenths  of a volt only.

Adjust the alignment fields until the most uniform picture is obtained
as  observed on the monitor  or an oscilloscope.

11.  Adjust the scanning amplitudes  as  follows :

a)        By  means  of  a  12mm  X 16mm  maskwhich is  in contact with and
centred   at   the  faceplate.  Decrease  the  horizontal  and  vertical
deflecting currents until the periphery of the mask is just outside
the  raster  on  the  monitor.  This  procedure may be facilitated by
small adjustments  of the centring controls .
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CAMERA  TUBES 55875
55875R
55875G
558758

b)     If  no  mask  is a,vailable directthe
camera  to  a  test  chart  having an
aspect  ratio  of  4:3 and adjust the
centring controls in such a way tha.t
thetargetringis just visible in the
corners  of the picture.  Adjust the
distance fr om camera to test chart ,
and  refocus  until the image Of the
test chart is positioned on the face-
plate  as indicated on the adjoining
fig,J,re .

Decrea,se both s canning amplitudes until the image of the test chart
completely fills the scanned raster on the monitor .

12.  Adjust  the  iris  for  a picture of sufficient contrast and adjust the beam
current to a value at which all highlights are stabilized.

13.  Check alignment,  beam focus  and optical focus .

ALWArs
-   use  full  size  (12mm X 16mm)  scanning of the targetandavoidunder-

scarming

-   adjust sufficient beam current to stabilize the picture highlights

-   ensure   that   the  deflection  circuits  are  operative  before  adjusting
beam current

-   avoid focusing camera directly into the sun

-   keep lens  capped when transporting the  camera
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PHOTOMULTIPLIER

TUBES

e

®

•®

OPERATING

NOTES

1.   The   overall   supply   voltage  should   be   well   stabilised,   since  the

gain  of  a  photomultiplier  is  critically  dependent  on  the  voltage.
The   percentage   change   in  gain   is  approximately  ten  times  the

percentage change  in  supply voltage. Thus, to  hold the gain  stable
to  within   1°/o   the   power  supply   must   be   stabilised   to   within
approximatelyo.1°/o.

2.   (a)    High-stability  carbon  resistors  should  be  used  in  the  voltage
divider  chain.

(b)   The  current  through  the  resistor  chain  should  be  high  com-
pared  with  the  anode  current  if the  fluctuations  in  the  latter are
not  to  affect  the  gain  excessively.  The  relative  change  in  gain  is
approximately  proportional  to the  ratio of the  anode  current  to
the  divider  current.  For  example,  to  maintain  the  gain  stable  to
within  1 °/o  when  measuring continuous  luminous flux, the current
in  the  chain  should  be  at  least  100 times  the  anode  current.

(c)   When  the  tube  is  used  for  the  detection  of luminous  pulses,
as   in   scintillation   counting,   the   fluctuations   in   gain   can   be   re-
stricted  without  the  need  for  a  high  supply  current  by shunting

:::ha:::i::°nra,jnc:::e::Y:::nchraejqnuYr'etdh.as:nacpeact'::r;a:,1:Crhcsa:::i!:.:
carry a very much  lower current than the later ones, it is sufficient
in  practice  to  bypass  the  last  three  or  four  stages  only.

The   capacitors   should    be   chosen   according   to   the   following
relationship:

Cn-dcn_i
Cn_i±dcn_2 etc.

where  cD      ± capacitor across  resistor feeding  last  cathode
Cn_1  ±  capacitor  across  resistor  feeding  last  cathode  but

One

Cn_2  ±  capacitor  across  resistor  feeding  last  cathode  but
two

d         ± secondary   emission   factor   of  cathod;s   (typically
3.5)

MAY  11960  (I)



OPERATING

NOTES

PHOTOMIJLTIPLIER

TUBES

lf the time  constant  Rcn is  made greater than 100t. where t is the
time  constant  of  the   pulses,  a  peak  anode  current  of  lmA will
cause  a change  in  gain  of less than  1 °/o  if the  current through  the
voltage  divider  chain  is  lmA.

The  voltage  fluctuations  occurring  in  this  arrangement  are  small
but   of  Long   duration,   so   that   if  the   counting   rate   is   high   the
fluctuations   due   to   successive   pulses   may   be   partially   super-
imposed,  resulting  in  an  error  which  is a function  of the  counting
rate.  In  the  example  just  given,  the  duration  of each  fluctuation
would   be   approximately  600t,   and   if  overlapping   were   not  to
occur,   the   counting   rate   could   not   exceed   1/600t   p.p.s.   For  a

pulse  length  of 10prs  this  corresponds  to  a  rate  of approximately
1700  p.p.s.

(d)   Where  a  high   current  supply  cannot   be  avoided,  due  to  a
high  counting  rate or the  need  to  measure a continuous  luminous
flux.  it  is  possible  to  employ  a  high  current  source  of  compara-
tively  low voltage for the  last three or four stages only,  and  a  low
current   high   voltage   source   for  the   remaining   stages.    If  it   is
undesirable  to  maintain  one  power  supply  terminal  at  the  sum
of the  two  voltages  with  respect  to  earth,  the  common  terminal
may  be  earthed.

3.   On   no   account   should   the   tube   be   exposed   to   ambient   light
when  the  supply  voltage  is  applied.  A  luminous  flux  of  less  than
10-5Im   is    sufficient    to   cause   the   maximum   permissible   anode
current to  be  exceeded.  To  obtain  the  maximum  useful  life  from
the  photocathode  the  tube  should  be  protected  from  light  as  far
as  possible  even  when  not  in  use.

4.   The  dark  current takes  approximately  15  to  30  minutes  after the
application   of  the   supply  voltage   to  fall   to   a  stable   value.   For
this   reason   it   is   recommended   that   the   equipment   should   be
switched   on    half   an    hour   before    making   any    measurements
requiring  a  high  degree  of accuracy.

MAY  I,60  (I)
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PHOTOMULTIPLIER

TUBES

®

rl

®

OPERATING

NOTES

The   dark   current   may   be  further   reduced   by   applying   to  the

photocathode a jet of dry air cooled  by being  passed, for example,
through  a spiral  immersed  in  liquid  nitrogen.  It  is  very  important

to  ensure  that  no  condensation  occurs  on  the  base  or  socket  of
the  tube  if air-cooling  is  adopted.

5.   It  is  advisable  to  fit  a  mu-metal  screening  can  round  the  envelope
of the  tube  if it  is  used  in  the  vicinity  of magnetic fields.

MAY   1.60  (1)
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PHOTOMULTIPLIER

TUBES

OPERATING

NOTES
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TUBES
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TUBES
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UNIVERSAL  PHOTOSCINTILLATOR
HOUSING  ASSEMBLY

TENTATIVE  DATA

S5600
Series

QUICK REFERENCE DATA

This  assembly  is  essentially  a  probe-like  mechanical system with
provisions  for mounting a photomultiplier tube,  a voltage divider,  a
limiter and either a scir.tillator or a light guide.
Printed  wiring  boards carrying the limiter and voltage dividers  are
included , together with all necessary wiring . The photomultiplier tube
and the scintillator or light guide must be ordered separately .

Maximum h . t . supply voltage for the
photomultiplier tube  (negative polarity)             2. 5                                   kv

H.  T.  supply current                                                 1.05 ±  10%           rnA/kv

Limiter supply voltage  (positive polarity)     24                                         V

Limiter supply current                                        35                                    rnA

TYI'E  DESIGNATION

S5600/01

n

n

®

S5600/02

S5600/03

M/5600/01

rty5600/02

rty5600/03

rty5600/AR

Complete  assembly  with   mu-metal  and  soft-iron  shields,
fastening  rings  for  light  guide  or  scintillator,   socket  for
photomultiplier tube,  decoupling capacitors for photomulti-
pliertube,  2 printed circuit boards  carrying the voltage di-
vider,  1 printed circuit board carrying the limiter.
Without   photomultiplier   tube,   scintillator   or  light  guide.
This  assembly is intended for use with photomultiplier tube
type 56AVP,   56DVP,  56DUVP,   56TUVP,   56TVI' or  56UVP.

AsS5600/01butforusewithphotomultipliertubetype56CVP.

AsS5600/01butforusewithphotomultipliertubetype58AVP,
58DVP,  58UVI',  XI'1040 or XP1041.

As  S5600/01  but without the printed wiring boards carrying
voltage divider and limiter.

As  S5600/02 but without the printed wiring boards carrying
voltage divider and limiter .

As  S5600/03 but without the printed wiring boards carrying
voltage divider and limiter.

As  M/5600/01 but without anti-magnetic shields  and without
fastening rings for light guide or scintillator.

NOVEMBER  1968 S5600  Series  Page  1
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#8LVsE,RSGALAsPsE3E?SCINTILLATOR        S56oo
Series

rl

r\

®

PHOTOMULTIPIIER TUBE

The photomultiplier  tube  must  be  ordered  separately.  For tube  data see
Handbook section  'Photomultipliel. tubes I .

SCINTILI-ATOR

Theplasticscintillatormustbeorderedseparately.Detailsmaybeobtained
from the industrial Electl.onics mvision.

HGHT GUIDE

The  light  guide  must  be  ordered  separately.   The  maximurndiameter is
40mm,  and the required length must be stated when ordering.

ACCESSORIES

The following accessories can be ordered separately:

Fastening clip

Voltage divider for S5600/02  (2 circuits)

Two printed circuit boards without components ,
for mounting a voltage divider at choice

Voltage divider for S5600/01 and S5600/03 (2 circuits)

IJimiter

Opaque cap

Fastening rings for light guide or scintillator

Soft iron shield

Foam plastic ring

Passiveprinted circuitboard to replace limiter PS  A   104
in case of direct connection to the anode

Mu-metal shield

PS   A   100

PS   A   101

PS   A   102

PS   A   103

PS   A   104

PS   A   105

PS   A   106

PS   A   107

PS   A   108

PS   A   109

TA    60/09
0 PERATIONAL C ONSIDE RATIONS

The  h.t.   supply  of  the probe must have a negative polarity.  The absolute

mTgtfi¥iT:r¥:bueeJ:fed?e]thitjst£:o:5e°x°cveebdu:iedve£:nedg:}n°gnathgeir¥°Lfop9?°t°-
The h.t.  supply current is  1.05mA/kv ±  10%.
The  supply voltage of the limiter must have positive polarity.  The voltage
is  24V at  a curl.ent of 35mA.

NOVEMBER  1968 S5600  Series  Page 3



CHARACTERISTICS OF  THE  IIMTER

Measuring set-up

Input   connector
` Test ,

Output   connector
` signa,  ,

Output  signal peak amplitude =  1. 6V  across  100Q

For  a given output voltage the leading edge is  max.  0.8Vs
ovs = tube interstage voltage)

RIse time from  0 to 0 . 75Vs = max.  2ns .

Maximuln ambient temperature = 400C .

CHARACTERISTICS OF  S5600
equipped with photomultiplier tube 56AVP or  56DVP

Measuring a et-up

L,ght   plJIse

generator
SLIO9

=
==

Pulse rise time = max.  0.6ns.

Width at half height = max .  0 . 9ns .

Supply voltage for gain = 108 :  see photomultiplier tube data.

Output signal peak amplitude = max.  0 . 8Vs

Rise time = 4ns .

NOVEMBER  1968 S5600  Series  Page 4
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UNIVERSAL   PHOTOSCINTILLATOR
HOUSING  ASSEMBLY

GENERAL CIRCUIT

S5600/01 with  56AVP

rl

a

S5600
Series
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VOLTAGE DrvlDER   ps  A   io3

Printed circuit board 1

Circuit 1

NOVEMBER 1968 S5600  Series Page 6
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UNIVERSAL  PHOTOSCINTILLATOR
HOUSING  ASSEMBLY

rl

a

n

a

VOLTAGE I)IVIDER   PS   A   103

REnted circuit board 2

Circuit 2

S5600
Series

0

0
C32oil- a

0+I-
C33

0

011-
C34

C36nil-

dT3                  d,4                  de

22onF              47onF                   IHF                  2.2L]F                  8tiF                   8rF

NOVEMBER 1968 S5600 Series Page 7



I-IMITER   PS   A   104

Printed circuit board

Circuit

NOVEnmER 1968 S5600  Series  I>age  8
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PHOTOMULTIPLIER  TUBE     XP1002

QUICK REFERENCE DATA

10  stage  photomultiplier tube intended for use in laser applications,
working in the orange,  yellow and green range.

Spectral response curve                                                              type T  @20)

Photocathode useful diameter                                             44                mni

Anode sensitivity (at vb = 1.8kv)                                       400             A/lm

This data should be read in conjunction with
OPERATING NOTES  - PHOTOMULTIPLIER TUBES

PHOTOCATHODE

®

a

rl

Surface

Spectral response curve

Peak spectral response

Minimuni useful diameter

rmnimum cathode area

Sodium potassium caesium antimony

type T  @20)

420 ±30           nm

44               Irm

15.2             cm2

* Luminous  sensitivity

Average

rmnimun

Average radiant sensitivity  (at 420nm)
*Mea,sured using a lamp of colour temperature 2850°K.

CHARACTElusTICS

VOLTAGE DIVIDER AS IN FIG.1

Overall sensitivity  (at Vb = 1. 8kv)

Average

Minimum

Maximum dark current at S = 60A/lm

Maximum value of anode current at which
relationship between peak anode current and
luminous flux is linear  (at Vb = 1. 8kv)

FEBRUARY  1967

150            IA/1m

110           IA/lm

70          mArv

4 00              A/1m

100              A/lm

50nA

30nd
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CAPACITANCES

cardlo

ca-all

MOUNTING POSITION

RATINGs  (AesoLUTE MAx[MUM sysTEM)

Vb max.

Ia max.  (continuous  operation)

VkrdL max.

Vkrdi min.
*Vardio max.

*Vardio min.

Vdlrd2 ......... dgrdio max.

Vdind2 ......... dgrdio  mfn.

*When calculating the anode voltage,  the voltage drop across the loadresis-
tance should not be overlooked.

ACCESSORIES  (supplied  as  additional  items)

Socket

Mu -metal shield

FEBRUARY  1967

FE1001

56128
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PHOTOMULTIPLIER  TUBE     XP1002

A

®

A

®

OPERATING NOTES

1.  To achieve a stability  of  about  1%  the  ratio  Of the current through the
voltage divider bridge to that throughthe heaviest loaded stage of the tube
should be approximately 100.

2 .  For moderate intensities of radiation abridge current of about 0 . 5mA will
be sufficient .

3 . When  pulses of high amplitude a.re taken from the anode,  it is useful to
decouple the last stages as indicated inthe circuit by means of capacitors
Of a few hundred pF,  to avoid a voltage drop between these stages .

4 . When the tube has been exposed to full daylight just before mounting,  it
will  proba.bly  show  an increased dark current,  which will return to its
normal value after several hours Of operation.

5.  It  is  advisable  to screen the tube with a mu-metal cylinder against the
influence of magnetic fields .

Incldant|radlation

d7d8

d5

d4

d3

o_4:  a ,lil_o
05V _  Jioo

a 3 . V ml2 a
o2j  14_`30

dlk
14pin  base

J.E:.D.E.C.  814-38

All   dlm.n9lon8   ln    mm

FEBRUARY 1967

tr'Od® 52.5dJ&44dii.m'n.II

3*512
*5

I--l ___J,

uU

oxu]58
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PHOTOMULTIPLIER  TUBE     XP1002
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PHOTOMULTIPLIER  TUBE     Xplolo

QUICK REFERENCE  DATA

10 stage photomultiplier tube intended for use in applications such as
x and  y-ray spectrometry.

Spectral response  curve

Photocathode useful diameter

Anode  sensitivity  (at Vb = 1. 8kv)

a

a

a

type A  (Sll)

32mm

7 00              A/lm

This da.ta should be read in conjunction with
OPERATING NOTES  -PHOTOMULTIPLIER TUBES

PHOTOCATHODE

Surface

Spectral response curve

Peak spectral response

Minimuln cathode area

semi-transparent ,  caesium antimony

type A  (Sll)

420 ±30           nm

8.o             cm2

* Luminous  sensitivity

Average

rmnimum

Average radiant sensitivity  (at 420nm)

8 0           th/1m

70             HA/1m

e;le            mA/W

*Measured using a tungsten lamp Of colour temperature  2850°K.

CHARACTERISTICS

VOLTAGE DIVIDER AS IN FIG.1

Overall sensitivity (at Vb = 1. 8kv)

Avera,ge

rmnimum

700              A/1m

400             A/lm

Maximum dark current at s-60A/lm(measured at 25°C)       50                  nA
**Minimum plateau length (rm,  Kc¥ line 5.9kev)

**Marimum plateau slope

**Background in middle Of plateau

Average

nrfumum
Maximum value of anode current at which
relationship between peak anode current and
luminous flux is linear with the voltage
divider shown (at Vb = 1. 8kv)

70

0.08

30nd
**Measured with  1" X 1"  Nal  crystal,  at  a counting  rate Of about 2.5kHz in

the middle of the plateau,  and with the discriminator bias set at 0 .2V.

FEBRUARY 1967 XP1010  Page D1
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Fig.   1

CAPACITANCES

cardlo

ca-all

MOUNTING POSITION

RATINGS  (ABSOLUTE  MAXIMUM SYSTEM)

Vb max.

Ia max.  (continuous  operation)

Vkrdi max.

Vkrdi hin.

Vdird2 ......... dgrdio  max.

Vdird2 ......... dgndio  mjn.
***Vardio  max.

***Vandio  min.

***When calculating the anode voltage the voltage drop across the load resis-
tance should not be overlooked.

ACCESSORIES  (supplied as additional items)

Socket

Mu -metal shield

FEBRUARY  1967 XP1010   Page D2



PHOTOMULTIPLIER  TUBE     XPI0|0

Ihc'dent rodiatlon

ad'O

®

EiEI

®

dl,ace      k

812A base

1866341

- 38max -

OPERATING NOTES

1.  To  achieve  a  stability  of  about  1% the ratio of the current through the
voltage divider bridge tothat through the heaviest loaded  stage of the tube
should be approximately 100.

2 .  For modera.te intensities of radiation a bridge current Of 0 .5mA will be
sufficient .

3 . Whenpulses with high amplitudes are taken from the anode,  it is useful
todecouple the last stages as indicated in the circuit by means Of ca,pa-
citors of a few hundred pF , to avoid a voltage drop between these stages .

4. When  a  tube  has been exposed to full daylight just before mounting,  it
will  probably  show  an increased dark current,  which will return to its
normal value after sever.al hours  of operation.

5.  It  is  a,dvisable  to screen the tube with a mu-meta.I cylinder against the
irfluence of magnetic fields .
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PHOTOMULTIPL.ER  TUBE     XP|0|0
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PHOTOMULTIPLIER  TUBE

n

Eii]

rl

Ziiz

XP1030
PRELIMINARY  DATA

OulcK  REFERENCE  DATA
10 stage Photomultiplier tube intended for use in alpha  detection and
optical  and scintillation applications  in which a  larger Photosensitive

area  is  requ.Ired.

Overall  diameter                                                                           75.5     mm
Photocathode  diameter                                                         63.5    mm
Overall  sensitivity  (at  vb  ±  1.8kv)                                  250     A/lm
Maximum  darkcurrent(ats  ±100A/lm)                        0.2      prA

This  data  should   be   rea.d   in  conjunction  with   OPERATING   NOTES-
PHOTOMULTIPLIER TUBES.

P H OT 0 CAT H O D E
Surface

Peak  spectral  response

Minimum  useful  diameter

Minimum  cathode area

Caesium  antimony

0.42 ± 0.03            Itm

63.5             mm

31.8              cm2
*Luminous  sensitivity

Average
Minimum

Average  radiant  sensitivity  (at O.42Hm)

Maximum  dark  current  (at Tamb  =  25°C)

*Measured  using  a  lamp  of colour  temperature  2850°K.

60           HA/lm
40           HA/lm

50         rnA/W
2xl0-15     A/cm2

CHARACTERISTICS

Overall  sensitivity  (at  Vb  =  1.8kv)
Average
Minimum

Ivlaximum  dark  current  (at  S  =  100A/lm)

Trw:itti'Ttehf:,;Lnei:htte:yfsahn°ordte'j#,tsepu'Se(atvb="kv)

Rise time  of anode  pulse

Maximum transit time difference between the centre of the
photocathode  a.nd  the  edge  (at  Vb  =  1.4kv)

Maximum   value   of  anode   current   at   which   relationship

iaettv:e=  ?:8akkv}n°de  Current and  luminous flux  is  linear

A:ii#g:'Lnredi:t::?turiLounti=nsko#noLnnfii:.fg.2

OCTOBER  lf.2 Page D1



XP1030 PHOTOMULTIPLIER  TUBE

EE

EI

ZI

t5`jd

dVo 2d3d+ dVoVb dVo-15Vig.2 dVo 7dI.25 8dI.5 9d'I.75 0.    a   Amplifie2RL

VoVo
XXXXVo5+Ncs]+Nob+VoI11Ilii-,i:-a  3Vo

• =  EE3a

CAPACITANCES
Ca-dlo
Ca-all

MOUNTING  POSITION
Any

OCTOBEFL  1962
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PHOT0IvluLTIPLIER  TUBE XP1030

ABSOLUTE  MAXIMUM   RATINGS
-    Vb  max.

Ia  max.  (continuous  operation)
Pa  max.
Vk-ace  max.
vk-di  max.
vk-di  min.

*Va-dio  max.
*Va-dio  min.

vdi-d2  .  .  .  d9-dio  max.
vdi-d2  .  .  .  d9-dio  min.

a

A

*vyehs::tacnac':us'£:[unigd  :::  baen°odv:rro°:tkae8de..   the   Voltage   drop   across  the   load

ACCESSORIES
soc`ket 88  700  40

This   socket   is   supplied   with  the  tube.  When  ordering   separately.
the   above  reference  number  should  be  quoted.

WEIGHT
Tube alone

6006a_a

dlk

Speclal   14pln   base

EE

6.5                oz
1858





PHOTOMULTIPLIER  TUBE XP1030

Gain'o7'o6lo5410
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I.0                               I.2                                   I.4                                   I.6                    Vb(kv)

GAIN  AND  DARK  CURRENT  PLOTTED  AGAINST  TOTAL  VOLTAGE
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XP1030 PHOTOMULT.PLIER  TUBE
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PHOTOMULTIPLIER  TUBE    XP103I

QUICK REFERENCE DATA

10 stagechotomultiplier tube intended foruse in applica.tions such as
gamma-ray spectrometry and gamma scintillation cameras .
Spectral response curve                                                           Type A (Sll)

Photocathode useful diameter                                               63. 5            mm

Anode sensitivity  (at vb= 1. 8kv)                                        250              A/1m

Energy resolution for o. 661Mev caesium 137 line          8. 5                 %

rt

®

®

This data Should be read in conjunction with
OPERATING NOTES -  PHOTOMULTIPLIER TUBES

PHOTOCATHODE

Surface                                                     semi-transparent,  caesiun antimony

NIhimLim useful diameter                                                             63. 5                  mm

Spectral response curve                                                                     Type A (Sll)

Wavelength at mardmum response                                         420±30                 nm
* Luminous sensitivity

Average                                                                                          80                 4.A/lm

mmum                                                                      70              «A/lm
Avera.ge radiant sensitivity at 420nm                                      65                 rnA/W

*Measured using a tungsten lamp of colour temperature 2850°K

MULTIPLIER SYSTEM

Number of stages

Dynode material

R~H 1968

10

silver magnesium oxygen caesium

XP1031  Page 1



CHARACTERISTICS

Overall sensitivity at Vb = 1. 8kv

Average

Mnimrm
*Maximum dark current at S= 100A/1m

Maximum value of anode current at which
relationship between peak anode current
and luminous flux is linear  (at Vb = 1. 8kv)

**Anode pulse rise time  (at Vb= 1.4kv)

Anode pulse width at half height  (at Vb= 1.4kv)

Transit time difference between the centre
of the photocathode and the edge  (at Vb= 1..4kv)

Total transit time  (at Vb = 1.4kv)
***Energy resolution for 0.661Mev ca.esium 137 line

Average

Majdmun

*Measured at 25°c

**For an infinitely short liBbt pulse

***Measured using a 50mm X 50mm sodium iodide crystal

3 0 0                   A/lm

100                   A/lm

0.2                     „A

50mA

7.0                      ns

15ns

7.0                      ns

60ns

8.5%

9.0%

kaicd,       d2     d3     d4     d5     d6     d7     d8     d9     dlo   g    _mplj_f

I
17-RLVoC2_

Vo54Vo
Vo Vo Vo VoVb Vo'4V Vo . V aC1

• '
-H.T.                C.-470pF.           C2=1000PF                                   +H.T.

EE
CAPACITANCES

ca-dlo

ca-all

nrmcH ig68

3.0                      pF

5.0                      pF

XP1031  Page 2

®

u



PHOTOMULTIPLIER  TUBE    XP103I

®

A

®

®

RATINGS (ABsOLUTE MAHMUM SYSTEM)

Vb max.

Ia max.  (continuous operation)

Vk_di max.

Vk_di min .

Vk_ace  maLX.

Vdl-d2 .......... dg.dio men.

Vdi-d2 .......... dg_dio min.

*Va_dio max.

*Va_dio min.

*When calculating the anode voltage, the voltage drop across the load resis-
tance should not be overlooked.

ACCESSORIES  (supplied as  additional items)
`Socket                                                                                                                              FE 1001

Mu-metal shield                                                                                                     56135

OPERATING NOTES

1.  To achieve a stability of  about  1%  the ratio Of  the current  through  the
I voltage divider  bridge  to that  througb  the heaviest  loaded stage of  the
tube should be approximately loo.

2.  For moderate  intensltieB of  radiation a bridge current Of  about 0.5mA
will be sufficient.

3.  Each tube  is  accompanied  ty  a  sheet  Of  characteristics,  on  which is
indicated  the  voltage  to  be  applied  between  the  cathode  and  the  first
dynode.  The best  results  in gamma-ray spectrometry will be achieved
with this voltage, when the recommended voltage divider bridge is used.

4 . When the tube has been exposed to full daylight just before mounting,  it
will probably show an  increased dark current,  which will  return to its
normal value after several hours of operation.

5.  It is advisable to screen  the tube  with a mu-metal cylinder against  the
influence of magnetic fields .

hdARIH  1968 xpi03i  png® 3
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PHOTOMULTIPLIER TUBE     XP1040

QUICK  REFERENCE  DATA

14  stage  photomultiplier  tube  intended  for  use  in  fast  coincidence
circuits and Cerenkov counters wbere a high degree Of time definition
is  required.  This tube is similar to type 58AVP, except forthewin-
dow construction .

Spectral response curve

Thotocathode useful diameter

Anode sensitivity  (at Vb = 3 ,Okv )

A

A

®

type A (Sll)

110-
7000              A/lm

This data should be read in conjunction with
OPERATINC-  NOTES -  PHOTOMULTIPLIER  TUBES

PHOTOCATHODE

Surface

Spectral response curve

Peak spectral response

Minimurn useful diameter
* Lulninous  sensitivity

Average
NInimum

semi-transparent ,  caesium antimony

type A  (Sll )

420 ± 30                           nln

110                               mm

70                     th/1m
4 5                       IA/ 1m

Average radiant Sensitivity  (at 420nm )                             60                       rnA/W
*Measured using a, tungsten lamp Of colour temperature 2850°K.

CHARACTERISTICS

VOLTAGE  DIVIDER  AS  IN  FIG.1.

Supply voltage for gain = 1o8
Average
nrmmum

**Ma.ximum anode dark current at gain =  108

Maximurn value of anode current for which
relationship between peak anode current and
luminous flux is linear  (at Vb = 3 .Okv)

**Measured at  25°C

DECEMBER 1967

2.4                          kv
3.0                          kv

12A

100                              nut

XP1040   Page D1



VOLTAGE  DIVIDER  AS  IN  FIG. 2.

Maximum value of anode current for which
relatiohship between peak anode current
and lulninous flux is linear  (at Vb = 3 .Okv )

RIse time of anode pulse  (at Vb = 3 .Okv)

Width at half height of anode pulse  ( at Vb = 3 . Okv )

Transit time difference between the centre of
the photocathode and the edge  (at Vb = 3 .Okv )

Total transit time  (at Vb = 3 . Okv )

Mndmum peak current

300                   rnA

2.0                 ns

4.0                ns

1.0                 ns

45us

0.5to  1.0                    A

If  cathode  is  connected  to  negative  h.t. ,  precautions  should  be  taken to
ensure  adequate h.t.  insulation  between the aquadag shield  and  the metal
envelope  or  mu-metal  shield.

DECEMBER  1967 XP1040   Page D2
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PHOTOMULTIPLIER TUBE     XP1040

a

®

A

a

CAPACITAINCES

ca-dl4

ca-all

RATINGS   (ABSOLUTE  MAIHMUM  SYSTEM)

*vbmax.

Ia max.  (Continuous operation )

Vk_ace max.

Vk_ace  min.

Vk_gimax.

Vk_di+g2  max.

Vk_di+g2  min.

Vg3ndi max.
**Va_di4 max.

**Va_di4  min.

Vdl-d2   .........   di3ndi4  max.

Vd|-d2   .........  di3_di4  mjn.

*Or  the  voltage at which the tube,  when used in the circuit of FIG.1,  has a

gain of about  109,  whichever is the lower.
**When calculating the anode voltage , the volt drop across the load  resistance

should not be overlooked.

ACCESSORIES   ( supplied as  additional items )

Socket

Mu-metal shield

tube with metal container

tube without metal container

DECEMBER  1967 XP1040   Pa.ge D3



OPERATING  NOTES

1.  To  achieve  a  stability  of  about  1% the ratio Of the current through the
voltage  divider  bridge  to  that  through  the heaviest loaded stage Of the
tube should be a,pproximately 100 .

2 .  For moderate intensities of radiationa bridge current of about 3mA will
be sufficient .

3 .  When  pulses  Of high amplitude are taken from the anode, it is useful to
decouple the last sta.ges as indicated in the circuit by means Of capa.citors
of a few hundred pF,  to avoid a voltage drop between these stages .

4 . When the tube has bfen exposed to full daylitht just before mounting,  it
will  probably  show  an increased dark current,  which will return to its
normal value after several hours of operation.

5.  It  is  advisable  to screen the tube with a mu-metal cylinder against the
influence Of magnetic fields .

6.  In  the  case Of high counting rates and large peak power outputs,  and to
avoid  a  high  tension  supply  of  large power it is possible to supply the
first stages with a h.t..of sma,1l output current and the end  stages  with
an avera.ge value of  h.t.

7.  The voltage  divider in  Fig.1  has the higher gain,  while a higher anode
current output with better time characteristics can be obtained when the
tube is comected as in Fig. 2 .

136.5

acca  dl4d

:fireidTg

Special  20pin   base

Trl:::±i'al

256±5

17±5 ±9

I

I

f

dia.80

did.56

51.

dia.

''91 rna

AIl    dimensions   ln   mm,
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PHOTOMULTIPLIER TUBE     XP1040
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PHOTOMULTIPLIER  TUBE     XP|IIO

QUICK  REFERENCE  DATA

10 stage  phofomultlpller tube intended  for use in appucatlons such
as scintlllaflon  co\mting under  llmlted  dimensional  conditions and
optical applloaHons.

apeetral response curve                                         type A ( Sll )
Thofocathode useful diameter                                        14                 mm

Anode sensitivity (at vb= 1.8kv)                               250               A/lm

This data should be read in conjunction with
OPERATING  NOTES - PHOTOMULTIPIIER  TUBESa

lil

PHOTOCATHODE

Surface

M]nlmum useful diameter

spectral response curve
Wavelength at mardmum response

* Lurfuous sasltivity

Average

Minim_un

Semi-transparent.  caeslum antimony

14-
type A ( Sll )

420 ±30               nm

Average radiant 8ensltlvity at 420nm

70                HA/lm

40                HA/lm

60              mAtw
*Measured using a tungsten lamp Of colour temperature 285o°K.

MULTPHER  SYSTEM

Number of stages

Dynode material

AUGUST  1967

10

silver magnesium oxygen caesium

XP1110   Page  D1



CIIARACTERISTICS

Overall sensitivrty at Vb = 1. 8kv

Average

rmmun
**Maxlmum dark current at S= 30A/lm

Mardrium value of anode current at which
relationship  between peak  anode  current
and luminous fluxis linear (at Vb = 1.8kv)

**Measured at 25°c.

250               A/1m

3o           A/1m®
loo                   nA

10mA

kaicd,      d2     d3    d4     d5     d6     d7    d8    d9    dloa

I.5V

RL

VoVo Vo VoV Vo'1.2 VoVo Vo Vo Vo11-
Ill

O.75Vo

. b

-HT

CAPACITANCES

candlo

ca-all

RATINGS    (ABsOLtJTE  MAXIMUM SYSTEM)

Vbmar.

Iamax.   (continuous operation)

Vkndi max.

Vkndimin.

Vd|-d2  .........  dg_dio max.

Vdi-d2.........dgediomin.
***Vandiomax.

***Vandiomin.

***When calculating the anodevoltage, the v-oltage drop across the load resist-
ance  should not be overlooked.

ACCESSORIES    ( Supplied as  additional items )

Soc ket       ;
Mu-metal  shield

AUGUST  1967

:::#  u

XP1110   Page  D2



PHOTOMULTIPLIER  TUBE     XP|llo

®

a

a

OPERATING  NOTES

1.  To  achieve a stability of  about  1%  the ratio Of  the current through the
voltage  divider bridge to that  through the heaviest  loaded ctage Of the
tut]e  should be  approximately  loo.

2.  For  moderate  intensities Of  radiation a bridge current Of about 0.5mA
will  be  sufficient.

3 . When  pulses Of higiv anplltude are taken from the anode,  lt i8 uschil to
decouple the last stages as indicated in the circuit by means of capacitors
Of a feev hundred pF,  to avoid a voltage drop between these stages .

4 . When the tube has been exposed to full daylight just before mounting,  it
win  probaLbly show an  increased  dark current,  which will rchirn to its
normal value after Several hours Of operation.

5. It 18 advisable to screen  the  tube with a mu-mctal  cylinder against the
influence of magnetic fleld8.

Incident  rodiQtion

I
20mox

d3

Special  12 -pin
glc]ss  base

AUGUST  1967

:.:::.i.

XP1110   Page  D3
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PHOTOMULTIPLIER  TUBE     Xpll lo
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PHOTOMULTIPLIER  TUBE     XP1113

TENTATIVE  DATA

QuncK REFERENCE DATA

6 Stage photomultiplier tube of Small size intended for use in optical
applications  where  relatively  higb light  fluxee are to be measured.

Spectral response ourve

Photocathode useful diameter

.inode sensitivity  (at Vb = 1 . 2kv)

®

A

®

type  A (Sll)

14-
0. 7         A/lm

This data should be read in conjunction with
OPERATING NOTES  - PHOTOMULTIPIJER TUBES

pllorocATHODE
Surface                                                    semi+ransparent,  cae8ium antimony

REnimum useful diameter                                                                 14             mm

Spectral reBponee curve                                                              type A @11)

Wavelength at marlmum response                                                420±30       nm
*Average luminous sensitivity                                                             40        /AA/lm

Average radiant sensitivity at 420nm                                           35        mA^r

*Measured uBlng a tungsten lamp of colour temperature 2850°K.

MUIJTIPHER SYSTEM

Nuter of stages
mode ,niaterial

FEmuARy 1968

6

silver magnesium oxygen caeBium

xplll3  Page 1



CHARACTERISTICS

Overall sensitivity at Vb = 1. 2kv

Average

mnimum
**Marimum dark current at S = 0 . 3A/lm

Ma]dmum value of anode current at which
relationship between peak anode current
and luminous flux is linear  (at Vb = 1.2kv)

**Measured at 25°c

1B54831

0.7      A/lm

0.2      A/lm

10nA

15mA

Amplifier

acca

RL

k

I     dl          d2          d3          d4         d5         d6

I.5 VV V Vo--7.FJNl V V0 0 0 0 0---11--- 0

----11----

V-HT a                                       +HT

CAPACITANCES

card6

carl
RATINGs  (ABsOLUTE MAlnMUM sysTEM)

Vb man.

Ia man.  (continuous operation)

Vkrdi max.

Vdird2  .........  d5rd6 max.

Vdird2  .........  d5rd6 nrfu.
***Vard6  maLx.

***Vard6 min.

***Wben calculating the anode voltage, the voltage drop across the load resis-
tance should not be overlooked.

FEBRUARY 1968 XP1113  Page 2



PHOTOMULTIPLIER  TUBE     XPII |3

a

a

e

OPERATING NOTES

1.  To  achieve a Stability  Of about  1% the  ratio of  the current  through the
voltage  divider  bridge to that  through the  heaviest loaded  stage  Of the
tube should be approximately 100 .

2 .  For  moderate lntensities Of  radiation a bridge current Of  about 0 . 5mA
will be sufficient .

3 .  When  pulses Of high amplitude are taken from the anode,  it is useful to
decouple the last stages as indicated in the circuit by means Of capacitors
of a few hundred pF,  to avoid a voltage drop between these stages.

4 .  When the tube has been exposed to full daylight just before mounting,  it
will  probably show an increased  dark current,  which will  return to its
normal value after several hours of operation.

5. It is advisable to screen  the tube with  a mu-metal  cylinder against the
influence of magnetic fields .

Incident   radiation

'

B9A/D   Base

All   dimensions   :n  mm.

FEBRUARY 1968

4 max.
dia. lEe258l

XP1113  Page 3
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PHOTOIVIULTIPLIER  TUBE     XP1114

a

n

®

TENTATIVE  DATA

QUICK REFERENCE DATA

4 stage photomultiplier tube of small size intended for use in optical
applications  where  relatively  high  light  fluxes are to be measured.
Spectral response curve

Photocathode useful diameter

iinode sensitivity  (at Vb = 900V)

Maximum dark current (at 4mA/lm)

type A (Sll)

14-
15          rnA/1m

0.1                nA

This data should be read in conjunction with
OpERATING NOTEs - pHOTOMULTlpllER TUBrs

pHorocATlroDE
Surface                                                     semi+ransparent,  caesium autimony

hfinimum useful diameter                                                               14                mm

Spectral response curve                                                         type A (Sll)

Wavelength at maximum response                                             420 i 30         nm
*Average luminous a ensitivity                                                        40           iiA/lm

Average radiant sensitivity at 420nm                                          35           mArty

*Measured using a tungsten lamp of colour temperature 2850°K.

MUI.TIplilER SYSTEM

Number of stages

Dynode material

FEBRUARY  1968

4

silver magnesium oxygen caesium

XP1114  Pnge  1



CHARACTERISTICS

Overall sensitivity at Vb = 900V

Average
Mnimun

15                      rnA/lm
4. 0                 rnA/lln

**Maximum dark current at s=4.OmA/lm                             0.1                         nA

**Measured at 25°c

acc Guard  rin

ld1d2d3                  d4      I       arTpljfi_e

k  1.5Vo Ia     RLVo---IL--

Vo Vob=5.5Vo Vo

-HT +HT

CAPACITiINCES

card4

ca-all

RATINGs  (ABsOLUTE MAlnMUM sysTEM)

Vb max .

Ia max.  (continuous operation)

Vkrdi max.

Vdird2rd3rd4max.

vdird2rd3rd4rfu.
***vard4 -.
***Vard4 rfu.

***Whencalculating the anode voltage. the voltage drop across the load resis-
tance should not be overlooked.

FEBRUARY 1968 xplil4  Page 2

EI



PHOTOMULTIPLIER  TUBE     XP1114

®

a

OPERATING NOTES

1.  To  achieve a stability  of about  1% the  ratio Of  the current  through the
voltage  divider  bridge to that  through the heaviest  loaded  stage  Of the
tube should be approximately 100 .

2.  For  moderate intensities Of  radiation a bridge cur.rent Of  about 0. 5mA
will be sufficient.

3 .  When  pulses of high amplitude are taken from the anode,  it is useful to
decouple the last stages as indicated in the clrcult kyy means of capacitors
Of a few hundred pF,  to avoid a voltage drop between these stages .

4.  When the tube has been exposed to full daylight just before mounting,  it
will  probably show an increased  dark current,  which will  return to its
normal value after several hours Of operation.

5 .  It is advisable to screen  the tube with  a mu-metal  cylinder against the
influence Of magnetic fields .

Incident  rcidiation

'

IC(?i:ar,d

B9A/D  Base

All   dimensions  in  mm.

FEBRUARY  1968

4  max.
d i a.              EEEE

XP1114  Page 3
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PHOTOMULTIPLIER  TUBE     XP1116

a

rl

a

TENTATIVE  DATA

QUICK REFERENCE DATA

10 stage photomultiplier tube intended for use in applications such as
irfra-red telecommunicafion  and ranging under limited dimensional
conditions .

Spectral response curve

Photocathode useful diameter

chode sensitivity  (at Vb= 1. 8kv)

type  C@1)

14-
20              A/1m

This data should be I.ead ln conjunction with
OpERATING NOTEs  -pHoroMULTlpl.IER TUBEs

PHOTOCATHODE

Surface

Mnimum useful diameter

semi +ransparent,  caesium on oxidised silver
14-

Spectral response curve

Wavelength at maximum response
*Average luminous sensitivity

Average radiant sensitivity at 800nm

type  C@1)

800 ± 100        rm

20           IA/1m

2.fj      raArw

*Measured using a tungsten lamp of colour temperature 2850°K.

MULTlpLIER srsTEM

Number of stages

Imode material

FEBRUARY 1968

10

silver magnesium oxygen caesium

XP1116  Page 1



CHARACTERISTICS

Average overall sensitivity at Vb = 1. 8kv
**Average dark current at S = 10A/1m

**Measured at 25°c .

so               A/ trrL

loth

kaicd,      d
2     d3    d4     d5     d6     d7    d8    d9    dloa

I.5V

PRL

VoVo Vo Vo Vo11.2 VoVo Vo Vo Vo11-
'11

O.75Vo

•
Vb

-HT

CAPACITANCES

candlo

caTall

RATINGs  (Argo LUTE MAxlMUM s¥STEM)

Vb max.

Ia max.  (Continuous operation)

Vkrdi max.

Vkrdi min.

Vdird2 ........... dgrdio max.

Vdird2 ........... dgrdio nrin.

***Vardio  max.

***Vardio rfu .

***When calculating the anode voltage, the voltagedrop across the load resis-
tance should not be overlooked.

ACCESSORIES

Socket

Mu-metal shield

FEBRUARY 1968

56073

56134

XP1116  Page 2
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PHOTOMULTIPLIER  TUBE     XP|||6

a

a

®

OPERATING NOTES

1.  To  achieve a stability  of al)out  1% the  ra,tio Of  the current  through the
voltage  divider  bridge to that  through the  heaviest loaded  stage  Of the
tube should be approximately 100 .

2.  For  moderate intensities of  radiation a bridge current of  about 0. 5mA
will be sufficient.

3 .  When  pulses of high amplitude are taken from the anode.  it is useful to
decouple the last stages as indicated in the circuit by means Of capacitors
of a few hundred pF,  to avoid a voltage drop between these stages .

4 .  When the tube has been exposed to full daylight just before mounting,  it
will  probably show an increased  dark current,  which will  return to its
normal value after several hours of operation.

5.  It is advisable to screen  the tube with  a mu-metal  cylinder against the
influence Of magnetic fields .

lncidentradiation       EE

All  dimensions  in  mm.

k   side  connection.

d3

Special   12-pin
glass  base

Socket  type   56073

FEBRUARY  1968 XP1116  Page 3
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PHOTOMULTIPLIER  TUBE     XP1117

QUICK REFERENCE DATA

9 stage photomultiplier tube intended for use in laser techniques . It is
suitable  for  applications where a broad spectral response is needed
and under limited dimensional conditions .

Spectral response curve                                                              type T  @20)

Photocathode useful diameter                                              14                mm

Anode  sensitivity  (at vb= 1. 8kv)                                          100              A/1m

n

a

n

e

This data. should be read in conjunction with
OPERATING NOTES  - PHOTOMULTIPLIER TUBES

PHOTOCATHODE

Surface                      semi +ransparent, sodium potassium caesium antimony

rmnimum useful diameter                                                               14                mm

Spectral response curve                                                                          type T  @20)

Wavelength at marimum response                                       420 ± 30                 nm
*Average luminous  sensitivity                                                         100           |lA/1m

Average radiant sensitivity at  420nm                                           60           rnA/W

*Measured using a tungsten lamp of colour temperature 2850°K.

MULTIPLIER SYSTEM

Number of stages

Irynode material

RARCH  1969

9

silver magnesium oxygen caesium

XP1117  Page  1



C H ARAC TE RISTIC S                                                                                                                   +

overallsensitivityatvb=1.8kv             :V±emT:guem                 L§:            #:=

**Dark current at s= 30A/lm                          aver.age                         0. 01            ¢A
maximum                      0.10             «A

**Measured at 25°c

k   ce,c   a
1d2d3d4d5d6d7d8d 9   .       _Arr,p,IRL

1.5V V V V Vo=10, 2 V V V Vo.-I0 0 0 0V 0Vo 0 0

i+I-

b

CAPACITANCES

ca-dg

ca-all

RATINGS  (ABsOLUTE  MAXIMUM SYSTEM)

Vb max.

Ia max.  (Continuous  operation)

Vk_di max.

Vk_di min.

Vdl-d2 .......... d8_dg  max.

Vdl-d2 .......... d8_dg m±n.

***Va_dg  max.

***Va_dg  him.

***Whencalculating the anode voltage, the voltage drop across the load resis-
tance should not be overlooked.

ACCESSORIES

Socket

Mu-metal shield

h"CH 1969

56073

56134

XP1117   Page 2
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PHOTOMULTIPLIER  TUBE     XP1117

a

a

®

OPERATING NOTES

1.  To  achieve a stability  of about  197o the  ratio of  the current  through the
voltage  divider  bridge to that  through the  heaviest loaded  stage  of the
tube should be apprckimately 100.

2.  For  moderate intensities of  radiation a bridge current of  about 0. 5mA
will be sufficient.

3 .  When pulses of high amplitude are taken from the anode,  it is useful to
decouple the last stages as indicated in the circuit by means of capacitors
of a few hundred pF,  to avoid a voltage drop between these stages .

4 .  When the tube has been exposed to full daylight just before mounting,  it
will  probably show an increased  dark current,  which will  return to its
normal value after several hours of operation.

5.  It is advisable to screen  the tube with  a mu-metal  cylinder against the
influence of magnetic fields .

Incident,radiation

All  dimensions   in   mm.

k  side  connection.

d3

Special   12-pin
glass  base

Socket  type   56073

RARCH  1969 XP1117  Page 3
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PHOTOMULTIPLIER  TUBE     XP1140

QUICK REFERENCE DATA

6 stage very  fast high current  phofomultiplier tube intended for  use
in plasma physics where a high degree of time definition and linearity
is required.

Spectral response curve

Photocathode rectangular surface area

Gain  (at Vb = 3 . 75kv)

Maximum output current for linearity
within 5%

Anode pulse rise time

Total electron transit time

S4

15o                     mm2

1o4

2.0A

1.7                        ns

llns

a

®

This data should be read in conjunction with
OPERATING NOTES - PHOTOMULTIPI-IER TUBES

PHOTOCATHODE

Surface                                                        Non-transparent.  caesium antimony

rmnimun useful window area                                         25. 5 x 5. 9               mm2

Spectral response curve                                                                                          S4

Wavelength at maximum response                                         400±50                 nm
* Luminous sensitivity

Average                                                                                     4 5                pA/lm

Minimum                                                                                        2 5                  HA/1m

Average radiant seusitivlty (at 420nm)                                   35                mAtw

*Measured using a tungsten lamp Of colour temperature 2850°K.

MULTIPLIER SYSTEM

Number of stages

Dynode material

n~H 1968

6

Silver magnesium oxygen caesium

XP1140  Page 1



CHARACTERISTICS

overall voltage for gain of io4

nhimum
Average

**Dark current at gain of |o4

Maximum
Average

5.0
3.75

1.0
30

Maximum output current for linearity within 5%                      2. 0

Overall tube voltage for 5% linearity of
2A peak anode current and input flux

nrmmun
Average

Response time measured at 6. 5kv

Anode pulse rise time
Anode pulse width at half height
Total transit time

Maximum peak anode current
**Measured at 25°c

RATINGS  (ABSOLUTE  MAI"UM SYSTExp

Vb max.

Ia max.  (contimous operation)

CIRCUIT DIAGRAM

..., Extord ccoclictho coothg (M)-,,'92

Amp

k,'1\\\\ dl d2d3d4d5ld6oR3C4

[1 P2                     R3                     R4

R1

C1 C' C1 Ci                       Ct                      C2                      C3

P'
TB,TR,T         RiT         RiT        RiT         RiT

R3

5Vo                    7Vo               2`O.Vo           .t06Vo                8Vo                   5Vo                   5Vo               loto20Vo

-HT                                                                                                         a                                                                                  .HT

R,.47kA        C,-22oopF,6.v l®rting  voitog.
R2-con       C2.IonF,  3kv `rodeng  coltag.
R3.50JL          C3®02 rF, 3kv `~ork!ng  roltogc

P4.22A          q,-O.06rF` 3kv working  roltog.

h~H 1968 XP1140  Page 2



PHOTOMULTIPLIER  TUBE     XP1140

®

r\

®

ADJUSTMENT OF  TUBE  VOLTAGES  FOR LINEARITY

A short light piilse is received by two  photomultiplier tubes ,  one  Of which
is  a  linear  reference  tube,   and  the  other  the  tube  to be measured.  The
signals Of both tubes are fed ifl phase to an oscilloscope.
'I'he  measurements  a.re  made  with  a  voltage  divider  as  indicated  in  the

suggested circuit diagraln,  starting with a total voltage of 4. 8kv.

Observing  the  oscillogram   and  simultaneously   controlling  the   voltages
between  d2-d3  and  d3-d4,   it  is  possible  to  find  a  compromise   between
linearity  and absence of oscillation.   After  this,  the voltage  between d6-a
is increased in order to obtain alinearity as s,pecified .  The whole procedure
is then repeated.

Each tube is accompanied by a test-card which indicates the voltages between
d2-d3 .  d3nd4 and d6-a at Which a linearity  (within  597o) up to 2A is  obtained.

NOTES

1.  It is possible to obtainlinearities at peak anode currents in excess of 3A by
means Of a more complicated procedure.  Starting  from the  recommended
voltage divider,  each interstage voltage has to be adjusted independently.

2.  Linearitywithin5% is defined as follows:  the curve showingthe relationship
between the outputpulse and the input light piilse will not deviate more than
5% from a straight line.

ICIC
14-din  base

JED.E.C.   814-38

AIl  dimensions in  mm

huncH 1968

r-525i85diaT3]Oi,o

±1I

LSRItiLll1++++1|

9  1in

3X

I.ikl&.
I17.8

I

±29I

I

I

III

urquu
58mcix  dia

M = External  conductive  coating

XP1140  Page 3



ACCESSORIES (supplied as additional items)

Socket

Mu-metal shield

753
X P I 1 4 0 a 8 31 1

II

753
I •

7S3

75a

fyoott

7I3

U

®

FE1001

56128

I.0                        2.0                         3.0                       4.0    Vbo<V)     5.0

GAIN AND DARK CURRENT PLOTTED AGAINST
TOTAL VOLTAGE

h~H 1968 XP1140  Page 4



PHOTOMULTIPLIER  TUBE    XPI|4l

QUICK REFERENCE DATA

7  stage  very  fast high current photomultiplier tube intended for use
in plasma physics where a high degree Of time definition and linearity
is required.

Spectral response curve

motocathode diameter

Gain  (at Vb = 3 . 5kv)

Marrfuum output current for linearity
within 5%

Anode pulse rise time

Total electron transit time

Type A (Sll)

42mm

1o4

1.0A

1.9                 ns

16ns

This data should be read in conjunction with
OPERATING NOTES - PHOTOMULTIPLIER TUBES

PHOTOCATHODE

Surface                        Semi-transparent ,  low resistivity,  caesium antimony

a

EiE

®

REnimum useful diameter

Spectl.al response curve

Wavelength at maximum response
* Luminous sensitivity

Average
rmnimun

Average radiant sensitivity (at 420nln)

42mm

Type A (Sll)

420±3 0                    ]1m

5 5                „A/lm
2 5                pA/lm

50                  mAOw

*Measured using a tungsten lamp of colour temperature 285o°K

MULTIPLIER SYSTEM

Number of stages

Imode material

ndARCH  1968

7

Silver magnesium oxygen caesium

xP1141  Page 1



CHARACTERISTICS

Overall voltage for gain of io4

nrmmum
Average

thDark current at gain of |o4

n4aximum
Avera.ge

20
0.1

Maximum output ourrent for linearity within 5%                   1. 0

Overall tube voltage for 5% linearity of
lA peak anode current and input flux

Marimun
Average

Response time measured at 6 . 5lIV

Anode pulse rise time
Anode pulse width at half height
Total transit time

Maximuln peak anode current

**Measured at 25uc .

RATINGS  (ABSOLUTE  MAXIMUM SYSTEM)

Vb max.

Ia max.  (continuous operation)

CIRCUIT DIAGRAM

_,,   ExterrN]I  couuctive  ccoting  (M)

/''91         cxr92                                                                                                                                                              94

Am

I,''         I            llg3     ai                    d2                   d3                    d4                   d5                    d6                    I                     d7

````
`T

15Y)       R,2Vo

R17sokn I I   R2                          R3                          R3                          R3

1MAR,P'2Vo 2 75 M_J|

3

C, R` C, P, C, R, C, a, Ci                           Ci                           C2                          C3RiRiRiRi C4R3

\/o                    3\/o                    3\/o                    4Vo          _   4to 6VD                8 \/a                     5Vo                     5Vo             toto20Vo

-HT                                                                                                                                                     a                                                                                                                         .HT

nrmcH 1968

ap + i I
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PHOTOMULTIPLIER  TUBE    XP114I

a

A

®

ADJUSTMENT OF TUBE VOLTAGES FOR I-INEARITY

A short  light pulse is received  ty two photomultiplier tubes,  one of which
is  a  linear  reference  tube,  and  the  other  the  tube  to  be measured.  The
signals of both tubes  are fed in phase to an oscilloscope.

The measurements are madewith a voltagedivider as indicated in the Bug-
gested circuit diagram,  starting with a total voltage of 4 . 8kv.
Observing  the  oscillogram   and   simultaneously  controlling  the  voltages
between  d4-d5,  it  is  possible  to find a compromise between linearity and
absence  of  oscillation.  After  this,  the  voltage  between d7-a is increased
in  order  to  obtain  a  linearity  as  specified.  The  whole procedure is then
repeated .

Each tube is accompanied by a test card which indicates the voltages between
d4-d5 and d7-a at which linearity  (within 5%) up to  lA is obtained.

NOTES

1.  It is  possible to obtain  linearities at  peak anode currents in excess of  lA
by means of a more complicated procedure . Starting from the recommended
voltage  divider,  each  interstage  voltage has to be adjusted independently.

2 .  Linearity within 5% is defined as follows : the curve showing the relationship
between the output pulse and the input light pulse will not deviate more than
5% from a straight line.

hrmcH 1968 XP1141  Page 3



ACCESSORIES  (Supplied as additional items)

Socket

rm-metal shield

1o5IinIrkA)1o41o31o2'0'.0
7§3

XP114' 883'2
I I

7i3
•^.

7i, I I II

N`

7 IJ =
I II I

3

7S,

I II II IIII

u

®

FE1001

56130

1.0                        2.0                        3.0                       4®      Vb(kv)      5.0

GAIN AND DARK CURRENT  PLOTTED AGAINST
TOTAL VOLTAGE

hmcH 1968 XP1141  Page 4



PHOTOMULTIPLIER  TUBE     XP1143

QUICK REFERENCE DATA

6  stage photomultiplier tube intended for measul.ing very short light
pulses having a very high luminous flux.

Spectral response curve

Useful thotocathode area

Gain  (at Vb = 3 . 5kv)

Anode pulse rise time

Maximum anode pulse amplitude for linearity
with input light pulse

Coaxial outlet impedance

Type  S4

28o               mm2

1o4

<1.0                 ns

5.0A

50R

This data should be read in conjunction with
OPERATING NOTES -  PHOTOMULTIPLIER TUBES

rl

EiE

a

PHOTOCATHODE

Surface

Minimum useful area

Spectral response curve

Wavelength at maximum response
* Luminous sensitivity

Average
mnimum

Average radiant sensitivity  (at 400nm)

Opaque ,  caesium antimony

28o                     mm2

Type S4

400 ± 50               rm

45                „A/lm
2 5                  HA/lm

4!f J                    rriA/W

*Measured using a tungsten lamp of colour temperature 2854°K.

MULTIPLIER SYSTEM

Number of stages

Dynode material

SEPTEMBER 1968

6

silver magnesium oxygen caesium

XP1143  Page  1



CIIARACTERISTICS using recommended voltage divider

Supply voltage for gain= io4

Average

n4aximum

Dark current at gain= io4

Average

nckimum

Maximum output ourrent for linearity with
input light pulse  (linear within 5%)

Supply voltage for linearity  (within 5%) up to 5A

Average

mimum
Anode pulse rise time

Anode pulse width at half height

Total transit time

Cv

k/     lg`d,        d2        d3        d4        d5192d6     a Amplifier

EL
C5 RL

MC111 C C4
1 `r I 11.I I

113Vo

V
4to6V 10tol5Vob=60 10 tol5

25Vo-5Vo 3o Vo-

to  72Vo

CL=2.2nF,  7.5kv

C2=2. 2nF,  7. Okv

C3 = 2. 2nF,  6. Okv

C4=30nF,  4. Okv

C5=50nF,  3. Okv

RL= 50fl

CAPACITANCES

Ca_d6  (Without Coaxial cormector)

Ca_d6  (With Coaxial connector)

ca-all

SEPTEMBER  1968

Low inductance
ceramic capacitors

10pF

12pF

llpF

XP1143  Page 2
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PHOTOMULTIPLIER  TUBE     XP1143

RATINGS  (ABSOLUTE  MAXIMUM SYSTEM)

Vbmax.

Ia max  (continuous)

Vk_di max.

Vd|-d2 ......... d5_d6 max.

Va_d6 max.

ACCESSORIES

Coaxial cable connector

Socket  (see drawing below)

a

a

a   Miesad6

SEI'TEMBER 1968

General Radio type  874/CBA

Supplied with the tube

Clamping    r;ng
80•ITifeE

Socket

E=
holes    3.Odi.a
ually   spaced

72  p.c,d.

All    dimensions    in   mm

XP1143  Page 3
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GAIN AND DARK CURRENT PIOTTED AGAINST  TOTAL VOLTAGE
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PHOTOMULTIPLIER  TUBE     XP1210

TENTATIVE  DATA

QUICK REFERENCE  DATA

10 stage photomultiplier tube intended for use in very fast light pulse
detection, li±`e time of excited states , fast coincidence measurements,
Cerenkov measurements,  etc.

Spectral response curve                                                              Type A (Sll)

Photocathode useful diameter                                               42                mm

Gain  (at vb=4.Okv)                                                                        io7

Maximum output current for linearity within  5%          > 75                 rnA

Anode pulse  rise time                                                                   1.2                ns

Coaxial  outlet impedance                                                             50                        Q

This data should be read in conjunction with
OPERATING NOTES -  PHOTOMULTIPLIER TUBES

rl

RIB

PHOTOCATHODE

Surface

IVInimum useful diameter

Spectral response curve

Wavelength at maximum response
* Luminous  sensitivity

Average
mnimum

Average radiant sensitivity at 420nm

semi-transparent ,  caesium antimony

42mm

Type A  (Sll)

420±30                   nm

4 5                   4tA/lm
25                  „A/lm

4 5                 rnA/W

*Measured using a tungsten lamp of colour temperature 2854°K.

MULTIPLIER SYSTEM

Number of stages

nyode material

SEPTEMBER  1968

10

silver magnesium oxygen caesium

XP1210   Page  1



CHARACTERISTICS  (see note  2)

Supply voltage for gain = 1o7

Average
Maximum

*Maximum dark current at gain = |o7

Maximum anode pulse amplitude for linearity
with input light pulse  (linear within 5%)

Anode pulse rise time  (at Vb= 5 . Okv)

Anode pulse width at half height  (at Vb = 5 . Okv)

Transit time difference between the centre of the
phctocathode  and the edge  (at Vb = 5 . Okv)

Total transit time  (at Vb = 5 . Okv)

4.0                    kv
5.0                     kv

1.0                          HA

> 75                          rnA

S1.2                       ns

2.2                        ns

=0.2                      ns

20ns

Note -  These  time characteristics are  for an  infinitely  short  light pulse,
fully illuminating the photocathode .

*Measured at 25°c
1B88351

9,  g2g3                                                                                                                               94

k 1''d1d2d3d4d5d6d7d 8d9dl01.I Amp

0.1 -1Vo
I 1.25Vo 2Vo 3Vo 2.5Vo CD

.T.

Vo Vo
IVo,

2V

'''''
See note4 ±5

a-H.T. 0 Vo       +

CAPACITANCES

ca-g4

ca-all

Decoupling capacitor between g4  and outside
of coaxial connector  touilt-in)

RATINGS  (ABSOLUTE  MAXIMUM SYSTEM)

Vb max.

Vk_di max.

Vg2_g3  max.

Vdl-d2 ..... dg_dio  max.

Va_g4  max.

ACCESSORIES

Socket  (see page  3)

Coaxial cable  connector

SEPTEMBER  1968

56040

General  Radio type  874/CBA

XP1210   Page  2
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PHOTOMULTIPLIER  TUBE     XP1210

OUTLINE  DRAWING OF XI>1210

Incident , radiQtion                      EE

a

rl

a

OUTLINE  DRAWING OF  56040  SOCKET

TT=7:4moax±=|

©©
©©

SEPTEMBER  1968

I 68±0.5-1

ife__

E]E,J=B

=1
•                 `          `          `          `         :         _\

©®®®®®®
d5    d3    cll       k     g1     d2     d4

93   connected    to  8   or  14

XP1210   Page  3



OPERATING NOTES

1.  To  a,chieve a stability of about  1%  the  ratio of  the current  through  the
voltage  divider bridge  to that  through  the heaviest  loaded stage of  the
tube  should be  approximately  100.

2.  Each  tube  is  accompanied  by  a  certificate  showing  the  exact  voltage

:iva]rdaecrtetr°£s::csuS=dd.d¥iscisrrde::£geadgta°mg:¥eLo°7P.t]munlinearity,time

3 .  The disc-shaped dynode comections decrease the inductance of the con-
nections  and  make good decoupling of the stages possible.  This  system
results in avery rigid construction of the tube,  and apprecj ably decl.eases
ionic  and light feedback.

4 .  The  accelerator  electrode g3  is connected to d6  or d7  inside the socket.
The decoupling capacitor  between  g4  and  the coaxial outlet is  mounted
inside the tube.

-3
10
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GAIN AND DARK CURRENT  I'LOTTED AGAINST
TOTAL VOLTAGE
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PHOTOMULTIPLIER  TUBE
Eleven    stage    Photomultiplier    tube    with    semi-transparent
cathode,  Particularly   sensitive  to  daylight  and   to   radiation
having  a  blue Predominance.  Designed fior end-on  incidence of
illumination  and  with  optically  flat  and   f)arallel   surfaces.n

rh

rl

rl

50AVP

PHOTOCATHODE

Surface

Peak  spectral  response

Projected  cathode area

Minimum  useful  dia.meter

*S

Caesium  antimony

42oo+3oo        A

8.0       sq.cm

32mm

50             prA/I in

*Measured  with  a  lamp  of colour temperature  2870°K.

MOUNT.NG  POSITION

CAPACITANCES

Ca-kl2

Ca-all

CHARACTERISTICS  (at Va_ki(b)  =  1.8kv)

S(av)

S(min)

Current  a.mplification

ldark  max.  (S  =  60A/Im)

Maximum   va.Iue  of  anode   current for which
relationship  between  peak anode current a.nd
luminous  flux  is  linear

At  voltage  distribution  as  shown  in  fig.1

At  voltage  distribution  as  shown  in  fig.  2

OCTOBER  1959  (2)

3.0                  pF

5.0                  pF

Any

+
500              A/I in

60              A,/I in

107

5xl0-8      A

30mA

100                  rnA



50AYP PHOTOMULTIPLIER  TUBE

kl        k2         k3         k4         k5         k6         k7          k8         k9         klo        kll         kl2   a

I.5Vo 2 V V \o-.Vb=12 \,o5Vo V- V V- V
0.75-V`

Fia+

Vo a a 0 a a a 0

RE                                                                  F'lg  I

k'k2Vo 2k3k2Vo4kVo 5kVo 6kVoVbB'5 7  Vo5Vo 8kVo- 9kI.25Vo 10kI.5Vo- IlkI.75Vo '2a2-Vo
•Ra+

OCTOBER  1959  (2)

®



PHOTOMULTIPLIER  TUBE 50AVP

OPERATING  CONDITIONS

At  normal  voltage  distribution  (Fig.1).  Va_ki(b)>1.47kv

*Vkl-ka

Vk2-k4

Vk4-k5....I[11-kl2

Va-kl2

Va-kl

*2.0 x Vo for gamma spectrometry

At  Va-k|(b)<1.47kv

Vkl-k2

Vk2-k4

Vk4-k5....kll-kl2

Va-kl2

Va-kl

1.5    xVo

2.0   xVo

Vo

0.75 x Vo

12.25 x Vo

n LIMITING   VALUES  (absolute  ratings)

Va(b)  max.

'a  max.

Pa  max.

vki-k2  min.

vk2_k4  min.

Va-ki2  min

Minimum   voltage   difference    between   two
consecutive  cathodes

OCTOBER  1959  (I)



50AVP PHOTOMULTIPLIER  TUBE

RE

OCTOBER  1.59  (1)
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PHOTOMULTIPL.ER  TUBE

n

a

fl

rl

52AVP

OulcK  REFEF{ENCE  DATA
10  stage  Photomultiplier tube  intended  for  use  in  small  medical   Probes.
Portable  equipment  or  any  optical  or  scintillation   application   in   which

a  small  diameter  is  required.

Overall  diameter
Photocathode diameter
Overall  sensitivity (at  Vb  =  1,8kv)
Maximum  dark current (at S  ± 30A/lm)

25.5     mm

20mm
250     A/lm

0.1        prA

This  data should  be  read  in  conjunction  with
` OPERATING  NOTES-PHOTOMULTIPLIER  TUBES.'

PHOTOCATHODE
Surface

Peak  spectral  response

Minimum  useful  diameter

Minimum  cathode  area

caesium  antimony

0.42 ± 0.03         prm

20mm

3.14        cm2
*Luminous  sensitivity

Average
rv| i n i in u in

Average  radiant sensitivity  (at  0.42Hm)

Maximum  dark  current  (at Tamb  =  25°C)

*Measured  using  a  lamp  of colour  temperature  2850°K.

60         prA/lm

35         itA/lm

50       rnA/W

3 x 10-16   A/cm2



52AVP PHOTOMULTIPLIER  TUBE

CHARACTERISTICS

Overall  sensitivity  (at  Vb  =  1.8kv)

Average

Minimum

Maximum  dark  current  (at  S  =  30A/lm)

250             A,`lm

30             A)Im

0.1               HA

Maximum  value of anode current at which  relationship
between   peak  anode  current  and   luminous  flux   is
linear (at Vb  =  1.8kv)

At  high  gain  distribution  as  shown  in  fig.1                                 5                rnA

At  high  current  distribution  as  shown  in  fig.  2                    10                rnA

kacCI dl       d2      d

3d4d5d6     d7    d8    d9    dloa

I.5V Vo Vo

RL

Vo Vo Vo Vo11.2F VoVo9.I Vo Vo11-

+11

O.75Vo

H.T.

Vb

I   dl      d2     d3     d4     d5d6d7     d8    d9    dloa   Am

Vo Vo-
I.25 I.5 I.75 2RL
Vo Vo Vo Vo

LII-+I[+lI
0

Fig.2

3pF

5pF



PHOTOMULTIPLIER  TUBE 52AVP

®

RiE

MOUNTING  POSITION
Any

ABSOLUTE  MAXIMUM  RATINGS
Vlt  max.

Ia  max.  (continuous  operation)

PM,  max.

Vk-(ll  max.

Vk--dl   min.

*Va-dio  max.

*Vi`-dlo  min.

vdi~a2  .....  do .tiio  max.

vdi-d2  .....  d9_dio  min.

*When calculating the anode voltage, the volt drop across the load resistance

should  not  be overlooked.

ACCESSORIES
Soc ke t                                                                                                     88         700         67

This  socket  is  supplied  with  the  tube.  When  ordering  separately,
the above  reference should  be quoted.

Incident' radiation

All   dlmensions   in   mm                   EE=

MARCH  I,e)
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PHOTOMULTIPLIER  TUBE 52AVP

Gainlo7lo6lo5lo4
753

52AVP B226

753
Idark(I,A)10I-I10-210

753 753

I

753 753a

753 753I
6o{Y..

I.0                               I.2                                  I.4                                   I.6                    Vb(kv)

GAIN  AND   DARK   CURRENT  PLOTTED  AGAINST  TOTAL  VOLTAGE
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PHOTOMULTIPLIER  TUBES 53AVP
53UVP

OulcK  REFERENCE  DATA
11   stage  PhotoTultiplier  tubes  intended  for  use  in  scintillation  applications,

flying-spot apparatus and optical  spectrometry.

Overall  diameter                                                                             57        mm
Photocathode diameter                                                           44        mm
Overall  sensitivity (at vb  ± 1.8kv)                                   4000     A/lm
Maximum  dark current (at s  ± 60A/lm)                              0.05   prA

The   53AVP   and   53UVP   are   identical   except   for   spectral   response.
53AVP    is    particula.rly   suitable   for   daylight   and    radiation    having   a
blue  predominance.  53UVP  has  a  quartz  window  and  is  predominantly
sensitive  to  ultraviolet  radiation.

This  data should  be  read  in  conjunction  with
`OPERATING  NOTES  -PHOTOMULTIPLIER   TUBES'

PHOTOCATHODE

Surface

r\
caesium  antimony

Peak spectral  response
53AVP

53UVP

Minimum  useful  diameter

Minimum  cathode  area

*Luminous  sensitivity

Average

Minimum

Average  radiant sensitivity  (at  peak spectral  response)

Maximum  dark current (at Tamb  =  25°C)

*Measured  using  a  lamp  of colour temperature 2850°K.



53AVP
53UVP

PHOTOIvluLTIPLIER  TUBES

CHARACTERISTICS
Overall  sensitivity  (at Vb  =  1.8kv)

Average
Minimum

Maximum  dark  current  (at  S  =  60A/lm)

Maximum value of anode current at which  relationship

i:::re:ant tyeba± a.i:gS)Current  and  luminous  flux  is
At  high  gain  distribution  as  shown  in  fig.1
At  high  current distribution  as  shown  in  fig.  2

4000          A/ I in
100           A/lm

0.05          prA

30mA
100              rnA

ld1d2d3d4d5d6     d7    d8    d9    dloa Am   'if

I.5V Vo

RL

Vo Vo Vo Vo11.2F. VoVo9.I Vo Vo V'1
'1

O.75V

H.T.

Vb

n    I   d|       d2     d3     d4     d5     d6     d7     d8     d9    dloa   AmplifierI.25I.5I.752RL

2Vo Vo Vo Vo Vo Vo Vo Vo Vo Vo Vo

L-I I-+I I-+11
bo

H.T.                                                     Fi g. 2                                                          BEE

CAPACITANCES
Ca-dll
Ca-all



PHOTOMULTIPLIER  TUBES 53AVP
53UVP

MOUNTING  POSITION
Any

ABSOLUTE  MAXIMUM  RATINGS
Vb max.
1&  max.  (continuous  operation)

Vak_i:Xinax.
Vk-al  min.

*Va-all  max.
*Va-all  min.
vdi-d8 ..... dio-all  max.
Vdi-d2  ..... dio-dii  min.

a

r\

*#sisetnan::I:a:a:i:8notth:ea:v°edrioov£::. the   Voltage   drop   across   the   load

ACCESSORIES

Socket 88        700        40

Mu-metal shield  (cylindrical)

Length 90±1mm, diameter 57+Jmm                            56128

Incident|radiation

acck

Special    14pin    base

All  dimensions   in  mm                          E

MARCH   1963

_IIIIm
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PHOTOMULTIPLIER  TUBES 53AVP
53UVP

Gain1o71o61o51o4

753
53AVP53uVPI

I I a 2 6 30
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fh GAIN  AND  DARK  CURRENT  PLOTTED  AGAINST  TOTAL  VOLTAGE



53AVP
53UVP

PHOTOMULTIPLIER  TUBES

'o4'o3E>>+:,o2I®U,®1aI<10II
75

5 3AV P a 22 9

5 3U V P

5

I

5

753

I-1111111111111111111-
I.2                                  I.4                                 I.6                                      Vb(kv)

ANODE  SENSITIVITY  PLOTTED  AGAINST  TOTAL  VOLTAGE ®

APRIL  I,q P.f. C2



PHOTOMULTIPLIER  TUBE

iiE

n

RE

54AVP

QUICK  REFERENCE  DATA
11    stage   Photomultiplier   tube    intended   for    use    in    scintillation   counters

employing  large  crystals  or  applications  in  which  the  light  is  either  diffused

or  f.rom  a  distant source.

Overall  diameter

Photocathode  diameter

Overall  sensitivity (at  Vb  --1.8kv)
'  Maximum  dark  current (at  S  ==-250A/lm)

a

130         mm

111           mm

500  -A/lm

0.5        !J.A

This  data  should  be  read  in  conjunction  with
` OPERATING   NOTES-PHOTOMULTIPLIER   TUBES..

PH OTOCATH ODE

Surface

Peak  spectral  response

Minimum  useful  diameter

Minimum  cathode  area

*Luminous  sensitivity

Average
Minimum

Average  radiant  sensitivity  (at  0.42Hm)

Maximum  dark  current  (at I,mij  =  25°C)

caesium  antimony

0.42±0.03          L`m

111                  mm

Cfl               c,ri,-

60          prA/lm

35         HA/I in

50       rnA/W

101.5   A/cm.2

*Measured  using a  lamp  of colour temperature 2850°K.

-  iE88



54AYP PHOTOMULTIPLIER  TUBE

CHARACTERISTICS
Overall  sensitivity  (at  Vh  =  1.8kv)

Average
Minimum

Maximum  dark  current  (at  S  =  250  A/lm)

Ma.ximum  value of anode current at which  relationship
between   peak  anode  current  and   luminous  flux  is
linear  (at  Vi,  =  1.8kv)

At  high  gain  distribution  as  shown  in  fig.1
At  high  current  distribution  as  shown  in  fig.  2

acc

500           A/lm
100            A/lm

0. 5             ItA

30mA
100                rnA

k
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PHOTOMULTIPLIER  TUBE

n

a

Zil

0

54AYP

ABSOLUTE  IVIAxllvluM  RATINGS
Vh  max.
Ia  max.  (continuous  operation)
Pa  max,
vk_di  max.
vk-di  min.

*Va-all  max.
*Va,-all   min.

vcii-d2  .....  dio-dii  max.
vdi-d2  .....  dio-all   min.

*#oh:,ndc::CtuLaet!:Setri:oap:dd.ev°Ita8eithevoltdropacrosstheloadresistance

ACCESSORIES
Socket
Mu-metal  shield  (cylindrical)

Length  150± 1 mm,  diameter 130± 1 mm

88         700         40

561 29

NOTES

:txs.i::|t::nnn°etcetq::ajtnt:era::e::?at:flit::ed:°di:::nm8een':Cftorr°::thi=uajecp:|Tetc:
tion  of photo-electrons  by the first dynode.

Ineident|radiation





PHOTOMULTIPLIER  TUBE 54AYP
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PHOTOMULTIPLIER  TUBE       56AVP

QUICK REF FRENCH DATA

14 stagepbotomultiplier tube for use in nuclear physics where a high
degree  of time  definition or a high time resolution is required (fast
coincidence,  life Of unstable particles,  Cerenhov counters. )

apeetral reaponse curve
Phctocathode useful diameter

Gain (at Vb = 2. 2kv)

Anode pulse rise time

Maximum output current for linearity
with input light pulse

a

ZiFZ

a

Type A (Sll)

42mm

lo8

2.0            ns

300               rnA

This data chould be read in conjunction with
OPERATING NOTES-PHOTOMULTIPLIER TUBES

PHOTOCIATHODE

Surface                                                      semi-transparent,  caesium antimony

Minimum useful diameter                                                      42                        mm

Spectral response curve                                                       Type A (Sll)

Wavelength at maximum l`esponse                                      420  ± 30                  rm
* Luminous sensitivity

Average                                                                        65                 pA/in +
Minimum                                                                             45                   pA/in

Average radiant sensitivity at 420nln                                55                   nun/W +
*Mea.sured using a tungsten lamp of colour temperature 2854°K

MULTIPLIFR SYSTEM

Number of stages

Ixpode material

OCTOBER 1968

14

silver magnesiuni oxygen caesium

56AVP  Page 1



CIIARACTERISTICS

With voltage divider A

Supply voltage for gain = |o8
Average
Maximum

Dark current at gain = 108 (measured at 25°C)
Average
Maximum

Maximum outyut current for linearity
with ilput light pulse

With voltage divider B

2.2
2.5

0.5
5.0

100

Maximum output current for linearity
with input light pulse                                                               300

Anode pulse rise time at vb = 2.5kv (see note 1)             2.0

Anode pulse width at half height
atvb = 2.5kv (see note 1)                                                         4.o

Transit time difference between the centre
of the phctocathode and the edge at vb = 2.5kv           =  0. 5

Total transit time at vb = 2. 5kv (see note 1)                  36

Maximum peak current                                                 0.5 to 1.0

RECOMMENDED CRCUITS (see notes  3 to 9)

'Id 'd 2     a.    d4    cls    d6    a 70ad9alOd 'd '2d \_\o":A rr`?ll\~

\\-015Vo
I

Vo

RL

3Vo

~08 -\.`Vo
Vo Vo Vo • V,

• Vb= 7Vo
CJ C2 C'

I/`'       .      .       dl      d2     d3     d4     d5    d6     d7     d8      c|9    dlo    dw    d|2   du   dw       a       Alt'P''''ar

`\

3 0 'a 4  7

RL

3Vo
cOVo

Vo VoV Vo

12Vo 1.5Vo '8Vo z2 27Vo 3.3Vo 39Vo 47

-015Vo
Vo

• Vb- \" to3 Vo
C5 C4      C3      C2              C1

-HT                                                                                                                                                                                          +HT

Voltagi.  tlividi.I  8

The voltage between the cathode and the fceusing electrode ¢1)  should   be
adjusted  around  0.15Vo, the voltage  between dl andd2should   be  adjusted
around 0. 8Vo.
C1  =  100qrvo,  C2=100q/3Vo,  C3= 100q/9Vo,  C4=100q/27Vo,   etc. ,   where

q = quantity Of electricity transported by the anode.

OCTOBER 1968 56AVP Page 2



PHOTOMULTIPLIER  TUBE       56AVP

a

®

A

®

CAPACITANCES

Cgi_(ace+dl)

ca-dl4

ca-all

RATINGS (ABSOLUTE  MAX"UM  SYSTEM)

Vb max.   (see note 2)

Ia max.         (Continuous  operation)

Vk-(ace+di)  max.

Vk-(ace+di)  min.

Vgi_k max.

Vdl-d2 ........ di3_di4 max.

Vd|-d2 ........ d|3-di4 mfn.

Va_di4 max.   (See note 3)

Va_di4 min.   (See note 3)

ACCESSORIES (supplied as additional items)

Socket

Mu-metal shield (see notes 4 and 10)
FE1003

56131

NOTES

1.  For  an infinitely  short  light pulse,  fully illuminating the photcoathode.

2.£arsthaegva°±[:¥feLaotgw,hi9hhfc¥:vteurb:'o,Yahg:£Cs°gee::ewde::£nvoltagedividerA.

3.  When  calculating  the  anode  voltage,   the  voltage  drop  across the load
resistor should not be overlooked.

4.  To avoid electric field distortion inthe electron optical s5/ stem the  exter-
nal conductive coating qVI,  pin no.  18) mustbeconnectedto a point whose
potential  is  close  to  that  of the cathode.  If the cathode is counected to
negativeh. t. precautions shouldbetaken to ensure adequate high tension
insulation  between  the  external   conductive  coating  and  the  mu-metal
shield.

5.  To  achieve  a  stability  Of  about  1% the ratio of the current through the
voltage  divider  bridge  to  that  through  the  heaviest loaded stage of the
tube shouldbe approximately 100.  For moderate intensities of radiation
a bridge current of about 3mA win be sufficient.

OCTOBER 1968 56AVP  Page 3



6.  The la.st stages Of the tube must be decoupled by means Of capacitors to
avoid a serious voltage  drq]  on  the  qynedes.  A typical value for Ci is
2nF.  hthecaseof high counting rates and large peak power output,  and
to avoid a high tension s`pply Of high power,  it iB possible to s`pply the
first stages  with  a  high tension of low oLrtyut power and the last stages
with an average voltage of high output.

7.  The  tube  iB  capable  Of producing very high peak ouq]ut currents (`ip to
lA). The outyuttime constant must bevery Small.   Therefore it is neces-
sary,  taking into accountparasitic capacitances,  to use a low load resig-
tance.  It is advisable to use a resistance matcbed coarial cable.  Under
these conditions  the tube  easily  ddivers  pulses  of tens  Of volts, thus
rendering an amplifier stperfluous.

8.  hanunber of applications it is not necessary for the current to be pro-
poltional to the incident luminous flux;  such chort pulses are needed for
time  measuremeuts   only,   and  not  for   speetrography  purposes.   If,
however, it is required at the same time to deterlnine the energy Of the
incideutradiation,  it is possible to select a qynode at which the current
is Proportionaltothe incident flux.  Starting from the anode,  the current
is divided at each stage by  (d-1)  where d is the secondary emission factor
of  the  stage   (approximately  3.5).   It  is  therefore  pessible  to locate a
dynode.  the  current  at  which  is  lower  than  or  equal  tothe saturation
limit of the dynodes .

9.  Care  should  be  taken to ensure that the anode voltage is  adjusted to its
optimum value .  It should be noted that for equal supply voltage the gain
of the tube is  lower for voltage divider  8 than for voltage divider A.

10.  It is  advisable  to  screen the tube with a mu-metal cylinder against the
influence of magnetic fields .

OUTI.INEDRAWING       |ncldent+radiotlon              +
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PHOTOMULTIPLIER  TUBE       56AVP
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PHOTOMULTIPLIER  TUBE       56CVP

QucK REFERENCE DATA

10 stage photomultiplier tube for use in infra-red telecommunication
and  ranging,  and  in optical applications where a very  fast response
is required.

Spectral response curve                                                               Type c  (S1)

Photocathode useful dialneter                                              42                mm

Anode sensitivity  (at vb= 2. 75kv)                                      100              A/lm

This data should be read in conjunction with
OPERATING NOTES -  PHOTOMULTIPLIER TUBES

PHOTOCATHODE

ZiEZ

®

®

Surface

rmnimuni useful diameter

Spectral response curve

Wavelength at maximum response
* Luminous  sensitivity

Average

rmnimun
**Infra-red luminous sensitivity

Average

mnimum
Average radiant sensitivity at  800nm

semi-transparent,  caesiuln on
oxidised silver

42mm

Type C  (S1)

800±100                 nln

2 5                   HA/1m

15                  HA/lm

3. 0             HA/ha

1.4             „A/1m

2.0               Tr`A|VN

*Measured using a tungsten lamp of colour temperature 2850°K.

**The  infra-red  lumen  is  the  flux  resulting  from  one  lumen  yielded  by  a
tungsten  lamp of colour temperature 2850°K passing through an  infra-red
filter  Coming CS94 No.  2450,  fusion  1613,  thickness  2.61mm.

MULTIPLIER SYSTEM

Number of stages

lmode material
CHARACTERISTICS

Overall sensitivity at Vb = 2 . 75kv

Average
REnimum

Maximum dark current at S= 20A/lm,
and  at  250c.

hrmcH 1968

10

silver magnesium oxygen caesium

100                      A/1m
20                   A/lm

10HA

56CVP  Page  1



_..`_External  conductive  coating ( M)i/Akg

I    aic   gf   a1d2d3d 4     d6     d6     cl7     da    d9    dlo    ,a       Amp,i,i®r

\ \ <`~0,15 11

V

u, 1.2V 000V
V V V V V

L

Vo a a113 aVo 0 0 a a a a a

V

I I
3Vo

C3 C2 C,

.
-HT

Ci = !£9|               C2=!99±              C3 = !99|
Vo                                      3Vo                                   9Vo

q=quontity   ol  electricity   transported   by   the  anode
CAPACITANCES

cgl-ace

cg2-au

ca-dlo

ca-all

RATINGs  (AesoLUTE  MAxlMUM s¥sTEM)

Vb max.

Ia max.  (continuous operation)

Vk_di max.

Vk_di min.

Vgi_k max.

Vg2_di max.

Vdl-d2 ........ dg_dio max.

Vd|-d2 ........ dg.dio mfn.

*Va.dio mar.

*Va_dio min.

*When calcula.ting the anode voltage, the voltage drop across the load resis-
tance should not be overlooked.

ACCESsORIES

Socket

Mu-metal shield

hrmcH 1968

FE1003

56131

56CVP  Page 2



PHOTOMULTIPLIER  TUBE        56CVP

a

n

®

OPERATING NOTES

1.  To  achieve a stability of  about  1%  the  ratio of  the current  throughthe
voltage  divider bridge  to that  through  the heaviest  loaded  stage of the
tube should be approximately 100.

2 .  For moderate intensities of radiation a bridge current of about 3mAwill
be  sufficient.

3 .  The last stages of the tube must be decoupled by means of capacitors to
avoid a serious voltage drop on the dynodes . A typical value of Ci is  2nF .

4.  It is  advisable to screen  the tube with a mu-metal cylinder against  the
influence of magnetic fields .

5.  In  the case of  high counting rates and  large peak  power output,  and  to
avoid  a high  tension  supply of  high power,  it  is possible to supply  the
first stages with a high  tension of  low output  power and the last stages
with an average voltage of high output.

6.  To  avoid  electric  field  distortion  in  the  electron  optical  system,  the
external conductive coating,  M ®in no .  18) , must be connected to a point
whose potential is close to that of the cathode .

7 .  If the cathode is  cormected to negative h.t . , precautions  should be taken
to ensure high tension insulation between the external conductive coating
and the mu-metal shield.

huncH 1968 56CVP  Page 3
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PI]OTolvluLTIPLIER   TUBES

TENTATIVE  DATA
a

56DUVP
56DVP

56DVP/03
56DVP/03A

QucK REFERENCE DATA

14 stage photomultiplier tubes for use in spectrometry and other ap-
plications wherevery low luminous fluxes are to be measured (single
photon counting)  and  liquid  scintillation counting of 14C  and 3H.  The
tubes  feature  a  high  quantum  efficiency  and  a very good collection
efficiency.  Very  fast  characteristics  make these tubes particularly
useful for fast coincidence measurements with low background noise.

56DUVP                The polished optical quartz window extends the res-
ponse  into the  ultra-violet  region and  guarantees a
very  low background  because of  the  absence of 4°K
radiation.

56DVP                   Suitable for detection of soft  frradiation.

66DVP/08             Similar  to 56DVP,  but features  a  higher  efficiency
for single photons .

66I)VP/03A          Matched pair of 56DVP/03 tubes  (see note  11)

Spectral response curve                    56DUVP                         Type DU
56DVP,  56DVP/03     Type D

Photocathode useful diameter

Gain  (at Vb = 2 . 1kv)

Anode pulse rise time

Quantum  efficiency  (at 400nm)

42mm

1o8

2.0                 ns

24%

Efficiency for  single photons  (at Vb = 2 . 1kv)

56DUVP,   56DVP       15                        %
56DVP/03                  220                       %

Collection efficiency 80%

Unless otherwise stated data is  applicable to all types

This data should be read in conjunction with
OPERATING NOTES -  PHOTOMULTIPLIER TUBES

SEPTEMBER 1968 56DUVP-Page  1



PHOTOCATHODE

Surface

rmnimuni useful diameter

Spectral response curve

semi-transparent ,  potassium caesiuln antimony

42mm

56DUVP
56DVP,  56DVP/03

Wavelength at maximum response
*rmnimum luminous  sensitivity

Average radiant sensitivity at 400nm

Average quantum efficiency at 400nm

Type DU
Type D

400 ± 30               inn

45                 „A/lm

77                  rnA/W

24%

*Measured using a tungsten lamp of colour temperature 2854°K

MULTIPLIER SYSTEM

Number of stages

Dynode material

14

silver magnesium oxygen caesium

CHARACTERISTICS

With voltage divider A

Average supply voltage for gain = |o8

Dark current at gain = 108  (measured at 25°C)
Average
Maximum

Maximum output current for linearity
with input light pulse

Efficiency for  single photons  (see note  1)
56DUVP,   56DVP                              average
5 6DV P/0 3                                          mini mum

Average supply voltage for single photon
efficiency of  15%  (56DUVP,   56DVP)  or
2097o  (56DVP/03)  (see note  3)

i::::::£a::82r5°oT)d(sne°:Sneota:¥)b=2.1kv

With voltage dlvlder 8

Maximum output current for linearity
with input licht pulse

2.1                      kv

100                          rnA

15%
20%

2.1                     kv

600               pulse/s

Anode pulse rise time at vb=2.5kv  (see note 2)                    2.0                      ns

Anode pulse width at half height
at vb=2.5kv  (see note 2)                                                                   4.0                      ns

Maximum transit time difference between the centre
of the photocathode  and the  edge  at vb=2.5kv                        0.5                      ns

Total transit time at Vb = 2 . 5kv

Maximum peak current

SEPTEnmER ig68

36ns

0.Stol.0                           A
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PHOTOMULTIPLIER   TUBES

a

A

RECOMMENDED  CIRCUITS  (see notes  4 to  10)

9|_a_cs_/External  conductive  cociting  (M)

56DuVP
56DVP

56DVP/03
56DVP/03A

~/

'k' I      .        dl       d2      d3     d4     d5     d6     d7     ds     dg    dio    dii    di2    di3   dM      a         Amplifier

1 \ \ \ \ \\ I                   F\LVoI

3Vo
~0.8Vo -1.2Vo

Vo Vo Vo Vo Vo Vo Vo Vo a Vo 0
-0.15Vo

• Vb=1 7Vo

I

C3
11C2C1

-H.T.                                                              Voltage  divider  A                                                        +H.T.

gi  acc      /External   Conductive  coQting   (M)

/k,'/       I      .        dl       d2     d3     d4     d5     d6     d7     d8     d9    d|o     d||    d|2    di3   di4       a       AmplifierH|-
\ \ \ \ I                  RL3.0to4.7

3Vo

-0.8 -1.2 1.2 1.5Vo 1.8Vo 2.2Vo 2.7 3.3 3,9 4.7

•

-0.15Vo
Vo Vo Vo Vo Vo Vo Vo Vo Vo Vo Vo

• Vb= 32.3 to3 Vo

I I

C5
IC4C3C2             C1

+ H .T.

Voltage divider  8

The voltage  between the  cathode  and  the focusing  electrode  (g1)  should  be
adjusted  around  0 .15Vo;  the voltage between dl  and d2  should be  adjusted
around  0 . 8V   .

0
Ci=t°°q/Vog   C2=1°°q/3Vo9   C3=100q/9Vo,   C4=100q/27Vo,   etc.,  where

q= quantity of electricity transported by the  anode.

CAPACITANCES

Cgi_(ace+dl)

ca-dl4

ca-all

SEPTEMBER  1968

25pF

7.0                         pF

9.5                         pF

56DUVP-Page 3



RATINGS  (ABSOLUTE  MAXIMUM SYSTEM)

Vb max.  (see note  3)

Ia max.  (continuous operation)

Vk_(ace+di)  max.

Vk_(ace+di)  min.

Vgi_k max.

Vdl-d2 ...... di3_di4 max.

Vd|-d2 ...... di3_di4  m±n.

Va_di4 max.  (See note 4)

Va_di4 min.  (See note 4)

ACCESSORIES  (supplied  as  additional items)

Socket

Mu-metal shield  (see note  5)

FE1003

56131

NOTES

1.  Measured under the following conditions :

Threshold at the anode of the photomultiplier = 4 . 25 x  1o-]3c
Anode coupling capacitor =  10nF
Anode load resistor =  100kfl

2.  For an infinitely short licht pulse,  fully illulninating the photocathode.

3.  Or  the  voltage  at which the tube,  when connected as  in voltage  divider
A,  has  a gain of 5 X  108,  whichever voltage is the lower.

4.  When  calculating  the  anode  voltage,  the  voltage  drop  across  the load
resistor should not be overlooked .

5.  To  avoid  electric  field  distortion  in   the  electron   optical  system  the
external conductive coating  (M,  pin no.18)  must be cormected to  a point
whose potential is close to that of the cathode . If the cathode is connected
to  negative  h.t.  precautions  should  be  taken  to  ensure  adequate  high
tension  insulation  between  the external conductive coating and the mu-
metal shield .

6.  To  achieve  a  stability  of  about  197o the ratio of the current through the
voltage  divider  bridge  to  that  through  the heaviest loaded stage of the
tube should be  approximately  100 .

7 .  The last stages of the tube must be decoupled by means of capacitors to
avoid  a  serious  voltage  drop on the dynodes .  A typical value for Ci is
2nF . in the case of large peak power output,  and to avoid a high tension
supply of high power, it is possible to supply the first stages with a high
tension of  low output power and  the last stages with an average voltage
of high output .

SEPTEMBER  1968 56DUVP-Page 4
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PHOTOMULTIPLIER   TUBES

a

a

rl

a

56DuVP
56DVP

56DVP/03
56DVP/03A

NOTES  (cont'd)

8.  The  tube  is  capable  of producing very high peak output  currents  (up to
lA).   The  output   time  constant   must  be  very  small.   Therefore  it  is
necessary, taking into  account  pat.asitic capacitances ,  to use  a low load
resistance.  It  is  advisable  to  use  a resistance matched coaxial cable.
Under  these  conditions  the tube easily delivers pulses of tens of volts,
thus rendering an amplifier superfluous.

9 .  Care should be  taken  to ensure that the anode voltage is adjusted to its
optimum value . It should benoted that for equal supply voltages the gain
of the tube is lower for voltage divider  8 than for voltage divider A.

10.  It  is  advisable  to screen the tube with a mu-metal cylinder against the
influence of magnetic  fields .

11.  A  considerable  reduction  in  the  background  noise  can  be  achievedby
means  of  coincidence  measurements.  For  this purpose matched pairs
of  56DVP/03  tubes  are  available under  type number  56DVP/03A.  The
supply  voltages  of  these  tubes  are  equal within ±15V at  a detection ef-

:ire:::yn:::esi:g::tphh:i:::::::g°s't:it::#=:ts°i::ev:ftL:gees.°f back-

Leg9al

56DUVP   has
a  quartz  window

|c   a    dl4di2

External
conductive

(M)

Incident+radiat'on

53.5

QCC+dl|c     k    91

Special    20  pin   base
Socket   type    FE1003

All   dimensions   in   mm
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PHOTOMULTIPLIER   TUBES

a
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PHOTOMULTIPLIER   TUBES     56TUVP
56TVP

QUICK REFERENCE  DATA

56TUVP     14  stage photomultiplier tube with quartz window,  intended
for  use  in  applications  such  as   telecommunications  and
ranging,  and in optical experiments where a high sensitivity
in  the  whole  visible  and ultra-violet regions  is required,
combined with  a high degree  of time definition.

50TVP        14  stage  photomultiplier   tube  intended   for  use  in  laser
applications , working in the orange , yellow and green range .

Spectral response  curve                    56TUVP     Type TU  (extended s20)

56TVP         TypeT  (S20)

Photocathode useful diameter                                                42                 mm

Gain  (at vb= 2.5kv)                                                                        io8

Unless  otherwise stated,  data is  applicable to both types

This  data shortld be read in conjunction with
OPERATING  NOTES -  PHOTOMULTIPIIIER TUBES

PHOTOCATHODE

Surface

T\finimum useful diameter

semi-transparent ,  sodium potassium
caesium antimony

42mm

A

ZiR

®

Spectral  response  curve                    56TUVP
56TVP

Wavelength at maximum response
* Luminous  sensitivity

Average

mnimum
Average radiant sensitivity at 420nm

Average radiant sensitivity at  700nm

Type  TU  (extended S20)
Type  T  (S20)

420±30                    nm

115                  pA/lm

90                   „A/1m

rnA/W

rnA/W
*Measured using a tungsten lamp of colour temperature  2850°K.

MULTIPLIER SYSTEM

Number of stages

Ilynode material

RARCH 1969

14

silver magnesium oxygen caesium

56TUVP-Page  1



CHARACTERISTICS

Supply voltage for gain = |o8

Average
Maximum

*Maximum dark current at gain =  |o8

Maximum anode pulse amplitude for
linearity with input light pulse

*Measured at 250C

E3E                ,/External   conduct,ve   coat,ng   (M)                                                                            Amp'
lerRL

/''     glacc               di       d2      d3      d4      d5      d6      d7      ds      d9      dlo     du      dl2     dl3     dl4      a

k,'1-0-15Vo I

Vo
V

-1.2Vo ~0.8Vo
Vo Vo Voyt7VO Voea Vo Vo Vo Vo VoC3 Vo3Vo 0

cl=qu       C2= 100 a ity C3
100q

Ode
Vo                            3Voq=quantityotelectri 9Votransported   b

c2C1

-HT +HT

CAPACIT,ENCES

Cgi_(ace+dl)

C(ace+dl)-all

ca-dl4

ca-all

RATINGS  (ABSOLUTE  I\IAXIMUM SYST EM)

**vb men.

Ia max.  (continuous  operation)

Vk_di max.

Vk_di min.

Vk_gi  max.

Vdl-d2 .......... di3_di4  max.

Vdl_d2 .......... di3_di4  m±n.

***Va_di4 mar.

***Va_di4 min.

**:fr]tohge,V;Eacgheeva:rwfhs£::et::;::?}Whenusedlntheclrcuitabove,hasagain

***When calculating the anode voltage, the voltage drop across the load resis-
tance should not be overlooked.
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PHOTOMULTIPLIER   TUBES     56TUVP
56TVP

ACCESSORIES  (supplied as  additional items)

Socket
Mu-metal shield

OPERATING NOTES

a

®

RIB

FE1003
56131

1.  To  achieve a stability of  about  1%  the ratio of  the current  through the
voltage  divider bridge  to that  through  the heaviest  loaded  stage of the
tube should be  approximately  100.

2.  The last stages of the tube must be decoupled by means of capacitors to
avoid a serious voltage drop on the dynodes . A typical value of Ci is  2nF .

3 .  It is  advisable to screen  the tube with a mu-metal cylinder against  the
influence  of magnetic  fields .

4.  In  the case of  high counting rates  and  large peak  power output,  and  to
avoid  a high  tension  supply of  high power,  it is  possible to supply  the
first stages with a high  tension of  low output  power and the last stages
with an average voltage of high output.

5.  To  avoid  electric  field  distortion  in  the  electron  optical  system,  the
external conductive coating,  M  toin no.18) , must be  connected to a point
whose potential  is  close to that of the cathode.

6 .  If the cathode  is  cormected to negative h.t . ,  precautions  should be taken
to ensure high tension insulation between the external conductive coating
and the mu-metal shield .

1883351

56TUVP   hcis
a  quartz  window

|c   a    dl4di2

E:xternc]l
conductive
coot,n9  (M)

Qcc+dl   |c    k    9'

Special    20   pin   base
Socket   type    F.E1003

All   dimensions   in   mm

RARCH 1969

Incident+radiatlon                    +

52.5
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PHOTOMULTIPLIER  TUBE       57AYP

QUICK REFERENCE DATA

11 sta,ge photomultiplier tube intended for use in a,pplications such a,s
total  body  radiation  measurements ,  uranium  prospecting with very
large scintillators and Cerenkov light measuremeuts in large trans -
parent objects .

Spectral response ourve type A  @11)

Phctocathode useful diameter 200                 mm

Anode sensitivity (a.t Vb-1. 8kv) 250             A/lm

This data should be read in conjunction with
OPERATING NOTES  - PHOTOMULTIPI.IER TUBES

PHOTOCATHODEa

EiE

a

Surface

Spectral response curve

Peak spectral response

Minimum useful diameter

* Lundnous  sensitivity

Average

rmnimum

Average radiant sensitivity at 420nm

semi transparent ,  caesium antimony

type A  (Sll)

420 ±30           nm

200                 mm

50         4/lm
3 5          A/lm
4!5              TJulA.N

*Measured using a tungsten lamp of colour temperature 2850°K.

MULTIPI.IER  SYSTEM

Number of stages

Dynode rna,terial

CHARACTERISTICS

11

silver magnesium oxygen caesium

VOLTAGE DIVIDER AS IN FIG.1

Overall  sensitivity (S) at Vb -1.8kv

Average

rmnimun
**Maximum dark current at S = 60A/lm

Maximum value of anode current at which
relationship between peak anode current and
luminous flux is linear  (at Vb = 1. 8kv)

**Measured at 25°c.

DECEMBER  1967

2 50              A/lm

60              A/1m

1.0                   HA

30mA

57AVP  Page D1



VOLTAGE DIVIDER AS IN HG. 2

Mardmum value of anode current at which
relationship between peak anode current and
luminous flux is linear  (at Vb =2 . 5kv)

RIse time Of anode pulse  (at Vb = 2 . 5kv)

=,-_:  u

Width at half height ot` anode pulse  (at vb =2.5kv)                    10                   ns

Transit time difference between the centre
Of the thotocathode and the edge  (at vb =2.5kv)                          4.0              ne

Total transit time (at vb-2.5kv)                                                 50                  rs

k   °icd,     d2   d3   d4   d5   d6    d7    d8   d9   dro   dn:quplifieP

-5V.4V I  Vo

Vo Vo . Vr _\,_ _\,

RL

a • a _'0_ _'0 0 a a

='5ig,

'''
V Vo1

•

k   °icd,      d2   d3    d4    d5   d6    d7    d8   d9   dlo   dll:  4mplif_ie

1] I

5V4V 2RL
V Vo Vo Vo

W25 I.5 I.75•

® a 0 0 ® a a a a

T

Vb=17F.i9. 5V.I
+-H.T

Ese77i

e
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PHOTOMULTIPLIER  TUBE        57AVP

a

®

Ziil

a

cAPAaTAVCEs

Cardll

Oaal,
RATINGs  (ArsoLUTE MAIHMUM sysTEM)

Vb man.

Ia max.  (continuous operation)

Vk_ace men.

Vkrdl -.
Vknd] rfu.

Vdlrd2.........diordiimar.

Vdlrd2 ......... diordii m±n.

"*Vardii max.
"tryardiL rfu. 80

***When calculatingthe anode voltage ,  the voltage drop across the load resis -
tance should not be overlooked.

ACCESSORIrs (supplied as additional items)

Socket                                                                                                                            FE1001

Mu -metal shield                                                                                                      56132

OPERATING NOTES

1.  To  achieve  a  stability  of  abcut  1% the ratio Of the current through the
voltage  divider  bridge  to that  through  the heaviest loaded stage Of the
tube should be approximately loo.

2 .  For moderate intensitles Of radiation a bridge current of about lmA will
be sufficient .

3 .  Or the voltage dividers shown the highest gain is obtained when the tube
is connected as in Fig.1. A higher anode current outp`it with better time
characteristics is obtained when the tube is connected a.a in  Fig.2 .

4.  The  accelerating  electrode has a separate external connection to allow
adjustment for optimum photoelectron collection on the first dynode.

5. h  pulse  techniques,   such as scintillation counting,   it  is  advisable  to
decouple  the  last  two  or three stages by means of capacitors of 100pF
and 200pF  (the highest value at the last stage) .

6 . When  the  tube  ha.s been exposed to full daylignt just before mounting it
will  probably  show  an increased dark current,  which will return to its
normal value after several hours Of operation.

7.  It  is  advisable  to screen the tube with a mu-metal cylinder agalnst the
influence of magnetic fields .

DECEMBER  1967 57AVP  Page D3



14   Pin   base
J.E.D.E.C.   814-38
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PHOTOMULTIPLIER  TUBE        57AVP

A

a

A

I)13200

7S3

57A P a7923

I *i,
++

\c},i

753

I

•
YC`

`1+

7S3

753

I

1.0 1. 5 2 •0 2 •5
Vb(kv)

ANODE SENSITIVITY AND DARK  CURRENT  PLOTTED AGAINST

TOTAL VOLTAGE
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PHOTOMULTIPLIER TUBE        58AVP

QUICK  REFERENCE  DATA

14  stage  motomultiplier  tube  intended  for  use  in  fa,st  coincidence
circuits and Cerenkov counters where a high degree of time dafihition
is  required.  This  tube  is  similar  to  type  XP1040,   expect  for  the
window  constmction.

Spectral response curve                                                          type A (Sll )

motocathode useful diameter                                       110              -
Anode sensitivity  (at vb = 3.Okv)                                    7000              A/lm

A

A

Eii

®

This data should be read in conjunction with
OPERATING  NOTES -  PHOTOMULTIPI-IER  TUBES

PHOTOCATHODE

Surface

Spectral response curve

Peak spectral response

Minimum useful diarncter
* Luminous g ensitlvity

Average
Minimum

semi-transparent ,  caesium antlmony

type A (Sll)

420 ±30               un

110                 mm

Average radiant sensitivity (at 420rm )

70          Avlm
4 5         Avha
60            nLA/W

*Meaoured using a tungsten lanp of colour temperature 2850°K.

CHARACTERISTICS

VOLTAGE  DIVIDER  AS  IN  FIG.1.

Supply voltage for grin = 108

Average

rmmun
**Mximum anode dark current at gain = 108

mximum value Of anode current for which
relationship between peak a.node current and
luminous flux iB linear  (at Vb = 3 .Okv)

**Measured at 250C

DECEMBER 1967

2.4              kv

3.0              kv

12A

loo                  rnA

58AVP mgo I)1



VOLTAGE  DIVIDER AS  IN  FIG.2

Maximuni value of anode current for which
relationship between peak anode current
and luminous flux is linear  (at Vb =3 .Okv)

RIse time of anode pulse  (at Vb = 3 . Okv)

Width at half height Of anode pulse  (at Vb = 3 .Okv)

Transit time difference between the centre of
the photocathode and the edge  (at Vb = 3 .Okv)

Total transit time  (at Vb = 3 .Okv)

Maximum peak current

300

2.0

4.0

1.0

45

0.5 to  1.0

92
'1

`    93i     d2   d3   d4   d5d6    d7   d8  dg   diodn    di2dl3dl 4I  _     Ampll'IF'L

-2a

1.2Vo o-aVo
Vo

I.2 I.5 I.8V 2.2. 2.7V 3.3Vo11 3.9V 4.7

onto

I1

0. -a ' aHT

HT                                        Fi g.2                           ERE            +

nil
ns

ns

ns

ns

A

If  cathode  is  comected  to  negative  h.t.,   precautions should be  taken  to

:::::peado:uma::mhe.i.L¥£:]¥:°n between the aquadag shield and the metal      u
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PHOTOMULTIPLIERTUBE        58AVP

cAPAexTANCEs

Cardl4

ca-a.11

a

®

lil

RATINGs  (AusoLUTE MAxlrmM sysTEM)
*vb  max.

Ia  max.  (continuous  operation)

Vkracc max.

Vk_ace  min.

Vkngi max.

Vkrditg2 max.

Vkndits2 min.

Vg3rdimax.
**Vardi4 max.

**Vardi4 min.

Vdlrd2.........di3rdi4max.

Vdird2.........di3rdi4nrin.

*Or  the  voltage at which the tube,  when used in the circuit of FIG.1.  ha.s a

gain of a.bout  109,  whichever is the lower.
**When calculating the anode voltage , the volt drop across the load resistance

should not be overlooked.

ACCESSORIES (supplied as  additional items)

Socket

Mu -metal shield

tube with metal container

tube without metal conta,iner

A  plano-concave  plexiglass  adaptor is  supplied  with the tube for coupling
to scintillators .

DECEMBER 1967 58AVP   Page D3



OPERATING NOTES

1.  To  achieve  a  stability  of  about  1% the ratio of the current through the
voltage  divider  bridge  to  that  through  the heaviest loaded stage of the
tube should be approxima.tely  100 .

2 .  For moderate intensities of radiation a bridge  current  of about  3mA will
be  sufficient.

3 .  When  pulses of high amplitude a,re taken from the anode,  it is useful to
decouple the last stages as indicated inthe circuit by means  of capacitors
Of a few hundred pF,  to avoid a voltage drop between these stages .

4 . When the tube has been exposed to full daylight just before mounting,  it
will  probably  show  an increased dark current,  which will return to its
normal  value after several hours  of operation.

5.  It  is  advisable  to screen the tube with a. mu-metal cylinder against the
influence of magnetic fields .

6.  in  the  case of high counting rates and large peak power  outputs,  and to
avoid  a  high  tension  supply  of  large power it is possible to supply the
first stages  with  a h.t.  Of small output current and the end stages with
an average value of h.t.

7.  The voltage  divider in  Fig.1  ha.s the higher gain,  while a higher anode
current output with better time characteristics can be obtained when the
tube is connected as  in Fig. 2.

:firei8:g

Special  20pin   base

All    dlmensions   ln   mm.
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PHOTOMULTIPLIERTUBE        58AVP

®

EiEI

a

S

.-
I

I I

= = B7924
I

.I
I 11 II I

II II I
I

I I I

I

I I III

II

)

7S I II I
I

(III II

I
I I

II i
I

I

II

IllI.

I

I

II

7, I I II

I II

II 11I II

1(I

I
1 I 1

(

I
I

II

I

I

II

I

)

11II

I I I I

!Jlil I'1

7S

I
I I

.i
I I

I I

I
I

) I

I

I

I
I I

I

I

I

I
I I I 11

11

( i

7

I

I

(

II

11I

I

I

11

1

a
I

Ill
11S

•.I
I I

11 I
I

I I I I
i

I

II

I

(

(

I

I

I

I

II

I

II

I

I
1

II

7

I
I I I I 11

I I

Ill
I I

.
I.

I
I I

I I (
I

) I
I I I I I

I I
I

I)
II I/ I

((

I
II

I

II

I

I
II

(
I

Ii
11 I

I

I
I I                        I

11

I

I

I

iI

0
1.0                           1.5                          2.0                            2.5                      3.0      Vb  (kv)

GAIN  AND  DARK  ctjRREr`IT
AS  A  FUNCTION  OF  TOTAL  VOLTAGE

DECEMBER  1967 58AVP   Page C1



®

®

®

))0

753

58AVP - 8792 5

a-

I

753

I-

I
3 57 3S7 3 57

1o-6 1o-5                                             1o-4LIJm
jno uS flu x('m

ANODE  CURRENT  AS  A  FUNCTION  OF   LUMNOUS  FLUX

DECEMBER  1967 58AVP   Page C2



PHOTOMULTIPLIER  TUBES 150AVP
150UVP

OulcK  REFERENCE  DATA
10  stage  Photomultiplier  tubes  intended  for  use  in  scintillation  counting  and

flying-spot  scanner  applications  and  various  kinds  of  opt.Ical  and  industrial
;nstrunents.

Overall  diameter                                                                                39.5     mm

Photocathode diameter                                                          32        mm

Overall  sensitivity (at  vb  ±  1.8kv)                                    1250     A/lm

Maximum  dark current (at s  ± 60A/lm)                              0.05   :I,A

®

Eil

a

The  150AVP and  the  150UVP are  identica.I  except  for spectral  response.
150AVP   is    particularly   suitable   for   daylight   and    radiation    having   a
blue  predominance.150UVP  has  a  quartz  window  and  is  predominantly
sensitive  to  ultraviolet  radiation.

This  data should  be  read  in  conjunction  with
` OPERATING   NOTES-PHOTOMULTIPLIER  TUBES.'

PH OTOCATH ODE

Surface caesium  antimony

Peak  spectral  response

150AVP

150uVP

Minimum  useful  diameter

Minimum  cathode area
*Luminous  sensitivity

Average
`        Minimum

Average  radiant sensitivity  (at  peak spectral  response)

Maximum  dark current (at Tomb  =  25°C)

*Measured  using  a  lamp  of colour temperature  2850  °K.
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150AVP
150UVP

PHOTOMULTIPLIER  TUBES

CHARACTERISTICS
Overall  sensitivity  (at Vi,  =  1.8kv)

Average
Minimum

Maximum  dark  current  (at  S  =  60A/Im)

Maximum  value of a.node current at which  relationship
between   pea.k  anode  current  and   luminous  flux  is
linear (at Vb  =  1.8kv)

1250            A/Im
100            A/Im

0.05          HA

At  high  ga.in  distribution  as  shown  in  fig.1                              30               rnA

At  high  current  distribution  as  shown  in  fig.  2                 100               rnA

n   I   a,      d2     a
3d4d 5     d6     d7     d8     d9    dloa   AmplifierI.25I.5I.752RL

2Vo Vo Vo Vo Vo Vo Vo Vo Vo Vo Vo

LJ I-+1 I+IL

I b a

H.T.
Fig.2E

CAPACITANCES
Ca-dlo
Ca-nl 1

MARCH  I.6]
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PHOTOMULTIPLIER  TUBES

rl

A

Eil

0

MOUNTING  POSITION
Any

ABSOLUTE  MAXIMUM  RATINGS
Vt)  max.
Ia  max.  (continuous  operation)
Pa  max.
vk-di  max.
Vk-di  min.

*Va-dio  max.
*Va~dio  mih.

vdi~d2  .....  d9_dio  max.
vdi-d2  .....  d9-dio  min.

*When calculating the anode voltage, the volt drop across the load resistance
should  not  be  overlooked.

ACCESSORIES

Socket 88         700         42
Mu-metal  shield  (cylindrical)

Length 90±1mm,  diameter 42+_6mm                               56127

1ncider)t

39.5max    ±

radiation

All  dimensions   in   mm                                 BEE
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PHOTOMULTIPLIER  TUBES I 50AVP
150UVP
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PHOTOMULTIPLIER  TUBE      150CVP

QUICK REFERENCE  DATA

10 stage photomultiplier tube with semi transparent cathode,  partic-
ularly sensitive to daylight and to radiation having a red predominance .
Designed for end-on incidence of illumination and having optically flat
and parallel surfaces .

Spectral response curve type  C  (S1)

Photocathode useful diameter 32mm

Anode sensitivity  \at  1. 8kv) 100               A/1m

a

A

This data should be read in conjunction with
OPERATING NOTES  - PHOTOMULTIPLIER TUBES

PHOTOCATHODE

Surface

rmniniuln useful diameter

semi-transparent,  caesium on oxidised silver

32mm

Spectral response curve

Peak spectral response

Minimum cathode area

* Luminous  sensitivity

Average

Minimum

Average radiant  sensitivity  (at  800nm)

type  C  (S1)

800± 100          nm

8.o              cm2

2 5            „A/lm

15             4,A/lm

2.5      mA/W
*Measured using a tungsten lamp of colour temperature 2850°K.

MULTIPLIER SYSTEM

Number  of stages

Dynode matel.ial

CHARACTERISTICS

10

silver magnesium oxygen caesium

VOLTAGE  DIVIDER AS  IN  FIG.1

Overall  sensitivity at Vb = 1. 8kv

Average

Minimum
**Maximum dark current at S =20A/lm

Maximum value  Of anode  current at which
relationship between peak anode current and
luminous flux is linear  (at Vb = 1. 8kv)

**Measured at  25°c.

FEBRUARY  1967

100               A/lm

20              A/lm

10IA

5.0               rnA

150CVP   Page D1



VOLTAGE DIVIDER AS IN FIG. 2

Maximum value Of anode current at which
relationship between peak anode current and
luminous flux is linear  (at Vb = 1.5kv)

RIse time  of anode pulse  (at Vb = 1. 5kv)

Transit time difference between the centre of
the photocathode and the edge  (at Vb = 1 . 5kv)

Total transit time (at Vb = 1. 5kv)

100                    rnA

4.0                ns

3.0                 ns

36ns

kaicd
ld2d3d4d5d6    d7     d8    d9    dloa   Amplifier

I

2Vo Vo Vo VoV Vo14.5 VoV Vo
I.25Vo I.5VoL]I- I.75Vo+1L 2a+JL RL•T. EE

H.T.

b a

F.ig.2                                                         +H

FEBRUARY  1967 150CVP  Page D2
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PHOTOMULTIPLIER  TUBE      150CVP

A

a

ZiEl

®

CAPACITANCES

cardlo

carl,

RATINGs  (ABsOI,UTE MAIaMUM sysTEM)

Vb max .

Ia max.  (continuous  operation)

VkrdL max.

Vkrdi min.

Vdlrd2 ......... dgrdio max.

Vdlrd2 ......... dgrdio mfn.

***Vardio max.

***Vardio min.

3.0                 pF

5.0                pF

1.8               kv

30wh

500V

120V

300V

80V

300V

80V

***When calculatingthe anode voltage, the voltage drop across the loa,d resis-
tance should not be overlooked.

ACCESSORIES  (supplied as  additional items)

Socket                                                                                                                               FE1002

Mu -metal shield                                                                                                        5612 7

OPERATING NOTES

1.  To achieve  a  stability  of  about  lq7o  the ratio of the current through the
voltage  divider  bridge  to  that  through  the heaviest loaded stage Of the
tube should be approximately 100 .

2 .  For moderate intensities Of radiation a bridge current of 0 . 5mA to 1. OmA
will be sufficient.

3 . When pulses with high amplitudes are taken from the anode, it is useful
to decouple the last stages as indicated in the circuit by means Of capa-
citors of a few hundred pF, to avoid a voltage drop between these stages .

4 . When the tube has been exposed to full daylight just before mounting,  it
will  probably  show  an increased dark current,  which will return to its
normal value after several hours of operation.

5. It  is  a,dvisable  to screen the tube with a mu-metal cylinder against the
influence of magnetic fields .

6 .  Of thevoltage dividers shown the highest gain is obtained at a given total
voltage when the tube is  connected as in  FIG.1.  A higher anode current
output   with  better  time  characteristics  is  obtained  when  the  tube  is
cormected  as  in  FIG.2  with  the same total voltage but the overall gain
is less .

FEBRUARY  1967 150CVP  Page D3
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PHOTOMULTIPLIER  TUBE      150CVP
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PHOTOMULTIPLIER  TUBE

A

®

EiE

153AVP

QUICK  REFERENCE  DATA
'T'h|SstatugEephha°ts°amug'ut#Pr'=c=a%s`e:dubs:,en5tg7eyngdraee##atr,:uansde=a;tni=§n:#h%na;%osfg:Cot.r6°6mie#i

Overall  diameter
Photocathode diameter
Overall  sensitivity  (at  Vb  ±  1.8kv)
Maximum  dark current (at S  ± 60A/lm)

57mm
44mm

4500     A/lm
0.05    HA

This  da.ta  should  be  read  in  conjunction  with
` OPERATING   NOTES-PHOTOMULTIPLIER  TUBES.'

PHOTOCATHODE
Surface

Peak  spectral  response

Minimum  useful  diameter

Minimum  cathode area
*Luminous  sensitivity

Average
Minimum

Average  radiant sensitivity  (at 0.42prm)

Maximum  dark  current  (at Tamb  =  25°C)

caesium  antimony

0.42± 0.03         Hm

44mm
15.2           cm2

70         HA/Im

50         ttA/lm

55       rnA/W
|0~15  A/cm2

*Measured  using  a  lamp  of colour temperature  2850°K.



153AVP PHOTOMULTIPLIER  TUBE

CHARACTERISTICS
Overall  sensitivity  (at  Vt,  =  1.8kv)

Average
Minimum

Maximum  dark  current  (at S  =  60A/lm)

Resolution  (for 0.661 Mev  caesium  137 gamma  ra.diation)
Average
Maximum

Maximum  value  of anode  current  at  which  relationship

=:te#dt,s'te?:=ui::°nf€2Csuhror;:t,nanfidg.',umjnousflux|s

acc

4500           A/I in
100            A/Im

0. 05         HA

8.5%
9. 0              O/o

30mA

k ldld2d3d4d5d6    d7    d8    d9   dlo    dll  :Amplif

2to4 • Vo-13 • • V Vo V

I

RL

0 Vo Vo 0P a....15 0 0 0C, 0C2 aC3

. V a
-HT                                                               Fig.I

CAPACITANCES

Ca-dl]
Ca-al I

MOUNTING  POSITION
Any

®



PHOTOMULTIPLIER  TUBE

A

A

®

n

I 53AYP

ABSOLUTE  MAXIMUM  RATINGS
Vb  max.
Ia  max.  (continuous  operation)
Pa  max.
vk_di  max.
Vk-dl  min.

*Va-dii  max.
*Va-all  min.

vcii-d2  .....  dio-all  max.
vdi-d2  ....  dio-all  min.

*When calculating the anode voltage. the volt drop across the load  resistance
should  not  be  overlooked.

ACCESSORIES
Socket
Mu-metal  shield  (cylindrical)

88         700         40

Length  90±1mm,  diameter  57+L6mm                               56128

Incident|radiotion

d9d6

9 o_o C!

d5d6

dll                                            acc       k

Special     14p.ln    base

All  d.imensions   in   mm                              EE

1l'i;',,
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PHOTOMULTIPLIER  TUBE 153AYP

n

a
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153AVP PHOTOMULTIPLIER  TUBE
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IMAGE  CONVERTER  TUBE
Diode    image    converter   tube   Primarily    intended
for  high  speed  sweep  Photography   or   as   a   diode
shutter  tube.

ME1200AA
ME1200AG

This data should  be  read  in  conjunction  with  GENERAL OPERATIONAL
RECOMMENDATIONS-IMAGE  CONVERTERS  included  in  this  section
of the  handbook.

PHOTOCATHODE

Type:   Caesium   antimony,   blue   sensitive   with   low   resistance   for   pulse
Operation.

In  tubes  primarily  intended  for  pulse  operation  where  large  peak  emission
currents are  required,  the  transverse  resistance of the  layer  must  be  kept
low compared with the values obtained  in  normal semi-transparent  caesium
antimony  types.  In  a  high  resistance  cathode,  sensitivities  of the  order  of
60prA/lm  can  be obtained,  but the  inclusion  of inactive  conductive  material
lowers  this  figure  to  20HA/lm.

The  cathode  sensitivities  quoted   are   measured   with   a  tungsten   lamp  of
colour temperature  2700°K.
Effective  photocathode  diameter                                                              30                 mm

LUMINESCENT  SCREEN

Two  types  of  screen  are  in   normal   use,  the  type   being  indicated   by  the
second  letter after the type  number,

a

ZiEI

Screen type
Colour
Energy  efficiency  (approx.)
Decay  time to 1/e  (37°/o)  after

10-7  second  excitation
Resolution
Maximum  screen  diameter

CAPACITANCE
Ca-k

CHARACTERISTICS
*Photocathode  sensitivity
Va
Vk
Linear  magnifica.tion

AG
Blue               Green
15                          7.0

20xl0-6      |0x|0   3
25                 lines/mm

117                               mm

50pF

20             iJ,A,,' I in
6.0              kv
OV

2.5  to 4.0
Focusing  ampere  turns  for  2nd  focus  with  specified  coil        4000

tpicture  resolution                                                                                            250       lines/cm
*Measured  with  a.  Ia.mp  of colour temperature  2700°K.

tsf:t.e:r::nt::ety,trie,sa:#e:a:.?f::?n:,ofi:c;::.:.s#,-;i,::inn::,::i:s:Ieeiis:ga:nni:ca:g5e::I:::e,;

of 1000  lines/cm  on  the  photocathode.

SEPTEMBER  1959   (I)



ME1200AA
ME1200AG

lMAGE  CONVERTER  TUBE

VARIATloN   OF   MAGNIFICATION   AND   ROTATION   OF   IMAGE

With  the  specified  coil.  Va  ±  6.Okv  and   `D'  ±  42mm  (see  page  D4)

Focus Focus  current                 Magnification                      Angle  of
rotation

(degrees)
2.4                                             15
4.0                                           9.2

LIMITING   VALUES   (absolute  ratings)

Va_k  max.                                                                                                                          6.0                kv
*Photoca.thode  current  density  max.                                                              0.05   HAfcm.2

Tami]it.]it  max.                                                                                                                        5o                      °C
*With  short  pulse  operation  the  upper  limit  to  photo-emission  current  is
not  set  by  factors  of  damage  to  the  cathode.  If the  sensitive  layer  suffers
a  slight  overload,  electron  optical  distortion  will  occur,  but  no  damage  to
the  cathode  need  result.

EXTERNAL  CONDUCTIVE  COATING

An  external   metallised   coating  connected  to  the  cathode  surrounds  the
outer   wall   of  this   tube.   It   is   essential   that  the   copper  foil   connection
between  this  metallising  and  the  cathode  terminal  should  not  be  broken.
If  the  cathode  is  not  operated  at  earth  potential,  care  must  be  taken  to
maintain  insulation  of the  cathode  from  the  focusing  coil.

SEPTEMBER   1959   (1)
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IMAGE  CONVERTER  TUBE ME1200AA
ME1200AG

SEPTEMBER   195?   (1)
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ME1200AA
ME1200AG

IMAGE  CONVERTER  TUBE

4 holes fin.  dia

Brciss   tube

14  SWG. brass

L5,16-I Photo   cathode  face

CONSTRuCTIONAL  DETAILS

Turns :  15,000  approx.
Wire:   26  s.w.g.   enamelled   copper  interleaved  with  0.004-in.   presspahn.

SEPTEMBER   l9SP   (1)
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lMAGE  CONVERTER  TUBE ME1200AA
ME1200AG
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lMAGE  CONVERTER  TUBE

Triode  image  converter  tube  for  high  speed  Pulse
operation   or   as   a   diode   shutter   tube   with   grid
and  anode  strapped.

ME120IAA
ME120IAG

®

rl

This data should  be  read  in  conjunction  with  GENERAL OPERATIONAL
RECOMMENDATIONS -IMAGE  CONVERTERS  included  in  this  section
of the  handbook.

PHOTOCATHODE
Type  A:-Caesium  antimony,  blue  sensitive  with  low  resistance  for  pulse

operation.
In  tubes  primarily  intended  for  pulse operation  where  large  pea.k  emission
currents  are  required,  the transverse  resistance of the  layer  must  be  kept
low    compared    with    the    values    obtained    in    normal    semi-transparent
caesium  antimony  types.  In  a  high   resistance  cathode,  sensitivities  of  the
order of 60prA/lm  can  be obtained,  but the  inclusion  of  inactive  conductive
material   lowers  this  figure  to  20HA/Im.
The  cathode  sensitivities  quoted   are   measured   with   a  tungsten   lamp  of
colour  temperature  270o°K.
Effective  photocaLthode  dia,meter                                                       25                            mm

LUMINESCENT  SCREEN
Two  types  of  screen  a+e   in   normal   use,  the  type   being   indicated   by  the
second  letter  after  the  type  number.
Screen  type
Colour
Energy  efficiency  (approx.)
Decay  time  at  1`e  (370/o)  after

10-7  second  excitation
Resolution
Maximum  screen  diameter

CAPACITANCES

AG
Blue              Green
15                           7.0                               ,,,o

20X10-a      10x|0-3                    s
25                       25                 lines,/mm

117                     117                                mm

CHARACTERISTICS
*Photocathode  sensitivity

Va
Vk
Vg  max.
Vg  min.  for  reasonable  picture  quality
Vg for  cut-off  (approx.)
Linear  rna.gnification                                                              See  page
Focusing  ampere  turns  for  2nd  focus  with

specified  coil                                                                                            4000

tpicture  resolution                                                                                     250                lines/cm
*Measured  with  a  la.mp  of colour temperature  2700C'K

tA   picture   resolution   of  250   lines`cm   means   that   an   image   of  250   lines
alternately  black  and  white  of  equal  width  can  be  viewed  in  lcm  on  the
screen.   With   a   linear   magnification   of  2.5   times,   this   means   an   image
detail  of 625  lines/cm  on  the  photocathode.

SEPTEMBER   1959   (1)



ME]20IAA
ME120lAG

lMAGE  CONVERTER  TUBE

LIMITING   VALUES   (absolute  ratings)

Va-k  max.
Vg-k  max.
Va_g  max. :  at  picture  extinction

during  exposure
*Photocathode  current  density  max.

T&intiient   max.

6.5              kv
6.5              kv
6.6              kv
6.0              kv
0.05   'J.A,,'cm2
50OC

T!:t:e:hgyrtfapc::Sres:?edraa#etthoetuhpep::ti'omd':.tFf?hhe°ts°e-nesTt'jsvs:°,:yceurr::ate::
aL  slight  overload,   electron   optical   distortion   will   occur,  but   no  damage
to  the  cathode  need   result.

EXTERNAL  CONDUCTIVE  COATING

An  external   metallised  coating,  connected  to  the  cathode,  surrounds  the
outer   wall   of  this   tube.   It   is   essential   that   the   copper   foil   connection
between  the  metallising  and  the  cathode  terminal  should  not  be  broken.
If the  cathode  is  not  operated  at  earth  potential,  care  must  be  taken  to
maintain   insulation   of  the   ca.thode   from   the   focusing   coil.

OPERATING   NOTE

The  grid  voltage  must  not  be  allowed  to  exceed  the  anode  voltage  during
operation   especially   with   magnetic   focusing   as   this   mode   of  operation
can  cause  serious  damage  to  the  photocathode.

SEPTEMBER   1.5.   (I) Paf® D2
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IMAGE  CONVERTER  TUBE ME120IAA
ME120IAG

Viewing   screer`

Metallised   surface

r--- +--115± 2  ----

'1

Anodelead

z;+zjz2jTzjzLzz+zzz;zTzz2%L2zTzjzzTzzrzzzzz
aI,\\j\S,```

Tur,gstewirekTIi0r`I

t*Tes

II

I

X0La.1aula)
LT`se

`tt\

I
tocothode

--J2,5Lr
L76±2-tr

PhotocQthode               i
tEf fect've   diometer   25mm)

E                             All  dimensions  in  mm

a

rl

SEPTEMBER   t959   (1)
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AquQdag

PV.C-tape

Copper   foil

Glass   wall

Aquadag
Copper   foil
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ME120lAA
ME[20lAG

lMAGE  CONVERTER  TUBE

4 holes ±in.  dia

Brces  tube

14  SWG. brass

'ji,:7-6-i Photo   cathode  face

CONSTRuCTIONAL  DETAILS

Turns:   15,000   approx.
Wire:    26  s.w.g.   enamelled   copper  interleaved   with   0.004-in.   presspahn.

u
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lMAGE  INTENSIFIER TUBE     XX1020

QUICK  REFERENCE  I)ATA

Self-focusing   electrostatic  diode  image  intensifier  tube  with  red-
enhanced  S20  cathode,  for  use  in  night  vision  applications.

Tube voltage

Photocathode

Useful cathode diameter

Screen phosphor

Useful screen diameter

a

n

16kv

S20 with enhanced red response

25mm

P20

19-
To be read in conjunction with

GENERAL OPERATIONAL RECOMMENDATIONS -IMAGE  CONVERTER TUBES

PHOTOCATHODE

Surface

Peak spectral response

Cathode area

mnimum useful cathode dia.meter

External radius of curvature

SCREEN

Aluminium-backed

Fluorescent colour

Persistence

S20 with enhanced red response

500                                nm

5o o                           mm2

25.4                         mm

60mm

yellow-green  (P20)

medium short
The  screen  luminance  is  reduced  to  36%  (e-1)  of  the  initial peak
value  200pe  after  the  excitation  is  removed.

rmnimum useful screen diameter

FOCUSING

Serf-focusing electrostatic

NOVEMBER  1967

19.3                          mm

2exl020   Page D1



CHARACTERISTICS   (measured with Va = 16kv at Taut = 20°C )

Minimum conversion coefficient  (C.C.-seenote 1 )        35 cd/lm

Centre magnification  (see note 2 )                                          O.76  cO.025

Distortion  (see note 3)                                                                  8.5 to  12.5              %

Minimum centre resolution  (see note 4)                          60       line pairs/mm

Minimum edge resolution (see note 5)                              12       line pairs/mm

Background equivalent illumination ( see note 6 )  typ.    2.0                       «1ux
max.10                              «1ux

Maximum dark current                                                               0. 02                        /AA

Maximum axial eccentricity (see note 7)                             1.0                       mm

OPERATING  CONDITIONS

Va  (See note  8)                                                                                16                                kv

Either  the  anode  or  the  cathode  should  be  earthed.   depending  upon  the
a,pplication.  It  is  recommended  that  the  cathode  be  earthed  in  order  to
obtain  the  lowest  possible  background.

RATINGS   (ABsOLUTE  MA3BMUM  SYSTEM)

Va®k)  max.

Va  max.  (continuous operation )

Va  min.  (useful continuous  operation )

Ia  max.  ( continuous operation )

Maximum continuous photocathode
illumination  (see note 9)

Tamb  mar.

Tamb  min.

MOUNTING  POSITION  (see note  10 )

WEIGHT

Tube alone

NOVEMBER  1967

u
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IMAGE  INTENSII=lER TUBE     XX1020

NOTES

1.        C.a.

n

a

a

Luminnous intensity  (normal to the screen
I+`minous flux incident on rhaotocathode
@850°K colour temperature source )

cd
nun

2.       Measured at the photooathode a,t a. distance of 2.2Inm from the centre.

3.      :edr{Cse|facgee Ld6:;°mrii°nfr=o£#e-::n:r]e°°o'f #eerpeho¥odcisth¥een=f#t±±s°ntha:

magnifica.tion  at  the  centre  of  the  photocathode.

4.       Measured at the photocathode within a circle of 4.3mm diameter.

5.       Measured at  the  photocathode  at  a  distance  Of  6.4mm from  the  centre.
(Half  of  the  useful  thotocathode  ra,dius ).

6.       This  is  the  value  Of  input   illumination  required  to  give  an  increase  in
screen  luminance  equivalent  to  the  background  lulninance.

7.       'This is defined as the deviationof the cathode centre image from the centre
of the screen, both centres being defined by the Bearing Surface Diameters
( see page IM ) .

8.       I]ermanent damage may result from temporary reversal of polarity.

9.       This  figure assumes  uniform  irradiation of the  photocathode.  Permanent
damage may  result if  the  tube is exposed  to radiant  power so great as to
cause excessive heating Of the photocathode.

10.     The tube should be supported on the  Bearing Surfaces,  which also provide
the electrical connections .

11.     Magnetic fields mayimpairthe tube's performance.  In certain applications
a mu-metal shield may be required.

NOVEMBER  1967 X1020   fage D3



OUTLINE  DRAWING
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IMAGE  INTENSIFIERTUBE     XX1020
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IMAGE   INTENSII=lER  TUBE    XX1052

QUICK REFERENCE  DATA

Self-foousing  electrostatic  diode  image  intensifier  tube with fibre-
optic windows for general purpose applications.

Minimum luminance gain                                                         50

Photocathode                                              S20 with enhanced red respense

Screen phosphor

Useful cathode and screen diameters

chode voltage

Overall dimensions  (approx. )

Weight  (approx. )

P20

25

15

60 X  50  dia.

145

This data should be read in conjunction with
GENERAL EXPLANATORY NOTES - IMAGE  CONVERTER TUBES

PHOTOCATHODE

Surface

Wavelength at maximum response

Minimum useful diameter

External surface of cathode window

EiE]

a

SCREEN

Surface

Fluorescent colour

I'ersistence

S20 with enhanced red response

500                         nm

25mm

Flat to within 2¢m
over entire diameter

Metal-backed P20

Yellow-green

Medium short
The  screen  luminance falls to 36%  (e-I) of  the initial peak value 200#s
after the excitation is removed .

rmnimum useful diameter

External surface of screen window

FOCUSING

Self-focusing electrostatic with image inversion.

DECErmER 1968

25mm

Flat to within 2«m
over entire diameter

xl052  Page 1



CHARACTERISTICS (Measured at Va= 15kv,  Tamb=-50 to +30°C)

rmnimum luminance  gain  (see note  1)

rmnimum photocathode sensitivity
(measured using a tungsten lamp of
colour temperatul.e 2850°K)

rmnimum radiant sensitivity at ^= 800nm
at ^ = 850nm

Centre magnification,  Mc  (see note  2)

Distortion  (see note  3)

Minimum centl.e resolution  (see note 4)

Minimum  edge resolution  (see note  5)

Background equivalent illumination
(see note  6)

50

100                               „A/1m

2.0                          rnA/W
0.5                          rnA/W

0 . 935 ± 0 . 010

7.00±1.65                          %

60             line pairs/mm

50             line pairs/mm

1. 0                                    Hlux

ckial eccentricity
A  point  at  the  centre  of  the  photocathode  will for.in an image within a
concentric circle of 1 . 5mm diameter on the screen .

OPERATING CONDITIONS

Va  (See note  7)                                                                                               15

The cathode should be connected to the instrument housing.

RATINGS  (ABSOLUTE  MAXIMUM SYSTEM)

Va   max.

Va min.  (useful continuous  operation)

Maximum continuous photocathode illumination
(see note  8)

Tamb max.

MOUNTING  POSITION

WEIGHT  (approx. )

DECEMBER  1968

kv

16kv

10kv

2.0                    lur

+50                           0c

Any

145g

X1052  Page 2



IMAGE  INTENSIFIER  TUBE    XX1052

NOTES

1.  Luminance gain is defined as
7r.L

0
E.

1

a

®

a

®

where  Lo = luminance  (cd/m2)  in  a  direction  normal  to  the  screen,
measured   with   an   eye-corrected   photometer   having   an
acceptance angle of less than 2 degrees.

and E± = illumination  (lux) incident  on  a  19mm  diameter concentric
areaof the cathode, produced by a tungsten lamp at a colour
temperature of 28500K.

2.  This  is  the  magnification  of  a  2mm diameter concentric cil.cle on the
photocathode,  as measured on the screen.

3.  Percentage  distortion = #x
C

100), where  Md is the magnification at a

distance  of  10mm  from  the  centre  of  the  photocathode  and  Mc is the
magnification at a distance of lmm from the centre of the photocathode.

4 .  Measured at the centre of the photocathode .

5.  Measured at the photocathode at a distance of 7mm from the centre.

6.  This  is  the  value  of  input  illumination required to give an increase in
screen luminance equivalent to the background luminance .

7 .  Permanent damage may result from a temporary reversal of polarity.

8 .  This figure assumes uniform illumination of the photocathode . Permanent
damage may result if the tube is exposed to radiant power so great as to
cause  excessive heating of the photocathode .

DECEMBER  1968 XX1052   Page  3



OUTI-INE  DRAVING

All    dimensions    in    mm

Contacts to cathode and screen should be made to the respective bearing surfaces .
Contact rings  should  be  kept  well  clear  of  the  fibre-optic windows.  Maximum
contact force must not exceed lkg.

DECEMBER  1968 2exl052  Page 4
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lMAGE   INTENSIFIER  TUBE    XX1052
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IMAGE  INTENSIFIERASSEMBLY            XX1060

a

A

a

QurcK REFERENCE DATA

Very  high  gain  serf-focusing  image  intensifier  assembly  for  night
vision systems .

rmnimum luminance gain                                                 35  000

Photocathode                                              S20 with enhanced red response

Screen phosphor

Useful cathode and screen diameters

Supply voltage  (p-p)  at  1500Hz

Overall dimensions  (approx. )

Weight  (approx. )

P20

25

2800

195  X  70  dia.

880

This data should be read in conjunction with
GENERAL EXpljANATORY NOTES - IMAGE  CONVERTER TUBES

PHOTOCATHODE

Surface

Wavelength at maximum response

rmnimum useful diameter

External surface of cathode window

SCREEN

Surface

Fluorescent colour

Overall persistence

S20 with enhanced red response

500                               nm

.    25                              mm

Flat to within  2Hm
over entire diameter

Metal-backed P20

Yellow-green

Medium

The screen luminance falls to 36%  (e-1) of the initial peakvalue 5ms after
the excitation is removed.

mnimum useful diameter

External surface of screen window

FOCUSING

Self-focusing electrostatic with image inversion

SEPTEMBER 1968

25mm

Flat to within 2#m
over entire diameter

XX1060  Page  1



CHARACTERISTICS  (Measured at Vsupp[y®_p) = 2800V ± 0 . 5%i

fsuppiy=]5°°HZ ± 2%,  Tanb=-50 to +30°C)

D`flnimum luminance gain  (see note  1)

rmnimum photocathode sensitivity
(measured using a tungsten lamp of
colour temperature 2850°K)

rmnimum radiant sensitivity at ^= 800nm
at  ^= 850nm

Centre magnification,  Mc  (see note  2)

Maximum distortion  (see note  3)

Mnimum centre resolution  (see note 4)

mnimum edge resolution  (see note 5)

Minimum contrast transfer  at cathode centre

at 2 . 5 line pairs/mm
at  7 . 5 line pairs/mm
at  16 line pairs/mm

Maximum background equivalent illumination
(see note  6)

35  000

175                          HA/lm

10                        rnA/W
3.0                    rnA/W

0 . 82  to  1. 0

25%

25       linepairs/mm

23       linepairs/mm

8 0                                                   97o

50%
6.0%

0 -2                           4`lur

Axial eccentricity

A  point  at  the  centre  of  the  photocathode  will form an image within a
concentric circle of 1.25mm diameter on the screen.

Maximum screen luminance ratio  (see note  7)              4 : 1

OPERATING CONDITIONS

vsupply®-p)                                                                                 2800

fsuppiy                                                                                                 1500                                  Hz

Typical cathode illumination                                                    10                            "lux
(starlight,  partly overcast sky)

The cathode  should be cormected to the instrument housing.

RATINGS  (ABsOLUTE  MAXIMUM SYSTEM)

Vsuppiy(p_p)  max.

fsuppLymax.

fsupplymin.

Maximum photocathode illumination  (see note  8)

Tamb  max.  (for  2 hours  max.)

MOUNTING POSITION

WEIGHT  (approx)

SEPTEMBER  1968

880
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lMAGE  INTENSIFIERASSEMBLY            XX1060

®

®

a

®

NOTES
7r.L

1 .  Luminance gain is defined as :  +

where  L   = luminance  (cd/m2)  in]  a  direction  normal   to  the  screen,
°     measured  with  an  eye-corrected photometer having an ac-

ceptance angle of less than 2 degrees .

and  E£  = illumination  (lux)  incident  on a  19mm  diameter concentric
areaof the cathode, produced by a tungsten lamp at a colour
temperature  of 285o°K.

2.  This  is  the  magnification  of  a  2mm diameter concentric  circle on the
photocathode,  as measured on the screen.

3.  Percentage distortion = #x
C

100) , where  Md is the magnification at  a

distance  of  10mm  from  the  centre  of  the  photocathode  and  Mc is the
magnification at a distance of lmm from the centre of the photocathode .

4 .  Measured at the centre of the photocathede .

5.  Measured at the photocathode at a distance of 7mm from the centre.

6.  This  is  the  value  of  input  illumination I.equired to give an increase in
screen luminance equivalent to the background luninance .

7.  The  screen luminance ratio is defined as the ratio of the maximurn and
minimum  screen  luminance  over a 20mm diameter concentric area on
the screen,  for uniform cathode illumination.

8.  Intermittent  flashes  producing  much  higher  cathode  illuminations  are
allowed,  but the tube should never be used in broad daylight .

SEPTEMBER  1968 XX1060  Page  3
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lMAGE  INTENSIFIERASSEMBLY            XX|060
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IMAGE  INTENSIFIERASSEMBLY             XX106I

QUICK REFERENCE  DATA

Very  high  gain  self-focusing  image  intensifier  assembly  for  right
vision systems .

Minimum  luminance  gain                                                   30  000

Photocathode                                               S20 with enhanced red response

Screen phosphor                                                                        P20

Useful cathode and screen diameters

Supply voltage  (p-p)  at  1500Hz

Overall dimensions  (approx.)

Weight  (approx.)

25

2800

195  X  70  dia.

880

This data should be read in conjunction with
GENERAL  EXPLANATotY NOTES -  IMAGE  CONVERTER TUBES

®

A

a

PHOTOCATHODE

Surface

Wavelength at maximum response

mnimum useful diameter

External  surface of cathode window

SCREEN

Surface

Fluorescent colour

Overall persistence

S20 with enhanced red response

500                         nm

25mm

Flat to within 2#m
over entire diameter

Metal-backed  P20

Yellow-green

Medium
The screen luminance falls to 36%  (e-1) of the initial  peakvalue 5ms after
the  excitation  is  I`emoved.

rmnimum useful diameter

External  surface of screen window

FOCUSING

Self-focusing electrostatic with image inversion.

SEPTEMBER  1968

25mm

Flat to within 2pm
over entil.e diameter

XX1061   Page  1



CHARACTERISTICS  (Measured  at Vsupp]yto_p) = 2800V  ±  0 . 5%.

fsuppiy= 1500HZ  ±  2%,   Tamb= -50  to +30°C)

Minimum luminance  gain  (see note  1)

Minimum  photocathode  s ensitivity
(measured using a tungsten  lamp of
colour temperature  2850°K)

IVlnimum  radiant  sensitivity at  ^= 800nm
at  ^= 850nm

Centre magnification,   Mc  (see note  2)

Maximum distortion  (see note  3)

F\flnimum  centre  resolution  (see note 4)

mnimum edge  resolution  (see  note  5)

Typical contrast transfer  at cathode centre

at  2 . 5 line pairs/mm
at  7 . 5 line pairs/mm
at 16 line pairs/mm

Maximum background equivalent  illumination
(see  note  6)

30  000

150                           HA/lm

6.0                     rnA/W
1.0                     rnA/W

0.82  to  1.0

25                                             9'0

22        1inepairs/mm

18       linepairs/mm

80%
50%
6.0%

0. 5                           Hlur

Axial  eccentricity

A  point  at  the  centre  of  the  photocathode  will  form  an  image within a
concentric  circle of  1. 25mm diameter  on the  screen.

Maximum  screen luminance ratio  (see note  7)               4: 1

OPERATING  CONDITIONS

Vsupp|y(t]..I,)                                                                                                    2800

fsuppiy                                                                                                    1500                                   Hz

Typical  cathode  illumination                                                        10                               ttlux
(starlight,   partly overcast  sky)

The  cathode  should  be  cormectcd  t,o  the  instrument  housing`.

RATINGs  (ABsOLUTE  A,IAxlMUM  sysTEIt9

Vsuppiy(I)_p)  mar.

fsuppiy  max .

fsupply  min .

Maximum  photo(.athode  illumination  (see  note  8)

Tamb  max.   (for  2  ilours  max./

MOUNTING  POSITION

WEIGHT  (approx. )

SEPTEMBER  1968
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lMAGE  INTENSIFIER  ASSEMBLY             XX106I

NOTES
7r.L

1.  Luminance gain is defined as:  T°

where L   = luminance  (cd/m2)  in]  a  direction  normal  to  the  screen,
°     measured  with  an  eye-corl.ected photometer having an ac-

ceptance angle of less than 2 degrees .

and E±  = illumination  (lux)  incident on a  19mm  diameter concentric
area of the cathode, pl.oduced by a tungsten lamp at a colour
temperature of 2850°K.

2.  This  is  the  magnification  of  a  2mm diameter concentric circle on the
photocathode,  as measured on the screen.

a

a

Ei]

®

3 .  Percentage distortion = :dx
C

100), where  Md is the magnification at  a

::=;i:a::o:°aT¥dfirs:=ct::fcLe=t=efr°ofmt:£epche°:t°rceatohf°:hee;hdotoMccat±hsodthee.

4.  Measured  at the centre of the photocathede.

5.  Measured at the photocathode at a distance  of 7mm from the centre.

6.  This  is  the  value  of  input  illumination required to give an increase in
screen luminance equivalent to the backgl.ound luninance.

7.  The  screen luminance ratio is defined as the ratio of the marimum and
minimum screen  luminance  over  a 20mm diameter concentric  area on
the screen,  for uniform cathode illumination.

8.  Intermittent  flashes  producing  much  higher  cathode  illuminations  are
allowed,  but the tube should never be used in broad daylight .
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lMAGE  INTENSIFIER  ASSEMBLY             XX 106I
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lMAGE  INTENSIFIER  ASSEMBLY            XX1062

QuCK REFERENCE  DATA

Very  high  gain  self-focusing  image  intensifier  assembly  for  night
vision  systems .

rmnimum luminance gain                                                   20  000

Photocathode                                                S20 with enhanced red response

Screen phosphor

Useful  cathode  and screen diameters

Supply voltage  (p-p)  at  1500Hz

Overall dimensions  (approx.)

Weight  (approx.)

P20

25

2800

195  X  70  dia.

880

This  data should be read in conjunction with
GENERAL  EXPLANATORY NOTES - IMAGE  CONVERTER TUBES

rl

a

®

PHOTOCATHODE

Surface

Wavelength  at  maximum  response

Mnimum useful diameter

External surface of cathode window

SCREEN

Surface

Fluorescent  colour

Overall persistence

S20 with  enhanced red response

500                           nm

25mm

Flat to within 2#m
over entire diameter

Metal-backed  P20

Yellow-green

Medium

The screen luminance falls  to 36%  (e-1) of the initial peakvalue 5ms after
the  excitation is  removed.

mnimum useful diameter

External  surface of screen window

FOCUSING

Self-focusing electrostatic  with image inversion

SEPTEMBER  1968

25mm

Flat to within  2Hm
over entire diameter

XX1062   Page  1



CHARACTERISTICS  (measured at Vsupp]ya,_p) = 2800V ±  0. 5%.

fsuppiy=L5°°HZ ±  2%.  Tanb=-50 to +30°C)

Mnimum luminance gain (see note 1)

Mnimum photocathode sensitivity
(measured using a tungsten lamp of
colour temperature 2850°K)

Difinimum radiant  sensitivity at  ^= 800nm
at  ^= 850nm

Centre magnification,  Mc  (see note 2)

Maximum distortion  (see note  3)

REnimum centre resolution  (see note 4)

rmnimum edge  resolution  (see note  5)

Typical contrast transfer at cathode centre

at 2 . 5 line pairs/mm
at  7 . 5  line pairs/mm
at  16 line pairs/mm

Maximum background equivalent illumination
(see note  6)

Axial  eccentricity

20  000

10 0                         4,A/lm

2. 0                   rnA/W
0. 5                    rnA/W

0.82 to  1.0

25%

20       1inepairs/mm

15       linepairs/mm

80%
50%

6.0                                           97o

1. 0                          „lux

A  point  at  the  centre  of  the  photocathode  will form an image within a
concentric circle of 1.25mm diameter on the screen.

Maximum screen luminance  ratio  (see note  7)              4 : 1

OPERATING  CONDITIONS

Vsupp|yto_p)                                                                                     2800

fsuppiy                                                                                                1500                                 Hz

Typical cathode illumination                                                      10                              441ur

(starlight,  partly overcast sky)
The cathode  should be connected to the  instrument housing.

RATINGS  (ABSOLUTE  MAXIMUM SYSTEM)

Vsuppiy(p_p)  max.

fsuppLy max .

fsuppiy min .

Maximum photocathode illumination  (see note  8)

Tamb max.  (for  2 hours  max.)

MOUNTING  POSITION

WEIGHT  (approx. )

SEPTEMBER  1968

880
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lMAGE  INTENSIFIER  ASSEMBLY            XX1062

NOTES
7r.L

1.  Luminance gain is defined as:  T°

where  L   = luminance  (cd/m2)  in]  a  direction   normal  to  the  screen,
0     measured  with  an  eye-corrected photometer having an ac-

ceptance angle of less than 2 degrees .

and E£  = illumination  aux) incident on a 19mm  diameter   concentric
areaof the cathode, produced by a tungsten lamp at a colour
temperature of 28500K.

2.  This  is  the  magnification  of  a  2mm diameter concentl.ic circle on the
photocathede,  as measured on the  screen.

n

a

a

a

3 .  Percentage distortion = (#x
C

100), where Md is the magnification at a

distance  of  10mm  from  the  centre  of  the  photocathode  and  Mc is the
magnification at a distance of lmm from the centre of the photocathode .

4.  Measured at the centre of the photocathode.

5 .  Measured at the photocathode at a distance of 7mm from the centre .

6.  This  is  the  value  of  input  illumination required to give an increase in
screen luminance equivalent to the background luminance.

7.  The  screen luminance ratio is defined as the ratio of the maximum and
minimum  screen  luminance  over a 20mm diameter concentric area on
the screen,  for uniform cathode illumination.

8.  Intermittent  flashes  producing  much  higher  cathode  illuminations  are
allowed,  but the tube should never be used in broad daylight .

SEPTEMBER 1968 XX1062  Page 3
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IMAGE  CONVERTER  TUBE

a

A

r\

Zil

6914

TENTATrv.E  DATA

EiEEi',j#
QUICK  REFERENCE  DATA

Diode image converter tube intended for use in the near infra-red region Of the
spectrum .

Tube voltage
Photocathode
Screen phoBphor
Minimum useful cathode dlaneter

16kv

Sl response
i2o TYPE

25.4                         mm

To be read in conjunction with

GENERAL  oliERATIONAL  REcOMMENDATIONs  - n4AGE  CONVERTER  TUBEs

PHOTCX=ATHODE

Surface
Peak spectral response
Cathode area
Minimum useful cathode diameter
External radius Of curvature

SCREEN

Metal-backed
Fluorescent colour
Persistence

Type C,  caeslum on oxidised silver
0.8±0.1               urn

5.o6                       cm2

25.4                          mm

60mm

yellow-green (P20 type)
medium short

The brightness  is  reduced to  36% (e-1)  Of the  initial peak value 200us
after the excitation is removed.

Minimum useful screen diameter

FacusING

AUGUST  1965

19.3                           mm

Self-focusing electrostatic

Page  D1



CHARACTERrsTICS (measured with Va = 16kv at Tanb = 20°C)

Mininum conversion coefficient (Bee note 1)
Centre magnification (see note 2)
Distortion (see note 3)
Minimum centre resolution (see note 4)
Minimum edge ro8olutlon (s6e note 5)
Maximum backgrond equivalent

lll`lmination (See note 6)
Maximum dark current
Marlmum axial eccentricity (see note 7)

TTplcAI.  OPERATING  coNDlnoNs

Va
la

0.0          cdth irf
0.76 ± 0.025

8.5tol2.5             %

sO       linepalrs/mm
12      lbepalrs/mm

25xio-3         fuxiri
0.02                        4A

1.0                        mm

16kv

0.02                        4A

Either the anode or the cathode should be earihed depending upon the application .

LIMITING  VALUES

Va (Pk)  max.

Va max.  (Continuous operation)

Va min.  (Continuous operation)

Ia max.  (Continuou operation)
*Photoc athode illumination

continuous
**intermittent

Tanb
Maximum
Mininun

10

loo

+sO

-50

*Assuming unifol`m irradiation of the photocathode
**A duty factor Of 0 .3 with a maximum averaging time Of 15min.  applies .

MOUNTING  POSITION

VIIGHT

Tube alone

AUGUST  1965

90
3.2

Any
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lMAGE  CONVERTER  TUBE

A

a

A

6914

NOTES

1.    Thl8   parameter   is   measured  with  the  radiation  from  a. tungsten   lamp
operatingataLcolourtemperaful'e2854°K.Theradiationisfilteredtrymeans
ofacs94 filter,   (Coming type 2540,  Melt No.1613.  2.61mm thick)  befol.e

falling  on  the  photocathode.  The  conversion  ccefficient  is  defined as the
ratio  of  the  luminous  intensity  Of  the screen in candela and the luminous
mix in lumens which would be incident on the photocathode lf the infra-red
filter were removed.  This is indicated by "iri" (infra-red ffltered) .

2.    Measured at 4. 3mm diameter concentric circle on the cathode.

3.     Percentage  distortion = (M# - 1) x 100  where Md is the magriification at a

dlstalice 10 . 2mm from the centre Of the photocathode . Mc is the magnification
at the centre Of the photocathode.

4.    Measured at the photocathode within a circle Of 4. 3mm diameter.

5.    Measured at the photocathode at a distance Of 6.4mm from the centre.

6.    This  is  the  value  Of equivalent input illumination(ira  requil`ed to give an

increase Of luminance on the screen equal to the background luminance .

7.    This is defined as the deviation Of the ca.thode centre image from centre Of
the screen.

8.    Permanentdanageto the tube may result if it is exposed to radiant energy
so great as to cause excessive heating of the photacathode .

9.     S`ipport  for  the  tube  may  be  provided tryy a simple clamp arrangement on

either terminal.  Only  light  press`ire should be applied to avoid damage to
the glass metal seals .

10 .    Connections tothe terminals Of the tube must not be soldered but should be
made by either spring clips or simple clamps .

11.     The tube  is sensitive to Stray magnetic fields which maLy impair the tube's

resolution.  h certain applicati6ns a « -metal shield may be required.

AUGUST  1965 • Page D3



Photo cathode
terminal

I

-45.61max
dla

Screen
termlnal

All  dimensions  in  mm

AUGUST  1965
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IMAGE  CONVERTER  TUBE

r\

A

A

TENTATIVE   DATA

6929

QUICK  REFERENCE   DATA

Diode image  converter tube  intended for use  in the  near  infra-red region of the
I-.i.'    spectrum.

Tube voltage

Photocathode

Screen phosphor

Minimum useful cathode  dia,meter

12kv

Sl  response

p2o TYPE

19mm

To be  read in conjunction with

GENERAL  OPERATIONAL  RECOMMENDATIONS  -IMAGE   CONVERTER  TUBES

PHOTOCATHODE

Surface
Peak spectral response
Cathode  area
Minimum useful ca,thode diameter

Externa,I radius  oi. curvature

SCREEN

Metal-backed
Fluorescent colour
Persistence

Type  C,   caesium on oxidised silver

0.8=0.1                «m

2.84                         cm2

19mm

31mm

yellow-green  (P20 type)
medium short

The brightness  is  reduced to 3697o  (e-1)  Of the  initial peak value  200Hs

after the excitation is removed.

Minimum useful screen diameter

FacusING

AUGUST  1965

14.5                            mm

Serf -focusing electrostatic

Page D1



CHARACTERISTICS  (measured with Va =  12kv  at  Tamb =  20LC)

Minimum  conversion coefficient  (see  note  1)

Centre  magnification (see  note  2)

Distortion  (see note  3)

Minimum centre  resolution  (see note  4)

Minimum edge  resolution  (see note  5)

Maximum background equivalent

illumination  (see note  6)

Maximum dark current
Maximum axial eccentricity  (see note  7)

TyplcAL  OpERATING  cONDlnoNs

Va

Ia

0.4             cd/1m  irf

0 .74  i  0 .025

5.5tol0                   %

50       linepairs/mm
12       linepairs/mm

i2xio-3         iuxiri

0.02                          uA

1.0                          mm

12kv

0.02                         uA

Either the anode or the caLthode should be earthed depending upon the  application .

LnVIITING  vALUEs

Va (Pk)  max.

Va max.  (continuous operation)
Va min.  (continuous operation)

Ia max.  (Continuous  operation)
* Photocathode illumination

Continuous
**intermittent

Tanb
MaJtimum

Minimum
+50                                        OC

-50                                        OC

u

*::dsu¥Fa:t:rifo°fro:3ir::i:i:n=th:Pahv°et:=°:ie of i5min. applies.        u

MOUNTING  POSITION

VIIGHT

Tube alone

AUGUST  1965
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IMAGE  CONVERTER  TUBE

Ziil

a

rl

6929

NOTES

1.     This   parameter   is   measured   with   the  radiation  from  a  tungsten  lamp
operating at a colour temppl.a,ture 2854°K. The radiation is filtered try means

Of  a  CS94 filter  (Corningtype  2540,   Melt No.1613,   2.61mm thick)  before

falling on the photocathode . The conversion coeffic lent is defined as the ratio

of  the  luminous  intensity of the screen in candela and the  luminous  flux in

lumens  which  would  be incident on the photocathode  if the infra-red filter
were removed.  This is indicated by "irf"  (infra-red filtered) .

2.     Measured at  3.2mm diameter concentric circle  on the cathode.

3.     Per.centage  distortion = (M# 1)  x loo  where Md is the magnification at a

distance 7 . 6mm from the centre Of the photocathode . Mc  is the  magnification

at the  centre of the photocathode .

4.    Measured at the  photocathode within  a circle Of  3.2mm diameter.

5 .     Measured at the photocathode  at a distance Of  4.75mm iron the centre.

6.     This  is  the  value  Of equivalent input illumination (irf)  required to give an
increase Of luminance on the screen equal to the background luminance.

7.     This is  defined as the deviation Of the cathode centre image from centre Of

the screen.

8.     Pel.manent  damagetothetube may result if it is exposed to radiant energy
Bo great as to cause excessive heating Of the photocathode .

9.     Support  for  the  tube  may  be  provided by a simple clamp arrangement on
either  terminal.  Only  light pressure should be applied to avoid damage to
the glass metal seals .

10 .   CormectionB tothe terminals Of the tube must not be soldered but should be
made by either spring clips or simple clamps .

11.  The tube is sensitive to stray magnetic fields which may impair the tube's
resolution.  h certain applications a, u -metal shield may be required.
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Photo.cathode
•terminal

I

-33,40 mcix
dicl

Screen
terminal

All  dimensions  in  mm                     Ea
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IMAGE  CoNVERTER  TUBE              6929-I

®

Eili

ZiE

ri

TENTATIVE  DATA

QUICK REFERENCE  I)ATA

Dlode Image converter tube htended for use in the near lnfra-red region Of tbe
Bpectrun .

Tube voltage
Phatacathode
Screen phosphor
Minimum useful cathode diameter

12kv
Sl respoue
P20 Tom

19rm

To be read ln conjunction with
GENERAL  OPERATIONAL  RECOMMENI)ATIONS  -MACE  CCINVERTER  TUBES

PHOTOCATIIODE

Surface
Peak Spectral response
Cathode area
Minimum useful cathode diameter
External radius Of curvature

SCREEN

Metal-backed
Fluorescent colour
Persistence

Type C,  caeslum on oxldised silver
0.8±0.1               4m

2.84                       cm2

19mm

31mm

yellow-green  (P20 type)
med-ium short

The brightness  is  reduced to 36%  (e-1)  Of the  initial peak value 200Hs

alter the excitation is removed.
Minimum useful 8cl'een diameter

FacusING

AUGUST  1965

14.5                          mm

Serf -focusing eleetrostatic

Page  1)1

ffiE§_'E:



CHARACTERISTICS (measured with Va = 12kv at Tanb = 20°C)

Minimum conversion coefficient (see note 1)
Centre magnification (See note 2)
Distortion (see note 3)
Minimum centre resolution (gee note 4)
Minimum edge resolution (see note 5)
Maximum background equivalent

illumination (see note 6)
Maximum dark current
Maximum axial eccentricity  (see note 7)

TYPICAL  OPERATING  CONDITIONS

Va
la

o. 4                   cd/1m irf
0.74  ±  0.025

5.5to  10                         %

35            line pairs/mm
12            line pairs/mm

25 x |o-3               lux lrf-

0.02                               pA

1.0                               mm

12kv
0.02                                  HA

Either the anode or the cathode should be eacthed depending upon the application .

LIMITING  VALUES

Va (Pk)  max.

Va max.  (Continuous operation)

Va min.  (continuous  operation)
Ia max.  (continuous  operation)

*Photocathode illumination

Continuous
Tanb

Maximum
Minimum

*Assuming uniform irradiation Of the photocathode .

MOUNTING  POSITION

REIGHT
Tube alone

AUGUST  1965 Page D2
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|MAGE  CONVERTER  TUBE               692911

NOTES

1.    This   parameter   ls   measured  with  the  radiation  from  a  tungsten  lamp
operating at a colour temperature 2854°K . The radiation is filtered by means
Of  a  CS94 Inter (Coming type 2540,  Melt No.1613,   2.61mm thick)  before

falling on the photocathode . The conversion coefficient is defined as the ratio

Of  the  l`iminoug  intensity Of the screen in candela and the luminous flux in

lumens  which  would  be incident on the photocathode if the infra-red filter
were removed.  This is indicated by ''irf"  (infra-red futered)

2.    Measured at 3.2mm diameter concentric circle on the cathode.

A

A

EI

3.     Percentage distortion  = (# - 1) x loo  where Md is the magnification at a

distance 7 . 6mm from the centre Of the photoca.thode . Mc  is the magnifica.tion

at the centre Of the photocathode.

4.     Measured at the photocathode within a. circle of 3.2mm diameter.

5.     Measured at the photocathode at a distance of 4.75mm from the centre.

6.     This  ls  the  value  Of equivalent input illumination (irf)  required to give an
increase Of luminance on the screen equal to the background luminance .

7.     This is defined as the deviation of the cathode centre image from centre Of
the screen.

8.     Permanentdamageto the tube may result if it is exposed to radiant energy
Bo great as to cause excessive heating Of the photocathode.

9.     Support  for  the  tube  may  be  provided by a simple clamp arrangement on

either  terminal.  Cinly  light pressure should be applied to avoid damage to
the glass metal seals .

10 .   Connections tothe terminals Of the tube must not be soldered but should be
made by either spring clips or simple clanips .

11.   The tube is sensitive to stray magnetic fields which may impair the tube's
resolution.  In certain applications a « -meta,1 shield may be required.
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All  dimensions  in  mm
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IMAGE  CONVERTER  TUBE               692911
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