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Mullard Technical Handbook

GENERAL INDEX
TO VOLUMES 3 AND 3A

This index of Mullard valves, tubes and microwave components will be reissued
periodically to incorporate the latest information.

Data 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

published and should correspond to that given on the data sheets at the bottom
left-hand corner of each page.

Issue No. Type Pages Issue No. Type Pages
or Date No. or Date No.
VOLUME 3 Cathode Ray Tubes (except television
picture tubes—in Vol. 1)—cont.
PART |
J p13-26CH L
Sepr &7 Preface 4 Dec 67 1D13 26p D1-Dé
Aug 68 General Index Vols. 3 12 Feb 67 D13-27GH D1-D5
and 3A *  D13-450GH/01
4  List of Symbols 2 % D13-480GH
Oct 62 Transmitting and * D13-—500GH/01
Industrial Valves and e
Tubes: Type D14-120GH
Nomenclature 4 *  D14-121GH
Cathode Ray Tubes ( I Cgh
athode Ray Tubes (except television DH7-11
picture tubes—in Vol. 1) Apr 63 DN7-11 D1-D4
Nov 67 Tube Type presit
Nomenclature 2 BEi77_7788
3 General Operational Dec 66 5 HN7-78 D1-D5
Recommendations 1 DP7-78
Sept 67  Screen Type BE 2 Dec 66 . c1-C2
Sept 67  Screen Type GH 2 /DG7-3
Sept 67  Screen Type GJ 2 Sept 67 1 DG7-32 B=pA
Sept 67  Screen Type GM 2 Feb 67 DH3-91 D1-Dé
Sept 67  Screen Type GP 2 BE
Sept 67  Screen Type ‘W’ 1 Apr 63 E10—12%':| D1-D5
*  D7-190GH
- GP
E .
J * M17-140W
D10-11GH
Dec 66 1 D1o-12GM clpls £ MI7-141W
L GP Dec 65 M21-11W D1-D5
*  D10-160GH Nov 64 & c1-C3
* D10-170GH Dec 65 M21-12W D1-D6
BE o
Feb 67 < D13-16GH D1-Dé6 Sept 67  M28-12W D1-D10
L GP Sept 67 5 C1-C3
(R
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Mullard Technical Handbook

GENERAL INDEX
TO VOLUMES 3 AND 3A

Issue No. Type Pages Issue No. Type Pages
or Date No. or Date No.
Cathode Ray Tubes (except television Photoconductive Cells—cont.
picture tubes—in Vol. 1)—cont. May 64 ORP94 D1-D2
Nov 64 M36-11W D1-D5 Mar 64 W C1-C3
Nov 64 W C1-C3 Mar 68 RPY20 D1-D4
¥ M36-16W Mar 68 W c1-C2
oo (o | peg e o
Aug 62 . e Mar 68 RPY54 D1-D3
Au~ 62 | MU13-38 5154 s e cise2
MY13-38 2 61SV 11
MW13-38 Photoemissive Cells
Aug 62 ” c 1 General Operational
Recommendations 4
Photoconductive Cells 1  Spectral Response 2
Mar 66  General Explanatory 2 20CG 3
Notes: Cadmium 3 20Ccv 3
conductive Cetls 13 153G 3
1 General Operational 1 S3cv g
Recommendations 2 1 55CG 3
Apr 66 ORP10 D1-D5 June 66 58CG D1-D2
Apr 66 = C1-C5 June 66 - c1
June 65 ORP11 D1-D2 June 66 58CV D1-D2
June 65 o4 C1-Cé June 66 W 1
June 65 ORP12 D1-D2 2 90AG
June 65 b C1-C5 3 90AV 3
Feb 66 ORP13 D1-Dé 3 90CG
Feb 66 - C1-C3 3 9ocy
Jan 64 ORP50 D1-D3 May 60 92AG D1
Jan 64 - c1-c7 May 60 N c1
Sept 63 ORP52 D1-D2 July 60 92AV D1
Sept 63 - C1
| ORP60 July 60 " c1
June 65 4 Grpet D1-D2 Sept 63 150AV D1-D2
June 65 5 C1-C3 Sept 63 ” 1
Jan 63 ORPY0 D1-D2 || Sept 63  150CV D1-D2
Jan 63 5 C1-Cé Sept 63 . c1
June 65 ORP93 D1-D2 Sept 63 150UV D1-D2
June 65 5 C1-Cé Sept 63 - c1
(@
[Mullard]
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Mullard Technical Handbook

GENERAL INDEX
TO VOLUMES 3 AND 3A

Issue No. Type Pages Issue No. Type Pages
or Date No. or Date No.
Camera Tubes Photomultiplier Tubes—cont.
XQ1040 Mar 68 XP1140 4
May 68 ig}gﬁ " Mar 68 XP1141 4
XO1044 XP1143
Feb 64 55850AM D1-Dé ¥ Xpa
N # XP1220
Apr 64 558508 D1-D7 Oct 59  50AVP D1-D4
F Mar 63 52AVP D1-D3
gpr :; ( 55851-2-AM g:-gi il N .
ec -2- -
1 N Mar 63 {gﬁﬁ‘\;g D1-D3
55875
Sept 66 J 55875R D1-D9 Apr 64 P c1-C2
Liéglég Mar 63  54AVP D1-D3
Mar 63 " c1
Accessories
Oct 67 AT1113 D1-D3 Feb 65 {?283'5 D1-D2
Oct 67 AT1132 D1-D3 Feb 62 5 Cc1-C3
Mar 68 56CVP 4
I:hot:omultlplner-.Tubes Mar 68 gg%/);/p 4
ay 60 Operating Notes D1-D3
Mar 62  Spectral Response C1-C2 Dec 67 57AVP D1-D4
Sept 64 . C3-C4 Dec 67 ” c1
Feb 68 . cs Dec 67 58AVP D1-D4
Feb 67 XP1002 D1-D3 Dec 67 " c1-C2
Feb 67 ct Mar 63 {]ggﬁ‘\’,i D1-D3
:E :; R D"gf Mar 63 ) Ci<C2
" Feb 67 150CVP D1-D4
Oct 62 XP1030 D1-D3 Feb &7 ) c1
33 :; Cpron C1_Ci Mar 63 153AVP D1-D3
Mar 63 W c1-C2
Dec 67 XP1040 D1-D4
Dec 67 5 c1-C2 Image Converter Tubes
Aug 67 XP1110 D1-D3 Nov 67  XX1020 D1-D4
Aug 67 W (& Nov 67 " c1
Feb 68 XP1113 4 Aug 65 6914 D1-D4
Feb 68 XP1114 4 Aug 65 - c1-C2
Feb 68 XP1116 3 Aug 65 6929 D1-D4
Feb 68 XP1117 4 Aug 65 . c1-C2
(N
[Mullard|
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Mullard Technical Handbook

GENERAL INDEX
TO VOLUMES 3 AND 3A

Issue No. Type Pages || Issue No. Type Pages
or Date No. or Date No.
Image Converter Tubes—cont. Voltage Stabiliser and Reference
Aug 65 6929-1 D1-D4 Level Tubes—cont.
Aug 65 = c1-C2 Sept 60 83A1 D1-D9
Sept 60 s c1
PART I 3 85A2 3
Switching and Indicating Apr 63 90C1 D1-D2
Gasfilled Diodes Apr 63 - c1-C2
Jan 68 ZA1001 D1-D3 Apr 63 108C1 D1-D2
Jan 68 " c1-C2 Apr 63 o 1
Feb 67 ZA1004 D1-D3 Apr 63  150B2 D1-D2
Feb 67 o c1 Apr 63 % c1
= ZA1005 Mar 60 150C2 D1-D2
Apr 63 150C4 D1-D2
Voltage Stabiliser and Reference Apr 63 . c1
Lavel Tubes Oct 58 5644 D1-D4
1 Definitions 1
Apr 64  General Operational Decade Counter and Indicator
Recommendations 1-10 Tubes
July 64 T 11 1 Counter and Selector
Jan 59  Special Quality Tubes Lubes—Operatmg
General Notes otes 3
Jan 61 M8098 D1-D2 B £ T 8
Feb 59 i D3-D5 ar 68 ET51 D1-D4
Feb 59 1 Mar 8 & il
Jan 61 Ms142 by-p || O &1 AMRC D103
Feb 59 ” D3-D5 Oct 61  Z502S D1-D4
Feb 59 N c1 July 62 Z503M D1-D2
Mar 61 M8163 D1-D5 May 62 2506 i
Mar 61, c1 :’1” :; " A“’éf
June 62 M8190 D1-D2 i ;
Feb 59 D3-D4 Feb 67  Z505S D1-D7
Apr 63 M8223 D1-D5 | e
A 63 c1-c2 Mar 65 ZM1020 D1-D4
Apr 63 Ma224 D1_D il & c1-c3
Apr e .- 3 Mar 65 ZM1021 D1-D4
A"' " s £1=62 Mar 65 2 c1-C3
ol Q= Jan 68 ZM1022 D1
MPr 68 ZZ"‘IOOO C1_C: g
ay
ZM1040
Apr 63  75C1 D1-D2 lam 168 {ZM1042 01D
Apr 63 = c1-C2 Jan 68 5 c1-C2
(R
Mullard
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Mullard Technical Handbook

GENERAL INDEX
TO VOLUMES 3 AND 3A

Issue No. Type Pages
or Date No.

Decade Counter and Indicator
Tubes—cont.

May 66 ZM1041 D1-D4
May 66 » c1-C2
Feb 67 ZM1050 D1-D4
Feb 67 W c1-C2
May 65 ZM1080 D1-D3
May 65 " c1-C2
June 65 = C3-C4
Feb 68 { 211987 D1-D3
Feb 68 - C1-C2
Jan 68 ZM1082 D1
May 68 ZM1162 9
May 68 ZM1172 13
ZM1174
* N ZMT175

Accessories

Nov 66 B8700 67 D1
Nov 66 B870228 D1
May 68 55705 1
Aug 66 56022 D1-D2
Sept 62 101063 1
Sept 62 101064 1
Sept 62 101065 1

Small Thyratrons and Trigger
Tubes

Apr 63 Cold Cathode
Trigger Tubes Notes 1-12
Jan 59  Special Quality
Thyratrons—
General Notes 2
EN32 6
3 EN91 6
July 60 EN92 D1-D2
Jan 59 i C1-C4
July 60  M8204 D1-D4
Jan 59 7 D5-Dé
Jan 59 " C1-C4

AUGUST 1963

Issue No. Type Pages
or Date No.

Small Thyratrons and Trigger
Tubes—contd.

3 Z300T 4
May 64 Z700U D1-Dé
May 64 - c1-C7
Jan 61  Z700W D1-D4
Jan 61 - C1-Cé
Mar 67 Z701U D1-D4
Mar 67 " c1-C3
June 62  Z803U D1-D4
Apr 62 " C1-C4
Oct 61  Z900T D1-D2
Apr 65 " c1-C2
Oct 61 " C3

Large Thyratrons and lgnitrons

Sept 67  General Operational

Recommendations

—Ignitrons 7
3 Definitions—
Thyratrons 2

3 General Operational
Recommendations—

Thyratrons 7

5 XG1-2500 7

2 XG2-12 6

2 XG2-25 6

Apr 61  XG2-6400 D1-D3
Apr 61 > C1-C4
5 XG5-500 7

Oct 62 XG15-10 D1-D4
Oct 62 s 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
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Mullard Technical Handbook

GENERAL INDEX
TO VOLUMES 3 AND 3A

Issue No. Type Pages Issue No. Type Pages
or Date No. or Date No.
Large Thyratrons and Ignitrons Power Rectifiers
Eanl Quick Reference
Nov 65 XR1-12A D1-D4 Chart for Half-wave
Nov 65 . c1-c4 Power Rectlﬁerf
4  General Operational
May 65 XR1-3200 D1-D2 Recommendations 7
2 " 3-4 Feb 62 RG1-240A D1-D3
May 66 XR1-3200A D1-D4 / RG3-250
" June 59 L RG3-250A D1-D2
ay 66 5 c1-C3 Nev &0 .
Apr 63 XR1-6400A D1-D4 s a i
June 59 = c3
Apr & " C1-C4 6 RG3-1250 5
Jan 63 ZT1000 2i-Re Oct 62 RG4-1250 D1-D3
Jan 63 " EA=ta Oct 62 c1-c2
Dec 63  ZT1011 D1-D2 Jan 59  RG4-3000 D1-D2
Feb 63 ” D3-D4 Jan 59 B c1-C2
Feb 63 T C1-C4 4 RR3-250 2
Jan 64  ZX1000 D1-D8 5 RR3-1250 2
Jan 64 ' C1-C4 Nov 65 RR3-1250A D1-D2
May 64 . C5-Cé Sept 65 RR3-1250B D1-D2
Jan 64 " C7-C10 Nov 65 RY12-100 D1-D2
Sept 67 ZX1051 D1-D8 Nov 65 - c1
Sept 67 & C1-C4
Sept 67  ZX1052 D1-D6 PART IlI
Sept 67 " Cc1-C3 Transmitting and Industrial
Mar 68 ZX1061 D1-D8 Heating Valves
Mar 68 . C1-C4 2 IDefinitions_and ¢ B :
Sept 67 ZX1062 B1-D6 nterpretation o' ata
4 General Operational
Sept 67 " c1-a3 Recommendations 9
Aug 66 ggg; 2 D1-D9 Jan 61  QQV02-6 D1-D4
Jan 61 . C1-Cé
Aug 66 » C1-C3
May 66 5553B D1-D7 2 QOvVE0 i
Y . 5 Sept 63  QQV03-20A D1-D7
S " C1-C3 Sept 63 ., c1-C9
May 66 5555 D1-D5 May 64 QQV03-25 D1-D5
May 66 " c1-C2 May 64 o C1-C12
Jan 60 5822A D1-D4 May 61 QQV04-16 D1-D3
Jan 60 . c1=Ca2 May 61 . C1=C6
()
[Mullard]|
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Mullard Technical Handbook

GENERAL INDEX
TO VOLUMES 3 AND 3A

Issue No. Type Pages Issue No. Type Pages
or Date No. or Date No.
Transmitting and Industrial Transmitting and Industrial
Heating Valves—cont. Heating Valves—cont.
4  QQV06-40A 18 Dec 64 QY5-800 D1-D4
May 64 QQV07-50 D1-D5 Dec 64 . C1-C4
May 64 . C1-C12 QY5-3000A
Au; 63 QQV5-P10 pros | O {QY5-3°°°W o108
Aug 63 . c1-C2 July 64 Y D9-D12
May 63 QQZ03-10 D1-D4 || Oct 62 " e
May 63 . C1-C3 Mar 59 QYS50-P40 D1-D3
Oct 61 QV03-12 D1-D3 Mar 59 » a2
Oct 61 . Cc1-C3 July 63 QZ06-20 D1-D3
1 Qvo4r 8 July 63 . C1-C4
Jan 59 QVO04-7R D1-C1 2 TY2-125 1-4
2 QV06-20 12 Apr 64 " 5-6
Aug 60 QV08-100 D1-Dé 2 » 7-13
Aug 60 . C1-C13 1 TY4-350 6
1 QV1-150A 7 Aug 67  TY4-400 D1-D5
g Aug 67 . c1-C3
Apr 68 Sg-ﬁgg =0 Oct 62 TY4-500 D1-Dé
Apr 68 . C1-C4 Oct 62 . c1-C8
Jan 68 8:’,%_?28';‘ D1-D4 :: i: TYS"5°° 211_‘(3;
Jan 68 " ki Apr 61  TY6-12A D1-D5
Jan 66 QY3-65 D1-D5 Apr 61 } c1-C4
Jan 66 " c1-c2 Oct 58 TY6-800 D1-D4
3 QY3125 1=4 June 64 . D5-Dé
Apr 64 " 5-6 June 64 . c
3 ” 7-18 |l gept 60 TY6-1250A D1-D5
Jan 66 QY3-1000A D1-D8 Sept €0 . c1-C2
an 66 " - Jan 66 TY6-3000A D1-D5
¥ Qs 23 Jan 6 . c1-C5
Jan 65 QY4-400 D1-D10 —
Jan 65 » C1-Cé Apr 66 {TY(»—SOOOW D1-D12
Oct 63 QY4-500A D1-D5 TY6-5000H
Oct 63 . Cc1 May 64 ., c1-Cc7
Jan 61 QY5-500 D1-D4 Apr 64  TY6-50008 D1-Dé
July 62 D5 July 64 % D7
Mar 61 i c1-C9 Apr 64 . Cc1-C4
(@
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Mullard Technical Handbook

GENERAL INDEX
TO VOLUMES 3 AND 3A

Issue No. Type Pages Issue No. Type Pages
or Date No. or Date No.
Transmitting and Industrial Transmitting and Industrial
Heating Valves—cont. Heating Valves—cont.
TY7-6000A Nov 66 YD1192 D1-D4
Apr 67 < TY7-6000W D1-D10
TY7-6000H Moy 86 = c
£ YD1202
Apr 67 " C1-Cs5 Nov 66 YD1212 D1-D4
July 61  TY8-15A D1-D3
July 61 = C1-C4 Nov -4 2 e
Dec 63 TY8-15H D1-D3 May 67  YD1240 D1-D4
Dec 63 . ci-Cs May 67 . c1-C5
Oct 61 TY8-15W D1-D3 Dec 65  YL1000 (Maint.) D1-D7
Oct 61 . c1-c4 Dec 65 . C1-Cé
TY8-6000A YL1020
May 64 { TY8B-6000W  D1-D11 May 63 1 00703-20 D1-D2
( TY8-6000H June 64 5 D3-D5
May 64 - C1-C4 May 63 . C1-C10
Oct 62 TY12-15A D1-D5
May 64 J YL1030 D1-D5
Oct 62 " C1-C3 ay QQZ06-40 -
Aug 63 [TY12-20A D1-Dé6 May 64 . c1-Cc12
Ty12-20w Feb 65 YL1060 D1-D5
Aug €3 - c1 Feb 65 . C1-C5
Mar 66 < TY12-50W D1-D10 ﬁ}g;g’
[ TY12-50H
Mae 66 . i Sept 63 YL1080 D1-D5
Oct 62 TY12-120W D1-Dé Sept 63 . c
Oct 62 . C1-c4 YL1100
Feb 66 J YL1101 D1-D6
2 TYS5-3000 5 € YL1102 -
(YD1150 YL1103
Nov 66 { YD1151 D1-D6 Feb &6 . c1-c7
y LYD1152 Feb 66  YL1110 D1-D7
ov 66 YD:‘.160 C1-Cé Fab 66 . c1
YL1121
Nov 66 < YD1161 D1-Dé6 Apr 67 D1-Dé
{Ysz p YL1122
Nov 66 N C1-C7 Apr 67 . C1-C2
(YD1170 May 66  YL1130 D1-D4
Nov 66 < YD1171 D1-D8 May 66 . Ci-C4
YD1172 Nov 67  YL1150 D1-D4
Nov 66 " c1 Nov 67 " c1-C2
NOV 66 YD1182 D1—D4 . IYL1160
Nov 66 c1 © L YL1161
-_—
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Mullard Technical Handbook

GENERAL INDEX
TO VOLUMES 3 AND 3A

Issue No. Type Pages Issue No. Type Pages
or Date No. or Date No.
Transmitting and Industrial Communications Magnetrons
Heating Valves—cont. —cont.
o YL1170 Jan 61 JNT1-500 D1-D3
Feb 66 YL1190 D1-D4 Jan 61 . C1=C2
FDe" ‘6’3 iy ;:‘gi Oct 63 JP8-02B D1-D3
ec -
Dec 67 c1-C3 S, 163 . il
July 64 YL1240 D1-D4 Gec 63 dRe-0RC Lo
Jan 68  YL1320 D1-Dé6 Oct 63 " e
Jan 68 ” Cc1-C3 Nov 65  JP9-01 D1-D3
Apr 68  YL1420 8 Nov 65 ., &
: JP9-2:5
Quartz Crystal Units Oct 63 < JP9-2-5B D1-D4
Aug 66  General Explanatory JP9-2-5C
Notes: Quartz
Crystal Units 2 Oct €3 n c1-c2
Aug 66  QX1000 D1-D5 Nov 63 fjgg—%:g? D1-D4
Aug 66 5 C1 LIP9-
X1001 Nov 63 " c1-C2
Aug 66 {Q D1-D4
& ® 1Qx1002 : Feb 62 P95 D1-D2
Aug 66 W C
D
*  QX1003 My o1 i .
Aug 166 Igiiggf wi-0e Feb 62 {JP9—7A D1-D3
- 9-7B
Aug 66 1 QX3002 D1-D3 P
Aug 66 QX3100 D1-D3 Feb 62 " c1-Q2
Aug 66 QX5000 D1-D3 June 63  JP9-7D D1-D4
Aug 66 J Q%5001 D1-D3 Mar 62 ” C1-C3
L ORS00 [ 1P9-15
July 63 1 JP9-15B D1-D4
VOLUME 3A = ci-c2
Microwave Devices and ay N 3
Components July 63 ” c
Sept 60 General Dec 67 JP9-18 D1-D5
Operational Dec 67 " 1
Recommendations— JP9-50
Introduction D1-D2 May 62 1P9-50A D1-D3
Communications Magnetrons May 62 " c1-Cc2
Sept 60  General 1P9-75
Operational Oct 63 < 1p9_758 01-02
Recommendations— =
Radar and Communica- lnly €4 "V L=l
tions Magnetrons D1-D5 Oct 63 ” c1-C3

AUGUST 1968 N, Page 9



Mullard Technical Handbook

GENERAL INDEX
TO VOLUMES 3 AND 3A

Issue No. Type Pages Issue No. Type Pages
or Date No. or Date No.
Communications Magnetrons Communications Magnetrons
—cont. —cont.
Bee €3 j;g:ggA D1-D5 Apr 65 YJ1040 D1-D5
¢ Aug 67 Y1050 D1-D4
Mar 60 - c1-C2
May 60 JP9-180 D1-D3 Aug & w &
ay Sept 63 YJ1060 D1-Dé
May 60 . ¢i-&2 S 2 .
May 60 JP9-250 Series  D1-D3 P Y1070
May 60 5 0 c1-C2 Feb 66  YJ1071 D1-D4
Apr 63  JP35-30 D1-D2 Eeb 66 . Cc1-C3
Feb 61 D3-D4 £Y11090
Apr 63 c1-C2 Oct 64 1 Y1091 Sl
JpGB01e Oct 64 { Yiiion D1-Ds
Apr 62 D1-D5
JPT8-01 [YJ1110 5
JPT8-01B Feb 66 VY111 D1-D
Apr 62 i c1-c2 Feb 66 g c1-C3
Feb 63 JJPG8-01E D1-D3 Feb 66 Y1120 D1-D4
1JPG9-01B ver be ik
5 , y .
o fJPGé-ozs e Jan 66  YJH2 D1-D5
y I
Jan 63 4 1pG9-028 S May 67 {m}g? D1-D5
Jan 63 5 (ay|
[ IPG9-01 A & wl
Apr 62 = D1-D5
p 1 JPT9-01 May 68 { m%gg 4
Apr 62 ” i 1220 D1-D3
il g = JD N Z; 111250 D1_D4
JPG9-02 ok i
Apr 62 {JPTQ_oz D1-D5 July 64 2142 D1-D5
Apr 62 i c1-C2 Mar 63 i C1
Feb 63 JPG9-02C D1-D3 Nov 67  2J55 D1-D4
Feb 63 . ci Nov 67 i c
Mar 68 JPT9-01K D1-D4 Dec 67 2J56 D1-D4
May 62 JPT9-60 D1-D5 Dec 67 ., c1
May 62 3 C1-C4
Dec 67 YJ1010 D1-D5 Industrial Magnetrons
Dec 67 % c1 Feb 64 General
v gperation:cliations
mme =
Nov 64 Y1030 D1-D5 Industrial
Nov 64 5 | Magnetrons D1-D7
¢
AUGUST 1968 \'/ Page 10



Mullard Technical Handbook

GENERAL INDEX
TO VOLUMES 3 AND 3A

Issue No. Type Pages Issue No. Type Pages
or Date No. or Date No.
Industrial Magnetrons—cont. Klystrons—cont.
Nov 67 JP2-02 D1-D8 Feb 65 {}(ﬂggf D1-D5
Nov 67 JP2..1A C1-C3 Feb 65 . C1-Cé
- YK1140 Series
Apr 63 Magnetron May 68 < KS6-1000 Series 4
Accessories D1-D2 KS7-1000 Series
JP2-2-5A
Jan 66 {jp;_z.sw D1-D10 Travelling Wave Tubes
Jan 66 - C1-Cé Sept 60 genera! ;
perational
Jan 66 JP2-5W D1-D4 Recommendations—
Jan 66 . c1-C2 Forward-wave
Amplifiers D1-D2
Klystrons LA9-3B
Sept 60  General LB3-2508
Operational *  LB4-30
Recommendations— *
Reflex Klystrons D1-D3 Aor 63 tzz—:g D1-Dé
Jan 62 KS7-85 D1-D2 SP’ - i c1_c2
Aug 59 . D3-D4 ept 2 (o
1 KS9-20 4 Apr 63 # C3-C8
Nov 63 KS9-20A D1-D2 Rug 89 [LEG-ZS K
on o i g Feb 68 LB6-25A D1-D7
pr i -
*  LB7-20
1-C7
Plow 63 = S May 64 YH1030 D1-D5
Jan 68  KS9-30 D1-D4 X
May 64 - c1-C2
Jan 68 . C1-C3 [ YH1060
July 63  KS9-40 D1-D3 1 LA9-2
July 63 . €1=C7 . [ YH1080
May 68 KS9-40B 4 | LB8-20
July 63  KS9-40D D1-D3 #  YH1090
» E:;z—ig Disc Seal Triodes
. YK10_00 Jan 65 EC157 D1-D5
YK1001 . S
Mar 63 < vk1002 D1-D5 Jan 65 EC158 D1-D5
Mar 63 c1-c4 Jan 65 e
£ YK1040 Series Feb 61 TDO03-5 D1-D3
£ YK1060 Feb. 61 " c
* L YK1061 Dec 63 TD03-10 D1-D2
June 68  YK1070 Series 4 2 2 3-6
[
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Mullard Technical Handbook

GENERAL INDEX
TO VOLUMES 3 AND 3A

Issue No. Type Pages Issue No. Type Pages
or Date No. or Date No.
Disc Seal Triodes—cont. Microwave Components—cont.
1 TDO03-10F 4 July 64 CL6210 D1-D2
May 61 TD04-20 D1-D3 May 64 CL6215 D1-D2
May 61 " C1-C3 May 64 CL6217 D1-D2
May 67 TD1-100C D1-D4 Feb 65 CL6236 D1-D2
May 67 i C1-C5 May 64 CL6240 D1-D2
Apr 59 " C3-Cé Sept 64 CL6241 D1-D2
Jan 61  TD2-400A D1-D2 Sept 64 CL6250 D1-D2
Apr 64 " D3-D5 CL7050
Jan 61 . C1-C3 Sept 64 < CL7051 D1-D2
Mar 65 TD2-500A D1-D5 L CL7052
Mar 65 . c1-C3 Sept 64 { SL7300 D1-D2
Microwave Components Sept 64 {(c:t;g:; D1-D2
Feb 64 CL5002 D1-D2 CL7411
Feb 64 CL5003 D1-D2 S¥pE & {CL7412 D1-D2
Feb 64 CL5004 D1-D2 CL7421
Sept 64 D1-D2
Feb 64 CL5005 D1-D2 4 CL7422
7431
CL5007 Sept 64 {CL D1-D2
. | CLs008 p CL7432
CL5009 CL7461
CL5010 Sept 64 {CL7462 D1-D2
*  CL5050 CL7471
Sept 64 D1-D2
*  CL5051 ¥ Slit2
*  CLS0S2 sepe 64 { Cl740) D1-D2
*  CL5053
CL7491
I — Sept 64 { Sy D1-D2
Apr 64 CL5751 D1-D2 FCL7501
May 64 CL6200 D1-D2 Sept 64 | C17502 D1-D2
May 64 CL6201 D1-D2 Sept 64 CL7513 D1-D2
May 64 CL6202 D1-D2 Sept 64 CL7515 D1-D2
May 64 CL6203 D1-D2 Sapt 64 {gg:g; D1-D2
May 64 CL6206 D1-D2
May 64 CL6207 D1-D2 e
May 64 CL6208 D1-D2 May 68 5 | g380 3
May 64 CL6209 D1-D2 ( CL83%0
()
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TECHNICAL HANDBOOK SERVICE

PREFACE

In 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 organised.

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

In 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.

CHANGE OF ADDRESS OR 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.

SEPTEMBER 1967 A PREFACE Page 1



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,
Torringtan 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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TECHNICAL HANDBOOK SERVICE
o

CONTENTS

Volume 1

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

Part 11
Switching and indicating gasfilled diodes
Voltage stabiliser and reference level tubes
Decade counter and indicator tubes
Small thyratrons and trigger tubes
Large thyratrons and ignitrons
Power rectifiers (valves)

P Part 111
{ Transmitting and industrial heating valves
Quartz crystal units

Volume 3A
Communications magnetrons
Industrial magnetrons
Klystrons
Travelling wave tubes
Disc seal triodes
Microwave components

Volume 4
Part |
Transistors (AC107 to AUY10)

Part Il
Transistors (BC107 to GET898)

Part 111
Transistors (OC16 to 2N3572)
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Part IV

Semiconductor diodes
Photodiodes and phototransistors

Part V
Rectifier diodes
Rectifier diode stacks

Part VI
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 |

Permanent magnets
Wound ferrite assemblies
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 111
Vinkors
High frequency vinkors

Part IV

IEC size vinkors
IEC size transformer pot cores

Volume 7
Integrated circuits

Made and printed in England by Wightman & Co. Ltd., 1-3 Brixton Road, London, S.W.9
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LIST OF SYMBOLS

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

1. SYMBOLS FOR ELECTRODES

Anode a Fluorescent Screen or Target... £
Cathode ... k External Metallisation ... M
Grid g Internal Metallisation ... m
Heater h Deflector Electrodes ... von K OFYY
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,, g,, 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 ... o d Hexode
Triode... SR - Heptode ... h
Tetrode R | Octode

Pentode s .p Rectifier ... s r

Thus, the grid of the triode section of a triode-hexode
is denoted by g;.

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 FOR ELECTRIC MAGNITUDES

Voltages Current
Direct Voltage ... v VY Direct Current ... s
Alternating Voltage (r.m.s.) Vr.m.s  Alternating Current (r.m.s.) | ;..
Alternating Voltage (mean) Vay Alternating Current (mean) lay
Alternating Voltage (peak) vpx Alternating Current (peak) ipx
Peak Inverse Voltage e PN No Signal Current ... P P

Miscellaneous

Frequency S Anode Efficiency 7

Amplification Facto wes | Sensitivity S

Mutual Conductance ... Em Brightness B

Conversion Conductance... ge Temperature T

Distortion ... e D Time w«s t
(G

[Mullard |
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LIST OF SYMBOLS

Inside Outside

Valve Valve
Resistance r R
Reactance X X
Impedance z Z
Admittance y Y
Mutual Inductance m M
Capacitance c C
Capacitance at Workmg Temperature Cw
Power = o . P P
3. AUXILIARY SYMBOLS
Battery or other source of supply ... b
Inverse (Voltage or Current) inv
Ignition (Voltage) ign
Extinction (Voltage) ... ext
No Signal o
Input ... in
Output ... out
Total ... tot
Centre Tap ct

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.,
eg.i—

Anode Voltage . Va Anode Current (A.C.r.ms.)  lar.m.s,
Control-Grid Voltage Ve No Signal Anode Current ... Iy,
Anode Supply Voltage Vg, Control-Grid Current ... g
Filament Voltage ... Vi Total Distortion ... ... Dot
Heater Voltage o Vi 3rd Harmonic Distortion ... D,
Anode Dissipation ... pa Equivalent Noise
Output Power ... Pout Resistance wq  Reg
Drive Power . Parive  Limiting Resistor ... ¢ Rim
Anode Current (D. C ) Is Cathode Bias Resistor Ry
Internal External
Anode Resistance .. . ra Ra
Insulation Resistance (heater o cathode) Mk
Resistance between Control-Grid and Cathode ... Fei_x Rgi_x
Capacitance (cold)—
Anode to all other electrodes ... Ca_all
Anode to control-grid ... Ca_gy
Control-grid to cathode at workmg temperature Cgi—k(w)
Control-grid to all other electrodes except
anode (Input Capacitance) ¢ Cin
Anode to all other electrodes except “control-

grid (Output Capacitance) Cout
Inner Amplification Factor Ug1_ga

BEHE % [Mullard]




TRANSMITTING AND TYPE
INDUSTRIAL VALVES AND TUBES NOMENCLATURE

A new comprehensive type nomenclature system for transmitting and industrial
valves and tubes has recently been introduced. In general, new Mullard devices
will have type numbers in the ‘new system’, earlier devices will retain numbers
in one of the ‘old systems’.

NEW SYSTEM

The type number for valves or tubes used primarily in ‘professional’ applications
(e.g. transmitters, navigation or communication equipment, industrial applica-
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—camera 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

Receiving-type valves

The type number of receiving valves used primarily in ‘professional’ applications
is similar to that for normal receiving valves except that there are four figures
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
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TYPE

TRANSMITTING AND

NOMENCLATURE INDUSTRIAL VALVES AND TUBES

OLD SYSTEMS

Transmitting and large industrial valves and tubes

The type number generally consists of two or more letters followed by two sets
of figures. These symbols provide information concerning the principal uses and
ratings of the valves according to the following code.

The first letter indicates the general functional class of valve:

Note.—For

B—backward wave tube

J—magnetron

K—klystron

L—travelling wave tube

M—ILf. amplifying or modulator triode

P—r.f. power pentode

Q—r.f. power tetrode

R—power rectifier

T—r.f. power triode

X—Ilarge thyratron. (All hydrogen thyratrons and other thyratrons
having max. mean anode current of 500mA or more.)

valves having dual electrode systems, the code letters for both
systems are used, e.g. ‘QQ’ for a double tetrode.

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—outputs up to 1W 2 In backward wave and travelling
B—outputs of 1W and over S wave tubes
D—disc-seal construction

G—mercury-vapour filled

H—hydrogen-filled

N—external magnet required (in magnetrons)
P—packaged construction (in magnetrons)
R—inert-gas filled

S—reflex (single resonator) construction (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
Z—directly heated oxide-coated filament

The third letter
Transmitting valves with a silica envelope have a third letter ‘S".
Thyratrons with a shield grid (tetrode construction) have a third letter ‘Q’.
Microwave devices that are tunable have a third letter ‘T".

(C———)
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TRANSMITTING -AND TYPE
INDUSTRIAL VALVES AND TUBES NOMENCLATURE

The first group of figures, immediately following the letters, indicates:

(2) The approximate anode voltage in kV for transmitting valves and
rectifiers:
Thus 05 represents 0.5kV = 500V
2 represents 2kV = 2000V
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) The approximate frequency of operation in Gc/s for magnetrons,
klystrons, backward wave tubes and travelling wave tubes:

Thus 9 represents 9Gc/s = 9000Mc/s.

The second group of figures indicates:

(a) For transmitting valves, the maximum permissible anode dissipation
in W. For dissipations of 10kW or more the dissipation in kW is given.

(b) For transmitting valves primarily intended for pulse operation this
group is prefixed by the letter ‘P’ and the figures indicate the maximum
peak current in amps.

(c) For backward wave and travelling wave tubes, the output power in
mW or W depending on the second letter (‘A’ or ‘B’).

(d) For magnetrons, the pulse power output in kW.

(e) For klystrons, the power output in mW.

(f) For rectifiers, the approximate rectifier output current in mA.

(g) For thyratrons, the approximate maximum permissible mean anode
current in mA. This group consists of at least three digits, the first one
being 0 if the current is between 10 and 100mA. For currents of 10A
or'more the current in amps is given.

Thus 045 represents 45mA
6400 represents 6400mA = 6.4A
12 represents 12A

A final letter occasionally follows the second group of figures. This is usually a
serial letter to denote a particular design or development. Types designed
for water cooling are indicated by the letter ‘W’ and if these types also
have a forced air-cooled version this is indicated by the letter ‘A’.

Examples
IP9-7 Magnetron with packaged construction for operation at a
frequency of approximately 9000Mc/s with pulse power
output of 7kW.
KS9-20 Klystron of reflex construction for operation at a frequency
of approximately 9000Mc/s with a power output of 20mW.
LA4-250 Travelling wave tube for operation at a frequency of approxi-

mately 4000Mc/s with an output of 250mW.

(@
[Mullard]
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TYPE TRANSMITTING AND
NOMENCLATURE INDUSTRIAL VALVES AND TUBES
QQV03-10 Double beam tetrode with indirectly heated oxide-coated
cathode. Rated to work at 300V and to dissipate 10W

continuously (5W at each anode).

QV20-P18  R.F. power tetrode with indirectly heated oxide-coated
cathode. Designed for pulse operation with maximum peak
anode voltage of 20kV and maximum peak anode current
of 18A.

RG3-250 Mercury-vapour rectifier rated to work at 3kV and to give
a maximum rectified output of 250mA.

XG5-500 Mercury-vapour thyratron having a rated peak inverse

voltage of approximately 5kV and a maximum permissible
mean anode current of approximately 500mA.

Cold cathode tubes

The type number for cold cathode tubes (excluding photocelis 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.

The first figure indicates the type of base, the significance of the figure being
the same as for Mullard receiving valves.

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—multistage counter tube
E—electrometer trigger or amplifier tube
G—gating tube

M—indicator (metering) tube
S—multistage switching tube
T—3-electrode trigger tube
U—4-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 TUBE TYPE
TUBES 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:

— television display tube for domestic applications.

— oscilloscope tube—single trace.

— oscilloscope tube—multiple trace.

— radar display tube—direct viewing.

display storage tube.

— professional television or display tube (except radar)
—direct viewing.

— professional display tube—projection.

— flying spot scanner.

0T Zrmmg)
I

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

Thus 7 represents a 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 group 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.

B — Purplish-blue, blue, greenish-blue.

D — Blue-green.

G — Bluish-green, green, yellowish-green.

K — Yellow-green.

L — Orange, orange-pink.

R — Reddish-orange, red, pink, purplish-pink, purplish-red,
red-purple.

w White.

X — Tri-colour screen.

Y — Greenish-yellow, yellow, yellowish-orange.

The second letter is a serial letter to denote particular phosphors. For
the ‘standard’ television picture tube phosphors, the letters ‘W' and
‘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 oscilloscope tube having 7cm screen with

phosphor '‘GH".

(R
[Mullard |
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TUBE TYPE CATHODE RAY
NOMENCLATURE TUBES
OLD SYSTEM

Some earlier cathode ray tubes have type numbers consisting of two letters
followed by two sets of figures.

The first letter indicates the method of deflection and focusing:

A — Electrostatic focusing, magnetic deflection.
D — Electrostatic focusing and deflection.
M — Magnetic focusing 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 Cathode ray tube of 53cm screen diagonal having a ‘W'
phosphor and employing magnetic deflection and electro-
static focusing.

DH3-91 Cathode ray tube of 3cm screen diameter having an ‘H'
phosphor and employing electrostatic deflection and
focusing.

DESIGNATION OF MULLARD PHOSPHORS
Pro- Equivalent
Electron  Old Fluorescent Phosphorescent  Persistence JEDEC
designation system colour colour designa-
tion
BA C  Purplish-blue — Very short —
BC V  Purplish-blue — Killed —
BD A Blue - Very short —
BE B  Blue Blue Medium short P11
BF U Blue — Medium short —
GB M Purplish-blue Yellowish-green  Long P32
GE K Green Green Short P24
GH H Green Green Medium short P31
GJ G  Yellowish-green Yellowish-green  Medium P1
GK G* Yellowish-green Yellowish-green  Medium —
GL N  Yellowish-green Yellowish-green  Medium short P2
GM P Purplish-blue Yellowish-green  Long P7
GN J Blue Green Medium short —
(Infra-red excited) (fluorescence)
GP —  Bluish-green Green Medium short P2
KA —  Yellow-green Yellow-green Medium P20
LA D Orange Orange Medium —
LB E  Orange Orange Long —
LC F  Orange Orange Veiy Long —
LD L  Orange Orange Very Long P33
W W White — —_ P4
X X Tri-colour screen - — P22
YA Y Yellowish-orange Yellowish-orange Medium s

*Used in projection tubes.

NOVEMBER 1967
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ATHODE RAY GENERAL OPERATIONAL
RECOMMENDATIONS

The following recommendations should be interpreted in
conjunction with British Standard Code of Practice 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
1 no account be exceeded. Two methods of specifying limiting values
e used, the ‘absolute’ and ‘design centre’ systems, and these
ould be interpreted as follows:—

psolute Ratings

e equipment designer must ensure that these ratings are never
ceeded and in arriving at the actual tube operating conditions such
riations as mains fluctuations, component tolerances and switching
rges must be taken into account.

esign Centre Ratings

ith a set of nominal valves inserted in an equipment connected to
e highest permitted nominal supply voltage within a given tapping
nge, and in which all components have their nominal value, the tube
ings may at no time exceed the published maximum design centre
lue.

e phrase ‘at no time’ in the above paragraph means that increases
the tube working conditions, due to operating changes in equip-
ent (e.g. a.g.c., switching, etc.) should be taken into account by the
uipment designer. Normally encountered mains voltage variations
f up to +109%,) are allowed for in the tube ratings, provided normal
bod practice is followed in the design of the receiver. In television
ceiver design, the above definition of design centre ratings applies
en the timebases are synchronised. When the timebases are not
nchronised it is permissible for the final anode voltage of the cathode
y tube to rise by not more than 109,

EATER
rallel Operation

e heater voltage must be within +79,, of the rated value when the
pply voltage is at its nominal rated value, and when a tube having
e published heater characteristics is employed.

is figure is permissible only if the voltage variation is dependent
>on more than one factor. In these circumstances the total tolerance
ay be taken as the square root of the sum of the squares of the
dividual deviations arising from the effect of the tolerances of the
parate factors, providing no one of these deviations exceeds +5%,.
hould the voltage variation depend on one factor only, the voltage

riation must not exceed +5%,.

(N
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GENERAL OPERATIONAL CATHODE RA
RECOMMENDATIONS

Series Operation
The heater current must be within +-59% of the rated value when t
supply voltage is at its nominal rated value, and a tube having t
published heater characteristics is employed.

This figure is permissible only if the current variation is depende
upon more than one factor. In these circumstances, the total tole
ance may be taken as the square root of the sum of the squares of t
individual deviations arising from the effects of the tolerances of t
separate factors, providing no one of these deviations exceeds +3.5
Should the total current variation depend upon one factor only, t
current variation must not exceed +43.59%.

When calculating the tolerances of associated components, the rat
of the change of heater voltage to the change of heater current i
typical series chain including a cathode ray tube is taken as 1.8, bo
deviations being expressed as percentages.

With certain combinations of valves and tube, differences in t
thermal inertia may result in particular heaters being run at excee
ingly high temperature during the warming-up period. During t
period, unless otherwise stated in the published data, it is permissib
for the heater voltage of the tube to rise to a maximum value of 50
in excess of the nominal rated value when using a tube with t
published heater characteristics. A surge limiting device may

necessary in order to meet this requirement. When measuring t
surge value of heater voltage, it is important to employ a peak readi
device, such as an oscilloscope.

In addition to the tolerances quoted above, fluctuations in the mai
supply voltage not exceeding +109/ are permissible. These conditio
are, however, the worst which are acceptable and it is better practi
to maintain the heater as close to its published ratings as is possib
particularly in television equipment where changes in valve characte
istics can have an appreciable effect upon the picture. Furthermo
in all types of equipment closer adjustment of heater voltage
current will react favourably upon valve and tube life and perfo
mance.

CATHODE

The potential difference between cathode and heater should be
low as possible and in any case must not exceed the limiting val
given on the data sheets for individual tubes. Operation with t
heater positive with respect to cathode is not recommended. In ord
to avoid excessive hum the a.c. component of the heater-to-catho
voltage should be as low as possible, e.g. less than 20V, . .

When the heater is in a series chain or earthed, the 50c/s impeda

(@
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CATHODE RAY GENERAL OPERATIONAL
TUBES RECOMMENDATIONS

between heater and cathode should not exceed 100k(). If the heater
is supplied from a separate transformer winding the resistance
between heater and cathode must not exceed 1MQ.

INTERMEDIATE ELECTRODES (between cathode and final
anode)

In 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

The value of grid bias must not be allowed 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 grid excursion of the video signal under
normal operating conditions is permitted to reach 2V and at this
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

Curves showing the limits of grid cut-off voltage for specific values
of first anode voltage are included in the data for individual tubes.
The brightness control should be arranged so that it can handle any
tube within the limits shown, at the appropriate first anode voltage
(which is measured with respect to cathode).

LUMINESCENT SCREEN

To prevent permanent damage to the screen material, tubes should
not be operated with a stationary or slowly moving spot, except at
low beam current density. It is desirable that the scanning voltages
are applied before cathode current is drawn from the tube.

Some television tubes have the face plate made of grey tinted glass
in order to improve the contrast. The proportion of light transmitted
through these screens is given on the data sheets for individual tubes.
For aclear glass screen, approximately 909, of the light is transmitted.
Stray light falling upon the screen will result in loss of contrast. If it is
difficult to shade the screen, the use of a suitable filter will improve
the contrast.

Some types of screen material fluoresce under ultra-violet excitation,
and where necessary, should be protected by an appropriate filter.

(Y
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GENERAL OPERATIONAL CATHODE RAY
RECOMMENDATIONS TUBES

EXTERNAL CONDUCTIVE COATING

With those tubes having an external conductive coating, the capaci-
tance of this to the final anode may be used to provide smoothing for
the e.h.t. supply, and in all cases it must be earthed.

This coating is not a perfect conductor and in order to reduce
radiation from the line timebase it may be necessary to make two
separate connections to the coating on opposite sides of the bulb.

METAL CONE

Some tubes have a metal cone and where this cone and the glass face
are operated at a high voltage any material in contact with the cone
or the face must have insulating properties adequate for this voltage.

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

The precautions taken in manufacture reduce the possibility of
spontaneous implosion to a minimum but any additional stress due
to mishandling considerably increases the risk of implosion; such an
implosion may occur immediately or may be delayed. Particular care
should be taken not to scratch any part of the bulb, particularly the
face, as this will appreciably reduce the strength of the glass and may
lead to implosion, often after a delay.

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.

When a tube is not in its equipment or original packing it should be
placed screen downwards on a soft pad of suitable material free from
abrasive substances. Tubes with relatively small necks and large
bulbs (9 in. diameter and larger) should be handled by the bulb end.
When it is necessary to handle the tube by the neck great care
should be taken to avoid sideways leverage and the bulb should be
supported when possible.

Attention is called to the fact that a high voltage charge may be carried
by the internal conductive coating which is connected to the final
anode connector and also by the external coating if not earthed,
even after a tube has been removed from equipment. Anyone hand-
ling such a tube may receive a shock, which, while generally not
dangerous to the person, might cause an involuntary reaction
resulting in damage to the tube, which might, for example, be
dropped.

(R
[Mullard]
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CATHODE RAY GENERAL OPERATIONAL
TUBES RECOMMENDATIONS

PROTECTIVE SCREEN

The viewing screen of a cathode ray tube should be protected by
means of a screen of transparent material of suitable strength to
withstand implosion of the tube.

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
the vertical. This ensures that any major glass blemishes near the
edge of the screen are behind the mask.

In 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.

The tube socket should not be rigidly mounted but should have
flexible leads and be allowed to move freely. Tubes having all-glass
bases must not be soldered directly into the wiring and the use of a
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-
ment tubes operating at low anode voltages a close fitting magnetic
shield is generally necessary.

DIMENSIONS

Allowance should be made in the design of the equipment for the
dimensional tolerances of the tube envelope and reliance should not
be placed upon dimensions taken from individual tubes.

REFERENCE LINE

The reference line indicated on the tube outline drawing is deter-
mined by means of a suitable gauge. Drawings of several gauges follow
these general operational recommendations.

X-RADIATION

No maximum permissible dosage rate has yet been accepted as a
British Standard, but from work in progress at the time of printing
it seems likely that a figure of 20mr per 8-hour period when
measured on the outside surface of the equipment housing will be
established.

CORNER CUTTING

Corner cutting, in general, is due to a direct obstruction of the
electron beam after deflection before it reaches the screen and results
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
a—
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GENERAL OPERATIONAL CATHODE RAY
RECOMMENDATIONS TUBES

maximum useful screen dimensions and (2) the deflector coil system
is such that the distance of its effective centre of deflection from the
reference line does not exceed the maximum value given in the
outline drawing.

The centre of deflection is positioned such that electrons deflected
from this point in straight lines would reach the screen without being
intercepted by the neck of the tube.

The maximum deflection angle is the angle subtended at the centre of
deflection by the published maximum useful screen diameter, or
diagonal in the case of rectangular tubes. (This should not be confused
with the horizontal deflection angie.)

FOCUSING OF MAGNETIC TUBES

The magnetic field of the focus unit should be axially symmetrical.
The mounting should be such that upon insertion of the tube, the
focus field is coaxial with the neck, and the magnetic centre is in the
recommended position as indicated in the individual tube data.

In general, if the focus unit is moved toward the screen the required
focusing power decreases, the resolution at the centre of the screen
improves, and that at the edge deteriorates. However, with ion-trap
tubes it is strongly recommended that the focus unit should be
positioned as indicated, since this ensures a minimum of interaction
between the magnetic field of the focus unit and the fields of the
deflector coils and ion-trap magnet.

RASTER CENTERING OF MAGNETIC TUBES

To centre the raster on the screen it is recommended that either a
magnetic field just behind the deflector coils be used or a direct
current be passed through the deflector coils. The magnetic field
should (1) lie as much as possible in a plane perpendicular to the axis
of the tube; (2) be adjustable around it; (3) be variable in strength;
(4) be self-magnetised and not depend on stray fields from other
components; (5) extend over as short a length of the neck as possible;
(6) be as uniform as possible over the cross-section of the neck. It is
desirable that the zero shift position be indicated. It is not recom-
mended that the focus field be used to centre the raster.

Unless otherwise specified the centering device should provide a
shift of 239, of the overall length of the tube to allow for non-
centrality of the spot with respect to the geometric centre of the
screen. In addition the centering device should provide the shift
needed to allow for non-centrality of the visible raster (i.e. to com-
pensate for line blanking and also timebase non-linearity, if any).

ION TRAPS
With those tubes which incorporate an ion trap, it is necessary to
provide externally a magnetic field to deflect the electron beam

(@
[Mullard]
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CATHODE RAY GENERAL OPERATIONAL
TUBES RECOMMENDATIONS

through the final aperture of the gun towards the luminescent screen.
This magnetic field is normally provided by a permanent magnet
fitted with shaped pole pieces, and an adjustable clamp arranged so
that the whole assembly may be moved along and around the neck
of the tube. The limits of field strength for ion-trap magnet assemblies
given in individual data sheets should be carefully observed. In
particular, low field strength should be avoided and the assembly must
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 lon-Trap Magnet

An arrow is marked on the magnet assembly so that when looking
along the arrow the north pole is on the right hand side. An electron
beam travelling between the pole pieces, in the direction of the
arrow, will be deflected away from the actual magnet, which is
located on the same side of the assembly as the arrow. Conversely,
when the beam travels through the pole pieces in the direction
opposite to that of the arrow it will be attracted towards the magnet.
Hence there are two possible ways of using an ion-trap magnet to
make the beam negotiate the bend in the gun; with the arrow pointing
towards the screen or towards the base. The following procedure
which has been found to give the better spot size should be adopted
for adjusting the position of the magnet.

(1) (a) With the voltage supplies to the tube switched off and the
base socket removed; slip the magnet assembly over the tube
base with the arrow pointing away from the screen, and
diametrically opposite the line marked on the neck of the tube.
This line will normally be approximately in line with the
position reserved for Pin No. 3 on the base. Adjust the
assembly so that it is slightly in advance of the tube base.

(b) Fit the socket to the tube. Switch on the voltage supplies and
adjust the brightness control. If necessary, adjust the position
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
the screen until the raster brightness begins to decrease.
Then move the magnet back towards the base until the
brightness once more begins to decrease. Return the magnet
to the position of maximum brightness lying between these
two extremes. The magnet should now be rotated slightly to
find the midpoint of the range of rotation which gives
maximum brightness.
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GENERAL OPERATIONAL CATHODE RAY
RECOMMENDATIONS 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.

Where there is penetration of the field of the focus unit into the
ion-trap region, an adjustment of the focus control will move the
electron beam in the final aperture. This movement may be
sufficiently large to ‘black out’ the picture. Accurate centering
with an underfocused beam reduces this possibility.

(3) The movement produced by the focusing field, and hence ‘blacking
out’, may also be reduced by the following additional procedure:—

Note the angle between the centre line of the ion-trap
assembly set by the procedure in (1), and the plane which
passes through the bend in the gun of the cathode ray tube.
If this angle is more than +10° rotate the magnet in a
direction to reduce the angle and compensate any reduction
in brightness by adjusting the angle between the focus unit
and the tube neck. By successive adjustments, it will be
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
screen. This is particularly important where accurate quantitative
measurements are made on the screen surface of the tube. If, for
other reasons, earthing the e.h.t. positive line is impracticable, as
with post-deflection accelerator tubes, adequate precautions should
be taken to insulate the tube from any earthed object such as the
chassis.

A resistive path must be provided between each deflector plate and
the anode. Its resistance should be as low as possible and must not
exceed the published maximum value. If for any reason higher
values are used some instability of the trace may be expected.

In order to minimise the risk of trapezoidal distortion, tubes should
not normally be used with asymmetrical deflection unless specifically
designed for this purpose. In general the mean deflector plate
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 GENERAL OPERATIONAL
TUBES RECOMMENDATIONS
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REFERENCE LINE GAUGE FOR CATHODE RAY TUBES HAVING 70 DEGREE
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Reference Line

The reference line is determined by the plane C-C’ of the reference line gauge
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 shaded
region indicated in the drawing.
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RECOMMENDATIONS TUBES
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Reference Line

The reference line is determined by the plane C-C’ of the reference line gauge.
For the design of deflector coils see detailed drawing of cone on individual data
sheets.
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The reference line is determined by the plane C-C’ of the reference line gauge.
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CATHODE RAY TUBE
SCREEN TYPE BE(B)
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CATHODE RAY TUBE
SCREEN TYPE BE(B)
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CATHODE RAY TUBE
SCREEN TYPE GH(H)
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CATHODE RAY TUBE

SCREEN TYPE GH(H)
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CATHODE RAY TUBE
SCREEN TYPE GJ(G)
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CATHODE RAY TUBE
SCREEN TYPE GJ(G)
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CATHODE RAY TUBE
SCREEN TYPE GM(P)

w0
]
(]
~N
1]
t
/2
=
n
©
o)
/
/'
’
o=
Vi
0
Il
s N o
I ™
onm ‘\
sT]20¢°
0%y
T]g%o d
[oXe] -
guu —— o
X >
- v
o)
e
———
n
o
o
Q
o
o) ) [0) €] ) o)
o (i3} o < ~

Relative
response
(°/o)

RELATIVE SPECTRAL ENERGY DISTRIBUTION CURVE
FOR TYPE GM LUMINESCENT SCREEN

SEPTEMBER 1967 & 7 SCREEN GM Page 1



CATHODE RAY TUBE

SCREEN TYPE GM(P)
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CATHODE RAY TUBE
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CATHODE RAY TUBE
SCREEN TYPE GP
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OSCILLOSCOPE TUBE D7-190GH

TENTATIVE DATA

QUICK REFERENCE DATA

7cm (3.0in) diameter, flat faced mono-accelerator oscilloscope tube,
primarily intended for use in inexpensive oscilloscopes and read-out

devices.

Final anode voltage 1.0 kv
Display area 50 x 60 mm
Deflection factor y 12 V/cm
Deflection factor x 29 V/cm

This data should be read in conjunction with
GENERAL OPERATIONAL RECOMMENDATIONS - CATHODE RAY TUBES
HEATER
Suitable for parallel operation only
Vh 6.3 v
Lh 300 mA

OPERATING CONDITIONS

Beam forming
Final anode and astigmatism
control electrode (see note 1) Va1+a3+sl 1000+ 25 v
Focus electrode V,‘12 approx. 150 v
Control grid (for-visual cut-off) Vg approx. -30 v

Line width (see note 2)

Va1+a3+sl 1000 \'
a2 adjusted for optimum line width
= 1
Vyl Vy2 000 v
A4 300 v
x1
sz 700 v
Ix2 10 HA
v adjusted for I__ value stated
g X2
*Line width 0.3 mm

*Measured by the shrinking raster method in the centre of the screen.
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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 A%
12 V/cm
29 V/cm
901 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 from the sensitivity at a deflection of 25% of the useful scan by more

than 2%.
CORRECTION POTENTIAL RANGES
Astigmatism control range AV

SCREEN
Phosphor
Fluorescent colour
Phosphorescent colour
Persistence

Minimum useful screen diameter

Minimum useful scan (at Va1+a3+sl =1.0kV)
17%,
7%

al+a3+sl

+25 \'

GH

green
green

medium short

64 mm
50 mm
60 mm

The useful scan may be shifted vertically toa maximum of 4mm with respect

to the geometric centre of the tube face.
RATINGS (ABSOLUTE MAXIMUM SYSTEM)

¥ ansagng 1085

Vatrag+s1 M0
max.
va2

-V max.
g
+V _max.
g
Grid drive (d.c. or average) max.
Vh—k max.

p, max.

2.2 kv
0.9 kv
2.2 kv
200 v
0 v

20 v
+125 v
3.0 mW/cm2

JULY 1968 7
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OSCILLOSCOPE TUBE D7-190GH

CAPACITANCES (measured on a three terminal capacitance bridge)

High potential Low potential Earthed Capacitance (pF)
k all - 5.0
g all - 6.0
X all X, 4.0
X 2 all X 4.0
vy all ¥ 3.5
Yy all ¥y 3.5
X Xy all 2.5
¥1 Y, all 1.5

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.) 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 Va1+a3+s1’ 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
overscan, adjust V, for a beam current of approximately 10uA and
Vag and V1443441 for optimum spot quality in the centre of the screen.

b) Removethe raster and adjust the deflection plate voltagesto the values
stated under 'Line width', thus directing the total beam current to x2.
Measure I, and adjust Vg so that I, o =10pA.

c) Return to the conditions under (a) but without adjustment of V, or
Vai+as+s1- This results in a raster at a true beam current of 10pA.

d) Adjust V4o for optimum focus in the centre of the screen and measure

the line width. Do not readjust Val +ag+s1
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OUTLINE DRAWING OF D7-190GH
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Dlo-115E
OSCILLOSCOPE TUBES  pjo.12h

GP

| QUICK REFERENCE DATA

10cm (4in) diameter, flat-faced oscilloscopetubes 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 (p.d.a.) 4.0 kv
Display area(at Va4=4va3) 6x full scan cm
Deflection factor y 9.8 V/em
Deflection factor x 27.5 V/cm

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

HEATER
Suitable for parallel operation only D10-11 D10-12
Vh 6.3 6.3 v
Ih 90 300 mA

OPERATING CONDITIONS

BEAM FORMING

Final anode + luminescent screen Va 4 4.0 kv
Geometry control electrode VS 1 1,001 kv
Astigmatism control electrode Va3 1.0+0.05 kV
Focus electrode Va2 50 to 200 v
First accelerator Val 1.0 kv
Control grid (for visual cut-off) v -25 to -67 \'

o

Raster distortion

Agraticule, consisting of concentric rectangles 5x6cmand4.84x5.84cm
is aligned with the electrical x-axis of the tube. The edges of the raster
will fall between these rectangles with optimum correction potentials
applied.
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Line width (GH screen)

v 4.0 kv
a4
v 1.0 kv
a3
1.0 kv
al
It 10 HA
*Line width 0.35 mm

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

DEFLECTION

Double electrostatic

Mean y-plate voltage Vy mean 1.0 kv
Mean x-plate voltage Vx mean 1.0 kv
Vertical deflection factor Sy 8.6 to 11 V/em
Horizontal deflection factor Sx 24 to 31 V/em
Angle between x and y deflection 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 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 V83 950 to 1050 A%
Geometry control range si 900 to 1100 v
SCREEN
Phosphor BE GH GM GP
Fluorescent colour blue green purplish-blue bluish-green
Phosphorescent colour blue green yellowish-green green
Persistence medium  medium long medium
short short short
Minimum useful screen diameter 8.5 cm
Tini sef =4
Minimum useful scan (at V:14 Vas)
y 1° Yz 6.0 cm
X3 ° ) full scan

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

RATINGS (ABSOLUTE MAXIMUM SYSTEM)

Va4 max. (p.d.a.)

A\ in.
ad min
Va3 max.
VaS min.
Va2 max.
v ’
al max
Val min.
v s
g Max
-V _max,
g
+V  max.
g

‘i'vg (k) max.

vx—a3 k) max.
vy -a3(pk) max.
Rg—k max.
p, max.
Vh _ Tmax.
D10-11
Cathode positive

Cathode negative

D10-12
Cathode positive

Cathode negative

1 max,
k(av)

R ,max.
3

R ,max.
y-a3

Ratio V_ /V__max.
a4 a3

5.0 kv
1.5 kv
2.2 kv
900 v
1.5 kv
2.2 kv
900 v
2.2 kv
200 v
0 A\
2.0 v
500 v
500 A\
1.5 MQ
3.0 mW/cm2
100 v
15 v
200 v
125 A%
300 HA
50 kQ
50 kQ
4.0

DECEMBIER 1966 N,
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HELIX RESISTANCE

Minimum post-deflection helix resistance

50 MQ

CAPACITANCES (measured on three terminal capacitance bridge)

High potential Low potential
k all
g all
X 1 all
X 2 all
v 1 all
all
)
* )
Y1 P

EQUIPMENT DESIGN RANGE

Focusing electrode voltage Vaz
Grid cut-off voltage Vg
Deflection factor (Va4 =4Va3)
Vertical
Horizontal

MOUNTING POSITION

Earthed Capacitance (pF)
D10-11  D10-12
- 3.0 3.0
= 4.5 5.0
X, 3.5 4.0
X, 3.5 4.0
¥ 2.5 3.0
v, 3.0 3.0
all 2.0 2.0
all 1.7 1,7
50 to 200 V/kV of Va3
-25 to -67 V/kV of VaB

8.6to 11 V/em/kV of Va3
24 to 31 V/em/kV of Va3

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)

a connector (recessed ball connector CT7)

4
Mu-metal shield

DECEMBER 1966
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approx., 480 g
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OSCILLOSCOPE TUBE DI0-160GH

TENTATIVE DATA
QUICK REFERENCE DATA

10cm (4.0in) diameter, flat faced mono-accelerator oscilloscope tube,
primarily intended for use in inexpensive oscilloscopes and read-out

devices.

Final anode voltage 1.5 kv
Display area 60 X 80 mm
Deflection factor y 14.5 V/em
Deflection factor x 33 V/cm

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

HEATER

Suitable for parallel operation only

Vh 6.3 v
111 300 mA
OPERATING CONDITIONS
Beam forming
Final anode and astigmatism
control electrode (see note 1) Val+a3+sl 1500 = 30 v
Focus electrode Va2 approx. 225 v
Control grid (for visual cut-off) Vg approx. -50 \%
Line width (see note 2)
Va1+a3+sl L5 kv
a9 adjusted for optimum line width
Vy1 = VyZ 1.5 kv
v 800 v
x1
Vx 5 1.2 kv
Ix 5 10 HA
A% adjusted for I__ value stated
g X2
*Line width 0.3 mm

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

AUGUST 1968
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DEFLECTION

Double electrostatic

Mean y-plate voltage Vy mean 1.5 kv
Mean x-plate voltage Vx mean 1.5 kv
Vertical deflection factor Sy 14.5 V/cm
Horizontal deflection factor Sx 33 V/cm
Angle between x and y deflection 901 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 RANGE

Astigmatism control range Va 1+as+sl £30 v
SCREEN
Phosphor GH
Fluorescent colour green
Phosphorescent colour green
Persistence medium short
Minimum useful screen diameter 85 mm
Minimum useful scan (at Va1+a3+s1= 1.5kV)
y 17 Yy 60 mm
- X, 80 mm

X

i 2
The useful scan may be shifted vertically to a maximum of 5mm with respect
to the geometric centre of the tube face.

RATINGS (ABSOLUTE MAXIMUM SYSTEM)

Val+a3+s1 max. 2.2 kv
Val+a3+sl min. 1.35 kv
V _ max. 2.2 kv
a2

-Vg max. 200 v

+Vg max. 0 v
Grid drive (d.c. or average) max. 20 A%
Vh—k max. +125 \;
p, max. 3.0 mW/ecm
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A

OSCILLOSCOPE TUBE DI10-160GH

CAPACITANCES (measured on a three terminal capacitance bridge)

High potential Low potential Earthed Capacitance (pF)
k all - 5.0
g all - 6.0
X 1. all x2 4.0
x2 all X 4.0
Yl all y2 3.5
y2 all Yy 3.5
x1 x2 all 2.5
y1 y2 all 1.5

MOUNTING POSITION

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

WEIGHT

Tube alone (approx.) 400 g
ACCESSORIES

Socket (supplied with the tube) 55566

Mu-metal shield 55547
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

a al t i i i j 2
re equal to Va1+a3+s1’ 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

overscan, adjust V_ for a beam current of approximately 10pA and

Vg9 and Vgi443+g1 for optimum spot quality in the centre of the screen.

b) Removethe raster and adjust the deflection plate voltages to the values
stated under 'Line width', thus directing the total beam current to x2.
Measure I, and adjust Vg so that I,5=10pA.

¢) Return to the conditions under (a) but without adjustment of V or
Val+ag+s1- This results in a raster at a true beam current of 1g;4A.

d) AdjustV,, for optimum focus in the centre of the screen and measure
the line width. Do not readjust Va1+a3+s1'

(B
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OUTLINE DRAWING OF D10-160GH
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OSCILLOSCOPE TUBE D|0-170GH

QUICK REFERENCE DATA

10cm (4in) diameter flat-faced oscilloscope tube with mesh, intended
for use in transistorised oscilloscopes up to 30MHz.

Final anode voltage (p.d.a.) 6.0 kv
ispl =6. X

Display area (at V214 6 0Va1+a3) 60 X 80 mm

Deflection factor y 3.5 V/em

Deflection factor x 13 V/em

This data should be read in conjunction with
GENERAL OPERATIONAL RECOMMENDATIONS - CATHODE RAY TUBES
HEATER
Suitable for parallel operation only
Vh 6.3 v
I}x 300 mA
OPERATING CONDITIONS
Beam forming
Final anode + luminescent screen A% 6.0 kv

ad
Geometry control electrode and

interplate shield (see note 1) Vsz 1000 + 15 \'

Deflection plate shield (see note 2) VSl 1000 A%

Focus electrode Va2 170 to 230 \'4

First accelerator and astigmatism

control electrode (see note 3) \% 1000 = 30 \'
al+a3

Control grid (for visual cut-off) Vg -16 to -40 '

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.
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Line width

Va4 6.0 kv
Vsz 1.0 kv
VS 1 1.0 kv
Val+a3 1.0 kv
A 10 pA
*Line width 0.42 mm

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

DEFLECTION

Double electrostatic

Mean y-plate voltage (see note 2) Vy(mea.n) 1.0 kv
Mean x-plate voltage (see note 2) Vx(mean) 1.0 kv
Vertical deflection factor Sy av. 3.5,max. 3.8 V/cm
Horizontal deflection factor S av.13, max.14 V/cm
Angle between x and y traces 90° + 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 Va1+a3 =30 v
Geometry control range (see note 1) A Vsz =15 v
SCREEN
Phosphor GH
Fluorescent colour green
Phosphorescent colour green
Persistence medium short
Minimum useful scan (at Va4=6' 0Va1+a3)
Y1, 60 mm
X - x2 80 mm

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

SEPTEMBER 1968 D10-170GH Page 2




OSCILLOSCOPE TUBE

RATINGS (ABSOLUTE MAXIMUM SYSTEM)

Va4 max. (p.d.a.)

Va4 min.

Vsz max.

Vsl max.
a9 MAX.

v ax.

al+a3 m
Va1+a3 min.
-V max.

+V max.
g

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

Vh—k max.

Vx(al+ag)pk M-

Vy(al+as)pk M-

D max.
L

Ratio Va4/va1+a3 max.

3.0
6.0

CAPACITANCES (measured on a three terminal capacitance bridge)

High potential Low potential

k all
g all
X all
x2 all
vy all
Yy all
X X,
¥ P

SEPTEMBER 1968 P

Earthed

D10-170GH

5 oR o5 R & X
< < < < < <

g < < < < < <

mW/cm

Capacitance (pF)

5.
6.

0
0
0
.0
0
5
5
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0
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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.) 500 g
ACCESSORIES
Socket (supplied with the tube) 55566
a4 connector (cavity connector CT8) 55563
Mu-metal shield 55548
NOTES
1. Thistube isdesigned for optimum performance when operatingat a ratio
Va4/Va1+a3=6.0. The geometry control electrode voltage (Vgg) 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 4
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 (Vgi) 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.
W/
4
()
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OSCILLOSCOPE TUBE DI10-170GH

OUTLINE DRAWING OF D10-170GH
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BE
OSCILLOSCOPE TUBES DI3-I 62?

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, high writing speed displays.

Final anode voltage (p.d.a.) 10 kv
: - %

Display area (at Va 4 6Va3) 6x10 cm

Deflection factor y 6.0 V/em

Deflection factor x <18 V/cm

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

HEATER
Suitable for parallel operation only
6.
Vh 3 v
Ih 300 mA

OPERATING CONDITIONS
BEAM FORMING

Final anode + luminescent screen Va 4 10 kv
Second accelerator Va3 1.67 kv
Focus electrode Va2 230 to 500 v
First accelerator Va 1 1.67 kv
Geometry control electrode VS3 1.67 3%
Deflection plate shield Vsz 1.67 kv
Beam centring electrode VS 1 1.67 kv
Beam blanking electrode ng 1.67 kv
Control grid (for visual cut-off) Vgl -50 to -120 v
*Beam blanking control Avgz <60 v

*For visual extinction of a beam current of 10pA, the beam blanking

electrode voltage change will not exceed 60 volts with respect to Val'
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Raster distortion

A graticule, consisting of concentric rectangles 10X 6cm and 9.8 X
5.82cm 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. O

Line width (GH screen)

v 10 kv
a4

v 1.67 kv
a3

A\ 1.67 kV
al

I 10 LA

*Line width 0.35 mm

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

DEFLECTION
Double electrostatic
Mean y-plate voltage Vy mean 1.67 kv A
Mean x-plate voltage Vx mean 1.67 kv
Vertical deflection factor Sy 5.6 to 6,6 V/cm
Horizontal deflection factor Sx <18 V/cm
Angle between x and y deflection 901 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.

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 at a deflection of 25% of the useful scan by v
more than 2%.

CORRECTION POTENTIAL RANGES

Astigmatism control range Va3 1.67 to 1,77 kv
Geometry control range V53 1,67 to 1,77 kv
*Beam centring control range vsl 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.
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BE
OSCILLOSCOPE TUBES DI3-16cH
GP

SCREEN
Tube face diameter 13 cm
Phosphor BE GH GP
Fluorescent colour blue green bluish-green
Phosphorescent colour blue green green
Persistence medium medium medium
short short short
Minimum useful screen diameter 11.4 cm
Minimum useful scan (at Va4 =6Va3)
yl -y2 6.0 cm
X1 - x2 10 cm

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

RATINGS (ABSOLUTE MAXIMUM SYSTEM)

Va4 max. (p.d.a.)
Va 4 min.
Va3 max.

V,‘12 max.

Val max.

Val min.

Ratio of V_,/V_, max.
a4’ a3

Ratio of V__/V_, max.
al’ a3

V53 max.

V52 max.

VSl max.

ng max.

-V _ max.
gl
+Vgl max.
+v max.
g(pk)

Ik (av) max,

Vi X

Cathode positive

Cathode negative

ax.
Rx—a3 m

max.
Ry—a3

FEBRUARY 1967

16 kV
9.0 kv
2.5 kV
2.5 kv
2.5 kv
1.25 kv

10
1
2.5 kv
2.5 kv
2,5 kV
2,5 kV

200 A%
0 v
2.0 v

200 v

125 v

50 kQ

50 kQ
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RATINGS (ABSOLUTE MAXIMUM SYSTEM) (Cont'd)

Rg—k max.,

Maximum screen dissipation

HELIX RESISTANCE

Minimum post deflection helix resistance (a4 to s3)

1.5 MQ
3.0 mW/cm2
300 MQ

CAPACITANCES (measured on a three terminal capacitance bridge)

High potential Low potential Earthed Capacitance (pF)

k all = 3.0

gl all = 5.0

g2 all - 9.0

x1 all X2 2.8

x2 all x1 2.8

yl.1 all (v1.2,1.3,1.4) 1.6

(v2.1,2.2,2,3,2.4)
y2.1 all (v1.1,1.2,1.3,1.4) 1.6
(v2.2,2.3,2.4)
x1 X2 all 2.3
yl.1 y2.1 all 0.7
EQUIPMENT DESIGN RANGE
Focusing electrode voltage Voo 138t0300 V/kV of Va1
Focusing electrode current Ia2 -10to+15 LA
Grid cut-off voltage Vgl -24t0-72 V/kV of Va
Deflection factor (V ad = 6Va3)

Vertical 3.4t04.0 V/em/kv ofV_q
Horizontal x =10.8 V/em/kvV ofV o
MOUNTING POSITION Any

Any. The tube socket should have

freely.

WEIGHT

Tube alone (approx.)

FEBRUARY 1967

flexible leads and be allowed to move
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BE
OSCILLOSCOPE TUBES DI3-I6g;|

ACCESSORIES
Socket (supplied with the tube) 55566
a4 connector (cavity connector CT8) 55563
Side contact connector 55561
Mu-metal shield 55554
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" OSCILLOSCOPE TUBE D13-23GH

DEVELOPMENT SAMPLE DATA

QUICK REFERENCE DATA

13 cm (5in) diameter, flat faced oscilloscope tube with metal
backed 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 narrow bandwidth displays.

Final anode voltage (p.d.a.) 6.0 kV
Display area (at Va4 = 5Va3) 5x10 cm
Sy See pages D7 to D10 V/cm
Sx <18 V/ecm

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

HEATER

Suitable for series or parallel operation
Vh 6.3 v
Th 300 mA

Note: (applies to series operation only) - the surge heater voltage must not
exceed 9.5 V r.m.s. when the supply is switched on.
When used in aseries heater chain a current limiting device may be necessary

in the circuit to ensure that this voltage is not exceeded.

TYPICAL OPERATING CONDITIONS

BEAM FORMING

Final anode + luminescent screen Va4 6.0 kV
Second accelerator Va3 1.3 kV
Focus electrode Va2 100 to 390 v
First accelerator Val 1.3 kV
Geometry control electrode Vs3 1.3 kV
Inter-plate shield Vs2 193 kV
Beam centring electrode Vsl 1.3 kV
Beam blanking electrode Vg2 1.3 kv
Control grid (for visual cut-off) Vgl -31 to -93 \'
==
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DEFLECTION

Double electrostatic

Mean y-plate voltage Vy mean 1.3 kV
Mean x-plate voltage Vx mean 1.3 kV
Vertical deflection factor Sy ¥ V/cm
Horizontal deflection factor Sx <14 V/cm
Angle between x and y deflection 90 £ 1 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.

Both x and y plates are intended for symmetrical deflection.

*

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

adaptors chosen.

CORRECTION POTENTIAL RANGES

Astigmatism control range Va3 1.2to1.4 kV
Geometry control range Va3 1.2to1.4 kV

* Beam centring control range Vsl 1.28to 1.32 kV
** 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 nA, the beam blanking electrode
voltage will not exceed 60 volts with respect to Val.

Raster distortion

A graticule, consisting of concentric rectangles 10cm x5 cmand 9.8cm 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 13 cm
Phosphor GH
Fluorescent colour green
Persistence medium short
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OSCILLOSCOPE TUBE D13-23GH

Minimum useful screen diameter 11.4 cm
Minimum useful scan (at Va4 = 6Va3)
yl -y2 5 cm

x1 - x2 10 cm
ABSOLUTE MAXIMUM RATINGS

Va4 max. (p.d.a.) 10 kV

Va4 min. 5.0 kV
Va3 max. 2.0 kV
Va2 max. 2.0 kV
Val max. 2.0 kV
Val min. 1.2 kV
Maximum ratio of Va4/Va3 10
Maximum ratio of Val/Va3 1
Vs3 max. 2.0 kV
Vs2 max. 2.0 kV
Vsl max. 2.0 kV
Vg2 max. 2.0 kV
- Vgl max. 200 ¥
+ Vgl max. 0 v
Ik max. 300 LA
*Vh -k
Cathode positive
d.c. max. 200 v
pk max. 300 \'
Cathode negative )
d.c. max. 125 \'
pk max. 250 v
Rg - k max. 1.5 MQ
Maximum screen dissipation 3.0 mW/cm2

*

In order to avoid excessive hum the a.c. component of Vh - k should be as low
as possible. (<20 V. r.m.s.).

During a warming up period not exceeding 45s, vh - k (pk) max. (cathode pos-
itive) is allowed to rise to 410V.
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HELIX RESISTANCE
Minimum post deflection helix resistance 300 MQ
CAPACITANCES (measured on a three terminal capacitance bridge)

High potential Low potential Earthed Capacitance (pF)

k all - 3.5
gl T all - 5.0
g2 all - 9.0
x1 all x2 2.8
x2 all x1 2.8

EQUIPMENT DESIGN RANGE

Focusing electrode voltage Va2 138 to 300 V/kV of Val
Focusing electrode current Ia2 -10 to +15 LA
Grid cut-off voltage Vgl -24 to -T2 V/kV of Val
Deflection factor (Va4 = 5Va3)

Horizontal x <10.8 V/cm/kV of Va3

MOUNTING POSITION

Any
This tube should not be supportedby the base alone and under no circumstances
should the socket be allowed to support the tube.

WEIGHT
Tube alone approx. g 'g7 Xiz
ACCESSORIES
Socket Supplied with tube 55566
a4 connector 55563
Side contact connector 55561
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~ OSCILLOSCOPE TUBE DI13-23GH
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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 i Unit 3
(475 to 575 Mc/s) (500 to 775 Mc/s) (675 to 900 Mc/s)

Coil former

length 20 20 18 mm

diameter 8 9 3 mm
Primary

No. of turns 4 1.5 1.5

Wire dia. 0.9 0.9 0.9 mm

Approx. coil length 14 10 7 mm
Secondary

* No. of turns 4 2

Wire dia. 0.5 0.5 0.9 mm

Approx. coil length 14 10 7 mm
Trimming capacitance 0.6 to 12 0.5to 6 0.5to 6 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.

330 Units | and 2 Unit
o

Ct = trimmer
capacitance 330
Cp= plate capacitance kKQ

L = pliate lead
inductance

[Mullard| Page D6
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" OSCILLOSCOPE TUBE DI13-23GH

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
tubeface.

Some care must be taken with these adjustments because several spurious
resonances will be observed.

3. When the resonance frequency has been found, the input impedance of the
tube must be transformed to exactly 509 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=[W xR = 7.07[W

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

It 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 900 Mc/s the
accelerating voltages can be increased to 2.0 kV without loss of sensitivity..
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Generator (DD~

50 QT piece
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Coupling
/ \ unit
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/
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Screened connector

ih. Tube
Adjustable
stubs 50 Q0

Eiig's Set-up for transformation to 50 Q

N
Attenuator
Generator D (D= Tube
ok \'_A:ttenuotof/\__Watt-
D meter
Fig. 4 A : to adjust 5cm scan

B : to measure output
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OSCILLOSCOPE TUBE D13-23GH

c m m b
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OSCILLOSCOPE TUBES DI3-26:

QUICK REFERENCE DATA

13cm (5in) diameter, flat-faced mesh oscilloscope tube with metal-
backed screenand side connections tothe 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.) 15 kv
Display area (at Va4 = 10Va3) 6x10 cm
Deflection factor y 2.9 V/cm
Deflection factor x 11.5 V/cm

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

HEATER

Suitable for parallel operation only

Vh 6.3 v
]_h 300 mA

OPERATING CONDITIONS
Beam forming
Final anode + luminescent screen v 15 kv

Astigmatism control electrode

(see note 1) Vas 1500 £ 70 v
Focus electrode Va2 375t0625 V
First accelerator Val 1500 v
Post deflection shield VS 4 Vs3 minus 12to 18 v
Geometry control electrode

(see note 2) VS3 1500 + 70 v
Deflection plate shield Vs 1 1500 v
Control grid (for visual cut-off) Vg -40to-90 V

Raster distortion

A graticule, consisting of concentric rectangles 10X6cm and 9.8%5.8cm
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.

DECEMBER 1967 A D13-26GH-Page D1



Line width (GH screen)

Va4 15 15 kv
Va3 2.4 1.5 kv
Val 2.4 1.5 kv
L 10 10 LA
*Line width 0.3 0.4 mm

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

DEFLECTION
Double electrostatic
Mean y-plate voltage Vy mean (= vsl) 1.5 kv
Mean x-plate voltage Vx mean (= Vsl) 1.5 kv
Vertical deflection factor Sy 2.3to 3.5 V/em
Horizontal deflection factor Sx 9.4to012.5 V/em

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 at a deflection of 25% of the useful scan
by more than 2%.

CORRECTION POTENTIAL RANGES

Astigmatism control range Va3 1.43 to 1.57 kv

Geometry control range VS 4 1.43 to 1.57 kv
(R

D13-26GH-Page D2
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OSCILLOSCOPE TUBES  DI3-26

SCREEN
Tube face diameter 13 cm
Phosphor GH GP
Fluorescent colour green bluish-green
Phosphorescent colour green green
Persistence medium short medium short
Mi i =
nimum useful scan (at V,(14 10Va3)
yl-y2 6.0 cm
x1-x2 10 cm
RATINGS (ABSOLUTE MAXIMUM SYSTEM)
V max. 16.5 kV
ad
V_, min, 9.0 kv
a4
V _, max. 2.5 kv
a3
V _ min, 1.35 kV
a3
V_, max. 2.5 kv
a2
V . max. 2.5 kV
al
V __ min, 1.35 kV
al
V _, max. 2.5 kv
s4
V _, min. 1.35 kV
s4
V _, max. 2.5 kv
s3
V _,, min. 1.35 kV
s3
V_, max. 2.5 kv
s2
V__ min. 1.35 kV
s2
V . max. 2.5 kv
sl
V . min. 1.35 kV
sl
_Vg max. 200 v
+V_ max. 0
g
Ik (av) max. 300 KA
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Vh—k

Cathode positive
d.c. max. 200 v
pk max. 300 v

Cathode negative

d.c. max, 125 A%
pk max, 250 A%
max. 500 \'
x-a3
max. 500 v
y-a3
Ratio V., max, 10
a4
va3
R max, 1.0 MQ
g-k
max., = R max. 50 kQ
X-a3 y-a3
tlaz max. 25 HA

CAPACITANCES (measured on a three terminal capacitance bridge)

High potential Low potential Earthed Capacitance (pF)
k all - 3.0
g all - 5.5
x1 all x2 4.5
X2 all x1 4.5
y1 all y2 3.8
y2 all y1 3.8
x1 X2 all 2.7
yl y2 all 1.8

EQUIPMENT DESIGN RANGE

Focusing electrode voltage Vaz 250 to 417 V/kV of Va3
Grid cut-off voltage Vg 30 to 56.7 V/kV of Val

Deflection factor (at Va 4 10Va3)
vertical Sy 1.53 to 2.33 V/em/kV of Va3
horizonal Sx 6.3 to 8.4 V/em/kV of Va3

(R
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OSCILLOSCOPE TUBES D13-26:;

7~

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.) 925 g

ACCESSORIES
Socket 55566
Anode connector 55563
Side contact connector 55561
Mu-metal shield 55555

CORRECTION COILS

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

(@) 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 90°).

(b)  vertical shift of the scanned area.

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

o  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 optimum per-
formance.
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OUTLINE DRAWING OF D13-26GH/GP

Straight part [=—— 133*1-5 dia —]
of tube ‘ =

T
35
} +*30
22 § |
a4 Tcavity
706R connector type CT8

261 297
50 150

(T

Coil unit

J 460
The length of each o1 max.
connector is 5-0,

diameter 1-0

19
5105 max.

14 pin all glass base
As viewed from base end *1515 ] f

dia
y trace All dimensions in mm
x1 |x2
S2 Pin1 Pin14
o o
yi
N x1[ 3
@j o [ x trace
a4 y2 -7 | x2
2
a4 to x trace y
0%5° B6901

Orientation of axes of deflection as viewed
from screen end
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OSCILLOSCOPE TUBE DI13-27GH

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.

Final anode voltage (p.d.a.) 3.0 kv
Display area (at Va 4 =2Va3) 8.0 xfull scan cm
Deflection factor y 118 V/em
Deflection factor x 24 V/em

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

HEATER
Suitable for parallel operation only
Vh 6.3 v
Ih 300 mA

OPERATING CONDITIONS
BEAM FORMING

Final anode + luminescent screen Va 4 3.0 kv
Second accelerator Va3 1.5 kv
Focus electrode Va2 300 to 550 v
First accelerator Va1 1.8 kv
Geometry control electrode Vs 2 1.5 kv
Deflection plate shield VS 1 1.5 kv
Beam blanking electrode ng 1.5 kv
Control grid (for visual cut-off) Vgl -38 to -135 \'
*Beam blanking control A ng <60 v
Focus electrode current 132 -15 to +10 HA

*For visual extinction of a beam current of 10pA the beam blanking
electrode voltage change will not exceed 60 volts with respect to V al®

FEBRUARY 1967
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Raster distortion

A graticule, consisting of concentric rectangles 10 X 6cmand9.7 X 5.8cm
isaligned with the electrical x-axis of the tube. The edges of a raster
will fall between these rectangles, with optimum correction potentials

applied.
Line width (GH screen)
Va4 3.0 kv
Vs 1.5 kv
Vol 1.5 kV
% 10 A
*Line width (at screen centre) 0.25 mm
*Measured by means of a shrinking raster.
DEFLECTION
Double electrostatic
Mean y -plate voltage Vy mean 1.5 kv
Mean x-plate voltage Vx mean 1.5 kv
Vertical deflection factor Sy 9.7 to 13 V/em
Horizontal deflection factor Sx 21 to 27 V/cm
Angle between x and y deflection 901 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. 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.

Linearity of deflection

The sensitivity at a deflection of less than 75% 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 Va3

Geometry control range

FEBRUARY 1967
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OSCILLOSCOPE TUBE D13-27GH

SCREEN
Phosphor GH
Fluorescent colour green
Phosphorescent colour green
Persistence medium short
Minimum useful screen diameter 11.4 cm
Minimum useful scan (at V_, =2V )
a4 a3
Y175, 8.0 cm
X, -x2 full scan
RATINGS (ABSOLUTE MAXIMUM SYSTEM)
Va4 max. (p.d.a.) 3.3 kv
V__ min, 1.8 kv
a4
V.., max: 1.7 kv
a3
V__ min. 1.2 kv
a3
V _ max. 1.2 kv
a2
V | max. 1.7 kv
al
V _ max. 1L kv
s2
V . max. 1Ll kv
sl
V _ max. L3 kv
g2
-V __ max. 200 \'
gl
+V . max. 0 v
gl
+v max. 2.0 v
g1(pk)
v max. 500 A"
x-a3d
v max. 500 v
y-a3
vh-k max.
Cathode positive 200 v
Cathode negative 125 v
2
Maximum screen dissipation 3.0 W/cm
4 2.0
Ratio Va4/va3 max.
. 1.5 MQ
Rgl—k max
R max, 1.0 MQ
x-a3
R max. 1.0 MQ
y-a3
[ ___ I
FEBRUARY 1967 mm
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HELIX RESISTANCE
Minimum post deflection helix resistance (a4 to s2) 50 MQ

CAPACITANCES (measured on a three terminal capacitance bridge)

High potential Low potential Earthed Capacitance (pF)
k all - 3.6
gl all - 6.0
x1 all x2 4.5
X2 all x1 4.5
yl all y2 5.0
y2 all yl 5.0
x1 x2 all 2.5
vyl y2 all 1.5
MOUNTING POSITION Any

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

ACCESSORIES

Socket (supplied with the tube) 55566
a4 connector (C.T.8) 55563
Mu-metal shield 55557
WEIGHT
Tube alone (approx.) 680 g
1.5 1b
(R
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OSCILLOSCOPE TUBE D13-27GH

ag :
@/\ te———134-5 ma xdia.
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x trace e w. I
a4 *
' cavity 35
View on to tube face sonnector + 40
cT8
195
325
60 y
m
14 pin dll glass base
As viewed from base end —= 51215 |=—
dia.
&0 19
05 max.

B}

All dimensions in mm
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OSCILLOSCOPE D13-450GH/0|

QUICK REFERENCE DATA

13cm (5in) diagonal rectangular flat faced oscilloscope tube with metal
backed screen and mesh p.d.a. This high sensitivity tube with side
connections to the x and sectional y plates is intended for use in
transistorised oscilloscopes at frequencies up to 250MHz and is
provided with an internal illuminated graticule.

Final anode voltage (p.d.a.) 15 kv
Display area (at Va4 = 10Va3) 60 X 100 mm
Deflection factor y 3.0 V/em
Deflection factor x 9.9 V/cm

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

HEATER
Suitable for parallel operation only
Vh 6.3 A
I.h 300 mA
OPERATING CONDITIONS

Beam forming

Final anode + luminescent screen Va 4 15 kv
Post deflection shield V54 Vs3 minus 12 to 18 V
Geometry control electrode (see note 1) Vs3 1500 = 70 v
Interplate shield (see note 2) VS 2 1500 \%
Deflection plate shield (see note 2) Vs 1 1500 v
Astigmatism control electrode

(see note 3) Va3 1500 = 50 v
Focus electrode Vaz 400 to 550 v
First accelerator Val 1500 v
Control grid for visual cut-off Vg -40 to -100 v
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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.

Line width
Va4

va3

val

%

*Line width

15

) (%
i I8

10

5
5

0.4

kv
kv
kv
HA

mm

*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 S typ.
y max.
Horizontal deflection factor SX typ.
max.

Angle between x and y deflection (see page 7)

)
90

= © w w = =
=] w o w w

kv
kv

V/em
V/cm

V/ecm
V/cm

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.

Both x and y plates are intended for symmetrical deflection.

Linearity of deflection

The sensitivity at adeflection 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

+50
+70

Astigmatism control range Ava3
Geometry control range AVs 3
()

FEBRUARY 1969 N,
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OSCILLOSCOPE D13-450GH /01

TUBE

SCREEN
Tube face diagonal 13 cm
Phosphor GH
Fluorescent colour green
Phosphorescent colour green
Persistence Medium short
Minimum useful screen dimensions 50 X 100 mm

Minimum useful scan (at V. =10V )
a4 a3
Y=Y, 60 mm

Xl - x2 100 mm
The scanned raster can be centred and aligned with the internal graticule
by means of correction coils mounted on the tube (see page 7). For

illumination of the internal graticule see page 9.

RATINGS (ABSOLUTE MAXIMUM SYSTEM)

VM max. (p.d.a.) 16.5 kv
V_ min 9.0 kv
a4
V  max. 2.4 kv
s4
V__, max 2.4 kv
So
V _ max 2.4 kv
s2
V _ min 1.35 kv
s2
V . max. 2.4 kv
sl
V _ max. 2.4 kv
a3
, min. 1.35 kv
ao
Ratio of V . 1
io o a4/VaS max 0
V _ max. 2.4 kv
a2
V . max. 1.8 kv
al
V __ min. 1.35 kv
al
—Vg max. 200 Vv
+Vg max. 0 \'
v and V max. 500 v
x-a3 y-a3
i 0
]k(av) mdx 30 HA
v e Cathode positive 200 A%
h-k * Cathode negative 125 v
Maximum screen dissipation 3.0 mW/ cmZ

E—
FEBRUARY 1969 2
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OUTLINE DRAWING
OF D13-450GH/01
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3-4 Rotation coil
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*These dimensions apply tothe illumination plate which will always be within
the limits 117 £ 1.5 X 79 = 1.5mm of the tube face.
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OSCILLOSCOPE D13-450GH /0]
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CAPACITANCES (measured on a three terminal capacitance bridge)

High potential

k all
g all
X all
xz all
Y11 i
*1 )

Y1 Ys.

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)

Low potential

zal4 connector (cavity connector CT8)

Side contact connector

Mu-metal shield

NOTES

Earthed

Capacitance (pF)

5.

1.2

O N M OB B o
o U1 N o o o

0

kg

55566
55563
55561
55568

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.

FEBRUARY 1969

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

. The astigmatism control electrode voltage should be adjusted within the
stated range for optimum spot shape.
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OSCILLOSCOPE D13-450GH,0!

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

1. 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 900).
(b) 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 toa tube 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. resistance of each coil is approximately 2209,

Image rotation

The image rotation coil is concentrically wound. Under typical operating
conditions a maximum current of 45mA will be required for a maximum
image rotation of 5 degrees.

The d.c. resistance of this coil is approximately 5509,

CIRCUIT DIAGRAMS

1. Orthogonality and shift

B7575
L2
&V RVo RV & 3 Vg
170mA max
| ! r
T ﬁ [ (I O |
i . |
L _____ _J

Potentiometers RVl, RV4 2202, 1.0W, ganged
Potentiometers RVO, RV3 22092, 1.0W, ganged
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With the circuit of Fig.l 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 considerablyif the
requirement of independent controls is dropped (see Fig.2).

B9327

l)r
45V
125 mA max

Fig.2

Potentiometers va’ RV, 2209, 1.0W, ganged

Potentiometers RV, RV4 220Q, 1.0W, 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.

B9328

Fig.3
Potentiometers va’ RV2 220Q, 1. 0W

S 1 82 commutators

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

24v 3 b3 4
150 mA max Rvs| | W—|| !
| I
T Lo

Fig.4

B9329

RVg

B,

Potentiometers RVS' RV6 5009, 3.0W, ganged

The issue of the information contained in this publication does not imply
any authority or licence for the utilisation of any patented feature.
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OSCILLOSCOPE D13-450GH/01

TUBE

ADJUSTMENT PROCEDURE

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

2

o

With the tube fully 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 RV1 and RV4.

Adjust the orthogonality by means of the ganged potentiometers RV, and
RV3. Aslightreadjustment of RV; and RV4 may be necessary afterwards.

o

d. Readjust the image rotation if necessary.

With the 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.

ILLUMINATION 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 (B) should be polished,
and the contact with the tube should be as close as possible. It is advisable
toapply 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.

B7573
o : o
i
tot- 1Ot
I |
O ; O

Lxgr}t conductor Front plate of tube

DA B Section X=X
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OSCILLOSCOPE TUBE D|3-480GH

TENTATIVE DATA
QUICK REFERENCE DATA

13cm (5.0in) diameter, flat faced mono-accelerator oscilloscope tube,
primarily intended for use in inexpensive oscilloscopes and read-out

devices.,

Final anode voltage 2.0 kv
Display area 80 X 100 mm
Deflection factor y 15 V/cm
Deflection factor x 31 V/em

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

HEATER

Suitable for parallel operation only

Vh 6.3 \'%
Ih 300 mA
OPERATING CONDITIONS
Beam forming
Final anode and astigmatism
o Oyl (Qe
control electrode (see note 1) Va1+a3+sl 2000 +50 A
Focus electrode V:1 5 approx. 300 \%
Control grid(for visual cut-off) Vg approx. =65 v
Line width (seenote 2)

v

alt+a3+sl 20 ¥

a2 adjusted for optimum line width

= 3 K

Vyl Vy2 2.0 v
A 1.3 kv

x1
sz 1z kv
I

L 10 LA
\Y adjusted for I__ value stated

g X2

*Line width 0.3 mm

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

JULY 1968 N D13-480GH Page 1



DEFLECTION

Double electrostatic

Mean y-plate voltage Vy mean 2.0 kv
Mean x-plate voltage Vx mean 2.0 kv
Vertical deflection factor S 15 V/cm
Horizontal deflection factor Si 31 V/cm
Angle between x and y deflection 901 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 from the sensitivity at a deflection of 25% of the useful scan by more
than 2%.

CORRECTION POTENTIAL RANGES

Astigmatism control range A Val+a3+sl +50 v
SCREEN
Phosphor GH
Fluorescent colour green
Phosphorescent colour green
Persistence medium short
Minimum useful screen diameter 114 mm
Minimum useful scan (at Va1+a3+51= 2.0kV)
yl—y2 80 mm

xl-x 9 100 mm
The useful scan may be shifted vertically to amaximum of 6mm with respect
to the geometric centre of the tube face.

RATINGS (ABSOLUTE MAXIMUM SYSTEM)

o g
Va1+33+sl max 2.2 kv
Va1+a3+sl min. 1.5 kv
V__ max. 2.2 kv

a2
—Vg max. 200 v
+Vg max. 0 A%
Grid drive (d.c. or average) max. 20 v
+
V| Max. 125 \21
pt max. 3.0 mW/em
JULY 1968 D13-480GH Page 2




OSCILLCSCOPE TUBE D|3-480GH

CAPACITANCES (measured on a three terminal capacitance bridge)

High potential Low potential Earthed Capacitance (pF)
k all - 5.0
g all - 6.0
e all X, 4.0
x2 all Xy 4.0
y 1 all Yy 3.5
y 9 all vy 3.5
X, X, all 2.5
¥y Y, all 1.5

MOUNTING POSITION

Any. The tube socket should not be 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 Va 1+agtsl’ 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
overscan, adjust Vg for a beam current of approximately 10pA and
Va9 and Va1+a3+s1 for optimum spot quality in the centre of the screen.

b

~

Removethe raster and adjust the deflection plate voltages to the values
stated under 'Line width', thus directing the total beam current to x2.
Measure Iyo and adjust Vg so that Iyg=10uA.

c) Return to the conditions under (a) but without adjustment of V. or
Vai+as+s1- This results in a raster at a true beam current of 10uA.

d) AdjustV,p for optimum focus in the centre of the screen and measure

the line width. Do not readjust Va1+a3+sl'
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OUTLINE DRAWING OF D13-480GH
B7551
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OsciLLOSCOPE D13-500GH/01

TENTATIVE DATA
QUICK REFERENCE DATA

13cm (5in) diagonal rectangular flat faced ultra wideband oscilloscope
tube for observation and measurement of high frequency phenomena.
This very high sensitivity tube features a mesh p.d.a. system enhanced
by scan magnification. The bandwidth of 800MHz is achieved by use
of adelay-line system of vertical deflection. The metal backed screen
is provided with an internal illuminated graticule.

Final anode voltage (p.d.a.) 15 kv
Display area (at Vag=6.0val) 60 x 100 mm
Deflection factor y 240 V/em
Deflection factor x 15 V/em

This data should be read in conjunction with

GENERAL OPERATIONAL RECOMMENDATIONS - CATHODE RAY TUBES

HEATER

Suitable for parallel operation only

v '
3 6.3 v
L 300 mA
(—)
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OPERATING CONDITIONS
Beam forming

Final anode + luminescent screen Va9 15 kv
Post deflection shield V53 VS2 minus 9 to 15 v
Geometry control electrode (see note 1) Vs2 2500 = 100 v
Interplate shield (see note 2) Vsl 2500 A%
Scan magnification electrode (see note 3) Va8 Val minus 250 to 375 \'
Correction electrode (see note 4) Va7 Val plus 200 v
Horizontal beam centring electrode
(see note 5) Va6 2500 £ 50 v
Second focus electrode (see note 6) Vz15 Va 1 minus 400 to 600 A\
Vertical beam centring electrode
(see note 7) Va4 2500 = 50 v
First focus electrode (see note 6) Va3 Val minus 600 to 800 \%
Spot correction electrode (see note 8) Va2 2500 = 50 \'2
First accelerator Val 2500 v
Control grid(for visual cut-off) Vg -50 to =150 V

Raster distortion

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.
Line width
1
Vas 5 kv
Val and VS 1 2.5 kv
L 10 LA
*Line 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 electrostatic
The x plates are intended for symmetrical deflection.
The y deflection system consists of a symmetrical delay line system.

Characteristic impedance 2 X 150 Q

Bandwidth (for vertical deflection sensitivity
3dB lower than at d.c.) 800 MHz

Rise time (see page 3) 0.45 ns

D13-500GH/01 Page 2
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OSCILLOSCOPE D13-500GH/01

TUBE

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
tothe vertical deflection system. Thedisplayed rise time (to), thedisplay
rise time of the tube for an ideal signal (t1) and the true value of rise
time for an input signal (t,) are linked by the equation
2 2
t 0" tl + t2

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 Vy mean 2.5 kv
Mean x plate voltage Vx mean 2.5 kv
Vertical deflection factor (see note 9) Sy approx. 2.0 V/em
Horizontal deflection factor Sx approx. 15  V/em
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.
Linearity of deflection
The sensitivity at a deflection of less than 75% of the useful scan will
not differ from the sensitivity at 25% of the useful scan by more than 2%.
17 +{D13-500GH/01 A
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DEFLECTION (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 1509. The input and output terminals are connected to the beginning
of the helices by 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 makeuse 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 connected to a 502 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 509 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 signalsarrive at the input of the deflection system at the same time.
The 752 shunt resistors serve to obtain a correct termination of the 509
lines.

757%
B 87579

50 coax ~
\w

Fig 1.
A Power divider Rl’ R2 759 resistors
B Inverter RB' R4 150Q resistors
C Cable D, D! Deflection system

Note: Delay times 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 convergentin 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 herizontal deflection.

—
FEBRUARY 1969 N D13-500GH/01 Page 4
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OSCILLOSCOPE D13-500GH/01

TUBE

DEFLECTION (cont'd)

Because of the astigmatic properties of such a lens, a conventional
focusing lens cannot be used. Instead, three quadrupole lenses are
incorporated, with alternating orientation of their planes of convergence

and divergence. ’

The strength of the scan magnifier is controlled by applying to ag a
negative voltage with respect to aj. For a scan magnification factor,
Msc, between 1.8 and 2.0, the lens system will yield an approximately
circular spot at moderate beam currents. (At high beam 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 at a fixed value of grid voltage, are increasing functions
of the scan magnification factor. The graphs on page 6 show these functions
relative totheir values at Mg.=1.9, which is generally the most suitable
compromise,

For minimum defocusingof vertical linesnear the upper and lower edge
of the display area, a7 should be kept about 200V positive with respect
to a;. As this voltage has some effect on Mg, both a7 and ag should be
connected to a; when the deviation without scan magnification is being
measured.

FEBRUARY 1969 N~ D13-500GH/01 Page 5
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OSCILLOSCOPE D13-500GH/01

TUBE

Adjustment of the scan magnification factor

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

a

b

- Set Va7 and Va8 equal to V,q.

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

focused.

. Apply a square wave signal to the vertical deflection system (the vertical

parts of the trace will 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.

. Set Vy7 and V,g to the appropriate values and readjust Va5 so that the

horizontal parts of the trace are again in focus.

. Check the height of thedisplay (e.g. for Mg =1.9 this height should now

be 57mm if it was 30mm high previously)

. If necessary, readjust V,g until the desired value of Mg, is obtained.

Adjustment of the focusing and correction electrode voltages

Focusing is controlled by means of Va3 and V,4. Having two focus controls
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 squaye wave signal on the screen so that both horizontal and
vertical traces are visible.

- Adjust Vy5 so that the horizontal parts of the display are in focus. The

vertical parts will, in general, be out of focus.

- Adjust Va3 so that the vertical traces are brought into focus. This will

de-focus the horizontal parts of the display.

- Repeat (b) and (c) successively until both vertical and horizontal traces

are simultaneously in focus.

. Adjust V9 for minimum width of a horizontal line. If necessary readjust

Va3 and V.

. Adjust Vag for equal brightness at the left-hand and right-hand edges of

the display area. If necessary, readjust the focus by means of V5.

- Adjust Vg so that the position of a horizontal trace not deflected in the

verticaldirectionis at the centre of the vertical useful scan. If necessary,
readjust the focus by means of Vas-

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.

(S

[Mullard]
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The procedure for the adjustment of the scan magnification factor and for
focusing, as described above, seems to be rather complicated. However,
in practice it will be sufficient to adjust Vi to its nominal value without
determining the scan magnification factor for each individual tube. As to
focusing, theuser 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, s1, should be equal to the mean x-plate potential.

SCREEN
Tube face diagonal 13 cm
Phosphor GH
Fluorescent colour green
Phosphorescent colour green
Persistence Medium short
Minimum useful screen dimensions 60x100 mm

Minimum useful scan (at V49=6.0V,q)
Y1V, 60 mm

X - X, 100 mm

The scanned 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 MAXIMUM SYSTEM)

Vag max. (p.d.a.) 20 kv
V_ _min,. 9.0 kv
a9
V _ max. 3.1 kv
s3
V__ max. 3.1 kv
s2
V . max. 3.1 kv
sl
V _, max. 3.0 kv
a8
V__ max. 3.2 kv
a7
V . max. 3.1 kv
a6
V__ max. 3.0 kv
a5
V _, max. 3.1 kv
a4
V _ max. 3.0 kv
a3
V__ max. 3.1 kv
a2
V . max. 3.0 kv
al
()
Mullard
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OSCILLOSCOPE D13-500GH/01

TUBE

RATINGS (cont'd)

V__ min. 2.0 kv
al
Ratio of VaQ/Val max. 10
V__ minus V__ max. 1.0 kv
al a5
V__ minus V__ max. 1.0 kv
al a3
v and max. 500 v
x-al y-al
—Vg max. 200 \'A
+Vg max. 0 v
Ik(av) max. 300 HA
s +
Vh-k max 125 Z
Maximum screen dissipation 3.0 mW/cm

CAPACITANCES (measured on a three terminal capacitance bridge)

High potential Low potential Earthed Capacitance (pF)
k all - 5.0
g all - 6.0
x1 all X, 5 4.5
X, all X 4.5
X . X all 2.7

MOUNTING POSITION

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

freely.
WEIGHT
Tube alone (approx.) 1.3 kg
ACCESSORIES
Socket (supplied with tube) 55566
a9 connector (cavity connector CT8) 55563
Side contact connector 55561
Mu-metal shield 55582

FEBRUARY 1969 N D13-500GH/01 Page 9



B9338

OUTLINE DRAWING OF D13-500GH/01

L
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area (on the underside
of this view )

Connections

1-2 Coil 1
5-6 Coil 2
3-4 Rotation coil

o
®» O

I+
o

All dimensions in mm

19 max.
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R S o 1 1T 1
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Cavity
connector

260 cT8
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unn.n_un_ I [ |
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Coil tags will be
situated within this |

51-0

*15

.
dia

-—
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*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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OSCILLOSCOPE D13-500GH/01I

TUBE

re—10 x 10 =100 ——]

Sub-division 2mm.

cemented

SN g

Line width 0-240-05
120 14

View of screen end

**Clear area for light conductor All dimensions in mm

B7584

pint g

8
Y12
VY
x—trace
ag Y22
Orientation of axes of deflection As viewed from base end
as viewed from screen end Special 14-pin base
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NOTES

. For a scan magnification factor, M

. This voltage should be adjusted for optimum picture geometry.
. This voltage should be equal to the mean x-plate potential.

. The range indicated corresponds to a scan magnification factor, Mg,

(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 Mg.. The best compromise between brightness and line
width is usually found at Mg, =1.9, which correspondsto Vag8-a1 ==310V.

. For minimum defocusing of vertical linesnear theupper and lower edges

of the scanned area this voltage should be adjusted approximately to the
value indicated. Since the value of Va7_51 has some effect on the scan
magnification factor, both a7 and a8 should be connected to al when the
deviation without scan magnification is to be measured.

. This voltage should be adjusted for equal brightness in the x-direction

with respect to the electrical centre of the tube.

. These voltages should be stabilised to within +1V.
. By adjusting this voltage a spot which is not deflected in the vertical

direction may be centred with respect to the vertical useful scan.

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

sc = 1.9. In the above - mentioned
range of V,g_,q the vertical deflection will vary by approximately +5%.

FEBRUARY 1969
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OSCILLOSCOPE D13-500GH/01

TUBE

CORRECTION COILS

The D13-500GH/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 centre of the screen can be made exactly
900).
(b) 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 change inangle between the traces will be proportional to the algebraic
sum of the currents in the two coils, and the vertical shift of the scanned
area will be proportional to the algebraic difference.

The maximum currents required under typical operating conditions are
5mA per degree 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 220Q. 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 concentrically wound. Under typical operating
conditions a maximum current of 45mA will be required for the alignment.
The d.c. resistance of this coil is approximately 5509.

A CIRCUIT DIAGRAMS

1. Orthogonality and shift

B7575

l

ev
170mA max.

T

Potentiometers RV T RV

4 2209, 1.0W, ganged
Potentiometers RVZ’ RV3 22092, 1.0W, ganged
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With the circuit of Fig.1l 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).

l
o

45V
Fig.2

B9327

125 mA max

T

Potentiometers va’ RV2 2209, 1.0W, ganged

Potentiometers RV, RV, 2209, 1.0W, ganged v

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
should be kept in mind that a readjustment is necessary only when the tube
has to be replaced.

B9328

45V

max

Fig.3

Potentiometers RVl’ RV2 22092, 1.0W

S
S 1+ Sy commutators

2, Image rotation

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

l B9329
jRVG

24V
|
Fig.4

150mA max
Potentiometers RV _, RV6 5009, 3.0W, ganged

b

The issue of the information contained in this publication does not imply v
any authority or licence for the utilisation of any patented feature.
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OSCILLOSCOPE D13-500GH/01

TUBE

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

b. Withthe tube fully 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 RV1 and RV4.

c. Adjust the orthogonality by means of the ganged potentiometers RVgy and
RV3. A slight readjustment of RVj and RV4 may be necessary afterwards.

d. Readjust the image rotation if necessary.

With the circuits of Fig.2 or Fig.3these 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.

ILLUMINATION 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 (B) 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.

B7573
0 0
TO i o}
: O : O

—

Light conductor Front plate of tube

D A B Section X=X
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OSCILLOSCOPE TUBE DI4-120GH

QUICK REFERENCE DATA

12 X 10cm (4.7 X 4.0in) flat-faced oscilloscope tube with mesh and
metal backed screen. Primarily intended for use in 25 to 30MHz
transistorised oscilloscopes.

Final anode voltage (p.d.a.) 10 kv
: =6. %

Display area (at Va4 6 7Va1+a3) 80 X 100 mm

Deflection factor y 4.2 V/em

Deflection factor x 15.5 V/cm

This data should be read in conjunction with
GENERAL OPERATIONAL RECOMMENDATIONS - CATHODE RAY TUBES
HEATER
Suitable for parallel operation only
Vh 6.3 A
Ih 300 mA
OPERATING CONDITIONS

Beam forming

Final anode + luminescent screen Va 4 10 kv

Geometry control electrode and

interplate shield (see note 1) V52 1500 £ 15 v

Deflection plate shield (see note 2) VSl 1500 v

Focus electrode Va12 250 to 350 \'4

First accelerator and astigmatism

control electrode (see note 3) v 1500 + 50 v

al+a3
Control grid (for visual cut-off) Vg -20 to -60 v
Average grid drive (It= 10pA) AVg 12 v
Line width
Va4 10 kv
st 1.5 kv
1.5 k

Vsl vV

V,(11 +a3 1.5 kv

It 10 BA
*Line wid.h approx. 0.4 mm
*Measured by the shrinking raster method in the centre of the screen.

(|
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Raster distortion

A graticule consisting of concentric 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

- 1. k
Mean y-plate voltage (see note 2) VY (mean) 5 v
Mean x-plate voltage (see note 2) Vx (mean) 1.5 kv
Vertical deflection factor S av. 4.2 V/cm
y max. 4.6 V/em
Horizontal deflection factor S av. 15,5 V/cm
X
max. 16 V/cm
Angle between x and y traces 901 deg
Angle between x trace and horizontal
axis 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 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) Aval +a3 +50 \%
Geometry control range (see note 1) AVS 9 +15 v
SCREEN
Phosphor GH
Fluorescent colour green
Phosphorescent colour green
Persistence medium short
Minimum useful scan (at Va4=6. 7Va1+a3)
Y17, 80 mm
X l—x 9 100 mm

The useful scan may be shifted vertically and horizontally to 2 maximum
of 6.0mm with respect to the geometric centre of the tube face.
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OSCILLOSCOPE TUBE

RATINGS (ABSOLUTE MAXIMUM SYSTEM)
Va4 max. (p.d.a.)
Va4 min.

VSz max.

Vsl max.

v .
ap MAX

Val+a3 m
Val +a3 min,
-V _ max.
g

ax.

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

Vh—k max.
Vi~ (al+ag)pk MAX-
Vy-(al+a3)pk M
pt max.

Ratio Va4/va1+a3 max.

D14-120GH

11

20
+125
500
500

3.
6.

HoOoN NN N

kv

0 kv

2 kv

2 kv

2 kv

2 kv

35 kv

v

\%

v

v

v

A%

0 mw/ cm?
7

CAPACITANCES (measured on a three terminal capacitance bridge)

High potential Low potential

k all
g all
X 1 all
x2 all
y 1 all

9 all

1 %2
) Y2

OCTOBER 1968

Earthed

Capacitance (pF)

4.5
5.5
.5

6
6
5.
5
2

=N N O o o

1.

D14-
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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.) 900 g
ACCESSORIES
Socket (supplied with the tube) 55566
a4 connector (cavity connector CT8) 55563
Mu-metal shield 55581
NOTES

1,

Thistube is designed for optimum performance when operating at a ratio
Va4/Val+a3=6.7. The geometry control electrode voltage (Vgs2) 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.

. The deflection plate shield voltage (Vg1) should be equal to the mean

y-plate potential. The mean x- and y-plate potentials should be equal
for optimum spot quality.

. The astigmatism control should be adjusted within the stated range for

optimum spot shape.

. 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.

7
7

OCTOBER 1968
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OSCILLOSCOPE TUBE DI|4-120GH

OUTLINE DRAWING OF D14-120GH

¥
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5
133 Cavity
+25 connector
-10 CTB
223
210
80dia Position of
15 ro}lction
r61 dia *l o

1
y-axis
max of screen

Y, .
g 1
pin1
9 T1X2e x-axis of screen
Y 5 18%10°
Y, RO)

pini4

All dimensions in mm

Orientation of axes of deflection

As viewed from base end
as viewed from screen end

Special 14 pin hase
()
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OSCILLOSCOPE TUBE DI4-12IGH

QUICK REFERENCE DATA

12X 10em (4.7 x 4.0in) 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 50MHz.

Final anode voltage (p.d.a.) 10 kv
is g = X

Display area (Va4 6'7Va1+33) 80 X 100 mm

Deflection factor y 4.9 V/cm

Deflection factor x 155 V/em

This data should be read in conjunction with
GENERAL OPERATIONAL RECOMMENDATIONS - CATHODE RAY TUBES
HEATER
Suitable for parallel operation only
A4 6.3 A%
h
I1 300 mA
1
OPERATING CONDITIONS

Beam forming

Final anode +luminescent screen Va4 10 kv
Geometry control electrode (see note 1) V53 1500+100 V
Interplate shield (see note 1) V82 1500+15 A%
Deflection plate shield (see note 2) Vsl 1500 v
Focus electrode Va2 250 to 350 \%
First accelerator and astigmatism

control electrode (see note 3) A% 1500+50 v

al+a3

Control grid (for visual cut-off) Vn_ -20 to -60 A2
Average grid drive for It: 10pA AVg 12 A%

FEBRUARY 1969
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Line width

Va4 10 kv
VsZ 1.5 kv
VSl 1.5 kv
Va1+a3 1.5 kv
It 10 HA
*Line width 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) 1.5 kv

Mean x-plate voltage (see note 2) v 1.5 kv
X(mean)

Vertical deflection factor S av. 4.2 V/cm
y max. 4.6 V/cm

Horizontal deflection factor SX av. 15.5 V/cm

max. 16 V/cm
Angle between x and y traces 90+1 deg

Angle between x trace and horizontal
axis of tube face (see note.4) 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.
Therefore a low impedance deflection plate drive is necessary.

CORRECTION POTENTIAL RANGES

Astigmatism control range Ava1+a3 +50 v
Geometry control range (see note 1) AV53 =100 A%
Interplate shield control range
(see note 1) AVS2 +15 v
SCREEN
Phosphor GH
Fluorescent colour green
Phosphorescent colour green
Persistence medium short
Minimum useful scan (at Va4 = 6. 7Va1+a3)
y1 -, 80 mm
x1 = xz 100 mm

The useful scan may be shifted vertically and horizontally to a maximum
of 6.0mm with respect to the geometric centre of the tube face.

(R
[Mullard]
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OSCILLOSCOPE TUBE DI4-12I1GH

RATINGS (ABSOLUTE MAXIMUM SYSTEM)

Va4 max. (p.d.a.) 11 kv
V  min. 9.0 kv
a4
V _ max. <2 kv
s3
V_ _ max. 2.2 kv
s2
V ’ max. 2.2 kV.
sl
V _ max. 2.2 kv
a2
v s 5
altas max 2.2 kv
Val+a3 min. 1.35 kv
—Vg max. 200 v
+Vg max. 0 v
Grid drive (d.c. or average) max. 20 v
Vv s +
hok max 125 v
Vx—(a1+a3)pk max. 500 v
vy—(a1+a3)pk max. 500 \;
p, max. 3.0 mW/cm
Ratio Va4/va1+a3 max. 6.7

CAPACITANCES (measured on three terminal capacitance bridge)

High Potential Low Potential Earthed Capacitance (pF)
k all - 4.5
g all - 5.5
x1 all x2 5.5
x2 all X, 5.5
Y, all ¥, 4.0
¥, all ¥y 4.0
x1 x2 all 2.2
Yy Yy all 1.7

FEBRUARY 1969 N D14-121GH Page 3



MOUNTING POSITION

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

WEIGHT
Tube alone (approx.) 900 g
ACCESSORIES
Socket (supplied with tube) 55566
a4 connector (cavity connector CT8) 55563
Side contact connector 55561
Mu-metal shield 55581A
NOTES
1. The tube isdesigned for optimum performance when operatingat a ratio

Va4/Va1+23=6.7. The geometry control electrode voltage (Vg3) should
be adjusted between -100V and +100V with respect to the mean x plate
potential .

A negative voltage on so, also with 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.

By varying Vgo and Vg3 it is possible to find a compromise between
background light and raster distortion.

. The deflection plate shield voltage (Vg1) should be equal to the mean

y-plate potential. The mean x- and y-plate potentials should be equal
for optimum spot quality.

. The astigmatism control should be adjusted within the stated range for

optimum spot shape.

. 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.

’s;
®1.0 /r,o_‘_
—ﬂ ‘-ﬂb 2.0%0.4
l Iy 1.65
2.0min l ioio
@ 5.0 te——100
0.4
Detail of side contact Tube face

FEBRUARY 1969
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OSCILLOSCOPE TUBE DI4-12I1GH

OUTLINE DRAWING OF D14-121GH
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OSCILLOSCOPE TUBES D E 7_ I I
P

QUICK REFERENCE DATA

3-in. diameter flat-faced oscilloscope tube with helical post-deflection
accelerator. Primarily intended for use in transistor oscilloscopes.

Final anode voltage (p.d.a.) 1.2 kV
Display area (Vas = 4Va3) 45x6.0 cm
Sy 4 V/cm
S« 11 V/ecm

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.
VI\ ) 6.3 \"
|I| 88 mA
SCREEN
Phosphor B H N P
Fluorescent colour blue green yellow-green  purple-blue
Persistence medium  medium medium long
short short short (yellow-green)
Minimum useful screen diameter 6.8 cm
Minimum useful scan (with Vay = 4V,3)
y1i-y2 4.5 cm
X1-X2 6.0 cm

TYPICAL OPERATING CONDITIONS

Vas (p.d.a) 1.2 kV
Vas 285 to 340 \%
Vaz (focus electrode control range) 20 to 150 \%
Va1 (first accelerator) 1.2 kV
Vs1 (inter-plate shield) 270 to 330 \
Vg (for visual extinction of focused spot) -30 to -80 \
Sy 32to 41 V/em
S« 9.4t012 Viem
(.
[Mullard]
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B

D H 7 I I OSCILLOSCOPE TUBES
N -
P

CAPACITANCES
High potential Low potential Earthed Capacitance (pF)
k all - 3.0
g all - 5.7
Y1 all Y2 3.5
Y2 all Y1 3.5
X1 all Xso 4.0
X2 all X1 4.0
Y1 Y2 all 1.2
X1 X2 all 1.9
LINE WIDTH
Vas 1.2 kV
Vas 300 \
Va1 1.2 kV
Iy 10 uA
*Line width 0.65 mm

*Measured by means of a shrinking raster.

FOCUSING
Electrostatic

DEFLECTION
Double electrostatic
Both x and y plates are intended for a symmetrical deflection.
Angle between x and y deflection 90+1°

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 2.0°,

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 side, no point of these
raster 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 x;, X2 and y;, y»
If use is made of the full deflection capabilities of the tube, the deflection
plates will intercept part of the beam near the edge of the scan. Therefore,
a low impedance voltage source is necessary to drive the deflection plates.

APRIL 1963 \v/ Page D2



OSCILLOSCOPE TUBES D E 7_ 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

(Vaz = Va1) V. -30 to -80 V/kV of Vu1
Deflection factor

(Va1 = Va1) y 6.9 to 8.8 V/em/kV of Va1

X 179 to 22.8  V/em/kV of Va1

(Vas = 4Va1) y 10.7 to 13.7  V/em/kV of Va3

X 313 to 40.0 V/em/kV of Va3

Focusing electrode current la2 -15 to +10 uA

ABSOLUTE MAXIMUM RATINGS

Vas max. (p.d.a.) 2.5 kV
Vas min. 12 kV
Va3 max. 2.2 kV
Va2 max. 1.0 kV
Va1 max. 1.6 kV
Va1 min. 800 \
Vs1 max. 22 kV
-Vg max. 200 \
+ Vg max. 0 \
Maximum ratio Vas/Vas 4
Vx—a3(pk) Max. 500 \'%
Vy—a3(pk) Max. 500 \
Vh-x max.
Cathode positive 100 \%
Cathode negative 15 \%
lx max. 200 A
Pt Max. 3 mW/cm?
Min. post-deflection helix resistance 40 MQ
WEIGHT
Tube alone {378'82 l;
ACCESSORIES
Socket 40467

APRIL 1963 P, Page D3
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D H 7 I I OSCILLOSCOPE TUBES
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26845
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OSCILLOSCOPE TUBES D\7-78
P

QUICK REFERENCE DATA

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

Final anode voltage (p.d.a.) 12 kv
. _ 2

Display area (at Va4 4Va3) 4.5X%6 cm

Deflection factor y 3.65 V/cm

Deflection factor x 10.7 V/cm

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

HEATER
Suitable for parallel operation only
Vh 6.3 v
Ih 300 mA
OPERATING CONDITIONS
BEAM FORMING
Final anode + luminescent screen Va 4 1.2 4.0 kv
Geometry control electrode VSl 300 +30 1000 +100 v
Astigmatism control electrode Va3 300 £40 1000 £50 v
Focus electrode Va2 20to 150 35t0165 v
First accelerator Val 1.2 1.0 kv
Control grid (for visual cut-off) Vg -36to -72 -30to -60 v

Raster distortion

A graticule, consisting of concentric rectangles 4.08 x4.08cm and
3.92%3.92cmis aligned withthe electrical x-axis of the tube. The edges
of the raster will fall between these rectangles with optimum correction
potentials applied.

DECEMBER 1966 N\ DB7-78-Page D1



Line width

Va 4 1.2 kv
Va3 300 A%
Val 1.2 kv
It 10 HA
*Line width 0.65 mm

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

DEFLECTION
Double electrostatic
Mean y-plate voltage Vy mean 300 1000 A%
Mean x-plate voltage Vx mean 300 1000 A%
Vertical deflection factor Sy 3.2to4.1 10.7to13.7V/cm
Horizontal deflection factor SX 9.4to12 31.3to40 V/cm
Angle between x and y deflection 901 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 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 VaS 260 to 340 950t0 1050 v
Geometry control range VS1 270t0 330 900t0 1100 \'%
SCREEN

Phosphor B H N P

Fluorescent colour blue green yellowish-green purplish-blue

Phosphorescent colour blue green yellowish-green yellowish-green

Persistence medium medium medium Tz

short short short

Minimum useful screen diameter 6.8 cm
Minimum useful scan (at Va4 & 4Va3)

Y1 7Y, 4.5 cm

X 1%, 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.
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OSCILLOSCOPE TUBES D§7-78

RATINGS (ABSOLUTE MAXIMUM SYSTEM)

. (p.d.a. k
Va 4 max (p.d.a.) 5.0 v
V__ min, .2 kv
ad
V . max. 2.2 kv
sl
V__ max. 2.1 kv
a3
V _ min. 300 v
a3
V_ _ max, 1.0 kv
a2
V__. max. 1.6 kv
al
V __ min, 800 v
al
—Vg max. 200 \%
+Vg max, 0 A%
+v max. 2.0 A%
g(pk)
vx_a13 k) max. 500 A%
vy—a3(pk) max. 500 A%
R max. 1.5 MQ
gk 5
p, max. 3.0 mW/cm
Vh—k max.
cathode positive 200 A%
cathode negative 125 v
. 0
Ik @v.) max 30 HA
R max. 50 kQ
x-a3
R max. 50 kQ
y-a3
Ratio Va4/Va3 max, 5.0
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HELIX RESISTANCE

Minimum post-deflection helix resistance 40 MQ

CAPACITANCES (measured on three terminal capacitance bridge)

High potential Low potential Earthed Capacitance (pF)
k all = 2.6
g all = 3.5
X all X, 3.5
x2 all Xy 3.5
vy all Yy 3.0
Yy all vy 3.0
X Xy all %
Yy . all 1:6

EQUIPMENT DESIGN RANGE

Focusing electrode voltage Y.z 35t0 165 V/kV of Vas
Grid cut-off voltage vg 30to 60 V/kV of Vi
Deflection factor (Va 4 =4Va3)
Vertical y 10.7to13.7 V/em/kV of Va3
Horizontal X 31.3to40 V/em/kV of Va3

MOUNTING POSITION

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

WEIGHT
Tube alone BPREGE. 0.8 1b
370 g
ACCESSORIES
Socket (supplied with the tube) 40467
a 4 connector (cavity connector CTS8) 55563
Mu-metal shield 55532

DECEMBER 1966 DB7-78-Page D4
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OSCILLOSCOPE TUBES D!7-78
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OSCILLOSCOPE TUBES

DG7-31
DG7-32

QUICK REFERENCE DATA

Tem (3in) diameter low voltage oscilloscope tubes for monitoring pur-
poses. DG7-31 has asymmetrical x-deflection whereas DG7-32 has
symmetrical x-deflection. Bothtypeshave symmetrical y-deflection.

Final anode voltage 500 v
Display area Full scan in both directions
Deflection factor y approx. 21 V/em
Deflection factor x approx. 37 V/cm

Unless otherwise stated, data is applicable to both types

This data should be read in conjunction with

TYPE NOMENCLATURE

GENERAL OPERATIONAL RECOMMENDATIONS - CATHODE RAY TUBES

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

numbers.

Old Mullard New Mullard CV Number
Type Number Type Number

DGT7-31 - CV5418
DGT7-31/01 DGT-31 CV8330
DGT7-32 - CV2431
DGT7-32/01 DGT7-32 CV8959

HEATER

Suitable for parallel operation only

Vh 6.3

Hl 300

OPERATING CONDITIONS

Beam forming

i 00
Final anode val+a 3 5
Focus electrode Va2 0to 120
Control grid (for visual cut-off) Vg -50 to -100
Focusing electrode current Ia12 -15to+ 10

<

<

KA
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Raster distortion

A graticule, consisting of concentric rectangles 4.0Xx4.0cm 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 ajtag
is present between the glass and the fluorescentlayer. This makes poss-
ible the application of a high potential to a;+a3 with respect to earth,
without the risk of picture distortion if the face plate is touched.

Line width
Va 1+23 500 v
I 0.5 pA
*Line width 0.4 mm
*Measured on a circle of 5cm diameter
DEFLECTION
Double electrostatic
Mean y-plate voltage Vy mean 500 v
Mean x-plate voltage Vx mean 500 v
Vertical deflection factor Sy 18.8t023.2 V/cm
Horizontal deflection factor Sx 33.3to41.5 V/cm

Angle between x and y deflection

DGT-31

90+1.5 deg

The x-plates are intended for asymmetrical deflection.

The y-plates are intended for symmetrical deflection.

DGT-32

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

SCREEN

Phosphor G(GJ)

Fluorescent colour yellowish - green

Phosphorescent colour yellowish - green

Persistence medium

Minimum useful screen diameter 6.5 cm

Minimum useful scan (at Val \in™ 500V)
¥, 7Y, Full scan
X~ Xy Full scan

SEPTEMBER 1967
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DG7-31
OSCILLOSCOPE TUBES DG7-32

RATINGS (ABSOLUTE MAXIMUM SYSTEM)

Val +gg MAX. 800 A%
Va1+a3 min. 400 v
Va2 max. 200 v
—Vg max, 200 v
+Vg max. 0 v
+Vg(pk) max. 2.0 v
v T Cathode positive 200 v
h-k " Cathode negative 125 v
p, max. 3.0 mW/cm?
Rg—k max. 500 kQ
Rx— @1+a3) max 5.0 MQ
Ry—(a1+a3) max. 5.0 MQ
CAPACITANCES (measured on a three terminal capacitance bridge)
High potential Low potential Earthed Capacitance (pF)
k all - 3.2
g all - 7.6
x1 all X 9 3.7
xz all x1 3.0
¥y all Yy 2.5
Yy all v, 2.5
x1 x2 all 1.7
¥ v, all 1.0
EQUIPMENT DESIGN RANGE
Focusing electrode voltage Va2 0 to 240 V/kV of Val _—
Grid cut-off voltage Vg -100 to -200 V/kV of Va1+a3
Deflection factor
vertical Sy 37.6to 46.4 V/em/kV of Va1+a3
horizontal Sx 67 to 83 V/em/kV of Va1+a3

MOUNTING POSITION

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

Tube alone (approx.)

120
ACCESSORIES
Socket 5912/20
Mu-metal shield 55530
OUTLINE DRAWING OF DG7-31 AND DG7-32
57729 gl
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t2 150R |
—ille = 153-159
. 172
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All dimensions in mm
y trace
X trace
%

X X

1 e x trace to
0] pin 9

pin / 90’ 10°

9

Orientation of axes of deflection

As viewed from base end
as viewed from screen end

B12A base

—
[Mullard]
SEPTEMBER 1967 N,
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OSCILLOSCOPE TUBE DH3-91

QUICK REFERENCE DATA

3cm (lin) dia. simple oscilloscope tube for low voltage applications.

Anode voltage 500 \Y
Display area full scan

Deflection factor y 45.5 V/em
Deflection factor x 52.5 V/em

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

#™, HEATER
Suitable for parallel operation only
Vh 6.3 A%
Ih 300 mA <—

OPERATING CONDITIONS

Final anode

7 5
Val+a3+y2 S v
*Control grid (for visual cut-off) Vgl -8.0 to -27 v
Line width
Val"‘a3+y2 500 A\
= It 0.5 LA
**Line width 0.6 mm

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

**Measured on a circle of 25mm diameter.
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DEFLECTION
Double electrostatic

Vertical deflection factor S

Horizontal deflection factor Sx

Angle between x and y deflection

35 to 63
41 to 72
90+5.0

The x plates are intended for symmetrical deflection.

The y plates are intended for asymmetrical deflection.

V/cm
V/em
deg

For optimum focus with symmetrical operation the average potential of the
x plates and Vg1+453+y2 should be equal. With asymmetrical operation the

potential on any one deflection plate should not differ from V

more than the deflection voltage.

SCREEN
Phosphor
Fluorescent colour
Persistence
Minimum useful screen diameter
Minimum useful scan
¥y 7Yy
3%
RATINGS (ABSOLUTE MAXIMUM SYSTEM)
\'
v

al+ag+yz A%
al+ag+yz T
-V __ max.

gl
+V _ max.
gl

+v max.
gl(pk)

vh—k (cathode positive) d.c. max.

Vh—k (cathode negative) d.c. max.

Pt max.
Rg—k max.
Ry—a3 ma.

max.
Rx—a3 ax

X.

FEBRUARY 1967

H
green
medium short

2.8

full scan

full scan

1.0
350
200

[3V)
(=]

200
125

3.0 mW/e

1.0
5.0
5.0

al+a3+y2 Y

cm

v € < € € <

m

MQ
MQ
MQ
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OSCILLOSCOPE TUBE DH3-91

CAPACITANCES (measured on a three terminal capacitance bridge) d=
High potential Low potential Earthed Capacitance (pF) -
g all - 5.6
X all Xy 4.5
x2 all X, 4.5
y1 all al,a3,y2 3.5
Xy X, all 1.0

EQUIPMENT DESIGN RANGE

Grid cut-off voltage Vg -16 to -54 V/kV of Va1+a3+y2
Deflection factor
vertical v 38.51t052.5 V/em/KVofV_, . 2
o
orizontal X 90 to 120  V/em/kV of Val+a3+y2

MOUNTING POSITION

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

WEIGHT

Tube alone (approx.) 39

o

1.4 oz
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e— 30max —»
B6910
60R
Pin5S "\
TR L 90°% 5°
90
max
105
— — L _x-trace max
Orientation of axes of deflection J
as viewed from screen end. / U ” '
7 4

4]

x, X5

°|+03"'Y2

=9

k+ap h h B8G Base

All dimensions in mm
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OSCILLOSCOPE TUBE DH3-91

CIRCUIT NOTES FOR DH3-91

Inview 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 provided by the cathode resistor R3 which may be by-passed if necessary
bya 0.5uF capacitor . Although tubes maynot be identical in respect.of their
'brightness-grid voltage' characteristic this method of auto-bias produces
almost constant brilliance in changing from tube to tube.

— I
y deflection '0"PF 5886
C2

O
x deflection llO"PF

R| Ro ht+
2MQ 2M (Vp)

€3
OSuF See graph
| below

O== o)
Fig. |
woo TTTTTTT PHESTTTITT
R3 HTTTT1TTT A
KOO T —t
 EEEE SRR AR
6004‘
SN EEEEE ;fg‘ ‘
ENENENEEJENEEENEEEE
600+ T :

400 | | | [ 11 'BE96E6
200 400 600 BOOV 1000
b

Owing to the presence of a transparent conducting film connected to anode
between the 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 saine 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 'black-out' the trace a combination
of tube current and bleed can be used. In either case it is desirable to
incorporate a limiting resistor in order to prevent excessive beam
current being drawn.

. Since the deflector plates are essentially at h.t. potential it is not

normally possible to incorporate d.c. coupling to them. Should this
berequireditisnecessaryto run the tube anode at the mean potential
of the deflector plates, which usually involves tapping the anode across
theh.t. supply. Ifthere is no point from which the d.c. signal can be
taken which allows the necessary minimum h.t. to be obtained, it is
recommended that a negative supply be utilised. This may already 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 the two modifications listed above. In it the y plates are shown
d.c. connected and the x plates a.c. connected. No x shift network is included.
V1 is the actual working voltage of the tube,

Cy
al;
ht+ OpF
x deflection
y amplifier
. _F c2
3 Re < 01 pF
-—_ R
mmn% ‘:T 7
*RY I h 20Ma
*Ro \Qf
Al
o i *Rviand R2 are
R3 chosen such that
20MN the mean value
of V2 OV
RV4
S00kN
variable
Rs
100 kN
i B6948
Fig.2
(C )
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DUAL TRACE
OSCILLOSCOPE TUBE

(E13-106H)

DHMI3-10

Direct viewing dual trace oscilloscope tube with 5-in. diameter flat screen and distributed p.d.a. system.

This tube has two independent y signal traces with common x plates, the deflection plates being brought out

to side connections.

ADVANCE DATA FOR USE WITH DEVELOPMENT SAMPLES

This data should be read in conjunction with 'GENERAL OPE
CATHODE RAY TUBES .', which precede this section of the han

HEATER

Th

CAPACITANCES
cg-all
ck-all

cx1-all (x2 earthed)

cx2-all (x1 earthed) .—‘
cyl"-all (y1' earthed)
cy2'-all (y2" earthed)

cyl'-all (y1'" earthed)

cy2"-all (y2' earthed)

cx1-x2

cyl'-yl" Q
cy2'-y2"

cyl'+yl"- 2" max.

SCREEN
Fluorescent colour
Persistence
Minimum useful screen dimensions (Va4=4val)
y (each beam)
x (each beam)
overlap

.ISSUE |
3.62

Suitable for parallel operation only
Vh ;

6.3

300 or 550

6.0
4.0
4.0
3.0
1.0
1.0

0.2

blue-green

medium

60
100
50

ONAL RECOMMENDATIONS -

mA

pF
pF
pF
pF
pF
pF
pF
pF
pF
pF
pF
pF

mm

mm

mm

Issued by MULLARD LIMITED

Technical Information Department




DUAL TRACE
DHMI3-10 OSCILLOSCOPE TUBE =

FOCUSING L g

Electrostatic

DEFLECTION
Double 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%.

Raster distortion
With a raster of size 45mm by 75mm, the total raster distortion will be Z2% for each beam and S

12.5% for both beams when they are superimposed.

Spot centrality
When al} the deflector plates are connected to the third anode, both beams will coincide within
a rectangle 12mm by 20mm symmetrically placed about the geometric centre of the tube face
and there will be nodisplacement between the spots in the x direction when adjusted for optimum
centre focus.

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

MOUNTING POSITION
This tube should not be supported by the base alone. The socket should under no circumstances be

used to support the tube . LN

TYPICAL OPERATING CONDITIONS

Va4 6.0 kv
Va3 1.5 kV
Va2 200 to 450 v
Val 1.0 kV
Vg for visual cut-off -45 to -90 v
Sx 18 V/em
Sy’ 13 V/em
sy" 13 V/em
2

Issued by MULLARD LIMITED

Technical Information Department




DUAL TRACE
OSCILLOSCOPE TUBE

DHMI3-10

ABSOLUTE MAXIMUM RATINGS

Va4 max. (p.d.a.) 8.0 kV

Va4 min. 1.5 kV

Va3 max. 3.0 kV

Va3 min. 800 v

Va2 max. 1.5 kV

Val max. 1.2 kv

Val min. 600 '

Vg max. 200 v

-Vg min, 1.0 \'2

Vx-a3 max. 500 L

Vy-a3 max. 250 \'4

vh-k(pk) max. 150 v

Rx-a3 max. 1.0 MQ

Ry-a3 max. 100 kK

Rg-k max. 1.0 MQ

ra4-a3 min, 50 MQ

WEIGHT

Tube alone appraox, (2w 100z

(1.2 kg

3
Issued by MULLARD LIMITED Muliard]
Technical Information Department A



DUAL TRACE
DHMI3-1O OSCILLOSCOPE TUBE

st 324_.21
=

Cavity
connector
GTB

297

1:2720-:06

27£30

F—Q-Omox

Min contact
length=2-0

Pin| Pinl2

180°+6°

Pin6 Pin7

Orientation of axes of

deflection as viewed Viewed from

from screen end. "55/ base
BI2F Base
QY o= - '
i.p.s. = y
i i vh All dimensions in mm
Xi 1 = 5
v L= X5 . :
wt L.T_ %
54 = a3 'i
2 e T
g - -— - gy "‘;
E
k h h %
= Issued by MULLARD LIMITED
[Mullard| Y

N Technical Information Department



BE
OSCILLOSCOPE TUBES GH
E10-122;

PRELIMINARY DATA

QUICK REFERENCE DATA

4-in. diameter, flat-faced double gun oscilloscope tube with helical p.d.a.
and side connections to the x and y plates. Each gun incorporates beam
blanking and is suitable for separate deflection.

Final anode voltage (p.d.a.) 3.0 kV
Display area (each gun) at Vas = 3Vas3 7'%8.5 " “focm
Sy <8 V/cm
Sx <20 V/cm

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)

Vaa (p.d.a.) 3.0 kV
Vas (astigmatism correction) 1.0 kV
Vaz (focus electrode control range) 100 to 300 \4
val 1.0 kV
Vs3 (second inter-gun shield) 1.0 kV
Vsa (inter-plate shield) 1.0 kV
Vs (first inter-gun shield) 1.0 kV
Vg2 (beam blanking) w.r.t. a; 40 v
Vi1 (for visual extinction of focused spot) -25 to -90 \
Sy <8 V/em
Sx <20 V/em

CORRECTION POTENTIALS

Astigmatism correction (each gun)

The average potentials of the deflection plates and a3 should normally be
equal. For astigmatism correction it may be necessary to vary Va3 so that
a small potential difference (max. +10%, of V,3) between the mean y plate
potential and ag exists.

Raster distortion (each gun)

Raster distortion correction is provided by adjustment (max. +100V)
of the interplate shield and second intergun shield voltages with respect
to the mean x plate potential.
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E I o I GH OSCILLOSCOPE TUBES
.3

GM
GP

EQUIPMENT DESIGN RANGE

Focusing voltage Va2 100 to 300 V/kV of Va1
Grid cut-off voltage Va1 -25 to -90 V/kV of Va1
Deflection factor (Vas = 3Va3)
Vertical y <8 V/em/kV of Va3
Horizontal X <20 V/em/kV of Vas
SCREEN
Phosphor BE GH GM GP
Fluorescent colour blue green purple-blue  blue-green
Persistence medium-short medium-short long medium-short
Minimum useful screen diameter 8.5 cm
Minimum useful scan (each gun) at Vas = 3Va3
yi-yz 7.0 cm
X1=Xg2 8.5 cm

The useful scan may be shifted vertically to a maximum of 5Smm with respect

to the geometric centre of the faceplate with Vas = 3Vas .

ABSOLUTE MAXIMUM RATINGS (each gun if applicable)

Va4 max. 3.3 kV
Vas min. 2.7 kV
Va3 max. 1.2 kV
Vaz min. 0.8 kV
Vao max. 1.2 kV
Va1 max. 1.2 kV
Va1 min. 0.8 kV
Vs3 max. 132 kV
Vg2 max. 12 kV
Vs1 max. 1.2 kV
Vgo max. 122 kV
~Vg1 max. 200 Vv
Max. ratio Vas/Vas 3
Vih—k max.
Cathode positive 200 \'
Cathode negative 125 \"
Py max. 3 mW/cm?
I max. 300 wA
Minimum post-deflection helix resistance 100 MQ
[Ga=t)
APRIL 1963 Page D2
A ®



BE
OSCILLOSCOPE TUBES GH
E10-12¢;

HEATER (each gun)

Suitable for series or parallel operation
Vi 6.3 \
In 300 mA
Note: (applies to series operation only) — the surge heater voltage must
not exceed 9.5Vr.m.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.

LINE WIDTH (each beam)

Vaa 3.0 kV
Va3 1.0 kV
Va1 1.0 kv
Iy 10 A
*Line width 0.5 mm

*Measured by means of a shrinking raster.

CAPACITANCES
High potential Low potential Earthed Capacitance (pF)
k all - 5.0
g1 all - 6.0
X1 all X2 3.0
X2 all X1 4.5
Y1 all Y2 35
Y2 all Y1 3.5
X1 X2 all 2.0
Y1 Y2 all 1.5
y1i'+Yyi1- y2't+Yy1- all 0.002
yi-+y1- y2'+y2- all 0.008
FOCUSING

Electrostatic.

DEFLECTION
Double electrostatic

Deflection plates x; , x; and y; , y»
All x and y plates are intended for symmetrical deflection.
The corresponding trace of each gun will align within 1.5°.

If use is made of the full deflection capabilities of the tube, the deflection
plates will intercept part of the beam near the edge of the scan. There-
fore a low impedance voltage source is desirable to drive the deflection
plates.
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BE
GH OSCILLOSCOPE TUBES
E10-12¢;

Linearity of deflection
The sensitivity (for both x;, x2 and yi1, y2 plate pairs separately) for a
deflection of less than 75% of the useful scan will not differ from the
sensitivity for a deflection of less than 259, of the useful scan by more than
295

Interaction

The deflection of one beam, when balanced d.c. voltages are applied to the
deflection plates of the other beam, is less than 2x10-3mm/V.

Tracking error

With 5cm vertical traces superimposed at the centre of the tubeface and
deflected horizontally +4cm by voltages proportional to the relative
deflection factors, horizontal separation of the corresponding points of
the traces is not greater than 1.5mm.

GEOMETRY
Raster distortion

A focused raster pattern, the size of which is adjusted so that the widest
points just touch a square of side 6cm, will have no point within a concen-
tric square, of side 5.70cm, with no correction applied.

Angle between x and y deflection (each gun). 90+1°

Beam blanking

The beam blanking voltage (Vg2) is applied with respect to a; and will
blank beam currents up to 10p.A. It may be necessary to increase Vy2 above
the stated value for blanking higher currents.

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.

ACCESSORIES
Socket (supplied with tube) 55566
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OSCILLOSCOPE TUBES

EI0-12

BE
GH
GM
GP

r——l0022—1

Electrical
X, axis

2 x 1 x2' xI'
t ¢

v
=0 j
"
o
90"10"

Orientation of axes
of deflection as
viewed from screen
end

410max

275 %5

oo o000

" 88:5N=——u

6

S

282

)

225

a4
xI"
s2

yi— _— 1
yz'T// [ ;.
a:'/ \03‘:2"
92/ % g2
gl lgi*  al

sl-First intergun shield
s2-Inter-plate shield
s3-Second intergun shield

All dimensions in mm

APRIL 1963

Diameter over neck pins SBmaxT
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537/
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x2'S2
"

y © ©




O |



TELEVISION
MONITOR TUBE

MI7-140W

television cameras.

QUICK REFERENCE DATA

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

Deflection angle 70 deg
Focusing Electrostatic

Resolution >1100 lines
Maximum overall length 234 mm

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

HEATER
Suitable for parallel operation only

Vh

OPERATING CONDITIONS
v

a2+ad
Va3 (focus electrode control range)

A%
al
Vg for visual extinction of focused raster
SCREEN
Metal backed
Fluorescent colour

Useful screen area

6.3 A%

300 mA

14 kv

0 to 400 v

400 v

-30 to -62 A\
White
See page 5

AUGUST 1968 N
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RESOLUTION
Resolution at screen centre (see note 1) >1000 >1100 lines

Measured at:

Va - 14 16 kv
v 400 600 v
al
It 50 50 HA
Brightress 500 600 cd/ m? (nits)
FOCUSING
Electrostatic

The range of focus voltage shown in 'OPERATING CONDITIONS' results
in optimum overall focus at a beam current of 50uA.
DEFLECTION
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 7.0 pF
ck—all 5.0 pF
Cotad-M 300 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.

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 tubeis 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 N, M17-140W Page 2
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TELEVISION
MONITOR TUBE M17-140W

RATINGS (ABSOLUTE MAXIMUM SYSTEM)

Vaz+a4max. (at Ia2+a4:0) (see note 2) 16 kv
va2+a4 min. 12 kv
+V _ max. 1.0 kv
a3
-V _ max. 500 \'A
a3
V _ max. 800 v
al
V . min. 300 v
al
Vh—k (cathode positive)
d.c. max. 250 v
pk max. (see note 3) 300 v
Vh-k (cathode negative)
d.c. max. 135 v
pk max. 180 v

NOTES
1. Measured by the shrinking raster method. If necessary the resolution
can be improved by the 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 destroy the cathode. Therefore it is necessary to
provide protective circuits using spark gaps. The spark gaps must be
connected as follows:

l l l short connections to electrodes

short connectior)s to external

tol chassis 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 closerange to this
tube when operating above 14kV.

ACCESSORIES
Final accelerator connector (CT8 cavity connector) 55563
Beam centring magnet 3322 142 11401
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External T
conductive ( 7
coating (M) 50t6
60%5 9316
Reference line

Determined by the “plane
of the upper edge of

the
line
the
the

gauge, page 6, when
gauge is resting on
cone.

* The maximum dimension
is determined by the
reference line gauge.

step on the reference ——=

2277

27-8min
*Neck dia

This side of the
bulb is free of
external

conductive
coating

All dimensions in mm

AUGUST 1968

a2 +a4

Recessed cavity
connector CT8
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TELEVISION
MONITOR TUBE M17-140W

10R 124 min

-

93min /
/ )

J

Useful screen area 155min
shown shaded.
176 max
Bulb dimensions

ge°

a2+a4
a3

al

B8H Base
k h h

All dimensions in mm
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le———————96-8 +0-4 dia 88873

fe———88:9 £ 0-4 dia————
R=1-0%0-4
82-5 £0-1 dig——————*
le——53:9t0-05 dia
14+ 3
+0-1
[+=30:7510-07—+
dia

o

Reference

T 1 Line

16:9t04

R=12-7%0-4 7 ‘‘‘‘‘
15:57
+0-10

&

0o

29-67
te—=+ 0 07—
5 —-0-00 . .
Reference line dia AJl dimensions
gauge in mm_

,-—431 _0-4—-1
dia
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TELEVISION
MONITOR TUBE MI7-141W

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. This tubeis provided with a bonded faceplate and
a metal mounting band.

Deflection angle 70 deg
Focusing Electrostatic

Resolution >1100 lines
Maximum overall length 240 mm

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

HEATER
Suitable for parallel operation only
Vh 6.3 \'4
Ih 300 mA

OPERATING CONDITIONS

Va2+a4 14 16 kv
Va3 (focus electrode control range) - 0 to 400 0 to 400 \%
v 400 600 A%
al
Vg for visual extinction of focused raster -30 to -62 -40 to.-90 A%
SCREEN
Metal backed
Fluorescent colour White
Useful screen area See page 5
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RESOLUTION

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

Measured at :

14 16 kv
va2+a4
v 400 600 v
al
It 50 50 HA
Brightness 500 600 cd/ m2 (nits)
FOCUSING
Electrostatic

The range of focus voltage shown in 'OPERATING CONDITIONS' results
in optimum overall focus at a beam current of 50uA.
DEFLECTION
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—a.ll 7.0 pF
Chall 5.0 pF
ca2+a4—M 240 pF
ca2+a4—B 135 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.

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.
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TELEVISION
MONITOR TUBE MI7-141W

RATINGS (ABSOLUTE MAXIMUM SYSTEM)

Va2+a4max, (at Ia2+a4:0) (see note 2) 18 kv
V32+a4 min. 12 kv
+Va3 max. 1.0 kv
—V:(13 max. 500 v
Val max. 800 \
Val min. 300 v
Vh—k (cathode positive)
d.c. max. 250 v
pk max. (see note 3) 300 A%

Vh—k (cathode negative)

d.c. max. 135 v
pk max. 180 A%

NOTES
1. Measured by the shrinking raster method. If necessary the resolution
can be improved by the 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 destroy the cathode. Therefore it is necessary to
provide protective circuits using spark gaps. The spark gaps must be
connected as follows:

l l l short connections to electrodes

short connections to external

to chassis 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 (B) 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) 55563
Beam centring magnet 3322 142 11401
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e +05 -
External 1481
conductive ;
i ¥
coating (M) 25405
; 1
7-0min
8tz
44*4
Reference line \
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TELEVISION
MONITOR TUBE MI7-141W
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TELEVISION -
MONITOR TUBE M21-1 W

QUICK REFERENCE DATA

primarily intended for use as a precision monitor.

Deflection angle 90
Focusing Electrostatic
Resolution > 650
Maximum overall length 221.5

2lem (8.5in) rectangular television tube with metal backed screen,

deg

lines

mm

This data should be read in conjunction with

GENERAL OPERATIONAL RECOMMENDATIONS - CATHODE RAY TUBES

HEATER

Suitable for parallel operation only

V. 11 £ 10%
h

I
h 70

OPERATING CONDITIONS

1

V32+a4 2
V33 (focus electrode control range) 0 to 400
Val 400
V for visual extinction of focused raster -32 to -69

*Vk for visual extinction of focused raster 29-to 62

v
mA

kv

< <4 < <

*For cathode mcdulation, all voltages are measured with respect to the grid.

SCREEN
Metal backed
Fluorescent colour White

Useful screen area See page 6
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RESOLUTION
Resolution at screen centre >650 lines
Measured at:

12 kv
Va2+a4

A% 400 \'4
al

The tube will resolve 650 lines measured at abrightness of f}4z0cd/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 100pA.
DEFLECTION
Magnetic
Diagonal deflection angle 90 deg

The deflection coils should be designed so that their internal contour is in
accordance with the reference line gauge shown on page 7.

CAPACITANCES
.0 F
Cg—all 9 pF
5 [
Ck—all 5.0 pF
Ca2+ad-M 3 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 notes under this heading in 'General Operational Recommendations —
Cathode Ray Tubes'.

Centring magnet field intensity 0 to 800 A/m

Adjustment of the centring magnet should not be such that a general reduction
in brightness of the raster occurs.

REFERENCE LINE GAUGE See page 7

()
Mullard
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TELEVISION M21-11IW

MONITOR TUBE

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.

RATINGS (ABSOLUTE MAXIMUM SYSTEM)

Va2+a4 max. (see note 1) 16 kv
V;12+a4 min. 9.0 kv
+V _ max. 1.0 kv
a3
-V _ max. 500 v
a3
V . max. 800 v
al
+Vg max. 0 v
+v max. (see note 2 2.0 v
g(pk) 4 )
-Vg max. 180 v
Vh K max. (cathode positive) 80 v
vh—k (oK) max. (cathode positive) 130 A%
+ A
Ia3 max. 25 7
+] 8 A
Ial max. 5.0 U
Rh—k max. 1.0 MQ
Zh k max. (f=50Hz) 500 kQ<—
Z _o max. (f=50Hz) 100 k@
R max. 1.5 MQ
g-k
Zg—k max. (f=50Hz) 500 kQ
5 1.0 MQ <—
Ral—k max
5 3.0 MQ <—
Rai:‘.—k max
(S
[Mullard |
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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 tothe cathode, except duringthe 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.

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.

WEIGHT

Tube alone (approx.) 1.25 kg
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TELEVISION -
MONITOR TUBE M21-1 W
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min

180min

Useful screen area shown shaded.
All dimensions in mm
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TELEVISION M21-11IW

MONITOR TUBE

REFERENCE LINE GAUGE

j—————— 968+04——-
889’04
82 5101
‘ 539+005
15-57 6-4
*'010 t04 goo
Ref line !
_____ S -

I+
oo
FNp )

T
« OR
Sw

l

[ +01

T 77-8
Sl P s
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1

All dimensions in mm
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TELEVISION M21-11IW

MONITOR TUBE

Bl1419 6| T
s M\3[ I [IW
(v [ I
! [TTTTT P
Cathode modulation SR
P
(voltages with respect to grid) i
!
=
X
80 W
P
>
40 e
(e}
Vg )
) Grid modulation
& g
'1 s
N —
X
Ry« S
-80 OO
-
-40
o]
- 200 400 600 Vg W)

al

LIMITS OF CATHODE-TO-GRID CUT-OFF VOLTAGE PLOTTED AGAINST
FIRST ANODE-TO-GRID VOLTAGE. CATHODE MODULATION.

LIMITS DF GRID CUT-OFF VOLTAGE PLOTTED AGAINST
FIRST ANODE VOLTAGE. GRID MODULATION.
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TELEVISION M21-12W

MONITOR TUBE

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 110 deg
Focusing low voltage electrostatic

Resolution > 625 lines
Maximum overall length 205 mm

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

HEATER
Suitable for series or parallel operation

Vh 6.3 v
Ih 300 mA
Note - (applies to series operation only) - The surge heater voltage must not
exceed 9.5 V r.m.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

\' 16 kV
a2+ad
*
Va3 0 to 400 v
Val 300 \"
Vg (for visual extinction of focused raster) -35to -T2 v

* 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 white

Light transmission approx. 80 %

DECEMBER 1965 R Page D1



Minimum useful screen area see drawing on page D6

RESOLUTION
Resolution at screen centre 625 lines
vaZ + a4 16 kv
\% 300 \%
al
BRIGHTNESS
P
Brightness 450 fiits
Va2 + a4 16 KV
Lio- a4 100 LA

* Measured with raster 18 x 13.5 cm.
FOCUSING

Low voltage electrostatic
The range of focus voltage shown in typical operation conditions results in

optimum focus at a beam current of 100pA.
REFERENCE LINE GAUGE

JEDEC 126.For details see '"General Operational Recommendations - Cathode
Ray 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 7.0 pF
Ck -all 4.0 pF
€a2+ad4-M 250 pF

RASTER CENTRING

See notes under this heading in 'General operational Recommendations -
Cathode Ray Tubes'.

Centring magnet field intensity 0 to 10 Gs <

Adjustment of the centring magnet should not be such that a general reduction

in brightness or shading of the raster occurs.
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TELEVISION

MONITQR TUBE

EXTERNAL CONDUCTIVE COATING

M21-12W

This tube has an external conductive coating, M, which must be earthed and

the capacitance of this to the finalanode 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 4 ag M3X.

va2 + a4 i

+ VaB max.
-Va3 max.

V_, max.

al
val min.

-V _ max.
g

* 2 max.
Vg (pk)

+1_, max.

a3

+1_. max.

al

vy

Cathode positive
d.c. max.

pk max.

Cathode negative
d.c. max.
pk max.

h -k A

max. (f = 50 ¢/s)

max.

g - k max. (f = 50 c/s)

R
Zk-e
R
Z

DECEMBER 1965

20 kV
13 kV
i. kV
500 v
450 \'
200 \'
150 v
400 \4
25 LA
) LA
200 v
300 \'
125 v
250 \4
1. MQ
100 kQ
; MQ
500 kQ
Page D3



** Adequate precautions should be taken to ensure that the associated equipment
is protected from damage, which may be caused by a possible high voltace
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. t 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.

-t

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.m.s.
During a warming up period not exceeding 15s, v (cathode positive)

is allowed to rise to 410V.

h-k(pk) M-

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.

WEIGHT 2.25 1b <~
== kg
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TELEVISION
MONITOR TUBE

M21-12W
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TELEVISION
MONITOR TUBE

M28-12W

QUICK REFERENCE DATA

Deflection angle 90
Focusing Electrostatic
Resolution > 850
Maximum overall length 250

28cm (1lin) rectangular direct viewing television tube with metal
backed screen and reinforced envelope. A separate safety screen is
not required. Intended for use as a precision picture monitor.

deg

lines

mm

This data should be read in conjunction with

GENERAL OPERATIONAL RECOMMENDATIONS - CATHODE RAY TUBES

HEATER
Suitable for parallel operation only

Y

)

OPERATING CONDITIONS

Va2 +a4
Va3 (focus electrode control range)

Val

Vg for visual extinction of focused raster

11
68

il

0 to 350
250

-35 to -69

*Vk for visual extinction of focused raster approx. 45

13

50 to 400

350

-46 to -91
44 to 80

|

kv

< < < <

*For cathode modulation, all voltages are measured with respect to the

grid.
(R
MAY 1969 N,
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SCREEN (metal backed)

Fluorescent colour White
Light transmission (approx.) 50 Tp<—
Useful screen area see page 7

RESOLUTION
Resolution at V =13kV >850 lines

a2+a4

BRIGHTNESS 2

Brightness (at Va2+a 4" 13kV) approx. 400 cd/m” (nits)
. _ 2, .

Brightness (at V_, ., = 11kV) approx. 350 cd/m” (nits)
Ia2+a.4 30 BA
Raster size 70 x 70 mm

FOCUSING (Electrostatic)
The range of focus voltages shown in 'OPERATING CONDITIONS' results
in optimum overall focus at a beam current of 100pA.

DEFLECTION (Magnetic) <
Diagonal deflection angle 90 deg
Horizontal deflection angle 80 deg
Vertical deflection angle 63 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 7.0 pF
O a1l 3.0 pF
ca2+a4-M 550 to 850 pF
Ca2+ad-B 150 BE

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 thearea specified on the tube outline drawing.

RASTER CENTRING
See notes under this heading in 'General Operational Recommendations -
Cathode Ray Tubes'.

Centring magnet field intensity 0 to 800 A/m

Maximum distance of centre of
centring field from reference line 55 mm

Adjustment of the centring magnet should not be such that a general reduc-
tion in brightness of the raster occurs.

REFERENCE LINE GAUGE see page 10
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TELEVISION M28-12W

MONITOR TUBE

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 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) 14 kv
Va2+a4 min, 7.5 kv
+V _ max, 500 A%
a3
-V _ max, 50 v
a3l
V_ . max. 350 v
al
V__ min, 200 v
al
=¥ max. (see note 2 350 v
g(pky - )
—Vg max. (see note 3) 100 v
iIaB max. 25 HA
= .
Ial max. 5.0 HA
Vh—k
d.c. max, 110 v
pk max. 130 v
Ry ) max. 1.0 Me
Zk max. (f = 50Hz) 100 kQ
Rg K 1.5 MQ
Z . max. (f=50Hz) 500 kQ
g-k
. 2.0 MQ
RM-B max
Notes

1. Adequate precautions should be taken to ensure that the receiver is pro-
tected from damage which may be caused by a2 possible high voltage
flashover within the tube.

2. Maximum pulse duration 22% of one cycle with a maximum of 1.5ms.

MAY 1969 N, 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+1.0V. Itis advisable to limit the positive excursion of the video
signal to+5V (pk) max. This may be achieved automatically by the
series connection of a 10kQ resistor.

WEIGHT
Tube alone (approx.) 2.2 kg
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TELEVISION -
MONITOR TUBE M28-12W
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Dimensions of metal band
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1
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TELEVISION

MONITOR TUBE M28-12W

Dimensions of face
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MAXIMUM CONE CONTOURS
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M28-12W

TELEVISION
MONITOR TUBE
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TELEVISION
MONITOR TUBE

M28-12W
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TELEVISION

MONITOR TUBE

M28-12W
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(v) Cathode modulation
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TELEVISION MONITOR TUBE

M36- 10W.

14in. rectangular television tube with metal-backed, grey glass screen primarily intended for use as a

precision monitor.

ADVANCE DATA FOR USE WITH DEVELOPMENT SAMPLES

HEATER

Suitable for series or parallel operation

Vh 6.3 v
Th 300 mA
Note - (applies to séries operation only). The surge heater vol must not exceed 9.5Vr.m.s.
when the supply is switched on. When used in a serie ain a current limiting device may
be necessary in the circuit to ensure that this voltage is n§ffexceeded.
CAPACITANCES
cg-all 6.0 pF
ck-all - 4.0 pF
ca2+a4-M Q/ 1000 pF
SCREEN ‘ '
Metal-backed
Fluorescent colour white
Minimum useful screen area see drawing on page 4

FOCUSING

Electrostatic

DEFLECTION

Double magnetic

MOUNTING POSITIO]

Any, except verti with the screen downwards and the axis of the tube making an angle of less than

20° with the vertical.

TYPICAL OPERATING CONDITIONS

Va2+ad 16 kV
Va3 (focusing electrode control range) 0 to 400 v
Val 600 v
Vg (for visual extinction of focused spot) -35 to -85 v
ISSUE 1
8.62.
Issued by MULLARD LIMITED ——
x [Mullard]

Technical Information Department



M36-10W. TELEVISION MONITOR TUBE

RESOLUTION
Resolution at centre of screen >650 lines
With Va2+a4 16 kV

Val 600 ¥

This tube will resolve a minimum of 650 lines based on a picture height of 241lmm and is measured
at a brightness of approximately 340 nits i.e. 100 ft.lamberts. The focus voltage is adjusted to
obtain the smallest roundest spot.

ABSOLUTE MAXIMUM RATINGS

1va2+a4 max. 20 kV
Va2+a4 min. 12 kV
+Va3 max. 1.0 kv
-Va3 max. 500 v
Val max. 1.0 kv
Val min. 400 v
-Vg max. 150 v
*_Vg min. 0 v
+vg(pk) max. 2.0 v
123 max. 25 nA
11al max. 5 LA
Tvh-k max.
Cathode positive
d.c. max. 200 v
pk max. 300 v
: Cathode negative
d.c. max. 125 v
pk max. 250 v
Rg-k max. 1.5 MQ
Zg-k max. (f=50c/s) 500 k2
Rh-k max. see note T

IAdequate 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 C. ications Volume 6, 61.)

*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 may reach 2V and at this voltage the
grid current may be expected to be approximately 2mA.

TIn order toavoid excessive humthe a.c. component of Vh-kshould be as low as possible (<20Vr.m.s.).
During a warming-up period not exceeding 45s, vh-k(pk) max. (cathode positive) is allowed to
rise to 410V.

When the heater is in aseries chain, or earthed, Zk max. is 100k, where Zk isthe 50c/s impedance
between earth and the cathode. When the heater is supplied from a separate transformer Rh-k max.
is IMQ.

e Issued by MULLARD LIMITED
NA Technical Information Department
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TELEVISION MONITOR TUBE M36-10W.
r'\
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,
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TELEVISION MONITOR TUBE

M36- I0W.
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TELEVISION
MONITOR TUBE

M36-11W

QUICK REFERENCE DATA

monitor,

Deflection angle 90
Focusing Electrostatic
Resolution >650
Maximum overall length 317

36cm (14in) rectangular direct viewing television tube with metal
backed screen, primarily intended for use as a precision picture

deg

lines

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

HEATER
Suitable for parallel operation only

Vh

"

OPERATING CONDITIONS

Va2+a4
Va3 (focus electrode control range)

val
Vg for visual extinction of focused raster

*Vk for visual extinction of focused raster

11x1
68

16

0 to 500
600

-43 to -98
40 to 90

mA

kv

< < <4 <

*For cathode modulation, all voltages are measured with respect to the

grid.

SCREEN
Metal backed
Fluorescent colour

Useful screen area

White

See page 6

MAY 1969 A

M36-11W Page 1




RESOLUTION

Resolution at screen centre > 650 lines
Measured at:

Va o+ad 16 kv

Va 1 600 v

The tube will resolve 650 lines measured at a brightness of 340cd/ mz(njts),
based on a picture height of 237mm.

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 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 to pass through the point of focus, a voltage range of at least -100
to +600V will be necessary.

DEFLECTION
Magnetic

Diagonal deflection angle 90 deg

The deflection coils should be designed so that their internal contour is in
accordance with the reference line gauge shown on page 7.

CAPACITANCES
cg_ all 9.0 pF
ck_ all 5.0 pF
c a2+ad-M 800 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 notes under this heading in 'General Operational Recommendations -
Cathode Ray Tubes.

Centring magnet field intensity 0 to 800 A/m
Adjustment of the centring magnet should not be such that a general reduc-

tion in brightness of the raster occurs.

REFERENCE LINE GAUGE See page.T

MAY 1969 N, M36-11W Page 2
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TELEVISION L
MONITOR TUBE M36 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
base due tobending 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)

= k
Va2+a4 max. (at Ia2+a4 0) (see note 1) 18 v
in. k
Vaz%14 min 12 v
+V _ max. 1.0 kv
a3
-V __ max. 500 v
a3
V _ max. 800
al
+Vg max. (see note 2) 0 A"
+v max. 2.0 v
g(pk)
—Vg max. 180 A%
+
Ia3 max. 25 HA
+
Ial max. 5.0 KA
V. )
hok max 80 \%
Vh—k(pk) max. 130 v
R'h—k max. 1.0 MQ
Zh—k max. (f=50Hz) 500 kQ
Zk—e max. (f=50Hz) 100 k@
R max. 1.5 MQ
g-k
Z _ max. (f=50Hz) 500 kQ
Ral-k max. 1.0 MQ
RaB—k max. 3.0 MQ
()
[Mullard|

MAY 1969 N\ A M36-11W 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 voltagethe grid current may be expected to be approximately
2mA.

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.

MAY 1969 S M36-11W Page 4



TELEVISION
MONITOR TUBE

fe—————————— 332432 —

— ————610Rf~———
SOBRN\
1 T

M36-11W

B9798

S

i sl

"

‘ / 7

Determined by “the plane
of the upper edge of the
Step on the reference line
gauge (page 7) when the
gauge is resting on the cone

100
min 317
56
. max l g
_Ref line 1
a2 +a4

MAY 1969

Recessed cavity
connector CT8

Neck dia 27-8 min

All dimensions in mm
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304-5 B9799

| Useful screen

e area within
= TX ! dotted line.
oA
Z\

a3
al

B8H Base k h h

All dimensions in mm
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TELEVISION M36-11W

MONITOR TUBE

f———————96-8dia —— =

88-9dia———»
82 40dia_____ _
+ 003 45°+30"
1-0R 53-84 dia / <
LY 39:82dia —a |
+ 007 4

Ref line | / \ j | *oo03
6}_'4 SO 9.41 I
12.7R / 12270R | 13,99 J
$0-12 77.8
*to0-4
B f
2829
| 15°% 30’ +0-12

—= 29-70dia te—
+0:07

-0
L—50'8d;0

REFERENCE LINE GAUGE

All dimensions In mm
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GRID MODULATION

FINAL ANODE CURRENT PLOTTED AGAINST GRID VOLTAGE
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MONITOR TUBE M36-11W

TELEVISION
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1000 I M36-11W L] [Beeds

" |
Brightness [ I ]

cd/m? 1 1 [T 11 |
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C
FLYING SPOT SCANNER TUBES M | 3_ I 6
K

QUICK REFERENCE DATA

Sin diameter fiying spot scanner tubes with metal-backed screens. The only
difference between these tubes is in the screen properties.

Colour and Persistence

C screen blue-violet—killed
K screen green—very short
Electron gun triode—magnetically focused
Operating voltage 25 kV
Resolution —~ 1000 lines

This data should be read in conjunction with GENERAL OPERATIONAL
RECOMMENDATIONS — CATHODE RAY TUBES which precede this
section of the handbook.
HEATER

Vi 6.3 \"
In 300 mA

SPARK TRAP AND EXTERNAL CONDUCTIVE COATING

This tube has an external conductive coating (M) around the neck
of the tube, and the capacitance of this to the anode may be used to
provide smoothing for the e.h.t. supply.

The insulating coating 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 any internal flashover taking place between the anode and
the grid.

The spark trap and external conductive coating around the neck of
the tube must be connected to the chassis.

CAPACITANCES
Cg—a]l 65 pF
Ck—all 6.5 pF
Ca—M 250 to 450 pF

SCREEN <

K

Fluorescent colour blue-violet green
Persistence killed very short
Minimum useful screen diameter 108 mm

Metal-backed

With the C screen, the brightness is reduced to 36%, (e~!) of the
initial peak value <0.1us after the excitation is removed.

FOCUSING
Magnetic

AUGUST 1962 \v/ Page D1



C
M K I 3- I 6 FLYING SPOT SCANNER TUBES

DEFLECTION
Double magnetic

MOUNTING POSITION

Any, except with screen downwards and the axis of the tube making
an angle of less than 50° with the vertical.

TYPICAL OPERATING CONDITIONS

Va 25 kV
la 50 to 100 uA
*Vg for cut-off -50 to -100 \
Resolution at centre of screen ~1000 lines

DESIGN CENTRE RATINGS

Va max. 27 kV
Va min. 20 kV
*~V max. 200 Vv
I max. 150 uA
Rg—x max. 1.5 MQ
Z, . max. (f = 50c/s) 500 kQ
1Vh-ix max. (cathode negative) 125 Vv
1tVh-x max. (cathode positive) 200 \Y
$Vn-kpk) Max. (cathode positive) 410 \
Rh—_k max. 1.0 MQ

*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 at this voltage the grid current may be
expected to be approximately 2mA.

tIn order to avoid excessive hum, the a.c. component of Vi should
be as low as possible (<<20V; m.s.).

+During a warming-up period not exceeding 45s.

TUBE PROTECTION

It 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 timebases. Unless such a safety device is incorporated a failure
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.

[Mullard]
AUGUST 1962 \'/ Page D2




C
FLYING SPOT SCANNER TUBES M K I 3- I 6

127 £ 3——— Cavity connectcr
108 min cT8
Useful screen dia
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K h h All dimensions in mm. BI2A Base.
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PROJECTION TUBES MVG% I 3_38

PRELIMINARY DATA

QUICK REFERENCE DATA

Sin diameter projection tubes with metal-backed screens intended to provide

high brightness, large area displays
G U Y w
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 conjunction with GENERAL OPERATIONAL
RECOMMENDATIONS - CATHODE RAY TUBES which precede this
section of the handbook.

HEATER

This tube is suitable for parallel operation only.
Vn 6.3
In 660

SPARK TRAP AND EXTERNAL CONDUCTIVE COATING

v

mA

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 10 pF
Ck-all 9.0 pF
(.
[Mullard]|
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G
Mvgv I 3-38 PROJECTION TUBES

SCREEN MG13-38 MU13-38 MY13-38

Fluorescent colour green blue yellow
Light output (measured at

Va=50kV, l,=500u.A and with

a raster of size 72 x 96mm) 24,000 - 3,350 16,000 nits

or
=3750
1Typical percentage values of

total anode current to produce

white 13 39 *48 9,
tRatios of anode current to
produce white Minimum  Typical Maximum
*MY13-38 to MG13-38 2.5 37 5.0
*MY13-38 to MU13-38 0.6 12 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, l=>500uA and with
a raster of size 72 x 96mm) 9,700 nits

The raster dimensions must not be smaller than 72 x 96mm.

The screen should be forced-air cooled by a continuous airflow of 0.06m3/s
(2.1ft3s).
(1 nit = 10mcd/cm2= 0.292 ft.lamberts)

FOCUSING
Magnetic

DEFLECTION
Double magnetic

MOUNTING POSITION

Any, except with screen downward and the axis of the tube making an
angle of less than 50° with the vertical.

The tube socket should not be rigidly mounted but should have flexible
leads and be allowed to move freely. The bottom circumference of the base
shell will fall within a circle having a diameter of 50mm which is centred
upon the perpendicular from the centre of the face.

TYPICAL OPERATING CONDITIONS

Va 50 kY
ia(pk) 25 mA
V; for cut-off -100 to -170 \
()
[Mullard]

AUGUST 1962 N\ Page D2



G
PROJECTION TUBES M LYJ I 3-38
w

ABSOLUTE MAXIMUM RATINGS

Va max. 55 kY
Va min. 40 kV
—Vg1 max. 200 v
+ Vg1 max. 0 \%
+ Vgi(pk) Max. 0 \"
la max. 500 uA
Rg—x max. .5 MQ
Zy . max. (f = 50c/s) 500 kQ
Vh-k(pk) Max. (cathode positive) 100 Vv
Vh-k(pk) Max. (cathode negative) 50 v
Rh-k max. 20 kQ
Minimum raster dimensions 72x 96 mm

TUBE PROTECTION

It 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-
bases. Unless such a safety device is incorporated, a failure of this type will
result in the immediate destruction of the screen of the tube.

X-RADIATION PROTECTION

Shielding equivalent to a lead thickness of 1mm is required to protect the
observer against X-radiation.

OPERATING NOTES

1. Before removing the tube from an equipment the screen and cone should
be discharged.

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 that the connection to the final anode be made with the
e.h.t. connector-supplied with the tube.

4. In order to prevent the possible occurrence of a cracked tube face when
operating with localised high brightness areas the mean anode current
must be less than 500pA. For stationary raster patterns the maximum peak
anode current is 500pA.

WEIGHT
Tube alone {95(2) I:
Shipping weight { 3|7b 12 E;
()
[Mullard |
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PROJECTION TUBES M l\f I 3-38
w
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CADMIUM SULPHIDE GENERAL
PHOTOCONDUCTIVE CELLS EXPLANATORY

NOTES

DESCRIPTION

Cadmium sulphide (CdS) cells are two-terminal light-sensitive resistors
enclosed in a protective envelope of glass or plastic. They dre 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, dueto 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.

Electrodes 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
system affects the resistance and voltage rating of the cell, so that different
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.

DATA PRESENTATION

In general the data is divided intofour main sections: quick reference data,
cell characteristics, ratings and shock and vibration resistance.

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
obtained 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 cell voltage, nominal cell
resistance at 50 lux illumination, sensitive area of the cell, maximum
overall dimensions and any special features.

Cell characteristics

The electrical 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 characteristics
givenin thedata aretherefore only checkpoints of the electrical properties,
measured under specified conditions and at start of life. They are based
on the device being uniformly illuminated by a tungsten lamp operated at a
specified colour temperature, usually 2700°K. An explanation of colour
temperature is given in section 6.2.
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GENERAL CADMIUM SULPHIDE

EXPLANATORY
NOTES

2.3

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 cadmium sulphide cells is given on page 8 of these
notes.

More detailed information on cell characteristics is given in section 3.

Ratings

The ratings of Mullard 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 varia-
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, environment, 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 thedata applies touniform
illumination of the cell. If only part of thetablet is illuminated the maximum
power should be reduced in proportion to the area used. Therefore 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.

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.
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CADMIUM SULPHIDE GENERAL
PHOTOCONDUCTIVE CELLS EXPLANATORY
NOTES

3. CELL CHARACTERISTICS

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:

B9747
cell
resistance
! :
| >
. T Time
| |
|
|
1 i
cell
illumination
Time

w
(3]

Illuminated resistance (a.c. operation)

When a cell is operated from an a.c. supply the effective resistance
measured as |V/I| is usually greater than the resistance measured under
d.c. conditions. Where a.c. resistance characteristics are not fully
described, the a.c. resistance values at 50Hz are approximately 1to 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. (After 16 hours in darkness,
changes in the cadmium sulphide 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.

Iluminated current - the current which flows when a specified voltage is
applied to the illuminated cell.

Ic_.__ )}
APRIL 1969 A
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GENERAL CADMIUM SULPHIDE
EXPLANATORY PHOTOCONDUCTIVE CELLS
NOTES

Initial illuminated current - the first virtually 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 rateof 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 sucha 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 fall
to a specified value, measured from the instant of switching on a specified
illumination after a specified history.

Current decay time - the time taken for the current through 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.

Illumination sensitivity - the illuminated current divided by the incident
illumination.

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 operating 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

Alog R(initial)
Alog E

resistance (R) and the illumination (E), defined as
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CADMIUM SULPHIDE GENERAL
PHOTOCONDUCTIVE CELLS EXPLANATORY
NOTES

Gamma - the relationship between change in resistance and corresponding
1 1

change in illumination, defined as o Rl B3 where RI1 = resistance at
log E2/E1

illumination E1 and R2 = resistance at illumination E2.

4. THERMAL DATA

4.1 Ambient temperature

The ambient temperatureis the temperature of 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

[}

.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 2 minimum by theuse of a thermal shunt. Unless otherwise stated, cells
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

It is recommended that cells are stored in the dark. In any case direct
sunlight should be avoided.

5.4 OQutline drawings

All dimensions are given in millimetres.
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GENERAL CADMIUM SULPHIDE

EXPLANATORY
NOTES PHOTOCONDUCTIVE CELLS

6. CELL ILLUMINATION
6.1 Light units

——

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 - lumen (lm)

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 r® on the surface of the sphere. As the surface area of a
sphere is 4mr®, a complete sphere comprises 47 steradians, so the total
luminous flux from a point source of 1 candela is 47 lumens.

6.1.3INlumination - lux (Ix)

Illuminationis the term used toexpress the amount of luminous flux falling
on a given surface.

The lux is the illumination produced when 1 lumen of flux fallson 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 mectre (cd/mz)

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 known as
the nit.
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CADMIUM SULPHIDE GENERAL
PHOTOCONDUCTIVE CELLS EXPLANATORY

6.2

NOTES

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 similar colour sensation to that produced
by the light source under examination. Certain light sources (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
use of conventional tungsten lamps in conjunction with filters.

6.2.1C.I.E. Standard (Commission Internationale de 1'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%
higher than the resistance at 2700°K. For other light sources the cell
resistance should be multiplied by the following approximate factors:

Source of illumination Factor

Incandescent radiation at
colour temperature of:

1500°K 1/2

*2000°K 2/3

Sunlight 4/3
White fluorescent light 2

*20009K corresponds to light from an oil fired burner flame
(vellow flame).
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GENERAL CADMIUM SULPHIDE
EXPLANATORY  PHOTOCONDUCTIVE CELLS
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PHOTOCONDUCTIVE GENERAL OPERATIONAL

CELLS RECOMMENDATIONS
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GENERAL OPERATIONAL PHOTOCONDUCTIVE
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PHOTOCONDUCTIVE CELL ORPIO

QUICK 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 7.5um and intended for use with
modulated or pulsed radiation.

Peak spectral response 6.0to 6.3 pm
Operating temperature 20 OC
Typical D* (6.0um, 800, 1) 2.0X108 cm(c/s)1§/W
Element dimensions 6.0%0.5 mm
Time constant approx. 0.1 us

CHARACTERISTICS (at 20°C)

SPECTRAL RESPONSE
Peak spectral response 6.0 to 6.3 pm
Spectral response range visible to 7.5 pm

A typical response curve is shown on page Cl1.

Cell resistance max. 120 Q
min. 30

Time constant approx. 0.1 us

Dimensions of sensitive element 6.0%0.5 mm

MONOCHROMATIC PERFORMANCE (see notes 1 and 2)

Responsitivity (to 6.0um radiation) min, 0.4 uv/uw
typ, 1.0 Iy

1
D* (6.0pm, 800, 1) min.,  8.5x10" cm(c/s)2/W

1
typ. 2.0X108 cm(c/s)2/W
N.E.P. (6.0um, 800, 1) typ.  8.6x10 2 @.m.s )W

-9
max. 2.0x10 (r.m.s.)W

[Mullard]
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BLACK BODY PERFORMANCE (see notes 1 and 2)

Responsitivity (to SOOOK radiation) typ. 0.3 uV/uw
1

D* (5000K, 800, 1) typ. 6.0><107 em(c/s)2/W

N.E.P. (SOOOK, 800, 1) typ. 2.5><10_9 (r.m.s.)W

RATINGS (ABSOLUTE MAXIMUM SYSTEM)

NOTES
1.

2

Maximum bias current (at 20°C) 100
Maximum operating ambient temperature +70

Storage temperature max. +70

a a Q

min. -50

Test conditions

The detector is attached to a heat sink which is maintained at a temp-
erature of 20°C and a bias current of 50mA is applied. A parallel beam
of monochromatic radiation of wavelength 4.4pm, which would produce
a steady irradiance of 68uW/ cm? at the sensitive element, is square wave
modulated at 800c/s. The actual r.m.s. power at the element is there-
fore reduced to

% =31uW/ em®>

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 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 peak
response and under black body conditions are calculated from these
measurements, assumingthe detector to have a typical response curve.

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 Technology' by Kruse, McGlauchlin and McQuistan (John Wiley,
New York 1962). D* is defined in the expression

E X [ A(Af)] '15
e <
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.m.s. watts.

APRIL 1966
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PHOTOCONDUCTIVE CELL ORPIO

Thefigures in brackets which follow D* refer to the test conditions e.g.

D* (5.3um, 800, 1) denotes monochromatic radiation incident on the

detector of wavelength 5.3pm, modulation frequency 800¢/s, an electronic

bandwidth of 1c/s.

The Noise Equivalent Power (N, E, P,) is related to D* by the expression:
1

GV

N.E.R. =1

3. Variation of performance with bias current.

Both signal 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, and therefore the signal-to-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 ohmic heating caused by bias
currents 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
acopper base from which it is insulated by a layer of aluminium oxide,
and can readily be attached to a large heat sink.

Atypical variation of performance with temperature is given on page C4.
The curve on page C2 shows the decrease in signal caused by the high
current raising the temperature of the element.

Oncooling,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 temperature operation,
such as the ORP13, are therefore contained in an evacuated dewar vessel
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 of the vapours of organic solvents. Care should be taken to avoid
strain when attaching cells to heat sinks.

APRIL 1966 Page D3
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Recommended circuit for use with radiation chopped at 800c/s.

D.C. supply

50uF

150

W

"™ pF To
ORP10 amplifier

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
depend upon the supply voltage and the cell currents required.

The 560pF capacitor tunes the secondary to approximately 800c/s but
since the 'Q' is low, the actual value is not highly critical.

APRIL 1966 N Page D4
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PHOTOCONDUCTIVE CELL OQRPIO
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PHOTOCONDUCTIVE CELL ORPIO

ORP10 [E4aez]
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PHOTOCONDUCTIVE CELL ORPIO
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PHOTOCONDUCTIVE CELL ORPIO
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PHOTOCONDUCTIVE CELL ORPI |

QUICK REFERENCE DATA

Cadmium sulphide photoconductive cell for end-on incidence of illumination.
Intended for flame failure, smoke detection and general industrial applica-

tions.
Maximum power dissipation (Ta.mb =25°C) 400 mW
Absolute maximum cell voltage
a:Cs (TeTn58) 210 A%
dses 300 v
Cell resistance (at 50 lux) 1.7 kQ
Sensitive area 1.25 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 Ta.mb =25°C)

Cell resistance at 10V d.c., 50 lux and
lamp colour temperature 2700°K

*Initial
Maximum 3.0 kQ
Nominal 1.5 kQ
Minimum 750 Q
Equilibrium
Nominal b 15/ kQ
Minimum ultimate dark resistance at 300V d.c. 8.0 MQ

(see pages C4 and C5)
*This is the first virtually constant value of resistance when illuminated shortly

after 16 hours storage in complete darkness.

ABSOLUTE MAXIMUM RATINGS

Vcell max. (d.c. or a.c. pk) 300 A%
Poepp MAX- with uniform illumination (see curve on page C3)
at Ta.mb = 25°C 400 mW
amb
Maximum (<1 lux illumination) +50 °c
Maximum (=1 lux illumination) +70 c
Minimum -40 ‘C
()

JUNE 1965 N Page D1



OPERATING NOTES

1. This data is based on the device being uniformly illuminated.

2. Forsources of illumination other than a lamp of colour temperature 2700°K,
the cell resistance should be multiplied by the following approximate factors. W

Source of illumination Factor

Incandescent radiation at
colour temperature of :

1500°K 1/2

2000°K 2/3

Sunlight 4/3
2

White fluorescent

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 and then, over aperiod 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 50°C.

\ Cell lead'
N

127 max dia

Direction of light

Sensitive
surface
Cell lead" rniZXj A 4
The polarity of o
the supply is not = e, T
important. j
NC é %
o
~ £
b ®
L I}
Cell lead' Cell lead" II " |]
B3A Base
All dimensions in mm
4
(R
Mullard Bage D3
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PHOTOCONDUCTIVE CELL
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PHOTOCONDUCTIVE CELL
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PHOTOCONDUCTIVE CELL ORPI |
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PHOTOCONDUCTIVE CELL ORPI2

QUICK REFERENCE DATA

Cadmium sulphide photoconductive cell for end-on incidence of illumination.
Intended for general purpose applications and automatic contrast and bright-
ness control of television receivers.

Maximum power dissipation (Tamb =25°C) 200 mw
Absolute maximum cell voltage 110 v
Cell resistance (at 50 lux) 2.4 kQ
Sensitive area 0.6 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 2700 K
Typical 75 to 300 Q
Minimum ultimate dark resistance at 110V d.c. 10 MQ
(see pages C2 and C3)
*Nominal resistance rise time 75 ms

**Nominal resistance fall time 350 ms

*When an illumination of 50 lux is removed, the resistance rise time is the time

taken for the cell resistance to rise to 24k .

**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 5.3kS2.

ABSOLUTE MAXIMUM RATINGS

v max. (d.c. or a.c. pk) 110 A%
cell
ey Max. with uniform illumination (see curve on page C4)
atT, o= 25°¢ 200 mW
Tamb .
Maximum +60 G
Minimum -10 e
(R
JUNE 1965 [@ Page D1



OPERATING NOTES
1. This data is based on the device being uniformly illuminated.

2. TFor sources of illumination other than a lamp of colour temperature 2700 °K,

the cell resistance should be multiplied by the following approximate factors.

Source of illumination Factor

Incandescent radiation at

colour temperature of :

1500°K 1/2

2000°K 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
transient valueand thenover 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 50°C.

6. Thecell 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

Sensitive area '—rr!'gx_ﬁ

86
\}‘Cell lead ' o "max’l
\ A

Tinned copper

cell lead" leads 23 sw.g.
The polarity of the (0-6dia)
supply is not important J
All dimensions in mm 96

[
|

g L
21—

JUNE 1965 N, Page D2
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PHOTOCONDUCTIVE CELL ORPI2
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PHOTOCONDUCTIVE CELL ORPI2
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PHOTOCONDUCTIVE CELL ORPI2
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PHOTOCONDUCTIVE CELL

ORPI3

radiation.

Operating temperature

Element dimensions

Time constant

Peak spectral response

Typical D* (5,3um, 800, 1)

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 5.6um and intended for use with modulated or pulsed

CHARACTERISTICS (cooled to 77°K)

SPECTRAL RESPONSE

Peak spectral response

Spectral response range

5.3 um
1 4 K
4.5% 1010 cm(cps)E/W
6.0x 0.5 mm
approx. 5 us
5.3 pm
visible to 5.6 um

A typical response curve is shown on page C1.

Cell resistance max.

min.

Time constant (see note 5)
Dimensions of sensitive element (see note 8)

Dwell time of liquid nitrogen

MONOCHROMATIC PERFORMANCE (see notes 1 and 2)

Responsitivity (to 5.3um radiation)

D* (5.3um, 800, 1)

N.E.P (5.3um, 800, 1)

FEBRUARY 1966

min.

60 kQ

20 kQ
approx. 5 us
6.0x0.5 mm
>40 min.

12 mV/uW

24 mV{uW

2.6x 1010 cm(cps)?/W
4.5x 1010 cm(cps)E/W

3.8 x 10712 (r.m.s.)W

1

6.6x 10 2 (r.m.s.)W

Page D1



BLACK BODY PERFORMANCE (see notes 1 and 2)

Responsitivity (to SOOOK radiation) typ. 4.5 mV{ uw
D* (500°K, 800, 1) typ. 8.0x 107 cm(cps)2/W
N.E.P. (500°K, 800, 1) typ. 2.2x 1071 w

RATINGS (ABSOLUTE MAXIMUM SYSTEM)

Maximum bias current (at 77°K) 5.0 mA
Storage temperature max. +55 %6
min -55 o¢
NOTES
1. Test conditions.

The detector is cooled to 77°K by filling the dewar vessel with liquid
nitrogen and a bias current of 250pA is applied. A parallel beam of
monochromatic radiation of wavelength 4.4pm, which would produce
asteady irradiance of 7.6uW/cm” at the sensitive element, is square
wave modulated at 800c/s . The actual r.m.s. power at the element is
therefore reduced to ’_;_gz 3.45/,1W/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 made 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
noise ratio of 1650 and typical of 3270.

The detectivities quoted at the wavelength of peak response and
under black body conditions are calculated from these measurements,
assuming the 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. Houghtonand S.D. Smith (O.U.P. 1966) and 'Elements of Infra-
Red Technology' by Kruse, McGlauchlin and McQuistan (John Wiley,
New York 1962). D* is defined in the expression:

| 3
‘Z x [Aaf)

D* =
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.m.s. watts.

FEBRUARY 1966 N, Page D2



PHOTOCONDUCTIVE CELL ORPI3

The figures ir brackets which follow D* refer to the test conditions
e.g. D* (5.3um, 800, 1) denotes monochromatic radiation incident
on the detector of wavelength 5.3um, modulation frequency 800c/s,
an electronic bandwidth of 1 ¢/s.

The Noise Equivalent Power (N.E.P.) isrelatedto D* by the express-

ion: A,
2
N.E.P, = —A&"
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 has a peak value at some optimum current, which will
vary slightly from cell to cell. A typical value is 250uA.

4. Effect of ambient radiation.

Careshould be taken toavoid the incidence on the cell of appreciable
radiation in the visible range. Such radiation will cause adecrease
inthe cell resistance and signal as longas the cell is kept cool. Normal
daylight can cause this effect if seen for more than a few minutes.
Precautions 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 may be as high as 10us. For applica-
tions where speed of response is critical, a specially constructed
ORP13 with a time constant of less than 1us is available. This has
the type number RPY36.

6. Warning.

Care should betaken to ensure thatthe device is not allowed to reach
room temperature while still biased.

T Warning

The dewar vessel must always be completely dry before being re-
filled with liquid 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 are available to special
order in the same dewar vessel. Multi-element detectors can alsobe
specially constructed.

FEBRUARY 1966 v\v/ Page D3
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PHOTOCONDUCTIVE CELL ORPI3

Terminals

Lcmi

_—Metal encapsulation

Glass dewar vessel

Sensitive area Sapphire window

Incident ___ _
radiation

Surface aluminised
mirror
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PHOTOCONDUCTIVE CELL ORPI3
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PHOTOCONDUCTIVE CELL ORP i3
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PHOTOCONDUCTIVE CELL ORPSO

QUICK REFERENCE DATA

A miniature flying lead cadmium sulphide photoconductive
cell with top and side sensitivity.

Maximum power dissipation (Tamp = 25°C) 400 mW
Absolute maximum cell voltage

a.c. (r.m.s.) 210 \
d.c. 300 \"
Cell resistance (at 50 lux) 25 kQ
Sensitive area 11 cm?

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
Tamp = 25°C)

Cell resistance at 20Vd.c., 50 lux (4.6 Im/ft2) and
lamp colour temperature 2700°K

*Initial

Maximum 6.2 kQ
Nominal 2.7 kQ
Minimum 1.3 kQ

Equilibrium
Nominal 3.4 kQ
Minimum ultimate dark resistance at 300V max. 80 MQ
**Nominal resistance rise time 75 ms
***Nominal resistance fall time 350 ms

*This is the first virtually constant value of resistance when illuminate
shortly after 16 hours storage in complete darkness.

**When an illumination of 50 lux is removed, the resistance rise time is the
time taken 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.

[
Mullard
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ORP50

PHOTOCONDUCTIVE CELL

ABSOLUTE MAXIMUM RATINGS

Veen max. (d.c. or a.c.px) 300
Pcenn1 max.
Tamp = 25°C 400 mW
Tamp = 70°C 100 mW
Tnmb
Maximum (<1 lux illumination) +50 °c
Maximum (=1 lux illumination) +70 °C
Minimum —40 °C
le— 16 max—s|
. _—
Direction — L
of light —
' 45° X
Cell lead / \/ g
N 5
N
n 4
Cell lead T -
The polarity of the Qg ' “’ig
supply is not £
important j—u‘—— ' £
o 7 (]
£ :f’l £
All dimensions in mm o l
[ei38]
()
JANUARY 1964 Mullard Page D2



PHOTOCONDUCTIVE CELL ORP50

OPERATING NOTES

1.
2.

Cell voltage (V)

The data is based on the device being uniformiy illuminated.

For other sources of illumination, the cell resistance should be multiplied
by the following approximate factors:

Source of illumination Factor
Incandescent radiation at colour temperature of:

1500°K 1/2

2000°K 2/3
Sunlight 4/3
White fluorescent 2

Within the range 10 to 5,000 lux on the current/voltage curves, the
typical maximum and minimum limits of distribution for a given illumina-
tion are approximately represented by the lines of constant illumination
immediately adjacent to the given line.

Typical maximum and typlcal
minimum for a given illumination
of 20 lux

Typical min

Typical max

Cell current (mA)

When a cell is subjected to a change of operating conditions, there may
be a transient change of resistance which is in excess of the resistance
change due to the difference between the equilibrium illumination re-
sistances. After dark storage the sensitivity normally settles to a stable
value corresponding to the illumination within one hour. The transient
will be greater if the dark storage is at a high ambient temperature.

[

Emm Page D3
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PHOTOCONDUCTIVE CELL

Page Ci

(R
A

LUMINOUS INTENSITY AS PARAMETER

(A) 2Bp3joA |20
ozl [e]0]] 08 09 [e)4 (014
1T oy
/ o ft="]
et gt T
==t \’I”V T A
=
N | —— bt | ™ W
L[] | ; N O\ T L N
2,0, =" 3p 1 iy \
MWOOI = uoijpdissip (|22 e 00 By
/ 4 1
N |
/ |
4 '}
> o
(A) 2BD3joA |13 = — NS e
8 4 ¥o e /| m
— — o 3,62 = 9L 3p n 3
1 ] — \\N MWOO = uolpdissip 120 S+ 3
T B — iy
\ml 1 7 V4 W
B — 7 111 >
] P il e L |
LT d V4 = . \ |
Lo\ o |
L / o 5 _ I
/ / m - — ¥,0042 = 24njpuadway unojod dwpT \ \
L { | > ~ w ﬂOE\
AT i i
< as oo\
7 S 0002
S TN H 2 000S —
[ czza i /S8 115 |oz 060 Xn1000'0l -+

INITIAL CELL CURRENT PLOTTED AGAINST CELL VOLTAGE WITH

JANUARY 1964




(vw) 3juaaund (|25

Page C2

PHOTOCONDUCTIVE CELL

—
N

LUMINOUS INTENSITY AS PARAMETER

ORP50

CELL VOLTAGE PLOTTED AGAINST INITIAL CELL CURRENT WITH

oom_ 00l ol [o}l] 0
L_S S
Y A B G L e T T AWTA 77 I Vg
N \ s e
g N gl M\ \\ A1 1
N oy MW | A W Tl
] SH N7 o L 7 Y
7
+A\I/A %Ono Vi \\ \\ \\ z
o O\F\\h pamy4
= ~ 1 OO.“O@M z ~ =
\\ N 2 \\ \\% % \\\ /1 \ \\ V1
N AN &/ d A A
9, 0L =" 3o A & f \
= uoljpdissip ||2D Y\ 7 A \O...° w
A A ViV |/ 2 / 0
R 7 pd r O 4 P L]
X 7 N7 =
v Z A~ o_ s
7 7 (I &
\\x,x\ \ rd g
= 3J4n3pbJdadwa { \ é ( i n,
%,00L2 ) 3 N1 A <
Janojod dwbpn) K \
\ Yy
/7
\\ ///
2,62 =% 3o NN
MWOOY = uoljpdissip |12
26D3|0A |12 wWnwiXpp
——H 0SdH0 = -

JANUARY 1964




PHOTOCONDUCTIVE CELL ORPSO
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ORPSO PHOTOCONDUCTIVE CELL
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PHOTOCONDUCTIVE CELL ORPSO
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ORP50

PHOTOCONDUCTIVE CELL
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PHOTOCONDUCTIVE CELL ORPSO
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PHOTOCONDUCTIVE CELL QRP5?2

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
equipment. The cell is tropic proof, shock and vibration resistant.

Maximum power dissipation (T__ =25°C) 400 mw
Maximum cell voltage (d.c. and repetitive peak) 200 v
Cell resistance (at 50 lux, 2700°K colour temperature) 1.2 kQ
Maximum overall dimensions 44 X 15.9 dia mm

CADMIUM SULPHIDE PHOTOCONDUCTIVE CELLS

GENERAL

This data should be read in conjunction with GENERAL EXPLANATORY NOTES-

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 (measuredunderd.c. conditions, at start of life, with T

=25°C illumination colour temperature = 2700°K)

Min. Typ. Max.

Dark resistance (200V applied in series
with 1M®) (see note 1)

after 20s in darkness 4.0 - =

after 30min in darkness 100 - -
Nluminated resistance (50 lux illumination,
10V applied voltage)

initially after 16h in darkness

(see note 2) 0.75 1.2 3.0

after 15min under the measuring

conditions 0.75 1.5 4.1

Current rise time (time to reach 90% of

the max. value, measured from the instant

of switching on 50 lux illumination after

16h in darkness, 10V applied voltage) ~ - 1.5

Current decay time (timeto reach 10% of

the max. value, measured from the instant

of switching off the illumination, after

16h indarkness and 10s at 50 lux,

10V applied voltage) - - 0.15

amb

MQ
MQ

kQ

kQ
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CHARACTERISTICS (Continued)

Typ. Max.
Sensitivity (50 luxillumination,
10V applied voltage) 0,17 - mA/lux
Temperature coefficient of
illuminated resistance -0.2 -0.5 %/degC
Resistance with 0.5V applied voltage 1.05 =
Resistance with 10V applied voltage
THERMAL CHARACTERISTIC
Thermal resistance from cadmium sulphide
tablet to ambient device free in air 150 degC/W
RATINGS (ABSOLUTE MAXIMUM SYSTEM)
Vcell max. (d.c. and repetitive peak) 200 v
Vcell(pulse) max. (maximum period 5ms,
maximum repetition frequency lpulse/min) 500 A%
Pell max. See page 4
X
pceII(pulse) max. . Peeny M-
Icell max. (d.c. and repetitive peak) 100 mA
Maximum illumination 50 000 lux
o
+
Ttablet max. 85 0C
+
Tamb max. (storage) (see note 3) 50 OC
i +
Tamb max. (operating) (see note 3) 70 OC
in. ; -4
Tamb min. (storage and operating) 0 C

DESIGN CONSIDERATIONS

Apparatus using cadmium sulphide cells should 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. Morethan 95% of the devices pass these tests without per-
ceptible damage.

Shock
25 g (peak), 10 000 shocks in one of the three positions of the cell.
Vibration

2.5 g (peak), 50Hz, 32 hours in each of the three positions of the cell .
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PHOTOCONDUCTIVE CELL ORP52

NOTES

1. The spread of dark resistance is large, and values higher than 100MQ
and 10 000 MQ are possible for the initial and equilibrium dark resis-
tance respectively.

o

. 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. 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.

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 —»
radiation

W

le-15- 9 max—»f

Cell lead’

D

= 26
2
Cell lead” F ‘L—‘{

N

8-0
The polarity of the ( Tt(_)mdg) max
supply is not untinne
important - 37
BZ- min
tinned g |

All dimensions in mm A ___i
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PHOTOCONDUCTIVE CELLS ORP60
ORP6I

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 (Tam =2500) 70 mwW

b
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 6.0diamm

A Unless otherwise stated, data is applicable to both types

This data should beread 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-
tageand 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
Tamp=25°C, illumination colour temperature=2700°K,
unless otherwise stated)

f \ Min. Typ. Max.

Initial dark current (300V applied
in series with 1MQ, after 20s
in darkness) = = 1.5 HA

Initial illuminated current (30V
applied voltage, 50lux illumination

after 16h in darkness) (see note 1) 200 500 800 HA
Sensitivity (50lux illumination,
30V applied voltage) - 10 - pA/lux
~
()
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END OF LIFE CHARACTERISTICS (Measured under d.c. conditions, with
Tymp = 25°C, illumination colour
temperature=2700°K)

None of the following end of life characteristics are expected to be reached
before 2500 operating hours under the following conditions:

Ilumination = 50 to 100lux
Colour temperature 1_1250001{
Power dissipation = 60mW

_ s0
Tamb—35 C

Initial dark current (300V applied
voltage, after 20s in darkness) =3.0 HA

Change of intial illuminated current during
life (30V applied voltage, 50lux illumination,

after 16h in darkness) =60 %
RATINGS (ABSOLUTE MAXIMUM SYSTEM)
Vcell max. (d.c. and repetitive peak) 350 v
pcell max. See page 4
Icell max. (d.c. and repetitive peak) 7.5 nA
o
4
Tamb max. (storage) (see note 2) 50 0C
i +
Ta_mb max. (operating) (see note 2) 70 OC
Tamb min. (storage and operating) -40 (6]

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 (peak), 3000 shocks 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.
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PHOTOCONDUCTIVE CELLS ORPé0

NOTES

ORPé6I

. 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.

. Operation of thecell counteracts the deteriorating effect of long periods

at high temperature. The maximum operating temperature is therefore
higher than the maximum storage temperature.

. The cell may be soldered directly into the circuit, but heat conducted

to the tablet should be kept to a minimum by theuse of a thermal shunt.

. The cell may be dip-soldered at a solder temperature of 24000 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.

OUTLINE AND DIMENSIONS
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jentre of sensitive p——i’ ! Centre of

area | isensitive area

165 15 o
6:0; max  +3 0 gi

[’—"5-1"""’ " pe——"g 18

(- ' 4

5-0 max(untinned) 37 Ili 5:0max(untinned)

.43 ﬁ’ min  0-43 —T—
%iu—ﬂ]:& dia
| |

tinned

ORP 60 Cell lead’ tinned ORP61

<
The polarity of ',//

the supply is not

important All dimensions in

" mm
Cell 'lead

2
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PHOTOCONDUCTIVE CELL ORPé62

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 dissipation (Tamb=25°C) 100 mW
Maximum cell voltage (d.c. and repetitive peak) 350 A%
Cell resistance (at 50 lux, 2700°K colour temperature) 45 kQ
Maximum overall dimensions 16.5x6.0 dia. mm

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, 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 underd. c. conditions, at start of life, with T

=25°C, illumination colour temperature = 2700°K) amb

Min. Typ. Max.
Initial dark resistance (300V applied
in series with 1IMQ, after 20s
in darkness) (see note 1) 150 - & MQ
~\ Illuminated resistance (30V applied
voltage, 50 lux illumination)
initially after 16h in darkness
(see note 2) 30 45 100 kQ
after 15min under the measuring
conditions 30 60 170 kQ
Current rise time See page 5
Current decay time See page 5
Sensitivity (50 lux illumination,
30V applied voltage) - 13 - wA/lux
Temperature coefficient of illuminated
resistance - -0.2 -0.5 %/degC
Resistance with 0.5V applied voltage
P i Resistance with 30V applied voltage - 1.4 -
()
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THERMAL CHARACTERISTIC

Thermal resistance from cadmium sulphide tablet
to ambient, device free in air 600 degC/W

RATINGS (ABSOLUTE MAXIMUM SYSTEM)

Vcell max. (d.c. and repetitive peak) 350 \4
Veell (pulse) max. (maximum period 5ms,

maximum repetition frequency 1 pulse/min) 1.0 kV
pcell max. See page 4
Pcell(pulse) MaX- 5 X Pge]] Max.

T max. +85 °c
tablet 5
Tamb max. (storage) (see note 3) +50 0C
Tamb max. (operating) (see note 3) +70 (o}

o
in. i -40
Tamb min. (storage and operating) 4 C

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 (peak), 10 000 shocks in one of the three positions of the cell.

Vibration
2.5 g (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 1000M&
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 temperature.

The cell may be soldered directly into the circuit, but heat conducted
tothe 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 5mm from the seals.

6. Care should be taken not to bend the leads nearer than 1.5mm from the
seals.
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PHOTOCONDUCTIVE CELL ORPé62

OUTLINE AND DIMENSIONS
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PHOTOCONDUCTIVE CELL ORPé2
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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 suchas flame failure
circuits. The cell is tropic proof, shock and vibration resistant.

Maximum power dissipation (Tamb= 250C) 100 mw
Maximum cell voltage (d.c. and repetitive peak) 350 \%
Cell resistance (at 50 lux, 27000K colour temperature) 30 kQ
Maximum overall dimensions 6.0 dia. X 16.5 mm

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, 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 (measuredunder d.c. conditions, at start of life, with T

=257C, illumination colour temperature = 2700K) amib

Initial dark resistance (300V applied - Typ ax
in series with 1MQ after 20s
in darkness) (see note 1) 100 - = MQ
HNluminated resistance (30V applied
voltage, 50 lux illumination)

initially after 16h in darkness

(see notes 2 and 3) 20 30 60 kQ

after 15min under the measuring

conditions (see note 3) 27 46 115 kQ
Resistance with side incidence 0.7 1.0 1.8
Resistance with end-on incidence .
Current rise time See page 5
Current decay time See page 5
Sensitivity (50 lux illumination,
30V applied voltage) (see note 3) - 17, - pA/lux
Temperature coefficient of
illuminated resistance - -0.2 -0.5 %/degC
Resistance with 0.5V applied voltage 1.4 ~

Resistance with 30V applied voltage

c—
[Mullard]
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THERMAL CHARACTERISTIC

Thermal resistance from cadmium sulphide
tablet to ambient, device free in air 600 degC/W

RATINGS (ABSOLUTE MAXIMUM SYSTEM)

Vcell max. (d.c. and repetitive peak) 350 v

Vcell (pulse) max. (maximum period 5ms,

maximum repetition frequency 1 pulse/min.) 700 A%
pcell max. See page 4

Peell (pulse) A ol Peell mets o
Ttablet max. +85 0C
Tamb max. (storage) (see note 4) +50 C
Tamb max. (operating) (see note 4) +70 ZC
Tamb min. (storage and operating) -40 C

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 (peak), 10 000 shocks 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 spreadof dark resistance is large, and values higher than 1000MQ
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. Measured with end-on incidence.

4. 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.

5. The cell may be soldered directly into the circuit, but heat conducted
to the tablet should be kept to 2 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.
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PHOTOCONDUCTIVE CELL ORP69

OUTLINE AND DIMENSIONS
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PHOTOCONDUCTIVE CELL ORPé69
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PHOTOCONDUCTIVE CELL ORP90

QUICK REFERENCE DATA

B7G 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 (Ta.mb = 250C) 1.0 w
Maximum cell voltage (d.c. and repetitive peak) 350 v
Cell resistance (at 50lux, 2700°K colour temperature) 1.0 kQ
Sensitive area 11 x 29 mm
Maximum overall dimensions 60.3 X 19dia. mm

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, 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
T 1I): 25 °C, illumination colour temperature= 2700°K,
uiless otherwise stated)

Dark current (300V applied in series M Typ. .

with 1MQ)
after 20s in darkness - - 70 HA
after 15min in darkness - - 2.5 HA

Initial illuminated current (50lux

illumination, 10V applied voltage,

after 16h in darkness) (see note 1)
at 2700°K colour temperature 3.0 10 15 mA
at 1500°K colour temperature 6.0 20 31 mA

Sensitivity (50lux illumination,

10V applied voltage) - 0.2 - mA/lux
Current rise time See page 4
Current fall time See page 4

(M
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RATINGS (ABSOLUTE MAXIMUM SYSTEM)

Vcell max. (d.c. and repetitive peak) 350 \Y%
Pl max. See page 3
Tamb max. (storage) (see note 2) +50 ZC
Tamb max. (operating) (see note 2) +70 0C
Tamb min. (storage and operating) -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 thecell counteracts thedeteriorating effect of long periods
at high temperature. The maximum operating temperature is therefore
higher than the maximum storage temperature.

OUTLINE AND DIMENSIONS
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PHOTOCONDUCTIVE CELL ORP90
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PHOTOCONDUCTIVE CELL ORP93

QUICK REFERENCE DATA

Cadmium sulphide photoconductive cell on B7G base, for side-on incidence
of illumination. Intended for use in flame failure, smoke detection and
general industrial applications.

Maximum power dissipation (Ta.mb = 25°C) 1.0 w
Absolute maximum cell voltage
a.c, (r.m.s.) 280 A4
d.c. 400 \'4
Cell resistance (at 50 lux) 19 k2
ot 2
Sensitive area 2.5 cm

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 Ta.mb =25"C)
Cell resistance at 10V d.c., 50 lux and
lamp colour temperature 2700°K

*Initial
Maximum 3.0 kQ
Nominal 1.5 kQ
Minimum 750 Q
Equilibrium
Nominal 1.7 kQ
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 darkness.

ABSOLUTE MAXIMUM RATINGS

Vcell max. (d.c. or a.c. pk) 400 A
Piep) MAX. with uniform illumination (see curve on page C3)
at Tamb=25cC 1.0 w
Tamb )
Maximum (<1 lux illumination) +50 ‘c
Maximum (=1 lux illumination) +70 °c
Minimum -40 °c
(N
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OPERATING NOTES

1. This data is based on the device being uniformly illuminated.

2. Forsources of illumination other than a lamp of colour temperature 2700°K,

the cell resistance should be multiplied by the following approximate factors.

Source of illumination Factor
Incandescent radiation at
colour temperature of :
1500°K 1/2
2000°K 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 illumination is changed the cell resistance changes to a

transient value and then, over a period of approximately 10 minutes assumes

an equilibrium value. The transient usually overshoots the final equilibrium

resistance.

Sensitive surface |s
positioned 32 mm (nom)
in front of centre

of bulb direction of light

a W

\ Cell lead’

Cell lead’
S‘ ic

.

Cell lead” 1€
The polarity of

the ?quly 15 B7G Base
not important

All dimensions in mm

S -

—47-5max

-

54-Smax———5

The sensitive surface to be illuminated (nominally 10 x25)
is located within the indicated area 11x27
(I
Mullard Page D2
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PHOTOCONDUCTIVE CELL ORP93
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PHOTOCONDUCTIVE CELL ORP93
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PHOTOCONDUCTIVE CELL RPYIS8

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 resistant

Maximum power dissipation (Tamb = 25°C) 0.5 W
Maximum cell voltage (d.c. and repetitive peak) 100 A%
Cell resistance (at 50 lux, 2700°K colour temperature) 500 Q
Sensitive area 10x15 mm
Maximum overall dimensions 27x16.3x6.0 mm

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, 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 (measuredunder d.c conditions, at start of life, with T

= ZSOC, illumination colour temperature = 2700°K) amb

Min. Typ. Max.
Dark resistance (100V applied in series

with 1MQ) (see note 1)
after 20s in darkness 5.6 = = M
after 30min in darkness 50 = = MQ

Initial illuminated resistance (after
16h in darkness) (see note 2)
at 50 lux, 10V applied voltage 235 400 1200 Q
at 5000 lux, 1V applied voltage = 25 35 Q
(see note 3)

Equilibrium illuminated resistance (after
15min under the measuring conditions)
at 50 lux, 10V applied voltage 235 480 1560 Q
at 5000 lux, 1V applied voltage = - 35 Q
(see note 3)

NOVEMBER 1968 N RPY18 Page 1



CHARACTERISTICS (Continued)

Resistance decay time (time toreach 509,
measured from the instant of switching on
5000 lux illumination after 16hin darkness)

Resistance risetime (time to reach 2kQ,
measured from the instant of switching off
5000 lux illumination after 5min or more

illumination)

Sensitivity (50 lux illumination, 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 free in air
RATINGS (ABSOLUTE MAXIMUM SYSTEM)

. (d.c. iti k
Vcell max. (d.c. and repetitive peak)

Vcell (pulse)

maximum repetition frequency lpulse/min)

Peen M
Peell (pulse) ma.

s (ds B iti
Iceumax (d.c. and repetitive peak)

Maximum illumination
Ttablet max. (see note 4)

Tamb max. (storage) (see note 5)

Tamb max. (operating) (see note 5)

Tambmm' (storage and operating)

DESIGN CONSIDERATIONS

max. (maximum period 5ms,

Typ. Max.

5.0 25 ms
40 200 ms
0.5 - mA/lux
-0.2 -0.5 %/degC
1.1 -
120 degC/W
100 \%
250 v
See page 5
Sxpcell max.
250 mA
50 000 lux
+85 °c
+50 °c
+70 °c
-40 °c

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 productionare submitted to shock and vibration
tests as below. More than 95% of the devices pass these tests without per-

ceptible damage.
Shock

25 g (peak), 10 000 shocks in one of the three positions of the cell.

Vibration

2.5 g (peak), 50Hz, 32 hours in each of the three positions of the cell.

(.
NOVEMBER 1968
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PHOTOCONDUCTIVE CELL RPYIS8

NOTES.
1.

w

[=2]

-3
.

The spread of dark resistance is large, and values higher than 15MQ
and 2000MQ are possible for the initial and equilibrium dark resistance
respectively.

. 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,

Maximum during life 40%.

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.

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.

The cell may be soldered directly into the circuit, but heat conducted
to the tablet should be keptto a minimum by the use of a thermal shunt.

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.

. Care should be taken not to bend the leads nearer than 1.5mm from the

seals.

OUTLINE AND DIMENSIONS

141-159

je—10 - 44-50

o —=
5_

| !

|

]

|

|
N
+
n
N
3N
ERN

-

-

6:0max

0-43 dia.

Y
=
50
33
i
o
0
3w
B3

All dimensions in mm

The spacing of the leads is compatible with
the standard 2.54mm (0.1 in) printed wiring grid

()

[Mullard|
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PHOTOCONDUCTIVE CELL RPYIS8
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PHOTOCONDUCTIVE CELL RPYI9

QUICK REFERENCE DATA

Flat cadmium sulphide photoconductive cell for side incidence intended
foruseingeneral control circuits. Thecell is tropic proof, shock and
vibration resistant.

Maximum power dissipation (Tamb = 250C) 0.5 w
Maximum cell voltage (d.c. and repetitive peak) 400 v
Cell resistance (at 50 lux, 2700°K colour temperature) 3.0 kQ
Sensitive area 10x15 mm
Maximum overall dimensions 27x16.3x6.0mm

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, temperature, time of operation in the circuit, and opera-
tionduring 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(measuredunder d.c. conditions, at start of life, with Tamb
= 250C, illumination colour temperature = 2700°K)

Min, Typ. Max,

Dark resistance (300V applied in series

with IMQ) (see note 1)
after 20s in darkness 10 - - MQ
after 30min in darkness 200 - = MQ

Iluminated resistance (50 lux illumination,

10V applied voltage)
initially after 16h in darkness (seenote 2) 1.4 3.0 6.6 kQ
after 15minunder the measuring
conditions 1.4 3.8 9.0 kQ

Resistancedecay time (time toreach 20k,
measured from the instant of switching on
50 lux illumination after 16h in darkness,
10V applied voltage) - - 0.2 s

Resistance rise time (time to reach 1MQ,

measured from the instant of switching off

50 lux iZlumination, after 5min or more

illumination, 10V applied voltage) - 0.6 1.25 s

OCTOBER 1968 N RPY19 Page 1



CHARACTERISTICS (Continued)

Typ. Max.
Sensitivity 0.07 - mA/lux
Temperature coefficient of
illuminated resistance -0.2 -0.5 %/degC
Resistance with 0.5V applied voltage 1.1 B

Resistance with 10V applied voltage
THERMAL CHARACTERISTIC

Thermal resistance from cadmium sulphide
tablet to ambient,device free in air 120 degC/W

RATINGS (ABSOLUTE MAXIMUM SYSTEM)

Vcell max. (d.c. and repetitive peak) 400 v
Vcell(pulse) max. (maximum period 5ms,
maximum repetition frequency 1 pulse/min) 1.0 kV
pcell max. See page 5
s ax.
Peell (pulse) R - Peenn™
Icell max. (d.c. and repetitive peak) 250 mA
Maximum illumination 50 000 lux
o
A +85
Ttablet max. (see note 3) oC
+
Tamb max. (storage) (see note 4) 50
Tamb max. (operating) (see note 4) +70 OC
o
in. i -40
Tambmm (storage and operating)

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
25 g (peak), 10 000 shocks in one of the three positions of the cell.

Vibration

2.5 g (peak), 50Hz, 32 hours in each of the three positions of the cell.
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PHOTOCONDUCTIVE CELL RPYI9

NOTES

. The spread of dark resistance is large, and values higher than 100MQ

and 10 000MS are possible for the initial and equilibrium dark resistance
respectively.

. 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.

. 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.

. 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.

. 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.

. 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.

. Care should be taken not to bend the leads nearer than 1.5mm from the

seals.

OUTLINE AND DIMENSIONS
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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

o
QUICK REFERENCE DATA
Flat cadmium sulphide photoconductive cell for use in general control
applications 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 w
Maximum cell voltage (d.c.and repetitive peak) 400 v
Cell resistance (at 50lux, 2700°K colour temperature) 1.5 k@
Sensitive area 3.2 cm?
This data should be read in conjunction with GENERAL EXPLANATORY NOTES-
CADMIUM SULPHIDE PHOTOCONDUCTIVE CELLS
VY
GENERAL
The electrical properties of cadmium sulphide cells are dependent on many
factors, suchas 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
aretherefore 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 = 250C, lamp colour temperature = 2700°K)
Min. Typ. Max.
Dark resistance (300V applied in series
with 1MQ) See note 1
£ after 20s in darkness 6.5 - - MQ
after 30min in darkness 120 - - MQ
Illuminated resistance (50lux illumination,
10V applied voltage)
initially after 16h darkness (See note 2) 0.7 1.5 3.3 kQ
after 15min illumination 0.7 1.9 4.5 kQ
Resistance decay time (time to reach
10kQ, measured from the instant of
applying 50lux illumination after 16h
darkness, 10V applied voltage) - - 0.2 s
Resistance rise time (time to reach
1MQ, measured from the instant of switching
off 50lux illumination after 5min or
more illumination, 10V applied voltage) - 0.9 1.5 E
A
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CHARACTERISTICS (Continued)

Typ.
Sensitivity (50lux illumination, 10V applied
voltage) 0.15

Temperature coefficient of illuminated
resistance -0.2

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 60

RATINGS (ABSOLUTE MAXIMUM SYSTEM)

Vcell max. (d.c. and repetitive peak) 400

Icell max. (d.c. and repetitive peak) 500

pceu max.

Maximum illumination 50 000

Maximum temperature of cadmium sulphide
tablet (see note 3) +85

+!
Tamb max. (storage) (see note 4) 50

i +
Tamb max. (operating) (see note 4) 70

Tamb min. (storage and operating) -40

TYPICAL TWILIGHT SWITCHING CIRCUIT

- mA/lux

-0.5 %perdegC

degC/W

v
mA
See page C2

lux

022 pF
+10°%e RPY 20
220V Zise RLAl
50Hz a;u—‘;
—
V.D.R. Voltage dependent resistor, 10mA at 180V, 2W.
F Absorption filter to be used to correct circuit spreads and
toadjust the switching level (10 to 70lux). Light transmission
5 to 20%.
RLA D.C. relay, 20kQ, ratiol /I . <2.7(e.g.I _=2mA,I =
0.8mA). on’ “off on off

DESIGN CONSIDERATIONS

Apparatus with 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.

Muliard
MARCH 1968
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PHOTOCONDUCTIVE CELL RPY20

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 (peak), 10 000 shocks 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 100M®
and 10 000MQ are possible for the initial and equilibrium dark resistance
respectively.

After 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.

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.

Operation of the cell counteracts the deteriorating effect of long periods
at high temperature. The maximum operating temperatureis therefore
higher than the maximum storage temperature.

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.

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.

Care should be taken not to bend the leads nearer than 1.5mm from the
seals.
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OUTLINE AND DIMENSIONS
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the standard printed wiring grid 2.54mm (0. 1in)
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PHOTOCONDUCTIVE CELL RPY20
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PHOTOCONDUCTIVE CELL RPY30

TENTATIVE DATA

QUICK REFERENCE DATA

A {lat cadmium sulphide photoconductive cell in a plastic encapsulation.

Maximum power dissipation (Tamb = 25°C) 200 mW
Absolute maximum cell voltage (pk) 150 A%
Cell resistance (at 50 lux) 1.6 kQ
Sensitive area 0.6 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 2700°K

Typical 75 to 300 Q
Minimum ultimate dark resistance 10 MQ

RATINGS (ABSOLUTE MAXIMUM SYSTEM)

vcell max. (pk) 150 '
Pcell max. with uniform illumination at Tamb =25°C 200 mW
amb
Maximum +60 €
Minimum -30 °c
(R
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OPERATING NOTES
1. The data is based on the device being uniformly illuminated.

2. Forsources of illumination other than a lamp of colour temperature 2700°K,

the cell resistance should be multiplied by the following approximate factors.

Source of illumination factor

Incandescent radiation at colour temperature of:
1

1500°K /2
2000°K 2/3
Sunlight 4/3
White fluorescent 2

3. When the cell illumination is changed the cell resistance changes to a
transient value andthen, over a period of approximately 10 minutes assumes
an 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.

~—10-8—=

\Cell lead”
\ 12:2
max 1
i L
, 1
Celllead”
The polarity of the . — 33
supply is not B
important
0.5—- p——

%
=

All dimensions in mm
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PHOTOCONDUCTIVE CELL RPY30

oo =EFRPva0 EEE— e
NG Lamp colour temperature
‘\\ = 2700°K
b N
10
— \\
< N
S
g ™
810 :
o == .
I
= \\
. N
S N
O 3 \\
O 1 \\
N
N\
N
N
N
N
o0 |
10 10 100 1000 10000

Tllumination (lux)

TYPICAL CELL RESISTANCE PLOTTED AGAINST ILLUMINATION

DECEMBER 1967 Q7 RPY30 Page Cl



RPY30 B3go2
200,
2
S
{ =)
9
=
o
Q
‘0 .
L | -
o | B BEEERRL
§ 100 Fttert it
- Permissible area
— of operation
%A
-50 100

50
Tamb(°C)

MAXIMUM CELL DISSIPATION PLOTTED AGAINST AMBIENT
TEMPERATURE

DECEMBER 1967 RPY30 Page C2




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.

Maximum power dissipation asameasuringdevice 10 mw
for general use 75 mW

Maximum cell voltage (d. c. and repetitive peak) 50 v

Cell resistance (at 25 lux, 285401{ colour temperature) 2.5 ko

Sensitive area 4.9%x3 mm

Maximum overall dimensions 9.4 dia. X 3.4 mm

This data should beread in conjunction with GENERAL EXPLANATORY NOTES-
CADMIUM SULPHIDE PHOTOCONDUCTIVE CELLS

CHARACTERISTICS (measured under d.c. conditions, at start of life, with

=250
Ta.mb 576l

The cell is pre-conditioned for at least 1 hour with 300 lux illumination (fluores-
cent light)
Min. Typ Max.
Initial dark resistance (50V applied
voltage, 20s after switching off an
illumination of 25.6 lux) 100 - = kQ

Initial illuminated resistance (25.6 lux
illumination, 2854°K colour temperature,
1V applied voltage) 1.33 - 4.4 kQ

Current decay time (time to reach 10%
of the current at the instant of switching
off 5 lux illumination) = 3.0 = s

Gamma over the illumination range
0.4 to 25.6 lux (see note 1) 0.63  0.75 0. 87

Illuminated current drift (over 10min
period, 50 lux illumination) = - 10

Pre-conditioning factor (see note 2) 0.9 - 1.2

o
Illumination at 2700 K (for the same
[lumination at 4700°K cell resistance)
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RATINGS (ABSOLUTE MAXIMUM SYSTEM)

Vceuma.x. (d.c. and repetitive peak) 50 v
pcell max. for use as a measuring device 10 mWw
for general use 75 mWwW
T  max. +60 ‘
amb G
min. —40
amb

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
50 g (peak), 5 shocks in each of the three positions of the cell.
Vibration

2.5 g (peak), 50Hz, 32 hours in each of the three positions of the cell.

NOTES
1. Gamma= log R1/R2 where R1=resistance at illumination E1
’ log E2/E1 and R2 =resistance at illumination E2

Cellcurrentat 0.4 luxafter 3 days in darkness
Cell current at 0.4 lux after 1 hour precon-
ditioning at 300 lux (fluorescent light)

2. Pre-conditioning factor =

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.
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PHOTOCONDUCTIVE CELL RPY33

OUTLINE AND DIMENSIONS
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PHOTOCONDUCTIVE CELL RPY43

QUICK REFERENCE DATA

Flat cadmium sulphide photoconductive cell for side incidence. The
device satisfies I. E. C. Test C (dampheat test-long term exposure),
as given in 1. E. C. publication 68-2.

Maximum power dissipation (T_ . = 25°C) 0.75 W
Maximum cell voltage (d.c. and repetitive peak) 400 v
Cell resistance (at 50 lux, 27 OOOK colour temperature) 1.5 kQ
Maximum overall dimensions 30.5%X13.5%2.0 mm

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, temperature, time of operation in the circuit, and opera-
tion during the 24 hours priorto 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 T

= 25°C, illumination colour temperature = 2700°K) amb
Min. Typ. Max.
Dark resistance (300V applied in series
with 1M9) (see note 1)
A after 20s in darkness 10 - - MQ
after 30min in darkness 200 - - MQ
Illuminated resistance (50 lux illumination,
10V applied voltage)
initially after 16h in darkness
(see note 2) 0.7 1.5 3.3 kQ
after 15min under the measuring
conditions 0.7 1.9 4.5 kQ
Resistance decay time (time to reach 10k,
measured from the instant of switching on
50 lux illumination after 16h in darkness,
10V applied voltage) - - 0.2 s
Resistance rise time (time to reach 1M,
f \ measured from the instant of switching off
50 lux illumination, after 5min or more
illumination, 10V applied voltage) = 0.9 1.5 s
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CHARACTERISTICS (Continued)

Sensitivity (50 lux illumination, 10V applied voltage) 0.15 - mA/lux
Temperature coefficient of

illuminated resistance 0.2 0.5 %/degC
Resistance with 0.5V 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 2°C, 90 to 95% humidity) given in publication 68-2 of the
International Electrotechnical Commission (I.E. C.)

RATINGS (ABSOLUTE MAXIMUM SYSTEM)

vcell max. (d.c. and repetitive peak) 400 v
vcell(puls,e) max. (maximum period 5ms,
maximum repetition frequency lpulse/min) 1.0 kV
Peell max See page 5
ax.
pcell(pulse) " ax pcell Az
Icell max. (d.c. and repetitive peak) 500 mA
Maximum illumination 50 000 Tux
o
Ttablet max. (see note 3) +85 {6,
o
Tamb max. (storage) (see note 4) +50 C
. o
Tamb max. (operating) (see note 4) +70 c
. . o
Tam‘b min. (storage and operating) -40 C

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
25 g (peak), 10 000 shocks in one of the three positions of the cell.

Vibration

2.5 g (peak), 50Hz, 32 hours in each of the three positions of the cell.
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PHOTOCONDUCTIVE CELL RPY43

NOTES

. 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.

. 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.

. 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.

. 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.

. Care should be taken not to bend the leads nearer than 1.5mm from the

seals.

OUTLINE AND DIMENSIONS
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PHOTOCONDUCTIVE CELL RPY43
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PHOTOCONDUCTIVE CELL RPY54

QUICK REFERENCE DATA

Cadmium sulphide photoconductive cell 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) 0.5 w
Maximum cell voltage (d.c.and repetitive peak) 200 v
Cell resistance (at 50lux, 2700°K colour temperature) 1.5 kQ
Sensitive area 1.8 cm2

This data should be readin conjunction with GERERAL EXPLANATORY NOTES-
CADMIUM SULPHIDE PHOTOCONDUCTIVE CELLS

GERERAL

The electrical properties of cadmium sulphide cells are dependent on many
factors, suchasillumination, 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
aretherefore 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 temperature =2700°K)

Min. Typ. Max.

Dark resistance (200V applied in series

with 1M©) See note 1
after 20s in darkness 6.5 - - MQ
after 30min in darkness 120 - - MQ

Illuminated resistance (50lux illumination,
10V applied voltage)
initially after 16h darkness (see note 2) 0.
after 15min illumination 0

kQ
kQ

-

Resistance decay time (time to reach

10k®, measured from the instant of

applying 50lux illumination after 16h

darkness, 10V applied voltage) - - 0.2 s

Resistance rise time (time to reach

1MQ, measured from the instant of switching

off 50lux illumination after 5min or

more illumination, 10V applied voltage) - 0.9 1.5 s
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CHARACTERISTICS (Continued)

Typ. Max.
Sensitivity (50lux illumination, 10V applied
voltage) 0.15 - mA/lux
Temperature coefficient of illuminated
resistance -0.2 -0.5 %perdegC
Resistance with 0.5V applied voltage 1.1 -
Resistance with 10V applied voltage
THERMAL CHARACTERISTIC
Thermal resistance from cadmium sulphide
tablet to ambient, device free in air 120 degC/W
RATINGS (ABSOLUTE MAXIMUM SYSTEM)
vcell max. (d.c. and repetitive peak) 200 v
Icell max. (d.c. and repetitive peak) 250 mA
2

Peell max. See page C
Maximum illumination 50 000 lux
Maximum temperature of cadmium sulphide o
tablet (see note 3) +85 C
Ta.mb max. (storage) (see note 4) +50 °c

o

i +

Ta.mb max. (operating) (see note 4) 70 oC
Tamb min. (storage and operating) -40 C

DESIGN CONSIDERATIONS

Apparatus with 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
perceptible damage.

Shock
25g (peak), 10 000 shocks 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 000MQare 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 illumination
resistance and the resistance decay time.
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PHOTOCONDUCTIVE CELL RPY54

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 deteriorating effect 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 should be kept to a minimum by the useof a thermal shunt.

6. The cell may be dip-soldered at a solder temperature of 24000 for a
maximum of 10 seconds up te a point 5mm from the seals.

7. Care should be taken not to bend the leads nearer than 1.5mm from the
seals.

OUTLINE AND DIMENSIONS
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The spacing of the leads is compatible with
the standard printed wiring grid 2.54mm (0. 1in)
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PHOTOCONDUCTIVE CELL RPY54

10° — — ]
1 RPYS54 = ——B8081
R Measured at 10V d.c.
Q) f
T
\
108
7
Il
N i | 1l
107 / [IIEE H
A/ Ro, after switching off
¥ A/ Ha 5 minute illumination
Ay AL of: \
AN ‘ y AN 5 Jux i
6 \ AN 'v// 50 lux
10 = 2L 500 lux
| B / 5000 lux
\
“~~ ,
10° ‘><\/ / R, after 16 hours of darkness
i 3\ 7 and switching on an illuminati
‘. [l of :
‘ \ 7
Yk i =
o Y L
10° —T1 il \ |/ _/ TS fux
A ~
s ™~ e e
10° \ \_/ 50 lux
N,
" N/ 500 lux|
\ [/
2
10
— N
— 5000 lux
HHH
. i I
1 10 102 10° 10% 10° 1P

t(ms)

RESISTANCE RISE AND FALL TIME CURVES
WITH ILLUMINATION AS PARAMETER

MARCH 1968 N, RPY54 Page C1



J | 1] ‘l RPY54 B839
P i EEEEEE Device in free air
max [ T[] [ J_l;r Maximum averaging time = 2s
(W) [ : I O
1T 1 I |
[ | I i
T AEESEEEEEEEmES
10 R O
1T SmEEEEEEE. ]
|
(1] T T |
‘ T 11 I T
HEEEE 11 T
T ] 1T
| | | T
HHH HHH
OsHT : HH
I I 117
] EEERE
T i
T T
Il T T | | 1
o [ 1111 111 | 11 | |
o 20 40 60 80 100
o,
Tamb (€)
MAXIMUM POWER DISSIPATION PLOTTED AGAINST
AMBIENT TEMPERATURE
S = T T T T T T T T
L £ RPY54 B8049
R
()
N Measured at 10Vd.c.
- Lamp colour temperature = 2700°K
N
N
‘\*
10° N
7 NG
1
N
™
N
10 \‘
F .
10U~ . L A
1 10 102 10° 10?

Tilumination (lux)
INITIAL CELL RESISTANCE PLOTTED AGAINST ILLUMINATION

MARCH 1968 RPY54 Page C2




PHOTOCONDUCTIVE CELL RPY55

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 cellis tropic proof, shock and vibration

resistant.

Maximum power dissipation (Tamb= 2500) 1.0 w
Maximum cell voltage (d.c. and repetitive peak) 200 v
Cell resistance (at 50 lux, 27000K colour temperature) 420 Q
Maximum overall dimensions 7.6x32 dia. mm

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, 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 underd. c. conditions, at sta_rt of life, with T

=25°C, illumination colour temperature= 2700° K) b

Dark resistance (200V applied in series Min. Typ.  Max.

with 1MR) (see note 1)
after 20s in darkness 3.0 = 2 MQ
after 30min in darkness 50 - - MQ

Illuminated resistance (50 lux illumination,

10V applied voltage)
initially after 16h in darkness (seenote 2) 250 420 1250 Q
after 15minunder the measuring conditions 250 530 1700 Q

Resistance decay time (time to reach 5. 0k,

measured from the instant of switching on

50 lux illumination after 16h in darkness,

10V applied voltage) - - 0.3 s

Resistance rise time (time to reach 1MQ,

measured from the instant of switching off

50 lux illumination, after 5min or more

illumination, 10V applied voltage) - - 2.0 s
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CHARACTERISTICS (continued)

Typ. Max.
Sensitivity (50 lux illumination, 10V applied voltage) 0.5 = mA/lux
Temperature coefficient of
illuminated resistance -0.2 —-0.5 %/degC

Resistance with 0.5V applied voltage
Resistance with 10V applied voltage 1.05 -~

THERMAL CHARACTERISTIC

Thermal resistance from cadmium sulphide
tablet to ambient, device free in air 60 degC/W

RATINGS (ABSOLUTE MAXIMUM SYSTEM)

Vcell max. (d.c. and repetitive peak) 200 \%
Vcell(pulse) max. (maximum period 5ms,
maximum repetition frequency 1lpulse/min) 500 A%
2 See page 4
Peen ™% Reg
Peell (pulse) Max. PP er ™A
Iceuma.x. (d.c. and repetitive peak) 250 mA
Maximum illumination 50 000 lux
o
T +85
tablet " oc
Tamb max. (storage) (see note 3) +50 o]
Tamb max. (operating) (see note 3) +70 oc
T min. (storage and operating) -40 OC
amb

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
25 g (peak), 10 000 shocks in one of the three positions of the cell.
Vibration

2.5 g (peak), 50Hz, 32 hours in each of the three positions of the cell.
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PHOTOCONDUCTIVE CELL RPY55

NOTES

1. The spread of dark resistance is large, and values higher than 50M®
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. 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.

OUTLINE AND DIMENSIONS

e—— 315105 ———=t

\ .__2230‘10-‘2 ‘T

20:0 to 20-8
Window. T

1 E
725 189, T
+0:35
P | 22'8
i max.
39 741
max. 65 max. min
1. +0:050
1 016_ 0-100
+—19-0
t0-35
All dimensions in mm
ACCESSORY
Pin connector 55561
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PHOTOCONDUCTIVE DEVICE

TENTATIVE DATA

RPY58

QUICK REFERENCE DATA

Cadmium sulphide photoconductive device for side incidence in plastic
encapsulation. The device consists of two cells connected in series,
and is intended for general applications.

Maximum power dissipation (Tambs 40°C) 200 mWw
Maximum cell voltage (d.c. and repetitive peak) 50 A%
Cell resistance (at 50 lux, 2700°K colour temperature) 600 Q
Maximum overall dimensions 6.0X6.0x%2.0mm

CADMIUM SULPHIDE PHOTOCONDUCTIVE CELLS

This data should be read in conjunction with GENERAL EXPLANATORY NOTES -

k@

mA
o¢
2%C
oc

CHARACTERISTICS (measured under d.c. conditions, at start of life, with
Tamb:%oc’ illumination colour temperature = 2700°K)
Min. Typ. Max.
Initial dark resistance (50V applied in
series with 1MQ, after 20s in darkness) 200 = =
Initial illuminated resistance (1V applied
voltage, 50 lux illumination, after 16h in
darkness) 0.35 0.6 1.4
Initial drift = 0 =
Resistance at 4700°K colour temperature
Resistance at 2700°K colour temperature
(at constant illumination) E 1.2 =
RATINGS (ABSOLUTE MAXIMUM SYSTEM)
Vcell max. (d.c. and repetitive peak) 50
Vcell(pulse) max. (maximum period 5ms,
maximum repetition frequency 1 pulse/min) 160
X. S age 3
P oy Max ee page
. (d.c. 0 - 8 25
Icell max. (d.c. and r.m.s.)
. +50
Tamh max. (storage)
. i +70
Tamb max. (operating)
Tamb min. (storage and operating) -40

APRIL 1969 N\ RPY58 Page 1



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 @ minimum by the use of a thermal shunt.
It maybe 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

60— 2-:0 max
max

Incident
radiation

()
o

3w

5N
N
T

y A’//
—|~@0.53

‘ tinned cell leads

) IS I L The polarity of the supply

——-] le_2:54 is not important

All dimensions in mm

The spacing of the leads is compatible with
the standard 2.54mm (0.1lin) printed wiring grid
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PHOTOCONDUCTIVE DEVICE RPY58
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PHOTOCONDUCTIVE CELLS 4]SV

625V

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. Alsoavailable without metal envelope
for cooled operation.

Spectral response from 0.3 to 3.5um and intended for use with pulsed

or modulated radiation.

61SV 625V
Wavelength at maximum response 2.2 2.5 um
Resistance 1.5 1.5 MQ
Responsivity (2. Oum radiation) 8.0x 104 1.2x 10:_J V/W
D* (2. 0pm, 800, 1) 4.0x1010 6.0}{1010 cm(Hz)%/W
Time constant 100 175 us
Sensitive area 6.0x6.0 6.0x6.0 mm

Unless otherwise stated, data is applicable to both types
CHARACTERISTICS (at Tamb =20°C under conditions specified in note 1)

61SV 625V
Wavelength at maximum response 2.2 2.5 um
Spectral response range (see page 5) 0.3 to 3.5 0.3 to 3.5 um
Cell resistance min. 1.0 1.0 MQ
typ. 1.5 1.5 M
max. 4.0 4.0 MQ
Time constant
(see note 2) typ. 100 175 us
Noise voltage
(see note 3) typ. 8.5 8.5 A%
MONOCHROMATIC PERFORMANCE (see notes 1 and 4)
Responsivity (to 2, 0um 4 5
radiation) typ. 8.0x10 1.2x10 V/W
D* (2. Opm, 800,1) typ. 4.0x1010 6.0xlO10 cm(Hz)%/W
N.E.P. (2.0¢m,800,1) typ. 1.5x10°H 1.ox10”t w
(R
APRIL 1969 61SV-Page 1




BLACK BODY PERFORMANCE (see notes 1 and 4)

61SV 628V
Responsivity (to 5000K 9 3
radiation) min. 2.2x10 1.0x10 v/W
typ. 1.3x10° 2.0x10° V/W
D* (500°K, 800, 1)  min. 2.2x10° 6.0x10°  cm@z)y2/W
typ. (:'n.5x108 1.0x109 cm(Hz)1/2/W
N.E.P. (500°K, 800,1) typ. 9.2x10 10 6.0x10 10 w
max. 2.7x107° 1.0x107° w
RATINGS (ABSOLUTE MAXIMUM SYSTEM)
Electrical
Vcell max. 250 A%
Icell max. 0.5 mA
Temperature (see note 5)
Tamb max. (storage and operating) +60 °c
Tamb min. (storage and operating) N
Encapsulated version -55
Cooled version -80 .

NOTES

1.

TEST CONDITIONS

Characteristics are measured with the cell biased from a 200V d.c.
supply in series with a 1. 0OMQ load resistor. No correction is made for
the loading effect of the 1. 0MQ resistor, i.e. open circuit characteris-
tics are not given.

A monochromatic source provides a uniform field at 2. 0um wavelength
so as to provide a steady irradiance of 0. 86uW/ cm? at the sensitive ele-
ment. However the beam is modulated at 800Hz, giving an actual r.m.s.
power at the element of % ==(. 4,u.W/cm2.

Irradiation from the 500 °K black body source is also square wave modu-
lated at 800Hz, giving an actual r.m.s. power of4.55/.LW/cm2. Measure-
ments of the detector output are made with an amplifier tuned to 800Hz
with a bandwidth of 50Hz.

[Mullard| GiSv-Page?
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PHOTOCONDUCTIVE CELLS 6|SV
625V

2. FREQUENCY RESPONSE

The 61SV and 62SV have typical time constants of 100us and 175us res-
pectively. These figures represent the time for the output to drop to
e~1 of its value after radiation on the cell has been cut off, Because of
this, responsivity varies with the frequency of interruption of the radia-
tion in accordance with the following relationship:

SO
S =

N/ 1+47T2 f2 t2
where S and S, are theresponsivities at frequencies f and zero respec-
tively, and t is the time constant.

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 6. At high currents the noise increases more
rapidly than the signal, and therefore the signal-to-noise ratio hasa
peak value at some optimum current, which will vary slightly from cell
to cell. A typical value is 20KA.

4. RESPONSIVITY
Responsivity is defined as the r.m.s. signal voltage per unitr.m.s.
radiant power, expressed in volts per watt.
N.E.P. and D*

These are figures of merit for the materials of detectors and are fully
discussed in most textbooks on infrared, e.g. "Infrared 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

\Y%

=S %
D*=V_x (A1)
w
where Vs = Signal voltage across detector terminals.
V_ = Noise voltage across detector terminals.
A = Detector area
(Af) = Bandwidth of measuring amplifier.

W = Radiation power (watts 1. m.s.) incident on detector sen-
sitive element.

APRIL 1969 NG 61SV-Page 3



The figures in brackets which follow D* and N.E.P. refer to the test
conditions, e.g. D* (2.0um, 800, 1) denotes monochromatic radiation
of 2.0umwavelength incident on the detector, modulation frequency 800Hz
and an electronic bandwidth of 1. 0Hz.
The Noise Equivalent Power (N. E. P.) is related toD* by the expression
1
A)?
N.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 DRAWING OF 61SV AND 62SV

r¢—17-5—»

22 max Glass 10 .
dewar. Sensitive layer

Celllead' \ I T
’;/ ’ 17
a8 11;3 l
41 3
max | 3
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The polarity of ]IH Y
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not P e 13°8 |
+:05
6
"
61SV 6 . 61sV
Sensitive
area
0.5
62sV 62SV
All dimensions in mm. ENCAPSULATED COOLED

VERSION VERSION

SOCKET
A suitable socket for the encapsulated version is Belling-Lee type 789/CS.

APRIL 1969 61SV-Page 4

A4

v



PHOTOCONDUCTIVE CELLS §]|SV
625V
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PHOTOCONDUCTIVE CELLS 6]SV
625V
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PHOTOCONDUCTIVE CELLS 6|SV
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PHOTOCONDUCTIVE CELL 63Tv
Cooled lead telluride photoconductive cell having a

high infra-red sensitivity at liquid air temperature.

SENSITIVE AREA

The sensitive area is 0.1sq.cm., the two electrodes being 10mm long
and 1.0mm apart.

CHARACTERISTICS (measured with the cell cooled by liquid oxygen)

Peak spectral response 4.2 ©
Spectral response range 0.6 to 6.0 u
Sensitivity (see notes)
Black body at 200°C 650 Vr.m.s./W
(pk to pk)
Signal-to-noise ratio =250
Noise equivalent power (bandwidth 1c/s) <8x10-10 W

(Test conditions 1.36u.W of radiation falling on the cell area with
150V applied across cell and 1.0MQ load resistor. The interruption
frequency of the radiation is 800c/s and the measuring amplifier
bandwidth is 50c/s.)

Cell resistance (variation from cell to cell) 1to 50 MQ
Time constant 10 to 100 us
Noise equivalent power at 4u 22 x10-1° W

LIMITING VALUES (absolute ratings)
*Maximum applied voltage across cell and load 250 A4

*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
that the signal for a given irradiation energy is dependent upon the applied
voltage and is linear up to about 200V across cell and load.

The 63TV has a high infra-red sensitivity and its performance is usually
defined in terms of volts/(radiation source watt) across the cell load, when
subjected to interrupted radiation from a black body at some specified
temperature. For spectroscopic work it is of use to have the cell sensitivity
at some fixed wavelength. For the 63TV this is given at 4u.

As a limiting measure of cell sensitivity the signal-to-noise ratio for a
given amount of interrupted radiation from a black body is usually given
or what is the same thing, the noise equivalent power i.e. the radiation
falling on the cell which will produce a signal equal to the cell noise with
a test amplifier bandwidth of 1¢/s.

Mullard
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63Tv PHOTOCONDUCTIVE CELL

Sensitivity of 63TV for different source temperatures. The sensitivity of the
63TV increases rapidly with the radiation source temperature. This is
illustrated by the fact that if the source temperature changes from 200
to 500°C the sensitivity increases by a factor of 25.

ADDITIONAL INFORMATION

Shape of spectral response curve.
It is found that some cells have curves which have a secondary
peak in the region of 2u. The height of this peak is variable and in
many cells it is completely absent.

Applications
(1) Detector for spectroscopic work out to 6.0u
(2) Rapid scanning spectrometry out to 6.0u

(3) Gas analysis.

OCTOBER 1958 (2) N, Page D2



PHOTOCONDUCTIVE CELL 63Tv
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86 max

All dimensions in mm
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63Tv PHOTOCONDUCTIVE CELL

rt—— 37—

All dimensions in mm

MIRROR ATTACHMENT

FOR 63TV 3025
(@
[Mullard |
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PHOTOCONDUCTIVE CELL 63Tv

Response 63TV 3024
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PHOTOCONDUCTIVE CELL
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PHOTOEMISSIVE GENERAL EXPLANATORY
TUBES NOTES

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 intored sensitive and blue sensitive
photo tubes; the spectral response depends upon the photocathode material.
Blue sensitive tubes have a type 'A'or type 'U' cathode (caesium 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.

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 current.

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 operating ranges of both groups of photo tube the anode
current is directly proportional to the quantity of light incident on the
cathode surface.

Luminous sensitivity

The response of a photo tube to light falling on its cathode is termed its
luminous sensitivity; this is expressed in micro-amperes per lumen. The
sensitivity of all types of photo tube is dependent upon the colour tem-
perature of the light source and in some cases upon the portion 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.
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GENERAL EXPLANATORY PHOTOEMISSIVE
NOTES TUBES

Luminous sensitivity (cont'd)

Unless otherwise stated, the values given in the data sheets have been
obtained by illuminating the total useful cathode area with an incandescent
lamp having a colour temperature of 2700°K.

The values given for sensitivity on the data sheets are the initial values
for average photo tubes. The ratio between the maximum and minimum
initial sensitivity of photo tubes of a given type will not exceed 3 to 1.

Dark current

This is the current which flows between the photocathode and anode when
the photo tube is in total darkness. 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 therefore increase with temperature and
voltage.

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 sensitivity becomes
dependent upon the frequency.

The sensitivity of gas-filled photo tubes, however,decreases withincreasing
frequency. At a frequency of 15 000Hz this decrease is about 3dB, as shown
in the accompanying curve.

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 tem-
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 temperature
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 to minimise
this effect.

MARCH 1969 S Page 2



PHOTOEMISSIVE GENERAL EXPLANATORY
TUBES NOTES

OPERATIONAL NOTES
Stability during life

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 operation will be wholly or partially restored
during inoperative periods.

Prevention of glow discharge

Gas-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 occur, and this may adversely affect the good operation of the photo
tube and can even result in rapid destruction of the photocathode. If ac-
cidental overrunning 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 recommended.

MOUNTING

If no restrictions are made on the individual published data sheets, photo
tubes may be mounted in any position.

STORAGE

It is necessary for photo tubes to be always stored in the dark.

RATINGS

The ratings of photo tubes are given according to the absolute maximum
rating system.

OUTLINE DIMENSIONS

The outline dimensions are given in millimetres,
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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 (S11) 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 - High vacuum
Example:- 150AV

150 A \%

Serial number Type A (S11) High vacuum
phtotcathode
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PHOTOEMISSIVE GENERAL EXPLANATORY
TUBES NOTES
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GENERAL EXPLANATORY PHOTOEMISSIVE
NOTES TUBES
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PHOTOEMISSIVE SPECTRAL RESPONSE
CELLS

Two types of photocathodes are used in Mullard 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.

v T
2 i =
i SEEEIS:
w ]rL Ji RN QI(*
Ll Il | |
I o
S eanassmaseanmil}
] [ 1 ] §-
| T [ --8
I 8 9
AT
/'{ -é
T 2
L) A -
< P 1o s
., “ o -2
= AL °
e 7 v
//
p.d v
4 2
7 =)
[TT163 7
T 82 gl 3
:ZZa‘éé X o s
‘\ -
v
Q )
NS s
N g
~ 2
= Hlo 3
—— (o]
0
™)
%
s [e)e] [ef] 09 ov oe

SPECTRAL RESPONSE CURVE FOR PHOTOCATHODE TYPE ““A "’
(Caesium—Antimony)

(S

ISSUE 1 \v/ Spec. Res.  760-1




SPECTRAL RESPONSE PHOTOEMISSIVE
CELLS
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GAS-FILLED PHOTOCELL 53CG
Gas-filled photocell particularly sensitive to incandescent light

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.

CATHODE

Surface Caesium on oxidised silver

Projected Area 11 sq. cm
MOUNTING POSITION Any
CAPACITANCE

Ca_k 30 pF

CHARACTERISTICS (measured at V, — 85V)

laark <01 uA
*5 100  pA/lm
Agmax. 9

* Measured with the whole cathode area illuminated by a lamp of
colour temperature 2700°K and with a series resistor of 1MQ

RECOMMENDED OPERATING CONDITIONS

Van, 85 \%

LIMITING VALUES (Absolute ratings)

Va(b; max. 90 v

Ik max. 1.5 }LA

Tambient Max. 100 8¢
()
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53CG GAS-FILLED PHOTOCELL
Gas-filled photocell particularly sensitive to incandescent light

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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GAS-FILLED PHOTOCELL 53CG
Gas-filled photocell particularly sensitive to incandescent light

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 53cv
Vacuum photocell particularly sensitive to incandescent light

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.

CATHODE
Surface Caesium on oxidised silver
Projected area 1.1 sq.cm
MOUNTING POSITION Any
CAPACITANCE
Ca-k 3.0 pF
CHARACTERISTICS
laark (at Va=100V) <0.05 uA
*S (at Va=50V) 20 uwA/lm

*Measured with the whole cathode area illuminated by a lamp of
colour temperature 2700°K, and with a series resistor of TMQ

RECOMMENDED OPERATING CONDITION

Van, 50 \

LIMITING VALUES (Absolute ratings)

Va(n, max. 250 \
lx max. 3.0 uA
Tambient Max 100 °C
()
[Mullard ]
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53cv VACUUM PHOTOCELL
Vacuum photocell particularly sensitive to incandescent light

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 53cv
Vacuum photocell particularly sensitive to incandescent light

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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GAS-FILLED PHOTOCELL
Gas-filled  photocell, particularly sensitive to 5

incandescent light sources and to near infra-red
radiation. Its small dimensions render it suitable
for use in standard 16 mm. sound film projectors.

CATHODE

Surface A~ Caesium on oxidised silver

Projected area ( ," 1) 2.2

MOUNTING POSITION o

sq. cm

Any
CAPACITANCE
Ca_k ! 2.3 pF
CHARACTERISTICS _(measured/at 90 V)
lqark ‘ < 041 !.LA
*S /S 125 uwA/lumen
Az max. =sf 10
*Measured, with the/ whole cathode area
/~illuminated by a lamp of cotour temperature
2700°K and with a seties resistor of 1 M Q
LIMITING VALUES (absolute ratings)
S\ |
[~ 'V, max 90 \
e S y Tk max. 2.0 uA
: Tambient Max. 100 °C
Mullard
ISSUE 1 @ 55CG  360-1



SSCG GAS-FILLED PHOTOCELL
Gas-filled  photocell, particularly  sensitive to

incandescent light sources and to near infra-red
radiation. Its small dimensions render it suitable
for use in standard 16 mm. sound film projectors.

63 mm.max:

3Immmax.—

44mm.min—————=

Direction of light

=

NC

B3A (AMERICAN PEE-WEE)BASE

50 mm.max.
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GAS-FILLED PHOTOCELL
Gas-filled  photocell, particularly sensitive to

incandescent light sources and to near infra-red
radiation. Its small dimensions render it suitable
for use in standard 16 mm. sound film projectors.
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GAS-FILLED PHOTOCELL 58CG

Gas-filled photocell particularly sensitive to incandescent light sources,
and tonear 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.

CATHODE
Surface Caesium on oxidised silver
Projected area k.1 sq.cm
MOUNTING POSITION Any
CAPACITANCE
0
ca—k 3 pF
CHARACTERISTICS (Measured at 85V)
1 dark <0.1 LA
*S 100 wA/lm
A max. 9.0
g

*Measured with the whole cathode area illuminated by a lamp of colour
temperature 2700°K and with a series resistor of 1MQ.

OPERATING CONDITION

v 85 v
a(b)
RATINGS (ABSOLUTE MAXIMUM SYSTEM)
v 90 v
a(b)
Ik max. 1.5 LA
T max. 100 OC
amb
JUNE 1966 Page D1




Direction of light

|

fe— 17 Max —a

30
33 max
max
Uy T
»Z 52
'y, max
a = K 77
(red) /H (black) L fitn
I
!
a
Sensitive cathode area
K — shown shaded
All dimensions in mm
[Mullard|
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58CG

GAS-FILLED PHOTOCELL
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VACUUM PHOTOCELL 58CV

Vacuum photocell particularly sensitive to incandescent light 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.

CATHODE

Surface Caesium on oxidised silver

Projected area 1.1 sq.cm
MOUNTING POSITION Any
CAPACITANCE

Cak 3.0 pF
CHARACTERISTICS

Idark (at Va=100V) <0.05 LA

*S (at Va =50V) 20 pA/1lm

*Measured with the whole cathode area illuminated by a lamp of colour
temperature 2700°K, and with a series resistor of 1MQ.

OPERATING CONDITION

v 50 v
a(b)
RATINGS (ABSOLUTE MAXIMUM SYSTEM)
v max. 250 v
a(b)
Ik max. 3.0 HA
T max. 100 OC
amb
()
[Mullard|
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58CV

Page C1

VACUUM PHOTOCELL
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GAS-FILLED PHOTOCELL 90AG
Gas-filled photocell particularly sensitive to day-

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

Surface Caesium antimony

Projected area 4.0 cm?
MOUNTING POSITION Any
CAPACITANCE

Ca_k 0.7 pF <

CHARACTERISTICS (Measured at 85V)

Idark <0.1 y.A
*S 130 pA/lumen
Ay max. 7.0

* Measured with the whole cathode area illuminated by a lamp of
colour temperature 2700°K and with a series resistor of 1TMQ.

RECOMMENDED OPERATING CONDITIONS
V:I(!y, 85 V

LIMITING VALUES (Absolute ratings)

Van, max. 90 \Y;
| max. 2.5 wA
Tambient Max. 70 °C
()
[Mullard]
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90AG GAS-FILLED PHOTOCELL
Gas-filled photocell particularly sensitive to day-

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.

19 mm.
max.

47 mm.max.

7
)7
7

| UU H U Sensitive cathode
e area shown shaded

' ‘ ) The cathode connection
Direction of Ilght* should be made to pins
[,2,6 & 7 connected

—

together and the anode
connection to pins 3,4
& 5 connected together.

k

B7G BASE
158
(R
ISSUE 2 m\ngﬂ 90AG  760-2



GAS-FILLED PHOTOCELL 90AG
Gas-filled photocell particularly sensitive to day-

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.
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VACUUM PHOTOCELL

Vacuum photocell, particularly sensitive to daylight and to
light radiation with a blue predominance. The use of the B7G
miniature all-glass base permits a rigid construction and
maximum cathode area for a cell of this size.

90AV

CATHODE
Surface

Projected area

MOUNTING POSITION

CAPACITANCE

CHARACTERISTICS (measured at Va=100V)

Illnrk

*S

Caesium antimony

4.0

0.7

<0.05
45

cm?

pF<-

uA

uA/lumen

* Measured with the whole cathode area illuminated by a lamp of

colour temperature 2700°K and with a series resistor of 1MQ

LIMITING VALUES (Absolute ratings)

v:uh] max. 100 A
I max. 5 A
Tambient Max. 70 <C
[Mullard |
ISSUE 3 7 S0AV 7604



90AV

VACUUM PHOTOCELL

Vacuum photocell, particularly sensitive to daylight and to
light radiation with a blue predominance. The use of the B7G
miniature all-glass base permits a rigid construction and

maximum cathode area for a cell of this size.
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VACUUM PHOTOCELL 90Av
Vacuum photocell, particularly sensitive to daylight and to

light radiation with a blue predominance. The use of the B7G
miniature all-glass base permits a rigid construction and
maximum cathode area for a cell of this size.
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GAS-FILLED PHOTOEMISSIVE TUBE

90CG

Anode supply voltage
Luminous sensitivity

Spectral response curve

QUICK REFERENCE DATA

Gas-filled photoemissivetube, particularly sensitive to incandescent
light sources and to near infra-red radiation.

90 \'
125 uA/Im
Type C (S1)

This data should be read in conjunction with
GENERAL EXPLANATORY NOTES - PHOTOEMISSIVE TUBES

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

CAPACITANCE

Ca-k

RATINGS (ABSOLUTE MAXIMUM SYSTEM)
A% max.
a(b)

]_kma.x.

T ax.,

ambm

NOVEMBER 1968 N,

Caesium on oxidised silver

Type C (S1)
3.0 cm2
90 v
1.0 MQ
125 HA/Im
=0.1 HA
1.1 pF
90 v
2.0 HA
100 °c
90CG Page 1




OUTLINE AND SCHEMATIC DRAWING

OF 90CG
~19dia max—-» B9243]
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The cathode connection may be made to pins 1,2, 6 and 7connected together
and the anode connection to pins 3,4 and 5 connected together.
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VACUUM PHOTOEMISSIVE TUBE 90CV

QUICK REFERENCE DATA

Vacuum photoemissive tube, particularly sensitive to incandescent
light sources and to near infra-red radiation.

Anode supply voltage (max.) 250 v
Luminous sensitivity 20 pA/Im
Spectral response curve Type C (S1)

This data should be read in conjunction with
GENERAL EXPLANATORY NOTES - PHOTOEMISSIVE TUBES

PHOTOCATHODE

Surface Caesium on oxidised silver

Spectral response curve Type C (S1)

Projected sensitive area 3.0 cmz
CHARACTERISTICS

Anode supply voltage 50 v

Anode series resistor 1.0 MQ

Luminous sensitivity (measured with the

whole cathode area illuminated by a

lamp of colour temperature 2700°K) 20 pA/Im

Dark current (at Va= 100V) =0.05 HA
CAPACITANCE

Cok 0.8 pF
RATINGS (ABSOLUTE MAXIMUM SYSTEM)

\' max. 250 v

a(b)
Ik max. 10 HA
T max. 100 °c
amb
(R
[Mullard|
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OUTLINE AND SCHEMATIC DRAWING
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The cathode connection may be made to pins 1,2, 6 and 7 connected together
and the anode connection to pins 3,4 and 5 connected together.

ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE
WITH ILLUMINATION AS PARAMETER
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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/Im
Spectral response curve Type A (S11)

This data should be read in conjunction with
GENERAL EXPLANATORY NOTES - PHOTOEMISSIVE TUBES

PHOTOCATHODE
Surface Caesium antimony
Spectral response curve Type A (S11)
Projected sensitive area 2.1 cm2
CHARACTERISTICS
Anode supply voltage 85 \%
Anode series resistor 1.0 MQ
Luminous sensitivity (measured with the
whole cathode area illuminated by a
lamp of colour temperature 2700°K) 130 HA/Im
Dark current = 0.1 HA
CAPACITANCE
Ca-k 0.9 pF
RATINGS (ABSOLUTE MAXIMUM SYSTEM)
Va(b) max. 90 \2’
Ik max. 12.5 nA/mm
T oy 2% 70 °c
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OUTLINE AND SCHEMATIC DRAWINGS
OF 92AG

—19dia max—

| -

Incident
radiation

max

T [ [ | g

iy @
W,

The cathode connection may be made to pins 1,2,6 and 7 connected together
and the anode connection to pins 3,4 and 5 connected together.

a  [eozse 9246
(pA) A !
2 T Load resistance =OMQ.
58 T n TTTTITETTTTY 9 MLl
T eMaTTs
3IMOH
T 0
] T sMA

40 60 80 V5 (V) 100

ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE v
WITH ILLUMINATION AS PARAMETER

>
NP
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VACUUM PHOTOEMISSIVE TUBE 92AY

QUICK REFERENCE DATA

Vacuum photoemissive tube, particularly sensitive to daylight and to
radiation having a blue predominance.

Anode supply voltage (max.) 100 \'4
Luminous sensitivity 45 pA/Im
Spectral response curve Type A (S11)

This data should be read in conjunction with
GENERAL EXPLANATORY NOTES - PHOTOEMISSIVE TUBES

PHOTOCATHODE
Surface Caesium antimony
Spectral response curve Type A (S11)
Projected sensitive area 2.1 cm2
CHARACTERISTICS
Anode supply voltage 85 v
Anode series resistor 1.0 MQ
Luminous sensitivity (measured with the
whole cathode area illuminated by a
lamp of colour temperature 2700°K) 45 LA/Im
Dark current =0.05 HA
CAPACITANCE
0.9 F
ca—k P
RATINGS (ABSOLUTE MAXIMUM SYSTEM)
v max. 100 \'
a(b) )
Ik max. 25 nA/mm
T max. 70 %
amb
(R
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OUTLINE AND SCHEMATIC DRAWINGS

OF 92AV
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The cathode connection may be made to pins 1,2,6 and 7 connected together
and the anode connection to pins 3,4 and 5 connected together.
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VACUUM PHOTOEMISSIVE TUBES I50AV

150CV
150UV

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. 1000 lux).

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.

150AV 150CV 1500V
Anode voltage 6 to 90 6 to 90 6 to 90 v
Maximum average current 50 35 50 nA
Maximum peak current 35 25 35 HA
Sensitivity 60 20 60 wA/Im
Rise time 14 14 14 ns
Spectral response curve A (S11) C (S1) U (S13)

Unless otherwise stated, data is applicable to all types
This data should be read in conjunction with
GENERAL EXPLANATORY NOTES - PHOTOEMISSIVE TUBES

PHOTOCATHODE 150AV 150CV 1500V
*Surface Caesium  Caesium Caesium
antimony on oxidised antimony
silver
**Spectral response curve A (S11) C (S1) U (S13)

Luminous sensitivity (Measured

using a tungsten lamp of

colour temperature 2850°K)
typical 60 20 60 pA/lm
minimum 35 14 35 pA/Im

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.
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CHARACTERISTICS

<—

Saturation voltage
luminous flux = 0.051m <6.0 v
luminous flux = 1.01m <70 v

Anode voltage 6 to 90 v

Dark current
150AV, 150UV <1.0 pA
150CV <1.0 nA

-4
* Linearity 10
1
Insulation resistance >10 8 Q
Rise time 14 ns
*Tube current is proportional to luminous flux within measuring errors,
provided that the anode voltage is higher than the saturation voltage.
CAPACITANCE
1
Ca-k 4 Pl
RATINGS (ABSOLUTE MAXIMUM SYSTEM) -«

Va max. 100 \%

Ik max. (per unit area) 5
peak 50 nA/mm2
average (averaging time = 1s) 70 pA/mm

Ik max. (cathode uniformly illuminated)
peak

150AV, 150UV 35 nA
150CV 25 HA
average (averaging time = 1s)

150AV, 150UV 50 nA
150CV 35 nA

0

e
Tbulb max. 60 .
bulb min. -90
LIFE EXPECTANCY s

At the maximum average current the sensitivity will not decreasc 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 e

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 150AV
I150CV

150UV

OUTLINE DRAWINGS

[134
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max =
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Anode and cathode terminals are CT1 caps
All dimensions in millimetres
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[Mullard]
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APPLICATION 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. Distortion due to capacitive shunting
The signal at the input of the amplifier is
i

2
+wZC

v =
R2
where v = signal in volts
i = current through photoemissive tube, in amps
series resistance across which signal is taken, in ohms
27f (f=signal frequency in Hz)
= 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.

|

QE T~
]

Given a maximum allowable distortion, the maximum signal frequency will
limit the value of R, and therefore also the value of v.

2. Noise

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:

Inoise 2eiB (amps r.m.s.)

v . =RL .
noise noise
where e = electronic charge (1.6 X 10_19 coulomb)
i = current through photoemissive tube, in amps
B = bandwidth in Hz
R = series resistance across which signal is taken, in ohms

]

b. Resistance noise, which follows the formula:

= J4
Vnoise ETRE

where k = Boltzmann's constant (1.38 X 10_23 Nm/degK)
T = temperature in °K
R = series resistance across which signal is taken, in ohms
B = 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:
2
v . = [ZV AB
noise eq

Veq varies with frequency, and has a different value for each valve type.
For frequencies above 1kHz Vg does not change much with frequency,
so that the formula may be approximated to:

-v JB

V.
noise eq
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VACUUM PHOTOEMISSIVE TUBES 150AV

150CV
150UV

APPLICATION NOTES (cont'd)

In this case Veq can be approximated within a factor of 2 or 3 by:

-9
3 X 10 ,/Ia
vV = —————
eq gm
where Ia = the anode current of the valve, in amps
gm = the mutual conductance in amps/volt.
3. Amplifier input current

The input current to the amplifier should be low compared with the signal
current through the photoemissive tube.

4. Amplifier linearity

The 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 cannot be kept within
acceptable limits - usually where low incident light levels are combined with high
frequencies, useof this type of tube should be abandoned in preference toa 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.

Mains
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The 50pA meter can be calibrated in millilumens or, if the whole of the cathode
is illuminated, in lux. 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 10uV and the equivalent
noise voltage at the amplifier is 1uV.

The negative feedback in the system is about 1000 times, so the accuracy is solely
determined by the accuracy of the 50puA 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: AR

Adjust RV, so that the total cathode series resistance of the EC1000 is 50 000 Q,

where R, is the value of the series resistor of the photoemissive tube and
A is the sensitivity of the photoemissive tube (uA/Im) as marked on the tube.

Disconnect the EC1000 grid from the photoemissive tube and connect it to earth.
Connect the mains input and adjust RVy so that the 50uA meter reads zero. The
circuit is now set upand calibrated for 0.02mlm per pA deflection on the meter.
For measurements of rapidly changing phenomena the series resistor (Rq) 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, whenall 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 time of the signal at the oscilloscope of 20ns.

ant to

oscilloscope

Fig 2
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GAS-FILLED
PHOTOEMISSIVE TUBE 155UG

QUICK REFERENCE DATA

Gas - 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 0.20to 0.29 pm
Supply voltage (r.m.s.) 220 v

This data should be read in conjunction with
GENERAL EXPLANATORY NOTES - PHOTOEMISSIVE 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 discharge. 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) 0.20 to 0.29 pm
Maintaining voltage 180 to 220 v
RATINGS
Tamb max. (operating) .
when used in the circuit of Fig.1 +70 0C
when used in the circuits Fig.2 and Fig.3 +100 C
. . o
Tamb min. (operating) 25 0C
+
Tamb max. (storage) 50 0C
Tamb min. (storage) -50 C

No electrical ratings are given for thistube. Designers are strongly advised
to use the recommended circuits. Any departure may result in an unsafe
operating mode which is likely to cause an internal short circuit in the tube
before its rated useful life has expired.

It should benoted that most sources of visible light (e.g. the sun, fluorescent
lamps, etc.) are also sources of ultra-violet radiation. Where the level of
suchradiation affects circuit operation adequate shielding or filtering should
be provided.

SEPTEMBER 1968
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RECOMMENDED CIRCUITS

1. Direct relay circuit (T max. = 7000)
amb
N
R1 \ ) R3
155UG ‘ 1
220V7Vv ==
+10% &G R2 o L) c2
—159, Relay
FI1G.1
R, 1002+ 10% Relay:
R2 220kQ = 10% R 12kQ + 10%
R, 2709 + 10% I <3mA
3 on
D 4 diodes 800V P.I.V. I 0.5to 1.5mA
BYX10 off
Ee P max.>1.2W
c, 12nF + 15%
c, 25uF + 15%
NOTES
1. The filter Ry C; 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.
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GAS-FILLED
PHOTOEMISSIVE TUBE I55UG

2. Indirect relay circuit 'A' (T max, = 100°C)
amb

220Vny
+10%

R1 1009 = 10% C1 12nF + 15%
R2 1009 + 10% C2 12nF + 15%
R3 120kQ + 10% C3 2.2uF + 15%
R 120kQ + 10% D_,D diodes 800V P.I1.V,

4 : BYX10
R, 470k + 10% e.8.
NOTE

The filter R 1 c 1 reduces the effect of high voltagetransients on the mains.

SENSITIVITY

The curve on page 8 shows the relationship between the output voltage (V o
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 thefirst 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. Indirect relay circuit 'B' (T X = 100°C)

Rq
220Vrv
+10%%
5

Rl 1002 = 10% C1 12nF = 15%
R, 1009+ 10% c, 12nF + 15%
R, 330k 10% C, 2.2uF = 15%
R 150kQ + 10% D diode 800V P.I.V.

4 L e BYX10
R, 4702+ 10% &
NOTE

The filter R1 C1 reduces the effect of high voltage transients on the mains.

SENSITIVITY

The curve on page 8 shows the relationship between the output voltage (V. o
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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GAS-FILLED 155UG

PHOTOEMISSIVE TUBE

o

APPLICATION NOTES

To ensurethat the intensity of radiation incident on thetube 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.

In actual operation the same tube should be mounted at a distance from
the flame such that the average voltage across the relay is at 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 measurement should be the

minimum flame which has to bedetected. No further readjustment of the
f ) distance between tube and flame will be necessary when the tube is rep-
laced.

For the circuits of Fig.2 and Fig.3

The output power from these circuits is too low to operate arelay directly.
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 betaken to ensure that the output voltage (V) from
the recommended circuit will remain above this threshold value through-
out the life of the tube. This may be done as follows:
Read from thedotted curve on the relevant graph on page 8 the distance
d corresponding to the required minimum voltage V0 .
Place two standard radiation sources (Fig.4) at a distance d from the
tube and measure the average output voltage 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 (V) is at least equal to
that obtained using two standard 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
distance between tube and flame 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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Standard radiation source

DIMENSIONS AND CONNECTIONS

Incident radiation

ia 70R

N )

Dimensions in mm
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155UG

PHOTOEMISSIVE TUBE

GAS-FILLED
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The curve is valid at 0 hours when the tube is irradiated by one 'standard radiation
source' and at 10 000 hours when irradiated by two 'standard radiation sources'. ! /
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COIL ASSEMBLY

TENTATIVE DATA

ATIII3

Deflection assembly, consisting of deflection, focus and alignment
coils, for usewith Plumbicon camera tubes in colour cameras.,

Va2+a3= 300V Va.2+a3= 600V
Line deflection current (p-p) 170 250 mA
Framedeflection current (p-p) 27 37 mA
OPERATING CONDITIONS
Plumbicon tube voltage Va2 +a3= 300V Vaz +a3= 600V
Line deflection current (p-p) 170 250 mA
Frame deflection current (p-p) 27 37 mA
Focus current (L9 and Ly in series) 75 100 mA
Maximum alignment currents +5 +5 mA
LINEARITY
Linearity inside the circle =0.5% of picture height
Linearity outside the circle =1.0% of picture height
“F [B7597
127
e 174 -
Scanned area of tube

Dimensions in mm

OCTOBER 1967 N,
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ELECTRICAL CHARACTERISTICS

3 10
{ } N.T.C.
| |
I | Y
! l L \./
| 3
|
| R Lg
| -
| Lio
| — 12
| |
I T |
| | Ly Lg
} I
-
[line deflection coils
1 5 6 7 8. 9 13
frame alignment coils focus coils
lecti <
57599 deflection coils
N.T.C,. thermistors = 13009 + 20% at 25°C
R = 5609+5% A

1 = black

2 = transparent (screened)

3 = brown

4 = yellow (screened)

5 = red

6 = orange 1

7 = yellow

8 = 9 = blue

10 = white

11 = -

12 = - 4

13 = grey B7600 <V

Terminating panel
Coils Measuring Inductance Resistanceat 25°C
points (mH) ()

L1+L2 2-4 0.995+3.5% 2.6+10%

L3+L4 3-5 22.1 +3.5% 63.8+10%

L5 + L7 6-8 2143 +10%
+ -

Lo+ Lg 7-9 2143 +10%
+ .

Lo+ Ly 10-13 148  +10%

Internal shield 1

i i + +
Temperature dependence of alignment coils L5 L7 and LG L8 from 25 v
to 60°C < 1%.
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COIL ASSEMBLY ATIII3

OUTLINE AND DIMENSIONS OF AT1113

e NP
target
plane
125 A
min 64-6 dia. 171
187
42 dia.
blue
black
grey
white,
transparent
686
=
200
— approx. yellow
brown
red
orange
s . . yellow
B7603 All dimensions in mm.
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COIL ASSEMBLY ATI132

QUICK REFERENCE DATA

Deflection assembly, consisting of deflection, focus and alignment
coils, for use with Plumbicon camera tubes in monochrome cameras.

Va2+a3= 300V Va2+33= 600V

Line deflection current (p-p) 170 250 mA

Frame deflection current (p-p) 21 37 mA
OPERATING CONDITIONS

Plumbicon tube voltage Va2+a3= 300V v32+33= 600V

Line deflection current (p-p) 170 250 mA

Frame deflection current (p-p) 27 37 mA

Focus current (Lgand L10 in series) 17 25 mA

Maximum alignment currents +5 5 mA
LINEARITY

Linearity inside the circle =0.5% of picture height

Linearity outside the circle 1.0% of picture height

B7596
=x
K |
l'= 171 *—!
Scanned area of tube
Dimensions in mm
(R
: [Mullard |
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ELECTRICAL CHARACTERISTICS

| ! B7601
| ! NTC NTC
i 4 !
|
l
1
! || 10 F
: c
|
L Ly
| Lo
|
: Le Lo
1
1
2 i
|
1 line deflection coils 7 8 9 7 13
frame alignment coils focus coils
deflection coils
N.T.C. thermistor = 13009 + 20% at 25°C
R = 5609+5%
=)
9
1
2
10
13,
. 6 .
A 713 @j
©r J
- !
B7602
Terminating panel
Coils Measuring Inductance Resistance
points (mH) ()
<k . 2,
L1 L2 2-4 0.99 6
+ - 63.
L3 L4 3-5 224 3.8
- =
L5 L7 6-8 2390
+ =
L 6 L8 7-9 2390
L9 12-13 1100
L10 10-11 1650
Internal shield 1

OCTOBER 1967
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COIL ASSEMBLY ATI132

o
OUTLINE AND DIMENSIONS
\
—T— 5] iy
45
$015
f A 1605 L
o8 204
)
70 ——
e +015
Py All dimensions in mm.
()

Mullard
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VIDICON TUBE XQlolo0

DEVELOPMENT SAMPLE DATA

QUICK REFERENCE DATA

2.5cm (lin) 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.
This tube has a low power consumption and is suitable for use where
vibration and shock conditions are experienced.

Resolution capability (at picture centre) 700 lines
Spectral sensitivity is a maximum at 0.4 pm
Typical output current (8 lux illumination) 0.15 HA

This data should be read in conjunction with OPERATING NOTES on page D3.

HEATER
Indirectly heated
Vh 6.3+10% v
Ih 90 mA

OPERATING CONDITIONS AND PERFORMANCE .
(for scanned area of 11.2mm X11.2mm 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 0.2pA (typical value) 40 v
Vgs (decelerator mesh) 275 to 325 v
Vg4 (collector) 225 v
Vg3 (focus) 0 to 50 v
V _ (accelerator) 225 v

g2

Vgl adjusted for sufficient beam current to stabilise highlights.

This Development Sample Data is derived from Development Samples provided
for initial circuit work, it does not form part of the Mullard Technical Handbqok
Service and does not necessarily imply that the device will go into production
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Performance

Average deflector plate voltage 225 to 250 v
Ve (sawtooth at 11.2mm) 75 Vp-p
vxl—yz (sawtooth at 11.2mm) 75 Vp-p

Peak highlight target current (see note 1) 0.3 pA

Average target output current (see note 1) 0.1t0 0.2 pA

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 lux on photoconductive layer, the target voltage
adjusted for a dark current of 0.2uA. Residual signal after dark pulse
of 200ms.

FOCUSING
Electrostatic
DEFLECTION
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 11.2mmX11.2mm (see note 2).

v max. 250 v
target
V _ max. 750 v
g5
V , max. 750 v
g4
V _ max. 750 v
g3
V _ max. 750 v
g2 *
Maximum voltage between deflection electrodes 200 v
-V __ max. 200 v
gl
+V __ max, 0 v
gl
Faceplate
Maximum illumination 5000 lux
Maximum temperature 80 °C
vh—k(pk) max.
Cathode positive 125 v
Cathode negative 10 v
Peak dark current max. ).2 HA
Peak target current max. (see note 1) u.6 HA
Kt
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VIDICON TUBE XQI010

CAPACITANCES
Target electrode to all other electrodes 4.5 pF
This capacitance, which affects the output impedance, increases by
approximately 3.0pF when the tube is mounted in a shield.
ORIENTATION OF SCANNED 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 target electrode current after the dark
current has been subtracted.

2. Theentireworkingarea (11.2mm X11,2mm) 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 with the 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 B8 700 67

(provisional)

JULY 1966 N, Page D3



TARGET ELECTRODE

13£01
| l
A | ¥ 3209
[
28:5+01 X
le— 255105 dia—
J g
147%15
Target A
electnodcj_- — [
y1 _ - g5 )
1
xX1— i ] ——x2 1
LAY
e -
g3 =" —l
] g2+g4
g1 o =
e . l == e - —n—?l
11202 U“]& “UU
1% 01— —625%025 gt
All dimensions in mm
[Mullard|
Mullard
JULY 1966

N~ Page D4



CAMERA TUBES XQ1020

Series

DEVELOPMENT SAMPLE DATA

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 monochrome television cameras
XQ1020L - providesthe luminance component of a colour picture
XQ1020R - provides the red 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

HEATER
Suitable for parallel operation only
vy 6.3+5% \
I.h 300 mA

* Registered trade mark for television camera tubes.

This Development Sample Data is derived from Development Samples provided
for initial circuit work, it does not form part of the Mullard Technical Handbook
Service and does not necessarily imply that the device will go into production

(R
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OPERATING CONDITIONS
For scanned area 12.8X17,1mm (see note 1)

Conditions
va3 (see note 2) Vaz plus 50 to 100 \'4
600 v
vaZ
300 v
Val
Minimum peak-to-peak blanking voltage
when applied to grid 70 \'
when applied to cathode 25 v
Ial for normal beam currents <1.0 mA
Dark current (target electrode voltage=45V) <3.0 nA
Faceplate illumination See note 3
Performance
Target electrode voltage (see note 4) 45 v
V _ (for picture cut-off with
no blanking applied) -30 to -100 v
*Highlight target electrode current 0.3 HA
*Average target electrode current approx. 0.15 HA

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)
XQ1020
XQ1020L XQ1020R XQ1020G | XQ1020B
Highlight target current 0.3 0.15 0.3 0.15 HA
Va12 =550 to 650V**,
V__=V__+50 to 100V A9 8 49 o0 %
a3 a2
Resolution capability >600 T.V, lines
Signal-to-noise ratio at a signal current
of 0.15pA (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 0.1pA and with a light source
of colour temperature 2850°K. The appropriate filter is inserted in
the light path of the XQ1020R, G, B.

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.
"*V:‘12 adjusted for optimum focus.

o
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CAMERA TUBES

Sensitivity (see note 9)
XQ1020, XQ1020L
XQ1020R
XQ1020G
XQ1020B

ORIENTATION OF SCANNED RECTANGLE

XQ1020

Series
>2175 pA/Im
>60 HA/1m
>125 pA/Im
>32 pA/Im

The picture quality specification will hold for a quality 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 axis and the mark on the tube base.
FOCUSING AND DEFLECTION (see ""Accessories')

Magnetic
Focus Line Field
Approximate values current current current
(mA) (mA p-p) (mA p-p)
Monochrome coil assembly AT1132
V_ =600V, V__=V _ plus 50 to 100V 25 235 35
a2 a3 a2
Colour coil assembly AT1113
V_ =600V, V__=V _ plus 50 to 100V 100 235 35
a2 a3 a2
PHOTOCONDUCTIVE LAYER
Dimensions of image on photoconductive
layer (aspect ratio 4:3) 12.8%17.1 mm
RATINGS (ABSOLUTE MAXIMUM SYSTEM)
vtarget max. 50 v
V__ max. 1000 v
a3
V__ max. 750 v
a2
Va3—a2 max. (a3 positive) 350 v
Va1 max. (at Vk=0V) 350 v
pal max. 1.0 w
+V _max. 0 v
g
-v max. 125 \'
g(pk)
Vh-k(pky X
cathode positive 50 v
cathode negative 50 v

JANUARY 1968 N
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RATINGS (continued)

Minimum warm-up time of heater to be observed

before drawing cathode current 1.0 min
T, max. (storage and operation) +50 °c
Tamb min. (storage and operation) -30 .

Maximum faceplate temperature (storage and operation) +50 °c
Minimum faceplate temperature (storage and operation) -30 °c
Maximum faceplate illumination (see note 10) 500 lux

CAPACITANCES

Target electrode to all other electrodes (see note 11) 3.0 to 6.0 pF

MOUNTING POSITION Any
WEIGHT
Tube alone (approx.) 100 g
ACCESSORIES
Socket 56021
Focusing and deflection coil assembly
for XQ1020 AT1132
for XQ1020L, R, G, B AT1113

NOTES
1.

Underscanning of the specified useful target area of 12.8x17.1mm, 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.

The optimum 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.

Faceplate illumination level for the XQ1020 and XQ1020L typically needed
to produce 0.3pA target current will be approximately 4 lux. For the
colour tubes XQ1020R, G, B, 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.

The target electrode voltage should be adjusted to 45V. To compete with
excessive highlights in the scene to be televised 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.

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.

()

[Mullard|
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' CAMERA TUBES XQ1020

6.

10.

p 5 E8

Series

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 ratiois taken as the ratio of the highlight video
signal current to the r.m.s. noise current, multiplied by a factor of 3.
An r.m.s. noise current in the pre-amplifier of 2nA, bandwidth 5MHz,
is assumed.

Gamma is, to a certain extent, dependent on the waveiength of the
illumination applied.
The use of gamma-correcting circuitry is recommended.

The tubes have a short persistence which makes them ideal for live studio
monochrome and colour applications.

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, B). 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:

XQ1020R Schott 0G2 3mm thick
XQ1020G Schott VG9 1mm thick
XQ1020B Schott BG12 3mm thick

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.

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
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CAMERA TUBES XQ1020

Series

GENERAL OPERATIONAL RECOMMENDATIONS
TRANSPORT, HANDLING AND STORAGE

During transport, handling or storage, the longitudinal axis must be in either
ahorizontal or vertical position. In the vertical position the faceplate of the
tube must be upwards.

During long term storage the ambient temperature should preferably not
exceed 30°C.

GENERAL
Base pins

The Plumbicon has been provided with tungsten base pins; accordingly,
care must be taken when the tube and socket are mated.

Target electrode

Target electrode connection is made with the metallic coating at the face end
of the tubeby 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, suchas encountered between the manu-
facturer's last test and the first time of operation by 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 0.15¢A 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, manual control should be
provided for the compression of the video signal in the range 75% 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-noise ratio

Since the tube does 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.

M(\
|Mullard |
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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 parallel 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 (beam cut-off)

b) Target electrode voltage at 45V

c) Scanning amplitudes to maximum

w
.

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 aperture.

9. AdjustV

o and Va 3 (beam focus) and optical focus alternately for maximum
focus.

10. Adjust the light input and Vg sothat a signal current is produced as below,

and the beam current is sufficient to stabilise twice this current.
XQ1020, XQ1020L, G 0.3uA
XQ1020R, B 0.15pA

Then align the beam of the Plumbicon by one of the two following methods.

a) Adjust the alignment fields so that the centre of the picture on the
monitor does not move when Vaz and Va3 (beam focus) are varied.

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 voltage to 45V.

n(ﬁ
| Mullard |
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' CAMERA 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.

Adjust the distance from the camera to
the test chart and the optical focus al-
ternately, until the picture of the test
chart is positioned on the target as in-
dicated on the adjoining figure. (This ap-
plies to XQ1020. For types XQ1020L, R,
G, Bused in a colour camera, the pic-
ture of the test chart should be slightly
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) Set Vg for beam cut-off
From standby to normal operation-
a) Increase beam current to normal value
b) Uncap lens

ALWAYS

- use full size (12.8x17.1mm) scanning of the target, and avoid under-
scanning.

- 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 Va2'
- avoid focusing the camera directly into the sun.

- keep the lens capped when transporting the camera.
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VIDICON TUBES XQ1040
XQ1042
XQ1043
XQ1044

TENTATIVE DATA
QUICK REFERENCE DATA

2.5cm (lin) 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 Magnetic

Resolution Up to 1000 lines

Heater voltage 6.3 A%

Heater current 90 mA
HEATER

Suitable for series or parallel operation, a.c. ord.c.
Vh 6.3+10% v
I 90 mA
h
Note (applies to series operation only). The surge heater voltage must not
exceed 9.5V r.m.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)

Conditions

v - Mesh voltage (see note 1)

Va 2 Focus electrode control range

V,11 First anode voltage

Normal
operation

265 to 400
250 to 300

Operation for
max. resolution

575 to 850
550 to 650 v

<

300 300 v

Vg adjusted for sufficient beam current to stabilise highlights.

Minimum peak-to-peak blanking voltage

when applied to the grid
when applied to the cathode

Field strength at centre of focusing
coil (approx.) (see note 2)

Field strength of adjustable
alignment coils

Performance

v Signal electrode voltage for
28 dark current of 20nA Min.
Typ.
Max.

v (for picture cut-off with
g no blanking applied)

Typical signal current with
faceplate illumination of 8 lux

Resolution capability at centre
of picture (see note 3)

Modulation depth at 400 T.V.
lines at centre of picture (see note 4)

Typical decay (8 lux illumination,
Vas adjusted for dark current of 20nA;
residual signal after dark pulse of 200ms)

Average gamma of transfer
characteristic for signal currents
between 10 and 300nA

Approx. visual equivalent signal-to-
noise ratio (see note 5)

MAY 1968
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VIDICON TUBES XQ1040
XQ1042
XQ1043
FOCUSING XQ I 044

Magnetic
DEFLECTION

Magnetic

PHOTOCONDUCTIVE LAYER

Maximum useful diagonal of rectangular image
(4:3 aspect ratio ) (see note 6) 16 mm

RATINGS (ABSOLUTE MAXIMUM SYSTEM)

Vas max. (see note 7) 100 v
Va3 max. 1000 v
V__ max. 850 v
a2
V _ max. 450 A%
al
—Vg max. 125 v
+V _ max. 0 v
g
las(pk) max. (see note 8) 0.6 HA
Maximum peak dark current 0.25 HA
Y-k oK) max.
cathode positive 125 A%
cathode negative 10 A"
Maximum faceplate illumination 5000 lux
Maximum faceplate temperature (see note 9) 80 0C
CAPACITANCES
Signal electrode to all other electrodes 4.5 pF

This capacitance, which is effectively the output impedance, increases by
approximately 3pF when the tube is inserted intothe 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 Any
WEIGHT
Tube alone (approx.) 75 g
()
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NOTES

. 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 resolution 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'

. 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.

. With a video amplifier system having a flat response to 10MHz.

. Typical values, measured under conditions of peak signal current

Ias= 150nA and beam current sufficient to stabilise 500nA.

. Because thenoise 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.m.s. noise current, mul-
tiplied by a factor of 3. An r.m.s. noise current in the pre-amplifier
of 2nA, bandwidth 5MHz, is assumed.

. 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 area less than this may per-
manently damage the photoconductive layer.

. V,g should never exceed 100V, either during warm-up or standby, or

during operation. An excessive signal electrode voltage may permanently
damage the photoconductive layer.

. Video amplifiers should be capable of handling signal electrode currents

of this magnitude without overload or picture distortion,

. Absolute maximum for shelf 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.

MAY 1968
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VIDICON TUBES XQ1040

XQ1042
XQl043
XQ1044

OUTLINE DRAWING
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CAMERA TUBES XQl070  XQl070/01

PLUMBICON* XQlo70L  XQI070/01L
XQI070R  XQI070/0IR
XQI070G XQ1070/01G
XQl070B  XQl070/01B

DEVELOPMENT SAMPLE DATA
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, B are provided with
an anti-halation glass disc, whilethetypes XQ1070/01, L,R,G, B are without.
Thesetubes 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 luminance 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
Transfer characteristic linear

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 6.3 £10% v
I.h 95 mA

When the tube is used in a series chain, theheater voltage mustnot exceed 9.5Vr.m.s.
when the supply is switched on. To avoid registration errors in colour cameras,
stabilisation of the heater voltage is recommended.

FOCUSING Magnetic
DEFLECTION Magnetic
PHOTOCONDUCTIVE LAYER

Image dimensions on photoconductive layer
3:4 aspect ratio (see note 1) 9.6 xX12.8 mm

For correct orientation of the image on the photoconductive layer, the horizontal
scan should be essentially parallel tothe plane passing 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 television camera tubes

This Development Sample Data is derived from Development Samples provided
for initial circuit work, it does not form part of the Mullard technical handbook
system and does not necessarily imply that the device will go into production
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TYPICAL OPERATION
Operating conditions

Vi

Vtarget
v a3 (see note 2)

Va2 (see note 2)
al
Vg adjusted to give the required beam current
Scanned area
Faceplate illumination

Faceplate temperature

45
850
600
300

9

< d <4 4 <

.6X12.8 mm

See note 3

20 to 45

°%

XQ1070, L, G, XQ1070/01,L, G XQ1070R, B, XQ1070/01R, B

Highlight signal current 200
Beam current 400

Typical performance
Dark current

Resolution

100 nA
200 nA
<3 nA

Typical modulation depth measured at centre of picturefor 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

Lag (see note 5)

XQ1070,XQ1070L, R, G

XQ1070/01,XQ1070/01L, R, G

Max. residual signal

after dark pulse of 60ms 5

Max. residual signal

after dark pulse of 200ms 2

Sensitivity (see note 6)
Minimum

XQ1070 and /01, XQ1070L and /01L 275
XQ1070R, XQ1070/01R 60
XQ1070G, XQ1070/01G 125
XQ1070B, XQ1070/01B 32

30 %

25 %

30 %

35 %

>600 TV lines

0.95+0.05
500 nm
650 nm
XQ1070B and /01B

6 %

3 %
Typical

400 uA/lm

80 uA/Im

165 pA/1m

35 nA/1lm

XQ1070-Page 2
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CAMERA TUBES

XQ1070

PLUMBICON .
Series
RATINGS (ABSOLUTE MAXIMUM SYSTEM)
Vtarget max. (see note T) 50 v
v g Tax. 1100 v
v a2 max. 800 v
v a3-a2 WX 450 v
v a1 M. 350 v
—Vg max. 125 v
+Vg max. 0 v
I.k max. 3.0 mA
Yok ©k) max.
Cathode positive 125 v
Cathode negative 50 v
Maximum faceplate illumination (see note 8) 500 lux
Maximum faceplate temperature (operation and storage) 50 DC
Minimum faceplate temperature (operation and storage) -30 <
Minimum warm-up time of heater to be observed before
drawing cathode current 1.0 min
EQUIPMENT DESIGN RECOMMENDATIONS
Vta.rget (see note 9) 25 to 45 v
v a3 820 to 880 A\
v a2 570 to 630 v
Vg 0 to -100 v
Minimum peak-to-peak blanking voltage
when applied to the grid 70 v
when applied to the cathode 25 v

The current drawn by the tube from the first anode supply will not exceed 1mA.

MOUNTING POSITION

Any
WEIGHT

Tube alone (approx.) 60 g
ACCESSORIES (see separate data sheets)

Socket Cinch no. 54A18088 or equivalent

Coil assembly

AT1102 or equivalent
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NOTES

. Underscanning of 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.

. Va9 and Va3 are adjusted for optimum beam focus. The optimum voltage Va3-232

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.

. 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 the XQ1070R, G, B and XQ1070/01R, G, Bwill be obtained with
an incident illumination of approximately 12.5 lux (2854K colour temperature),
this figure being based on the use of the following filters:

for XQ1070R and /01R Schott OG2 thickness 3mm
XQ1070G and /01G Schott VG9 thickness lmm
XQ1070B and /01B Schott BG12 thickness 1mm

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 formula

R.T

B =B
4F2 (m+1)2

ph sc

where Bg, = scene illumination
Bpp = faceplate illumination

R = scene reflectivity (average or that of the objectunder consideration,
whichever is relevant)

T = lens transmission factor

F = lens aperture

m = linear magnification from scene to target

A similar formula may be derived for the illumination on the photoconductive
layers of the R, G and B tubes, in which the effects of the various components
in the complete optical system are taken into account.

. Gamma is to a certain extent dependent onthe wavelength of theincident illumina~-

tion. The use of gamma-correcting circuits is recommended.

. 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.

. As measured under the following conditions:

Tubes are exposed to an illumination of 8.15 lux 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 1mm
XQ1070 and /01B Schott BG12 thickness 3mm
Transmission curves for these filters are given on page 10.

[y
[Mullard|
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CAMERA TUBES
PLUMBICON XQSL?eZO

7. Automatic sensitivity control cannot 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 originally designed 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.

OUTLINE DRAWING OF XQ1070 SERIES

20.4
Sl
L e 287
'+ 28.3
- e 1| B [ Sy
f
a2 7 1.4
SH 1.2
29
&
anti - halation
40°(x9) glass disc not
on types with
/01 suffix
162 26
154 ~225™
Target ,.,963,("1"
electrode
2 a3
5 al [} | —— J9°max
d 26 le-26.6_,1 93
24 max min
(& ! 2 4 i
12.8
3 max H 3‘0
kh h A_T—L mbx
i
21.2 5.0 @1.271+008
Inner diameter of guard ring 208 max £l —0.10
- i 86.7_.] |
Faceplate thickness 1.2 £0.05 A
All dimensions in mm D634

The anti-halation glass disc (for types XQ1070, L, R, G, B) 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.
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GENERAL OPERATIONAL RECOMMENDATIONS

Transport, handling and storage

During transport, handlingor storage, the tube should be placed 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 part of the coil assembly.

Photoconductive layer

In some instances the properties of the photoconductive layer may slightly deterio-
rate during long ddle periods, such as encountered between the manufacturer's
last test and the first time of operation by the user. Itis therefore recommended
to operate the tube at approximately monthly intervals from receipt. To restore
the photoconductive layer, the tube should be operated for afew hours 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 approximately unity, it
may be desirable for broadcast applications to incorporate a gamma-correcting
circuit in the video system, with a gamma adjustable from 0.4 to1.0. In addition,
provision should be made for limiting the video signal above 100% of peak white
level, in order to prevent overloading of the video amplifier system when the tube
is exposed to scenes containing small peaked highlights as caused by reflections
from shiny objects.

Signal-to-noise ratio

Since the tube does not generate noise to any noticeable extent, the signal-to-noise
ratiowill 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
and vertical 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

the plane defined by the tube axis and the mark on thebase is essentially parallel
to the direction of the vertical scan.

. Carefully mate the socket with the base pins.

. Cap the lens and close the iris.

()

[Mullard
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CAMERA TUBES
PLUMBICON szI 070
eries

OPERATING INSTRUCTIONS (contd.)
4. Adjust the operating conditions as follows:
(a) Grid bias control to maximum negative bias (beam cut-off)
(b) Target electrode voltage to 45V .
(c) Scanning amplitudes to maximum (overscanning)

5. Switch on camera and picture monitor equipment. Allow a few minutes for warm-
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 V45 control (beam 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 monitor does not move when V ;5 (beam focus)is varied. This is catered
for automatically in some cameras.

(b) 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 facilitated by small adjustments of the centring controls.

(b) If no mask is available, direct the
cameratowards atest charthaving
an aspect ratio of 4:3 and adjust
the centring controlsin 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.
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OPERATING INSTRUCTIONS (contd.)

12.

13.

14.

Adjust the iris for a picture of sufficient contrast and adjust thebeam current to
a value at which all highlights are stabilised.

Check alignment, beam focus and optical focus.

Procedure for standby operation
From operation to standby -
(a) Cap lens
(b) Set Vg for beam cut-off
(c) Switch off heater
From standby to normal operation -
(a) Restore heater voltage to 6.3V
(b) Wait 1 minute
(c) Increase beam current to normal value

(d) Uncap lens

ALWAYS -

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.

N XQ1070-Page 8
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CAMERA TUBES
PLUMBICON

Relative
response

(°/s)

100

80

60

40

20

XQ1070

Series

D245

black / white

1 luminance, red, green,

-

400 500 600 700

Wavelength (nm)

TYPICAL SPECTRAL RESPONSE CURVES

(Cemme )

[Mullard]
A

XQ1070-Page 9



100

D243

80

0G2

Transmission

(/o)

60

40

20

A

400 500

TRANSMISSION CURVES FOR SCHOTT FILTERS

600

700

Wavelength (nm)

XQ1070-Page 10

()






O

()



VIDICON TUBE 55850AM

P oY
PRELIMINARY DATA
QUICK REFERENCE DATA
2.5cm (1in) 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) 250to 300 v
Field strength at centre of focusing coil 40 G
Resolution capability (at picture centre) > 600 lines
AN
This data should be read in conjunction with OPERATING NOTES on pages
D5 and D6
HEATER
Indirectly heated. Suitable for series or parallel operation.
Vh 6.3 A
Ih 90 mA
Note - (applies to series operation only). The surge heater voltage must not
exceed 9.5Vr.m.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.
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 (seenotel) 250to 300 v
\' 300 \'
al
Vg adjusted for sufficient beam current to stabilise highlights
Minimum peak-to-peak blanking voltage
when applied to the grid 75 \'4
when applied to the cathode (see note 3) 20 v
Field strength at centre of focusing coil (see note 3) approx. 40 G
Field strength of adjustable alignment coils (seenote3) 0 to 4 G
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Performance

Signal electrode voltage (for dark current of 20 nA)

Minimum 0 v
Typical 40 v 3
Maximum 100 \4 g
Vg (for picture cut-off with no blanking applied) -20to-110 \'4
Minimum signal current with faceplate illumination
of 10 lux (see note 4) 75 nA
Resolution capability at centre of picture (see note 5) > 600 lines
Typical decay <20 %
(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 0.6
Visual equivalent signal-to-noise ratio (see note 6) 300 : 1
Spurious signals L
Shading see note 7
Spots and blemishes see note 8
FOCUSING
Magnetic
DEFLECTION
Magnetic
PHOTOCONDUCTIVE LAYER >
Maximum useful diagonal of rectangular image A
16 mm

(4 : 3 aspect ratio)

ABSOLUTE MAXIMUM RATINGS

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. 100 \'
\'2 Boias max. 800 v
V_. max. 350 v A4
al
()
[Mullard||
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VIDICON TUBE 55850AM

- Vg max. 125 \"
+ Vg max. 0 \'
** Peak signal current max. 600 nA
Faceplate
Maximum illumination 5000 lux
Maximum temperature (see note 10) 80 °c
vh-k(pk) max.
Cathode positive 125 A%
Cathode negative 10 v
Vh max. 6.9 v
Vh min. Sl \'

* 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 mugt 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 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 100M<Q .

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 Any
WEIGHT
tube alone approx. 65 g
2.3 oz
()

FEBRUARY 1964 A Page D3



Masked portions

Signal electrode (as)
of face = 113t0:1
T [ Y | § ? 3io-|
28:5t0:|
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’///,///// le—25.5+0-5dia—»
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index pin
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——signal
elec.
al
k h h J
1 | 3-Omax
) : —min0O

12-8 max —
9-3min

1274005 ||, le—=—6.7max
All dimensions in mm. -0-lo
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VIDICON TUBE 55850AM

™\ 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 focus provision must be
made in the a2 circuit to allow variation of V a2 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. Intransistor cameras cathode blanking is preferable. The cathode impe-
dance is in the order of 30kQ.

3. With an indicator placed at the image end of the facusing coil, the-direction
of the current passedthrough the coil should be such thatthe north seeking
P pole of the indicator is attracted to the image end of the coil.

The alignment coil 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 (-3 dB points).

A resolution capability of approximately 900 lines can be achieved

with the V a2 a8 adjusted to 750V and a focusing field strength of ap-

proximately 70 G. With this mode of operation, beam -landing errors

Y 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 70G the tube tem-

perature will increase and adequate provisions for cooling snould 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.m.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.m.s. noise current multiplied by a factor of 3.

7. Target voltage adjusted to obtain a dark current of 20nA with the camera
N directed towards a uniformly illuminated white background and the light
level adjusted to produce a signal output current (see note 4) of 200nA.

—
[Mullard]

FEBRUARY 1964 N Page D5




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 50 % of

the peak signal.

8. The test for spots and blemishes is to be made under the following
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) Scanning amplitude of rectangular monitor adjusted to obtain a
raster with an aspect ratio of 4 : 3.

e) Monitor set-up and contrast control adjusted for faint 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% none none
1-0.6% 1 3
0.6-0.2% 4 6
<0.2% * *
Do not count spots of this size unless concentration causes a smudgy
appearance.

9. The entire working area (9.6 mm x 12.8 mm) of the photoconductive layer
should always be scanned, accordingly the use of a mask having these
dimensions is recommended. Scanning an area less than 9.6mmx12.8mm
may permanently damage the photoconductive layer.

10. 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 televising flames and furnaces appropriate infra-red filters
should be used.
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VIDICON TUBES 55850 ?
F

PRELIMINARY DATA
QUICK REFERENCE 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. 558508 - for industrial, medical and broadcast
applications in which a higher picture quality is required. 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

This data should be read in conjunction with OPERATING NOTES on pages D5
and D6.

HEATER

Indirectly heated. Suitable for series or parallel operation. (see note 10).

Vh 6.3 \'4
Ih 90 mA
Note - (applies to series operation only). The surge heater voltage must not

exceed 9.5V r.m.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.

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 7i5) A%
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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 G
Field strength of adjustable alignment coils (see note 3) 0 to 4 G
Performance
Signal electrode voltage (for dark current of 20nA)
Minimum 0 v
Typical 40 v
Maximum 100 v
Vg (for picture cut-off with no blanking applied) -20 to -110 A"
Minimum signal current with faceplate illumination
of 10 lux (see note 4) 75 nA
Resolution capability at centre of picture (see note 5) >600 lines
Typical decay 5 %
(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 10 v
Maximum 20 \'
Signal current 300 nA
Typical decay 1 %

(Measured at peak white signal of 300nA and rest signal after
dark pulse of 200ms.)
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 \'A
Field strength at centre of focusing coil approx. 70 G
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VIDICON TUBES 55850?
F

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

FOCUSING
Magnetic
DEFLECTION
Magnetic
PHOTOCONDUCTIVE LAYER
Maximum spectral response 0.45 Lm
Maximum useful diagonal of rectangular image
(4:3 aspect ratio) 16 mm
ABSOLUTE MAXIMUM RATINGS
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. 100 \'
Va2 , a3 Max. 800 v
V,q max. 350 v

- Vg max. 125 A

+ Vg max. 0 A%

** Peak signal current max. 600 nA
Faceplate
Maximum illumination 5000 lux
Maximum temperature (see note 10) 80 %)
Vhk (pk) T
Cathode positive 125 A%
APRIL 1964 Page D3




Cathode negative 10 A2

Vh max. 6.9 A\
Vh min. 5.7 v
* An excessive signal-electrode voltage 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 100MS .
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 Any
WEIGHT
Tube alone approx. 65 g
2.3 0z
(M
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VIDICON TUBES 558502'
F
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OPERATING NOTES

1. Focusing of the beam 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 V a2 within the specified range
Normally a2 should be operated above 250V. Loss of both definitionand

uniformity of focus over the screen area occurs as V:112 is decreased.

2. In transistor cameras cathode blanking is preferable. The cathode impe-

dance is in the order of 30k .

3. With an indicator placed 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 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 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
imately 70 G. With this mode of operation, beam-landing errors resulting

adjustedto 750 V and afocusing field strength of approx-

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 tem-

perature will increase and adequate 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.m.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.m.s. noise current multiplied by a factor 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 adjusted 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 50% of
the peak signal.
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VIDICON TUBES 55850 S
F

8. The entire workingarea (0.6 mm x 12.8 mm) of the photoconductive layer
should always be scanned, accordingly the use of a mask having these
dimensions is recommended. Scanning an arealess than 9.6 mmx12.8 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 possible, 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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VIDICON TUBES 55851-2-AM
55851-2-N

TENTATIVE DATA

QUICK REFERENCE DATA

2.5cm (1in) 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) 200 to 300 v

Resolution capability at picture centre up to 900 lines

Heater voltage 6.3 A\

Heater current 300 to 350 mA
HEATER

Suitable for series or parallel operation, a.c. or d.c.

Vh 6.3 v
Ih 300 to 350 mA

Note (applies to series operation only). The surge heater voltage must not
exceed 9.5V r.m.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.

OPERATING CONDITIONS (for scanned area 9.5X12.7mm)

Conditions
Vas Signal electrode voltage 30 to 70 v
Va3 Mesh voltage (see note 1) 300 to 450 v
Vaz Focusing electrode control range (final anode) 200 to 300 v
See note 2.
val First anode voltage 300 v
Vg adjusted for sufficient beam current to stabilise highlights.
Minimum peak-to-peak blanking voltage
when applied to the grid 50 v
when applied to the cathode 25 v
Field strength at centre of focusing coil (approx.) 40 Gs
Field strength of adjustable alignment coils 0to4 Gs
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Performance

Vg (for picture cut-off with no blanking applied) -30 to -100 v

Signal current with faceplate illumination of
10lux (approx.) See note 3 150 nA

Resolution capability at centre of picture
(see note 1) up to 900 lines

Average slope of transfer characteristic for signal
output currents between 50 and 200nA (approx.) 0.65

FOCUSING
Magnetic
DEFLECTION

Magnetic

PHOTOCONDUCTIVE LAYER

Maximum useful diagonal of rectangular image
(4:3 aspect ratio) See note 4 16 mm

RATINGS (ABSOLUTE MAXIMUM SYSTEM)

Vas max. (see note 5) 100 v
V_ . max, 1000 \'
a3
V_ _ max, 900 v
a2
V _ max. 450 v
al
-Vg max. 125 v
+V_ max, 0 v
g
Vh-kpk) T2
cathode positive 125 v
cathode negative 10 v
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 by
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 is

observed.
MOUNTING POSITION Any
WEIGHT
Tube alone (approx.) 75 g
(@
[Mullard|
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VIDICON TUBES 55851-2-AM
55851-2-N

OPERATING NOTES

1. The mesh (ag) should be operated at a higher electrical potential than
that of thefinal anode (as). Va3 should be adjusted for optimum resolution
and minimum shading. If a separate supply is not available for ag it
should be connected to ag.

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 Va9 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 (9.5X12.7mm) of the photoconductive layer
should always be scanned. Accordingly the use of a mask having these
dimensions is recommended. Scanning an area less than this may per-
manently damage the photoconductive layer.

T
.

Vas should never exceed 100V, either during warm-up, or standby, or
during operation. An excessive signal electrode voltage may permanently
damage the photoconductive layer.

6. Absolute maximum for shelf-life and operation. Under high temperature
conditions a flow of cooling airdirected atthe faceplate is recommended.
When televising flames and furnaces, appropriate infra-red filters should
be used.
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CAMERA TUBES 55875
55875R

558756
55875B

TENTATIVE DATA

QUICK REFERENCE DATA

3em(l. 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

GENERALOPERATIONALRECOMMENDATIONS AND INSTRUCTIONS FOR USE
given on pages D7 to D9.
HEATER
Suitable for parallel operation only
Vh 6.3+5% V
Ih 90 mA
OPERATING CONDITIONS

For scanned area of 12mm X 16mm and a faceplate temperature of 20°C to
45°C (see note 1)

Conditions
v 2 0
a9+a3 50 to 300 v
v 300 v
al
Minimum peak to peak blanking voltage
when applied to grid 40 v
when applied to cathode 15 v
Ial for normal beam currents <1.0 mA
Dark current (target electrode voltage =45V) <3.0 nA

Faceplate illumination (see note 2)
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Performance

Target electrode voltage (see note 3) 45 v
Vg (for picture cut-off with no blanking applied) -30 to -100 v
*Highlight target electrode current 0.3 LA
*Average target electrode current approx. 0.15 pA

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 55875B

At highlight target current| 0.3 0.15 0.3 0.15 pA
Va2+a3 =250V to 300V 35 30 35 45 %
V94q3 =550 to 650V 40 35 40 50 %

Resolution capability >600 TV lines

Signal to noise ratio at a signal current

of 0.15uA (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 0.1uA

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, B tubes

Max. residual signal
after dark pulse of 60ms 5.0 %
after dark pulse of 200ms 2.0 %
Persistence (see note 9)

Sensitivity (see note 10)

55875 >275 wA/Im
55875R > 60 pA/Im
55875G >100 pA/lm
55875B >32 pA/lm

*Subtraction of dark current is unnecessary because of the high signal
current to dark current ratio.
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CAMERA TUBES 55875
55875R

55875G
55875B

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
the vertical scan should be essentially parallel to the plane passing through
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) 12mm X 16mm

RATINGS (ABSOLUTE MAXIMUM SYSTEM)

Vv max. 50 v
target
. 750 v
Vag+ag MaX
V _ max. 450 v
al
—Vg max. 125 v
+Vg max. 0 v
Ik max. 3.0 mA
vh—k(pk) max.
cathode positive 125 v
cathode negative 10 v
Faceplate
maximum illumination (see note 12) 500 Tux
maximum temperature (operation and storage) 50 0C
minimum temperature (operation and storage) -30 <
CAPACITANCES (see note 13)
Target electrode to all other electrodes 4.0to 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 approx. 100 g
ACCESSORIES
Socket 56020

Focusing and deflection coil assembly

NOTES

for 55875 AT1132
for 55875R, G and B AT1112

. Underscanning of the specified useful target area of 12mm X 16mm, or

failure of scanning, should be avoided since this may cause damage to the
photoconductive layer. The boundaries outside of this area should pref-
erablybe covered by a mask to reduce the effects of internal reflections
in the faceplate.

. Faceplate illumination level for the 55875 typically needed to produce

0.3pA target current will be approximately 5lux. The target currents
specified for the colour tubes 55875R, G and B respectively will be obtained
withan incident white light level (2850°K) on the filter of approximately
12lux.

These figures are based on the use of the filters described in note 10. For
filter BG12, however, a thickness of 1mm is chosen.

. At Vk=0.

. The beam current to be adjusted for current stabilization according to

the highlight target currents as stated in the table.

. Thefigures 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.

o V. adjusted for optimum focus.

a2+a3

The stated ratio represents the ''visual equivalent signal-to-noise ratio",
whichis taken as the ratio of highlight video signal currentto r.m.s. noise
current, multiplied by a factor of 3. (An r.m.s. noise current of the
video pre-amplifier of 2nA, bandwidth 5MHz, is assumed).

. (@ Gamma, to a certain extent, is dependent on the wavelength of the

illumination applied.

(b) The use of gamma-correcting circuitry is recommended.

. The tube has a short persistence which makes it ideal for live studio

monochrome and colour applications.
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CAMERA TUBES 55875
55875R

558756
55875B

10. As measured under the following conditions:

Tubes are exposed to an illumination of 5.2lux at black body tem-
perature of 2850°K. 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 0G2 3mm thick
55875G Schott VG9 1mm thick
55875B Schott BG12 3mm thick

11. For focusing and deflection coil assembly see under "ACCESSORIES"

Focus Line Field
Approximate values current current current
(mA) (mA p-p) | (mA p-p)
Monochrome coil assembly AT1132
Va2ﬁ3=300V iy 160 25
Va2ﬁ3=600V 25 235 35
Colour coil assembly AT1112
Vaz_"‘13 =300V 75 160 25
Va34a3 =600V 100 235 35

12. 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 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
assembly.
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CAMERA TUBES 55875
55875R

55875G
558758

GENERAL OPERATIONAL RECOMMENDATIONS
TRANSPORT, HANDLING AND STORAGE

Duringtransport, handling or storage, the longitudinal 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 ke taken whenthe tube and socket
are mated.

Target electrode

Target electrode connection is made with the metallic coating at the face end
ofthe 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 duringlongidle periods, suchas 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
for the compression of the video signal in the range 75% 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-noise ratio

Since the tube does 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.
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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 well-designed 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 signal-to-noise
ratio.

OPERATING INSTRUCTIONS

1.

10.

ET.

Insert the tube in the deflection unit in such a way that the plane defined
by the mark at the base of the tube and the tube axis is essentially parallel
to the direction of the field scan.

. Carefully mate the socket withthe base pins and clean the faceplate of the

tube.

. Cap the lens and close the iris.

. Adjust the operating conditions as follows:

a) Grid-bias control at maximum negative bias (beam cut-off).

b) Target electrode voltage to the value as indicated on test sheet
supplied with the tube.

c) Scanning amplitudes to maximum.

Switch on camera and monitor equipment. Allow a few minutes for heating
up.

. Adjust the monitor to produce a faint, non -overscanned raster.

Direct the camera to the scene to be televised and uncap the lens.

Slowly adjust the grid-bias control until a picture is produced on the
monitor. If the picture is too faint,increase the lens aperture.

Adjust Vgoiog control (beam focus) and optical focus alternately for
maximum focus.

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 Vy2+53 (beam focus)
is varied.

b) Reduce the target 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.

Adjust the scanning amplitudes as follows:

a) By means of a 12mm X 16mm mask which 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.

SEPTEMBER 1966
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CAMERA TUBES

b)

55875

55875R
558756
55875B

If no mask is available direct the
camera to a test chart having an
aspect ratio of 4:3 and adjust the
centring controls in sucha way that
thetarget ring is just visible in the
corners of the picture. Adjust the
distance from cameratotest chart,
and refocus until the image of the
test chart is positioned on the face-
plate as indicated on the adjoining
figure.

Decrease both scanning 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.

ALWAYS

- use full size (12mm X 16mm) scanning of the targetandavoidunder-

scanning

- 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

SEPTEMBER 1966
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PHOTOMULTIPLIER OPERATING
TUBES 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 19, the power supply must be stabilised to within
approximately 0.19,.

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 19, when measuring continuous luminous flux, the current
in the chain should be at least 100 times the anode current.

() 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
each resistor in the divider chain with a capacitor, which supplies
the additional current when required. Since the earlier cathodes
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_dC" 1
Cp1==dC,y_; ete.
where C;, = capacitor across resistor feeding last cathode
Cu-1 = capacitor across resistor feeding last cathode but
one
Cu_z = capacitor across resistor feeding last cathode but
two )
d  =secondary emission factor of cathodes (typically
3.5)

Mullard
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OPERATING PHOTOMULTIPLIER
NOTES TUBES

If the time constant RC, is made greater than 100t, where t is the
time constant of the pulses, a peak anode current of TmA will
cause a change in gain of less than 19, if the current through the
voltage divider chain is TmA.

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 10us 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
1075Im 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.

()
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PHOTOMULTIPLIER OPERATING
TUBES 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.
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PHOTOMULTIPLIER OPERATING
TUBES NOTES
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OPERATING PHOTOMULTIPLIER
NOTES TUBES
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PHOTOMULTIPLIER SPECTRAL RESPONSE
TUBES
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SPECTRAL RESPONSE PHOTOMULTIPLIER
TUBES
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PHOTOMULTIPLIER SPECTRAL RESPONSE
TUBES
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SPECTRAL RESPONSE PHOTOMULTIPLIER

TUBES
100
} T Tvpe ‘DU Photocathode £8999
D/D \
/
] \
80
I \
I \
[
I
60
|
I \
"
40 \
\
\
\
20
\
\
\
N
o} AN
0-2 0-4 0-6 0-8 T\(Fm)

RELATIVE SPECTRAL ENERGY DISTRIBUTION CURVE
FOR TYPE 'DU' PHOTOCATHODE

SEPTEMBER 1968 N Spec. Res. Page4



PHOTOMULTIPLIER SPECTRAL RESPONSE
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SPECTRAL RESPONSE PHOTOMULTIPLIER
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UNIVERSAL PHOTOSCINTILLATOR $5600

HOUSING ASSEMBLY .
Series

TENTATIVE DATA

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 scirtillator 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.

Maximumh.t. supply voltage for the

photomultiplier tube (negative polarity) 2.5 kv
H. T. supply current 1.05 = 10% mA/kvV
Limiter supply voltage (positive polarity) 24 \%
Limiter supply current 35 mA

TYPE DESIGNATION

S5600/01 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 56 AVP, 56DVP, 56DUVP, 56TUVP, 56TVP or 56UVP.

S5600/02 As 85600/01 but for use with photomultiplier tube type 56CVP,

S$5600/03 As S5600/01 but for use with photomultiplier tube type 58 AVP,
58DVP, 58UVP, XP1040 or XP1041.

M/5600/01 As 85600/01 but without the printed wiring boards carrying
voltage divider and limiter.

M/5600/02 As 85600/02 but without the printed wiring boards carrying
voltage divider and limiter.

M/5600/03 As 85600/03 but without the printed wiring boards carrying
voltage divider and limiter.

M/5600/AR  As M/5600/01 but without anti-magnetic shields and without
fastening rings for light guide or scintillator.
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$5600/01 EXPLODED VIEW AND CONNECTIONS
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UNIVERSAL PHOTOSCINTILLATOR S$5600

HOUSING ASSEMBLY

Series

PHOTOMULTIPLIER TUBE

The photomultiplier tube must be ordered separately. For tube data see

Handbook section "Photomultiplier tubes!.
SCINTILLATOR

The plastic scintillator must be ordered separately. Details maybe obtained

from the Industrial Electronics Division.
LIGHT GUIDE

The light guide must be ordered separately. The maximumdiameter is

40mm, and the required length must be stated when ordering.
ACCESSORIES

The following accessories can be ordered separately:

Fastening clip PS A 100
Voltage divider for S5600/02 (2 circuits) PS A 101
Two printed circuit boards without components,

for mounting a voltage divider at choice PS A 102
Voltage divider for 85600/01 and S5600/03 (2 circuits) PS A 103
Limiter PS A 104
Opaque cap PS A 105
Fastening rings for light guide or scintillator PS A 106
Soft iron shield PS A 107
Foam plastic ring PS A 108
Passive printed circuithoard to replace limiter PS A 104

in case of direct connection to the anode PS A 109
Mu-metal shield TA 60/09

OPERATIONAL CONSIDERATIONS

The h.t. supply of the probe must have a negative polarity. The absolute
maximum value of the h.t. is 2500V but, depending on the type of photo-
multiplier tube used, it must not exceed the value giving a gain of 109.

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 current of 35mA.
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CHARACTERISTICS OF THE LIMITER
Measuring set-up

Sampling  oscilloscope

Pulse enerator
d 5600 =4500 input

Max rise time=0-25ns

Max rise time=0-3ns

Input connector Output connector
‘Test”’ *Signal”

Output signal peak amplitude = 1.6V across 1002

For a given output voltage the leading edge is max. 0.8VS
(Vs = tube interstage voltage)

Rise time from 0 to 0.75Vg = max. 2ns.

Maximum ambient temperature = 40°C.

CHARACTERISTICS OF S5600
equipped with photomultiplier tube 56 AVP or 56DVP

Measuring set=up

Output connector

*Signal”
Light pulse Sampling osclilloscope
generator 50 Q input.
SL109 - Max rise time=0-3ns

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. 0.8V

Rise time = 4ns.
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Series
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UNIVERSAL PHOTOSCINTILLATOR
HOUSING ASSEMBLY
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VOLTAGE DIVIDER PS A 103

Printed circuit board 1
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UNIVERSAL PHOTOSCINTILLATOR
HOUSING ASSEMBLY

$5600

Series
VOLTAGE DIVIDER PS A 103
Printed circuit board 2
SLea o
R31 o 0d9 d9 o o
o——1}—o o)
I o 0d10 d100 o)
c32
o) odn d11 o o) o
o o—j}—o
R32 o odi2 d120 o
o——3—o
o 0di3 d130 (e}
Q 2 o) odi4 d140 o) " e
c33 o
R33 o o o e}
o——10 o o}
o l¢] e} o
o} o) o o
R34 o e} 0 0 il
o——1—o €34
o] o 0 o
_—
o o o o C35jr=r
R35 o] o
o——1}0
(¢} e} o o S
Cc36
7. 7 o—[+ —
R36
o——3o
|
Circuit 2
d10 dn d12 d13 di4 %
o) o) (o} [e) o}
R31 R32 R33 R34 R35 R36
Oo—y¢ — e H»—-{ —e
d9 47 kN 47k0 47k 47k0 47k 0 47k Q.
Cc31 c32 c33 C34 c35 Cc36
I' 'L " 'L II “ ll PN ll]+ o In+
220nF 470nF 1WF 2-2pF 8pF 8pF

NOVEMBER 1968

—
N

S5600 Series Page 7



LIMITER PS A 104
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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 (520)
Photocathode useful diameter 44 mm
Anode sensitivity (at Vb =1.8kV) 400 A/lm

This data should be read in conjunction with
OPERATING NOTES - PHOTOMULTIPLIER TUBES

PHOTOCATHODE

Surface Sodium potassium caesium antimony
Spectral response curve type T (S20)
Peak spectral response 420 +30 nm
Minimum useful diameter 44 mm
Minimum cathode area 15.2 cm2

*Luminous sensitivity

Average 150 pA/Im
Minimum 110 HA/Im
Average radiant sensitivity (at 420nm) 70 mA/W

*Measured using a lamp of colour temperature 2850°K.

CHARACTERISTICS
VOLTAGE DIVIDER AS IN FIG.1
Overall sensitivity (at Vb =1.8KkV)

Average 400 A/lm
Minimum 100 A/lm
Maximum dark current at S=60A/lm 50 nA

Maximum value of anode current at which
relationship between peak anode current and
luminous flux is linear (at Vb=l. 8kV) 30 mA
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k acc. diI d2 d3 d4 a5 dé d7 ds d9 dio a amplifier
» =

E - - - - - = - =
l \F \P 4 S N N \; \: \: -
= o-753§ RL
115V, Vo | Vo IVo (Vo Vo Ve Ve [Vo |Vo |Vo T
A'A'A'A'A'A'A' I'A'A'l' AAAA, AANA, AAAA AAAA, AAAA AAA ANAA ANA. AAA
Yyvyy YYvyy YYVy AAAAS AAAAL yyyy AAALS Yy vy
Vp=11-25V, _l H
-HT o
Figl +HT
B2369
CAPACITANCES
Ca-d10 3.0 pF
ca—all 5.0 pF
MOUNTING POSITION Any
RATINGS (ABSOLUTE MAXIMUM SYSTEM)
Vb max., 1.8 kv
Ia max. (continuous operation) 1.0 mA
Vv .
-d1 max 500 v
Vk i min. 180 v
*
Va—le max. 300 v
¢ .
Va-le min. 80 A"
dl-d2 " e *49-d10 max. 300 v
ittt d9-d10 min, 80 \

*When calculating the anode voltage, the voltage drop acrosstheloadresis-
tance should not be overlooked.
ACCESSORIES (supplied as additional items)
Socket FE1001
Mu-metal shield 56128
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PHOTOMULTIPLIER TUBE XPI1002

OPERATING NOTES

1.

To achieve a stability of about 1% the ratio of the current through the
voltage divider bridge tothat throughthe heaviest loaded stage of the tube
should be approximately 100.

For moderate intensities of radiation abridge current of about 0.5mA will
be sufficient.

When pulses of high amplitude are 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.

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.

. It is advisable to screen the tube with a mu-metal cylinder against the

influence of magnetic fields.

I ncldunt‘ru diation

W dia
Photocathode 525 max
\ﬁ4dia.min.-1
(b = = ==Y
d1 3
14-pin base 14345 |
J.E.D.EC. B14-38 12345
3

popjouw

e—— 58 max, —= B6608E

All dimensions in mm
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PHOTOMULTIPLIER TUBE XP1002
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PHOTOMULTIPLIER TUBE XPI0I0

QUICK REFERENCE DATA

10 stage photomultiplier tube intended for use in applications such as
x and Yy -ray spectrometry.

Spectral response curve type A (S11)
Photocathode useful diameter 32 mm
Anode sensitivity (at Vb =1.8kV) 700 A/lm

This data should be read in conjunction with
OPERATING NOTES - PHOTOMULTIPLIER TUBES

PHOTOCATHODE

Surface semi-transparent, caesium antimony
Spectral response curve type A (S11)
Peak spectral response 420 £30 nm
Minimum cathode area 8.0 cm2

*Luminous sensitivity

Average 80 pA/1m
Minimum 70 LA/Im
Average radiant sensitivity (at 420nm) 65 mA/W

*Measured using a tungsten lamp of colour temperature 2850°K.
CHARACTERISTICS
VOLTAGE DIVIDER AS IN FIG.1
Overall sensitivity (at V,'J =1.8KkV)
Average 700
Minimum 400
Maximum dark current at S=60A/Im(measured at 2500) 50
**Minimum plateau length (Mn, Kae line 5.9keV) 70
**Maximum plateau slope 0.08
**Background in middle of plateau
Average 10
Maximum 50

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) 30

A/lm
A/Im

%/V

Hz

Hz

mA

**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.
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kQCC
dl d2 d3 d4 d5 d6 d7 d8

1133338

-HT +HT
Fig. 1
CAPACITANCES
ca -d10 3.0 pF
ca—all 5.0 pF
MOUNTING POSITION Any
RATINGS (ABSOLUTE MAXIMUM SYSTEM)
Vb max. 1.8 kv
Ia max. (continuous operation) 1.0 mA
Vk-dl max. 500 A%
Vk—dl min 120 A%
le—dz ......... 49-d10 max, 300 v
le—dz""""'ds-dlomin' 80 v
Va—dlo max. 300 v
Va—le min. 80 v

***When calculating the anode voltage the voltage drop across the load resis-
tance should not be overlooked.

ACCESSORIES (supplied as additional items)

Socket FE1002
Mu-metal shield 56127
()
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PHOTOMULTIPLIER TUBE XPI0IO

Inmdentlradlahon

39:5max
32 mlnq —
[
T

10046
12126
dl+sacc k
B12A base
(66634

L L L

—= 3Bmax =

OPERATING NOTES

Y 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 moderate intensities of radiation a bridge current of 0.5mA will be
sufficient.

3. When pulses with high amplitudes are taken from the anode, it is useful
todecouple 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 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 several hours of operation.

5. It is advisable to screen the tube with a mu-metal cylinder against the
influence of magnetic fields.
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PHOTOMULTIPLIER TUBE XPI0I0
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PHOTOMULTIPLIER TUBE XP I 030

PRELIMINARY DATA

QUICK REFERENCE DATA

10 stage photomultiplier tube intended for use in alpha detection and
optical and scintillation applications in which a larger photosensitive
area is required.

Overall diameter 755 mm
Photocathode diameter 63.5 mm
Overall sensitivity (at Vi, = 1.8kV) 250 A/lm
Maximum dark current (at S = 100A/Im) 02 pA

This data should be read in conjunction with OPERATING NOTES—
PHOTOMULTIPLIER TUBES.

PHOTOCATHODE
Surface Caesium antimony
Peak spectral response 0.42+0.03 wm
Minimum useful diameter 63.5 mm
Minimum cathode area 31.8 cm?2
*Luminous sensitivity
Average 60 pwA/Im
Minimum 40 uA/lm
Average radiant sensitivity (at 0.42um) 50 mA/W
Maximum dark current (at Tamp = 25°C) 2x10-15  A/ecm?2

*Measured using a lamp of colour temperature 2850°K.

CHARACTERISTICS

Overall sensitivity (at Vi, = 1.8kV)

Average 250 A/lm

Minimum 100 Allm
Maximum dark current (at S = 100A/Im) 0.2 uA
Transit time for infinitely short light pulse (at Vi, = 1.4kV) i

Width at half height of anode pulse 15 ns

Rise time of anode pulse 7 ns
Maximum transit time difference between the centre of the

photocathode and the edge (at Vy, = 1.4kV) 7 ns

Maximum value of anode current at which relationship
between peak anode current and luminous flux is linear
(at Vp = 1.8kV)

At high gain distribution as shown in fig. 1 50 mA
At high current distribution as shown in fig. 2 100 mA
A
[Mullard|
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XP I 030 PHOTOMULTIPLIER TUBE

kQCC
I d d2 d3 d4 d5 d6 d7 d8 d9 dIO a Amplifier

K acc
ld d2 d3 d4 d5 d6 d7 d8 d9 dIO a Amplifier
] p

=
—-HT.
CAPACITANCES
Ca—d10 2.5 pF
Ca—all 4.0 pF

MOUNTING POSITION
Any
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PHOTOMULTIPLIER TUBE XP I 030

ABSOLUTE MAXIMUM RATINGS

Vy max. 2.0 kV
l, max. (continuous operation) 1.0 mA
pa Max. 0.5 w
Vi-ace max. 500 \%
Vk—dl max. 500 \'
Vi—a1 min. 100 \%
*Va-a10 Max. 300 \%
*Va-a1o min. 80 \"
Vdai-az . . . d9-a1o max. 300 v
Vai-a2 . . . d9—aio min. 80 \"

*When calculating the anode voltage, the voltage drop across the load
resistance should not be overlooked.

ACCESSORIES
Socket B8 700 40

This socket is supplied with the tube. When ordering separately,
the above reference number should be quoted.

WEIGHT
Tube alone 6.5 oz
185 g
‘bi75-5mcx——1‘
‘ —635 .4‘ ‘
\
i 7 1 [} i
0
o
4'7
8
S
o 3
o 0
0

Special 14pin base

All dimensions in mm
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PHOTOMULTIPLIER TUBE XP I 030
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XP I 030 PHOTOMULTIPLIER TUBE
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PHOTOMULTIPLIER TUBE XPI03l

QUICK REFERENCE DATA

10 stage photomultiplier tube intended for use in applications such as
gamma-ray spectrometry and gamma scintillation cameras.

Spectral response curve Type A (S11)
Photocathode useful diameter 63.5 mm
Anode sensitivity (at Vb =1.8kV) 250 A/Im
Energy resolution for 0.661MeV caesium 137 line 8.5 %

This data should be read in conjunction with
OPERATING NOTES - PHOTOMULTIPLIER TUBES

PHOTOCATHODE
Surface semi-transparent, caesium antimony
Minimum useful diameter 63.5 mm
Spectral response curve Type A (S11)
Wavelength at maximum response 420+30 nm

*Luminous sensitivity

Average 80 pA/lm
Minimum 70 wA/Im
Average radiant sensitivity at 420nm 65 mA/W

*Measured using a tungsten lamp of colour temperature 2850°K

MULTIPLIER SYSTEM

Number of stages 10
Dynode material silver magnesium oxygen caesium
C

MARCH 1968 A XP1031 Page 1



CHARACTERISTICS
Overall sensitivity at Vb= 1.8kV

Average 300 A/lm
Minimum 100 A/lm
*Maximum dark current at S=100A/Im 0.2 LA

Maximum value of anode current at which
relationship between peak anode current

and luminous flux is linear (at Vb= 1.8KkV) 50 mA

** Anode pulse rise time (at Vb= 1.4KkV) 7.0 ns

Anode pulse width at half height (at Vb= 1.4KkV) 15 ns
Transit time difference between the centre

of the photocathode and the edge (at Vb= 1.4KkV) 7.0 ns

Total transit time (at Vb= 1.4kV) 60 ns

**+* Energy resolution for 0.661MeV caesium 137 line
Average 8.5 %
Maximum 9.0 %

*Measured at 25°C
**For an infinitely short light pulse

***Measured using a 50mm X 50mm sodium iodide crystal

Gy C©
Vb=14V, 1 _—2 J)
~HT. C,=470pF  C,=1000pF +HT
CAPACITANCES
a-d10 Pt ol
Comall 5.0 pF
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PHOTOMULTIPLIER TUBE XPI1031

RATINGS (ABSOLUTE MAXIMUM SYSTEM)

Vb max. 2.0 kv
1a max. (continuous operation) 1.0 mA
Vk_ 41 max. 500 v
Vk_ di min. 100 v
V. 500 v
-acc

le_dz .......... d9-q10 max- 300 \4
le—dz .......... 49-d10 min. 80 v
a-d10 MaX- 300 v
*Va_ q10 min 80 v

*When calculating the anode voltage, the voltagedrop across the load resis-
tance should not be overlooked.

ACCESSORIES (supplied as additional items)
‘Socket FE1001
Mu-metal shield 56135

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 current of about 0.5mA
will be sufficient.

3. Each tube is accompanied by 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.
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PHOTOMULTIPLIER TUBE XP1040

QUICK REFERENCE DATA

14 stage photomultiplier tube intended for use in fast coincidence
circuits and Cerenkov counters where a high degree of time definition
is required. This tube is similar to type 58AVP, except for the win-

dow construction.

Spectral response curve type A (S11)
Photocathode useful diameter 110 mm
Anode sensitivity (at Vb = 3.0kV) 7000 A/lm

This data should be read 1n conjunction with
OPERATING NOTES - PHOTOMULTIPLIER TUBES

PHOTOCATHODE
Surface semi-transparent, caesium antimony
Spectral response curve type A (S11)
Peak spectral response 420 +30 nm
Minimum useful diameter 110 mm
*Luminous sensitivity
Average 70 pA/lm
Minimum 45 uA/Im
Average radiant sensitivity (at 420nm) 60 mA/W
*Measured using a tungsten lamp of colour temperature 2850°K.
CHARACTERISTICS
VOLTAGE DIVIDER AS IN FIG. 1.
Supply voltage for gain = 108
Average 2.4 kv
Maximum 3.0 kv
**Maximum anode dark current at gain = 108 12 pA
Maximum value of anode current for which
relationship between peak anode current and
luminous flux is linear (at Vb =3.0kV) 100 mA

**Measured at 25°C
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VOLTAGE DIVIDER AS IN FIG. 2.

Maximum value of anode current for which
relationship between peak anode current

and luminous flux is linear (at Vb =3.0kV) 300 mA
Rise time of anode pulse (at V]D = 3.0kV) 2.0 ns
Width at half height of anode pulse (at Vb =3.0kV) 4.0 ns
Transit time difference between the centre of

the photocathode and the edge (at Vb =3.0kV) 1.0 ns
Total transit time (at Vb =3.0kV) 45 ns
Maximum peak current 0.5to 1.0 A

gy 72

\ 93
l‘ d.| c.|2 (!3 d4 e? 1_6 17 d-g d_? r!LO d_l_l d_l_2 1I3 d_l_4tl Amplifier
l - \F’\ %\1/ N \F’ NN N N N \P\/i_

G [ l

:
08
b—v \. \/. V. \/ AV \/. A/ AL \/. \/. \. \/.
o ) L ) o ) C) o o ) o ] )
K ok Tl o it R RARIN
v ) I ) O O O V) ) 0 ) ) O 8
5 [ Vs—
< RIS IRIET
]
19V,
o
o
~HT Figl +HT

93 ?

dl d2 d3 d4 d5d6 d7 d8 d9 dIOdil di2 d3dlda | aAmpiifier

- m m om wm oW = - m m wm om o

J I <+ \L 3 \F/ L J r E/ r L

N N N NN
1

Ry

VWA

\T 72|68 12|15 |18[22(27|33|30|47| 3
I° \l° \lo \Ic \Ic \:, \ln \Io \4’ \lo "’c \I° \lo _‘ 3- 4.7v°

AMA " AMASAAS-AASAN AN ANSANASAAASAAAS AN,
WYSHHWWWWVES WS WS WSWS W W WM W

1M KMHIHH
s 343 to 36V
=HT Fig.2 B66 '?.1"’

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.

[Mullard |
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PHOTOMULTIPLIER TUBE

CAPACITANCES
ca—d14
ca—all

RATINGS (ABSOLUTE MAXIMUM SYSTEM)

*V. max.

o

I max. (continuous operation)

<

max.
k-acc

<

k-acc

<
8
&

d13-d14 max-
d13-d14 ™

XP1040

5.0 pF
7.0 pF
3.0 kv
2.0 mA
1.8 kv
1.4 kv
300 v
800 '
250 v
100 A\
500 v
80 v
500 v
80 v

*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 dropacross the load resistance

should not be overlooked.

ACCESSORIES (supplied as additional items)
Socket
Mu-metal shield
tube with metal container

tube without metal container

FE1003

56133
56129
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OPERATING NOTES

L.

Special

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.

. For moderate intensities of radiationa bridge current of about 3mA will

be sufficient.

. When pulses of high amplitude are taken from the anode, it is useful to

decouplethe last stages asindicated inthe circuit by means of capacitors
of a few hundred pF, to avoid a voltage drop between these stages.

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.

It is advisable to screen the tube with a mu-metal cylinder against the
influence of magnetic fields.

. In the case of high counting rates and large peak power outputc, 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.

. 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 connected as in Fig. 2.

1365
max dlo
11541
dia
I K//IZ/

131 max—
179 19 dia.

aquadag
sﬁueld 25915
2765
20pin base
. Metal
envelope
51'8 |
o max dia.
S - [p—
max
dia. [BE638

All dimensions in mm.
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PHOTOMULTIPLIER TUBE XP1040
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PHOTOMULTIPLIER TUBE XPI110

QUICK REFERENCE DATA

10 stage photomultiplier tube intended for use in applications such
as scintillation counting under limited dimensional conditions and
optical applications,

Spectral response curve type A (S11)
Photocathode useful diameter 14 mm
Anode sensitivity (at Vb= 1.8kV) 250 A/Im

This data should be read in conjunction with
OPERATING NOTES - PHOTOMULTIPLIER TUBES

. PHOTOCATHODE

Surface semi-transparent, caesium antimony
Minimum useful diameter 14 mm
Spectral response curve type A (S11)

Wavelength at maximum response 420 £30 nm

*Luminous sensitivity

Average 70 HA/Im
Minimum 40 LA/Im
Average radiant sensitivity at 420nm 60 mA/W

*Measured using a tungsten lamp of colour temperature 2850°K,

/™ MULTIPLIER SYSTEM

Number of stages 10
Dynode material silver magnesium oxygen caesium
M
()
[Mullard |
AUGUST 1967 N, XP1110 Page D1




CHARACTERISTICS
Overall sensitivity at V. = 1,8kV

b
Average 250 A/lm
Minimum 30 A/lm
**Maximum dark current at S= 30A/lm 100 nA

Maximum value of anode current at which
relationship between peak anode current
and luminous fluxis linear (at Vb =1,8kV) 10 mA

**Measured at 25°C,

& acc
Va d2 d3 d4 d5 d6 d7 d8 d9 dI0Q) Ampifier
L
Ry
075V,
M\ 4
- rl 'ﬂ
Vo =11-25V,
5 5
-HT +HT
CAPACITANCES
C._d10 1.5 pF
Ca-all 2.5 pF
RATINGS (ABSOLUTE MAXIMUM SYSTEM)
meax. 1.8 kv
Iamax. (continuous operation) 1.0 mA
7
\k_dlma.x. 300 v
Vk-dl min, 120 v
Vi1odz ***oeeees godio ™ 200 v
le—d?""""‘d&)-dlo 80 v
i ' _dloma)(. 200 v
*ok ok
Va—le e 80 ¥

***When calculating the anode voltage, the voltage drop across the load resist-
ance should not be overlooked.
ACCESSORIES (Supplied as additional items)

Socket - 56073
Mu-metal shield 56134
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PHOTOMULTIPLIER TUBE XPIIIO

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 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 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.

Incident radiation

:

20max

— dia fje—
14
—& min f—
‘1 dia
-
3
8
3 00
5
Special 12 -pin
lass base
9 — F—5.5max
All dimensions in mm 87604
()
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PHOTOMULTIPLIER TUBE XPIII0
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PHOTOMULTIPLIER TUBE XPIl113

TENTATIVE DATA

QUICK REFERENCE DATA

6 stage photomultiplier tube of small size intended for use in optical
applications where relatively high light fluxes are to be measured.

Spectral response curve type A (S11)
Photocathode useful diameter 14 mm
Anode sensitivity (at Vb= 1.2kV) 0.7 A/lm

This data should be read in conjunction with
OPERATING NOTES - PHOTOMULTIPLIER TUBES

PHOTOCATHODE
Surface semi-transparent, caesium antimony
Minimum useful diameter 14 mm
Spectral response curve type A (S11)
Wavelength at maximum response 420+30 nm
*Average luminous sensitivity 40 pA/lm
Average radiant sensitivity at 420nm 35 mA/W

*Measured using a tungsten lamp of colour temperature 2850°K.

MULTIPLIER SYSTEM
Number of stages 6

Dynode material silver magnesium oxygen caesium
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CHARACTERISTICS
Overall sensitivity at V. = 1,2kV

b
Average 0.7 A/lm
Minimum 0.2 A/Im
**Maximum dark current at S =0.3A/Im 10 nA
Maximum value of anode current at which
relationship between peak anode current
and luminous flux is linear (at Vb = 1.2kV) 15 mA
**Measured at 25°C
Amplifier
acc a
k

I dl d2 d3 d4
== s) o =

=
! N L

L | 5\/0 —.-‘—Vo —><—Vo ——4—VO -—--—\/O —]

$—AAA—NAA AN AN AN

O-HT

CAPACITANCES

Ca-ds

Ca-all

RATINGS (ABSOLUTE MAXIMUM SYSTEM)
Vb max,
I max. (continuous operation)

V. max.

dl—dZ"""“'dS—dGmax'

le-dz""""'ds-dGmn'
*okx max
Va-dG *

1.6 pF
1.3 pF
1.2 kv
0.5 mA
200 \'
200 A%
80 v
200 v
50 \4

***When calculating the anode voltage, the voltagedrop across the load resis-

tance should not be overlooked.
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PHOTOMULTIPLIER TUBE XPIII3

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 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

:

22 max.
—] dia. |f=—0
14
min,
dia.
(] R
T
1-5
57
3 54
max.
BOA/D Base @_
- e
All dimensions In mm. 4 max.
dia.
()
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PHOTOMULTIPLIER TUBE XPIII14

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 type A (S11)

Photocathode useful diameter 14 mm
Anode sensitivity (at vb= 900V) 15 mA/lm
Maximum dark current (at 4mA/lm) 0.1 nA

This data should be read in conjunction with
OPERATING NOTES - PHOTOMULTIPLIER TUBES

PHOTOCATHODE
Surface semi-transparent, caesium antimony
Minimum useful diameter 14 mm
Spectral response curve type A (S11)
Wavelength at maximum response 420 +30 nm
*Average luminous sensitivity 40 pA/1Im
Average radiant sensitivity at 420nm 35 mA/W

*Measured using a tungsten lamp of colour temperature 2850°K.

MULTIPLIER SYSTEM

Number of stages 4

Dynode material silver magnesium oxygen caesium
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CHARACTERISTICS
Overall sensitivity at Vb= 900V

Average
Minimum

**Maximum dark current at S=4.0mA/Im

**Measured at 25°C

15 mA/lm
4.0 mA/lm
0.1 nA

B5481
Guard ring

acc

15
~— Vo VO VO VO
AAAAAAANANA—AAAA—AANANA—AAANA —4

-HT

CAPACITANCES

Ca-d4

Ca-all
RATINGS (ABSOLUTE MAXIMUM SYSTEM)
Vb max.
Ia max. (continuous operation)
Vk-dl -
¥ di-dz-g5-qu K-
Va1-d2-d3-ds ™0

* ¥k
va-d4 max.

*kKY in.
a-da 0

1.9
2.7

900
0.1
200
200
80
200
50

<<<<<E<

***When calculating the anode voltage, the voltage drop across the load resis-

tance should not be overlooked.
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PHOTOMULTIPLIER TUBE XPII14

OPERATING NOTES

L.

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.

. For moderate intensities of radiation a bridge current of about 0.5mA

will be sufficient.

. 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
22 max.
dia, fe—
14
min.
dia
|
K [ — \ [
d2 acc,dl| ?
15
d4 IC
55
max.
Guard 43 m70x
ring ax.
a 1C(Guard {
ring) UL U JU J
BOA/D Base L
S
All dimensions in mm. 4d"‘."°x-
i Bsz65
(S
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PHOTOMULTIPLIER TUBE XPII16

TENTATIVE DATA

QUICK REFERENCE DATA

10 stage photomultiplier tube intended for use in applications such as
infra-red telecommunication and ranging under limited dimensional

conditions.

Spectral response curve type C(S1)
Photocathode useful diameter 14 mm
Anode sensitivity (at Vb= 1.8KkV) 20 A/lm

This data should be read in conjunction with
OPERATING NOTES - PHOTOMULTIPLIER TUBES

PHOTOCATHODE
Surface semi-transparent, caesium on oxidised silver
Minimum useful diameter 14 mm
Spectral response curve type C(S1)
Wavelength at maximum response 800 +£100 nm
*Average luminous sensitivity 20 pA/1m
Average radiant sensitivity at 800nm 2.0 mA/W

*Measured using a tungsten lamp of colour temperature 2850°K.

MULTIPLIER SYSTEM
Number of stages 10
Dynode material silver magnesium oxygen caesium
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CHARACTERISTICS
Average overall sensitivity at Vb =1.8kV 20
**Average dark current at S=10A/lm 10

**Measured at 25°C .

kOCC
ld d2 d3 d4 d5 d6 d7 d8 d9 dio

Vo=11-25V,
O Q
-HT +HT
CAPACITANCES
ca—le 1.5
ca—a.ll 2.5
RATINGS (ABSOLUTE MAXIMUM SYSTEM)
Vb max. 1.8
Ia max. (continuous operation) 30
Vk-dl max. 300
Vk—dl min. 120
le—dz ....... “* 0+ 49-d10 max. 200
le—dZ"""""'dQ—lemm' 80
k% %
Va—le max. 200
KKK i
Va—dlo min, 80

A/1lm

LA

L{/ \T/ + \L" Amplifier

pF

< < <4 < <4 <57

***When calculating the anode voltage, the voltagedrop across the load resis-

tance should not be overlooked.
ACCESSORIES

Socket

Mu-metal shield

56073
56134

FEBRUARY 1968
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PHOTOMULTIPLIER TUBE XPI116

£\ 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 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

M influence of magnetic fields.
Incident ‘ radiation.
: ; ; 19max
All dimensions in mm. dia
14min 3
‘ dia 7‘5f8
k side connection. ) ek'__f
1:5
A
88
3
105
max
Special 12-pin
glass base 2
Socket type 56073 M
7
4] 5-5max dia.
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PHOTOMULTIPLIER TUBE XPII1I17

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 (520)
Photocathode useful diameter 14 mm
Anode sensitivity (at Vb= 1.8kV) 100 A/lm

This data should be read in conjunction with
OPERATING NOTES - PHOTOMULTIPLIER TUBES

PHOTOCATHODE
Surface semi-transparent,sodium potassium caesium antimony
Minimum useful diameter 14 mm
Spectral response curve type T (S20)
Wavelength at maximum response 420+30 nm
*Average luminous sensitivity 100 pA/1Im
Average radiant sensitivity at 420nm 60 mA/W

*Measured using a tungsten lamp of colour temperature 28500K.

MULTIPLIER SYSTEM
Number of stages 9
Dynode material silver magnesium oxygen caesium
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CHARACTERISTICS <«

Overall sensitivity at V, =1.,8kV average 100 A/lm
b .
minimum 30 A/lm
**Dark current at S=30A/Ilm average 0.01 LA
maximum 0.10 BA

**Measured at 2500

do .
- Amplifier
AN

SR
0-75Vo
W—e
ke
Vp=10:25V,
o
—HT +HT
CAPACITANCES
c,_ a9 1.5 pF
Caall 2.5 pF
RATINGS (ABSOLUTE MAXIMUM SYSTEM)
Vb max. 1.8 kv
Ia max. (continuous operation) 1.0 mA
Vy_qp Mmax. 300 \
Vk—dl min. 120 v
le_dz .......... d8-qg max- 200 A
le_dz .......... d8-d9 min, 80 v
***Va—dQ max. 200 v
***Va_dg min. 80 A4

***When calculating the anode voltage, the voltage drop across the load resis-
tance should not be overlooked.

ACCESSORIES
Socket 56073
Mu-metal shield 56134
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PHOTOMULTIPLIER TUBE XPII17

OPERATING NOTES

L;

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.

. For moderate intensities of radiation a bridge current of about 0.5mA

will be sufficient.

. 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.

. 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.

. It is advisable to screen the tube with a mu-metal cylinder against the

influence of magnetic fields.

Incident | radiation.

All dimensions in mm.

.5+0
dia J7 510
I
k side connection. . "_f

+
W

105

Special 12-pin
glass base

Socket type 56073 H_I[LUJ

1

-—‘ 5-5max dia
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PHOTOMULTIPLIER TUBE XPI140

QUICK REFERENCE DATA

6 stage very fast high current photomultiplier tube intended for use
in plasma physics where a highdegree of time definition and linearity

is required.
Spectral response curve S4
Photocathode rectangular surface area 150 mm2
Gain (at Vb= 3.175kV) 104
Maximum output current for linearity

within 5% 2.0 A
Anode pulse rise time 1.7 ns
Total electron transit time 11 ns

This data should be read in conjunction with

OPERATING NOTES

- PHOTOMULTIPLIER TUBES

PHOTOCATHODE
Surface Non-transparent, caesium antimony
Minimum useful window area 25.5% 5.9 m.m2
Spectral response curve sS4
Wavelength at maximum response 400+50 nm
*Luminous sensitivity

Average 45 pA/lm

Minimum 25 wA/lm
Average radiant sensitivity (at 420nm) 35 mA/W

*Measured using a tungsten lamp of colour temperature 2850°K.

MULTIPLIER SYSTEM
Number of stages

Dynode material

MARCH 1968

6

Silver magnesium oxygen caesium
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CHARACTERISTICS

Overall voltage for gain of 104
Maximum 5.0 kv
Average 3.75 kv
**Dark current at gain of 104
Maximum 1.0 HA
Average 30 nA
Maximum output current for linearity within 5% 2.0 A

Overall tube voltage for 5% linearity of
2A peak anode current and input flux

Maximum 6.5 kv
Average 6.0 kv
Response time measured at 6. 5kV
Anode pulse rise time 1.7 ns
Anode pulse width at half height 3.0 ns
Total transit time 11 ns
Maximum peak anode current 4.0 A
**Measured at 25°C
RATINGS (ABSOLUTE MAXIMUM SYSTEM)
Vb max. 7.0 kv
Ia max. (continuous operation) 2.0 mA
CIRCUIT DIAGRAM
. _'./Extcrnu conductive coating (M)
;—/c’ G
" / l 9 d2 d3 a
\
NI T *r
—
Amplifier
% [ (o §
Ry I Ry T Ry T Ry T > R3
.._5\/0_.. 2to4Vo—=—4 106V,
HAAAA—
46 t0 60V,
-HT oHT
Ry=47kN C,=2200pF, 6kV working voltage
Rp=100N.  C,+10nF, 3kV working voltage
R3=50.N C3=0-02 pF, 3kV working voitage
Rg=22Nn G4=0-06 pF, 3kV working voltage
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PHOTOMULTIPLIER TUBE XPI1140

ADJUSTMENT OF TUBE VOLTAGES FOR LINEARITY

A short light pulse 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 in phase to an oscilloscope.

The measurements are made with a voltage divider as indicated in the
suggested circuit diagram, starting with a total voltage of 4. 8kV.

Observing the oscillogram and simultaneously controlling the voltages
between dog-dg and dg-d4, it is possible to find a compromise between
linearity and absence of oscillation. After this, the voltage between de-a
isincreased 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
d 2_d3’ d3—d 4 and d 62 at which a linearity (within 5%)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. Linearity within5% is defined asfollows: the curve showingthe relationship
between the output pulse and the input light pulse will not deviate more than
5% from a straight line.

— =55

k

= = . 255
‘ min

(M)

| Top View

—‘- L— 5-:9min

W

IC IC
14-pin base l

JEDEC. B14-38

58max dia

Al dimensions in mm M= External conductive coating
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ACCESSORIES (supplied as additional items)
Socket FE1001

Mu-metal shield 56128

XP1140 ! B8311

Gain |’E

J:dork ! ||
(nA) | | | Lt

10

r / [
[ J /’ |
1-0 |
1-0 20 3-0 4-0 Vb(kv) 5-0

GAIN AND DARK CURRENT PLOTTED AGAINST
TOTAL VOLTAGE

(R

[Mullard]|
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PHOTOMULTIPLIER TUBE XPI14l

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 Type A (S11)
Photocathode diameter 42 mm
Gain (at Vb =3.5kV) 104
Maximum output current for linearity

within 5% 1.0 A
Anode pulse rise time 1.9 ns
Total electron transit time 16 ns

This data should be read in conjunction with
OPERATING NOTES - PHOTOMULTIPLIER TUBES

PHOTOCATHODE
Surface Semi-transparent, low resistivity, caesium antimony
Minimum useful diameter 42 mm
Spectral response curve Type A (S11)
Wavelength at maximum response 420+30 nm

*Luminous sensitivity

Average 55 wA/1Im
Minimum 25 pA/Im
Average radiant sensitivity (at 420nm) 50 mA/W

*Measured using a tungsten lamp of colour temperature 2850°K
MULTIPLIER SYSTEM

Number of stages 7

Dynode material Silver magnesium oxygen caesium
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CHARACTERISTICS

Overall voltage for gain of 104
Maximum
Average

**Dark current at gain of 104

Maximum
Average

Maximum output current for linearity within 5%

Overall tube voltage for 5% linearity of
1A peak anode current and input flux

Maximum
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 25YC.

RATINGS (ABSOLUTE MAXIMUM SYSTEM)

Vb max.

Ia max. (continuous operation)

CIRCUIT DIAGRAM

External conductive coating (M)
e s

kv
kv

w o
(S04,

20 HA
0.1 LA

1.0 A

kv
kv

D D
(=25

H
© &
o N ©
> BB R

7.0 kv
2.0 mA

/” 9 %
0 ey o g, a

T lI—:/ ¥ E :t:

275Mn

R o oy ey ey |§
LTTTT I I°

S I —

Ry Amplifier

F— 2V, —— 3y, —— 3y, —— 3y, —— 4y, A-Amevc, 8y, «lw
- AAAAAAAAAAAAA AR AR

47 to 59y,
HT °©

Ry=47kn  C1=2000pF, 6kV working voltage C4=0-06pF, 3kV working voltage
Rp=100N  C,=10nF, 6kV working voltage
R3=50.1 C3=0-02pF, 3kV working voltage

—

«HT 777

MARCH 1968 R
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PHOTOMULTIPLIER TUBE XPIl14Il

ADJUSTMENT OF TUBE VOLTAGES FOR LINEARITY

A short light pulse 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 in phase to an oscilloscope.

The measurements are made with a voltagedivider as indicated in the sug-
gested circuit diagram, starting with a total voltage of 4.8kV.

Observing the oscillogram and simultaneously controlling the voltages
between d4-ds, it is possible to find a compromise between linearity and
absence of oscillation. After this, the voltage between dg-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-ds and dg-a at which linearity (within 5%) up to 1A is obtained.

NOTES

1. It is possible to obtain linearities at peak anode currents in excess of 1A
by means of amore 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.

5+0 .
—052 5_2.5 dia—

© 2:5%04

Top View

i 14315

} 167max
|
[

14-pin base. ‘

JEDEC. B14-38 !
i |

All dimensions in mm \W \g

—5 8max. dia.—
M=External conductive coating
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ACCESSORIES (supplied as additional items)
Socket FE1001
Mu-metal shield 56130

7 XP141 ]
. 1 1 1
Gain |, 1 I 1

HH
1]
®
w
perd
n

Liark | ~
(nA) [

10

9.

102 ¢0(

10 2-0 3-0 4-0 Vb(kV) 5-0

GAIN AND DARK CURRENT PLOTTED AGAINST
TOTAL VOLTAGE
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PHOTOMULTIPLIER TUBE XP|143

QUICK REFERENCE DATA
6 stage photomultiplier tube intended for measuring very short light
pulses having a very high luminous flux.
Spectral response curve Type $4
Useful photocathode area 280 mm2
Gain (at V, =3.5kV) 10*
Anode pulse rise time <1.0 ns
Maximum anode pulse amplitude for linearity
with input light pulse 5.0 A
Coaxial outlet impedance 50 Q
This data should be read in conjunction with
OPERATING NOTES - PHOTOMULTIPLIER TUBES
PHOTOCATHODE
Surface Opaque, caesium antimony
Minimum useful area 280 m.m2
Spectral response curve Type S4
Wavelength at maximum response 400 = 50 nm
*Luminous sensitivity

Average 45 pA/Im

Minimum 25 wA/Im
Average radiant sensitivity (at 400nm) 40 mA/W

*Measured using a tungsten lamp of colour temperature 28540K.
MULTIPLIER SYSTEM
Number of stages 6
Dynode material silver magnesium oxygen caesium
(R
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CHARACTERISTICS using recommended voltage divider

Supply voltage for gain= 104
Average
Maximum

Dark current at gain= 104
Average
Maximum

Maximum output current for linearity with
input light pulse (linear within 5%)

Supply voltage for linearity (within 5%) up to 5A
Average
Maximum

Anode pulse rise time

Anode pulse width at half height

Total transit time

3.5 kv
7.0 kv
1.0 LA
6.0 HA
5.0 A
6.5 kV
7.0 kV
<1.0 ns
<2.0 ns
10 ns

Cs (Very short connection)

Amplifier

Cq
I TIT|T T
— - T T TS
4106 |10t 1
3V sv‘,,.:w,,,*vo&8 Ov:ls.f \‘,:15 25V,
*— \VWW\—- /W86 —/ W AW
O Vp= 60 to 72V, -0
Cl=2. 2nF, 7.5kV
C_=2.2nF, 7.0kV
2 Low inductance
C_=2.2nF, 6.0KkV . -
3 ceramic capacitors
C4=3OnF, 4.0kV
Cs=50nF, 3.0kV
RL= 50Q
CAPACITANCES
C._d6 (without coaxial connector) 10 pF
ca_ a6 (with coaxial connector) 12 pF
a-all = e
(R

SEPTEMBER 1968

XP1143 Page 2
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PHOTOMULTIPLIER TUBE

XP1143

RATINGS (ABSOLUTE MAXIMUM SYSTEM)

V. max.
b

I max (continuous)

<p

k-d1 max.

<
B
=

AL=d2a v v s o5 05 d5-d6

<

m
a-dé
ACCESSORIES

Coaxial cable connector

Socket (see drawing below)

photocathode
window

215
%—
123 b
+0-

SEPTEMBER 1968

7.5 kv
2.0 mA
1.0 kv
2.0 kv
2.75 kv

General Radio type 874/C8A
Supplied with the tube

Clamping ring
80
dia
10 7 55 3 holes 3-0dia
4 dia equally spaced
") on 72 pcd
Socket
T T
L1 %
e —
10 7654321 y—[
48 3'0
dia
160 65 max
max dia
incident aluminium
radiation
Mu-metal
shield
' insulating
material
conductive
coating M
glass
All dimensions in mm
()
[Mullard]
N A
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PHOTOMULTIPLIER TUBE XPI210

TENTATIVE DATA

QUICK REFERENCE DATA

10 stage photomultiplier tube intended for use in very fast light pulse
detection, life time of excited states, fast coincidence measurements,
Cerenkov measurements, etc.

Spectral response curve Type A (S11)
Photocathode useful diameter 42 mm
Gain (at Vb =4.,0kV) 10'7

Maximum output current for linearity within 5% >175 mA
Anode pulse rise time 1.2 ns
Coaxial outlet impedance 50 Q

This data should be read in conjunction with
OPERATING NOTES - PHOTOMULTIPLIER TUBES

PHOTOCATHODE
Surface semi-transparent, caesium antimony
Minimum useful diameter 42 mm
Spectral response curve Type A (S11)
Wavelength at maximum response 420+30 nm

* Luminous sensitivity

Average 45 HA/Im
Minimum 25 pA/Im
Average radiant sensitivity at 420nm 45 mA/W

*Measured using a tungsten lamp of colour temperature 285401{.

MULTIPLIER SYSTEM
Number of stages 10

Dynode material silver magnesium oxygen caesium

SEPTEMBER 1968 N XP1210 Page 1



CHARACTERISTICS (see note 2)

Supply voltage for gain = 107

Average 4.0 kv
Maximum 5.0 kv
*Maximum dark current at gain = 107 1.0 HA
Maximum anode pulse amplitude for linearity
with input light pulse (linear within 5%) >75 mA
Anode pulse rise time (at Vb=5.0kV) =1.2 ns
Anode pulse width at half height (at Vb =5.0kV) 2.2 ns
Transit time difference between the centre of the
photocathode and the edge (at Vb =5.0kV) =0.2 ns
Total transit time (at V, =5.0kV) 20 ns

b

Note - These time characteristics are for an infinitely short light pulse,
fully illuminating the photocathode.

*Measured at 25°C

g1g2g3 g4
BED ¢ d2 d3 d4 d5 d6 d7 d8 d9o d1o | Amplifier
e L ] = - L2 L] - 3 o -
. " NVZEN V2N VRN VEREN VAN AN VAN VAN VY L
[ 125 2 Va 2.5 Cy
g Vot Vo—T Vo
Vs PV Vot ]
JVA vl\vnr AvAvA'A'A AV‘V‘VAVLAVAV‘VA' AVA‘IA' AvA'A'A' AvA'A‘A'
L_ov._ see note4 a5
o VO
—HT. +HT
CAPACITANCES
ca—g4 4.0 pF
Ca—all 6.0 pF
Decoupling capacitor between g4 and outside
of coaxial connector (built-in) 400 pF
RATINGS (ABSOLUTE MAXIMUM SYSTEM)
V., max. 5.0 kv
b
Vk—dl max. 900 A
ng—gs max. 1.75 kv
Vdi-dz.....d9-aio ™" 900 ¥
Va—g4 max. 1.5 kv
ACCESSORIES
Socket (see page 3) 56040

Coaxial cable connector

SEPTEMBER 1968

General Radio type 874/C8A

NP XP1210 Page 2
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PHOTOMULTIPLIER TUBE XPI210

OUTLINE DRAWING OF XP1210

Incident radiation

768 max

k
141
t25 g3
d2 2 +d1
177 da> SPTI
max 46— —d5
i ~d7
d8—3
1 >~
e do
q10 \ga Coaxial outlet
-~ General Radio
type 874/ C8A(500)
a“
OUTLINE DRAWING OF 56040 SOCKET
‘- —— 178max——
| - 140 +1—
| I
|
A
1!
(=]
=TT
F
]

90 max———

d7 d9 g4 | dio 98 d6

elolololclol0)

d5 d3 a1 Kk g1 d2 g4
23 connected to 8 or 14
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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.

. Each tube is accompanied by a certificate showing the exact voltage

divider to be used. This is designed to give optimum linearity, time
characteristics and dark current at a gain of 107.

. The disc-shaped dynode connections 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 appreciably decreases
ionic and light feedback.

. 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.

10 : ‘ ; B
T 9 1 XP1210 B8836
1 I | .
dark|_ Gain
(pA)| = i T 1 & ‘
3 : : T o
[ 1] /
\
‘ \ <t
1 | ‘ | '&by 107
. - -
; A 7
s i ‘ 7 |
FTT] \ Pd T
3 T ‘ T \
i A
L dn /
Al B |
10 | ‘ ! / 4 105
T I .4
7 T T Il
sty ‘ ‘
T 1 Iwr : |
T 1 / ‘ :
[ ]| |
Vil
<> | |
10 £ - | 108
bl 4
[ y 4
‘ /
5 //
Y
10 10"
2-0 3-0 4-0 5@ V'J (kV)

GAIN AND DARK CURRENT PLOTTED AGAINST
TOTAL VOLTAGE

(R

[Mullard|
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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 for end-on incidence of
illumination and with optically flat and parallel surfaces.

PHOTOCATHODE
Surface Caesium antimony
Peak spectral response 4200+ 300 A
Projected cathode area 80 sq.cm
Minimum useful diameter 32 mm
*S 50 uA/lm

*Measured with a lamp of colour temperature 2870°K.

MOUNTING POSITION Any
CAPACITANCES
Ca—k12 3.0 pF
Ca—all 5.0 pF

CHARACTERISTICS (at Vu ki) = 1.8kV)

S(av) 500 Allm
S(min) 60 Allm
Current amplification 107

lgark max. (S = 60A/Im) 5x10-8 A

Maximum value of anode current for which
relationship between peak anode current and
luminous flux is linear

At voltage distribution as shown in fig. 1 30 mA

At voltage distribution as shown in fig. 2 100 mA

Mullard
OCTOBER 1959 (2) Page D1



SOAVP PHOTOMULTIPLIER TUBE

ki k2 k3 k4 kS k6 k7 k8 k9 L{¢] kil ki2 a
g (VT (WS [SEN} (SN} juSE) uy \.I‘Ll uu \.T_l uu
Ra
075
k15 Vg e 2V ——sf=- Vo —>t=-Vo —=t=\ = - m.._vo_.._vo_.‘_voﬁ* Vo—=
AVAVAV S VAVAVAV e AAVAVAV, SAVAVAV. AVAVAV A AR AYA% AAAVAV, S4VAVAV
— O Vp=12:25Vo >+
Fig !
CEoEom oo N R N
I |
Ra

125 15 1-75 2

ke 2Vgete—— 2V = Vo —t=-Vg —f= Vg —==-Vo—t=- Vo f=-Vo —==-Vo == Vo—i= Vo—

A A AV AV SAVAVAY, VAVAV SVIVAV, SVAVAV SAVAVAS SVAVAVY SVAVAV, VAVAR SaVAvaV |

-0 Vb“ 155 VO O+
Fig 2
(—
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PHOTOMULTIPLIER TUBE SOAVP

OPERATING CONDITIONS

At normal voltage distribution (Fig. 1), Va—j1(p)>1.47kV

*Vi1-ka 1.5 xV,
ng, k4 2.0 X Vo
Vka-ks....k11-k12 Vo
Va-x12 0.75x V,
Va-k1 12.25x V,

*2.0x V, for gamma spectrometry

At Vafkl(bl<1 47kV
Vii1-k2 >130 \%
Viz-k4 =169 %
Via—ks....k11-k12 >80 \"
Va-ki2 >80 \%
Va-k1 >1.06 kV
LIMITING VALUES (absolute ratings)
Va(b) max. 1.8 kV
l, max. 1.0 mA
Pa Max. 500 mW
Vkl k2 min. 180 \%

Vk'z—k-l min. 160
V;, k12 min 80
Minimum voltage difference between two

consecutive cathodes 80 \
(R
[Mullard]
OCTOBER 1959 (1) v Page D3



50AVP

PHOTOMULTIPLIER TUBE

k7 kg
kg kg
ks k10
k4 LT
k k
* 3 12
k2 a
k) BI2A Base

* k3 is not terminated at a base pin
but is connected internally within the base
to the junction of two 2MQ resistors
which form a potential divider
between kyand ky

OCTOBER 1959 (1) \v/

3gt 15—

: ,
fRE
- N

109t 6 ——m—

ki

121t6

L1

All dimensions inmm
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PHOTOMULTIPLIER TUBE 52AVP

QUICK REFERENCE 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 255" ‘mm
Photocathode diameter 20 mm
Overall sensitivity (at Vy = 1.8kV) 250 Aflm
Maximum dark current (at S = 30A/Im) 0.1 pA
This data should be read in conjunction with
‘ OPERATING NOTES—PHOTOMULTIPLIER TUBES.’
PHOTOCATHODE
Surface caesium antimony
Peak spectral response 0.42+0.03 pm
Minimum useful diameter 20 mm
Minimum cathode area 314 cm?
*Luminous sensitivity
Average 60  pA/lm
Minimum 35 pA/lm
Average radiant sensitivity (at 0.42um) 50 mA/W
Maximum dark current (at Tamy = 25°C) 3x10-15 Ajecm?
*Measured using a lamp of colour temperature 2850°K.
Mullard]
Page D1
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52AVP PHOTOMULTIPLIER TUBE

v
CHARACTERISTICS
Overall sensitivity (at Vi = 1.8kV)
Average 250 Allm
Minimum 30 A/lm
Maximum dark current (at S = 30A/Im) 0.1 uA
Maximum 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 5 mA
At high current distribution as shown in fig. 2 10 mA
A

Vo=11-25V,

~HT. Fig.|

L

CAPACITANCES
3 F
Ca-dl0 P | /
A 4
Ca-all 5 PF
()
[Mullard]
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PHOTOMULTIPLIER TUBE 52AVP

MOUNTING POSITION
Any

ABSOLUTE MAXIMUM RATINGS

Vi max. 1.8 kV
la max. (continuous operation) 1.0 mA
Pa Max. 0.5 w
Vi-d1 max. 500 \%
Vk, dl min. 120 \%
*Va-d10 max. 300 v
*Va-d10 min. 80 \"
Vaj-az.. ... a9-d10 Max. 300 \'%
Var-az..... d9-d10 min. 80 \%

*When calculating the anode voltage, the volt drop across the load resistance
should not be overlooked.

ACCESSORIES
Socket B8 700 67

This socket is supplied with the tube. When ordering separately,
the above reference should be quoted.

Incidentl radiation

—-HQ 5to5 F—

20 min— r—
—
d5
L o d3 ¥ diace
d3 d7
X
o
d2 d8 g &
"
n
dlsacc do 0 <
dlO
a dio
a
k Special 13pin base

All dimensions in mm UJW[”
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PHOTOMULTIPLIER TUBE

52AVP

Gain 52AVP B226| (T, .,
7F 17 | (RA)
.
al 13
10"H 10
7t
o
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3| 3
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/
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/
10° L
7k } :7
F o ]
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3 d I3
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/
5 -
10 A 10
i
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"
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10 10
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GAIN AND DARK CURRENT PLOTTED AGAINST TOTAL VOLTAGE
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PHOTOMULTIPLIER TUBES 53AVP
53UVP

QUICK REFERENCE DATA

11 stage photomultiplier tubes intended for use in scintillation applications,
flying-spot apparatus and optical spectrometry.

Overall diameter 57 mm
Photocathode diameter 4 mm
Overall sensitivity (at Vi = 1.8kV) 4000 A/Im
Maximum dark current (at S = 60A /Im) 0.05 pA
The 53AVP and 53UVP are identical except for spectral response.
53AVP is particularly 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 caesium antimony
Peak spectral response
53AVP 0.42+0.03 @wm
53UVP 0.40+0.03 um
Minimum useful diameter 44 mm
Minimum cathode area 15.2 cm?
*Luminous sensitivity
Average 60  uA/lm
Minimum 35 pA/lm
Average radiant sensitivity (at peak spectral response) 50 mA/W
Maximum dark current (at Tamp = 25°C) 10-15 A/cm?

*Measured using a lamp of colour temperature 2850°K.

MARCH 1943 v Page DI



53AVP PHOTOMULTIPLIER TUBES
53UVP

CHARACTERISTICS
Overall sensitivity (at Vi = 1.8kV)

Average 4000 Allm
Minimum 100 Allm
Maximum dark current (at S = 60A/Im) 0.05 pA

Maximum value of anode current at which relationship
between peak anode current and luminous flux is
linear (at Vy, = 1.8kV)
At high gain distribution as shown in fig. 1 30 mA
At high current distribution as shown in fig. 2 100 mA

kucc
(ldl d2 d3 d4 d5 d6 d7 d8 d9 di0a ampifier

Re
FO75V,
L y
= 1 na 1 &4
Vo=11-25V, <
o Fig.|

~—2Vs Vo
S IRs sl
W, =14-5V, -8
P Fig.2
CAPACITANCES
Ca-d11 3 pF
Ca-all 5 PF
()
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PHOTOMULTIPLIER TUBES 53AVP
53UVP

MOUNTING POSITION
Any

ABSOLUTE MAXIMUM RATINGS

Vi max. 1.8 kV

la max. (continuous operation) 1.0 mA

pa mMax. 0.5 w

Vk—dl max. 500 \

Vk—dl min. 120 v

*Va—a11 max. 300 \"
*Va—d11 min. 80 v
Vai-a2..... d10-d11 max. 300 \

d1-dz..... d10-d11 min. 80 v

*When calculating the anode volt the voltage drop across the load
resistance should not be overlooked.

ACCESSORIES
Socket B8 700 40
Mu-metal shield (cylindrical)

Length 90+ 1mm, diameter 57 mm 56128

Incidcntl radiation

[=—53-5

'r-—44 min—-1
o |
o |
o v
W]
&
b
| 3

Special |4pin base

All dimensions in mm } ‘

T

e—S57 max—

MARCH 1963 \7/ Page D3






PHOTOMULTIPLIER TUBES 53AVP
53UVP
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APRIL 1964 \v/ Page Ci



53AVP PHOTOMULTIPLIER TUBES
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PHOTOMULTIPLIER TUBE 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 from a distant source.

Overall diameter 130 mm
Photocathode diameter 111 mm
Overall sensitivity (at Vi, = 1.8kV) 500 - A/lm
Maximum dark current (at S = 250A/Im) 05 uA

This data should be read in conjunction with
‘ OPERATING NOTES—PHOTOMULTIPLIER TUBES.’

PHOTOCATHODE
Surface caesium antimony
Peak spectral response 0.42+0.03 um
Minimum useful diameter 111 mm
Minimum cathode area 97 cm?

*Luminous sensitivity

Average 60 uA/lm
Minimum 35 wA/lm
Average radiant sensitivity (at 0.42um) 50 mA/W
Maximum dark current (at Tymy, = 25°C) 10 15 A/ecm?

*Measured using a lamp of colour temperature 2850°K.
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54AVP PHOTOMULTIPLIER TUBE

CHARACTERISTICS
Overall sensitivity (at V), = 1.8kV)

Average 500 Allm
Minimum 100 Allm
Maximum dark current (at S = 250 A/Im) 0.5 uA

Maximum value of anode current at which relationship
between peak anode current and luminous flux is
linear (at V,, = 1.8kV)

At high gain distribution as shown in fig. 1 30 mA
At high current distribution as shown in fig. 2 100 mA
K acc
( I c.il d2 d3 d4 d5 d6 d7 d8 d9 di0 dIl Iamplifier
, ~- \F/ = ="
A
—1-5Vy Vo Vo Vo1 Vs
W
Vb=12-5V,
*—WWW—— J?'
O Fi
-HT Ig:|

O Fig.2 B231
-HT
CAPACITANCES

Ca-all 3 pF

Ca-all 5 pF
MOUNTING POSITION

Any

()
[Mullard]
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PHOTOMULTIPLIER TUBE 54AVP

ABSOLUTE MAXIMUM RATINGS

Vi, max. 2.0 kV
la max. (continuous operation) 1.0 mA
Pa Max. 0.5 W
Vi a1 max. 500 \%
Vi-a1 min. 120 \%
*Va-a11 max. 300 \"
*Va-a11 min. 80 \'%
Var-az. .. .. d10-d11 Max. 300 \%
Var-az. . ... d10-d11 mMin. 80 %

*When calculating the anode voltage, the volt drop across the load resistance
should not be overlooked.

ACCESSORIES
Socket B8 700 40
Mu-metal shield (cylindrical)
Length 150+ 1mm, diameter 130+ 1mm 56129
NOTES

It should be noted that the accelerating and focusing electrode has a separate
external connection in order to facilitate adjustment for optimum collec-
tion of photo-electrons by the first dynode.

Incldentlrodiation

f———I30max —=

I min—=

d5 d6 o
d d7 o
d3 d8
d2 d9 © g
o
dl+acc dlo le—52%1 o IR
dll
k a
Special 14pin base b
All dimensions in mm
n—SBmmH
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PHOTOMULTIPLIER TUBE 54AVP
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PHOTOMULTIPLIER TUBE 56AVP

QUICK REFERENCE DATA

14 stage photomultiplier 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, Cerenkov counters.)

Spectral response curve Type A (S11)
Photocathode useful diameter 42 mm
Gain (at Vb = 2, 2kV) 108

Anode pulse rise time 2.0 ns

Maximum output current for linearity
with input light pulse 300 mA

This data should be read in conjunction with
OPERATING NOTES-PHOTOMULTIPLIER TUBES

PHOTOCATHODE
Surface semi-transparent, caesium antimony
Minimum useful diameter 42 mm
Spectral response curve Type A (S11)
Wavelength at maximum response 420 +£30 nm

*Luminous sensitivity

Average 65 KA /Im <—
Minimum 45 KA /Im
Average radiant sensitivity at 420nm 55 mA/W<—

*Measured using a tungsten lamp of colour temperature 2854°K

MULTIPLIER SYSTEM
Number of stages 14

Dynode material silver magnesium oxygen caesium
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CHARA CTERISTICS

With voltage divider A

Supply voltage for gain = 108 <
Average 2.2 kV
Maximum 2.5 kV

Dark current at gain = 108 (measured at 25°C)
Average
Maximum

[S 0=
.

Maximum output current for linearity
with input light pulse 100 mA

With voltage divider B

Maximum output current for linearity

with input light pulse 300 mA

Anode pulse rise time at Vb = 2.5kV (see note 1) 2.0 ns

Anode pulse width at half height

at Vb = 2.5kV (see note 1) 4.0 ns <—

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 (see note 1) 36 ns

Maximum peak current 0.5t01.0 A
RECOMMENDED CIRCUITS (see notes 3 to 9) <

g1.0cc__,~External conductive cooting (M)

g1 d2 d3 a4 d5 96 d7 dB o9 410 an a2 a1l G4
- - -

I s ERN PN P!

~08{~1-2]
BVt e e e e ot
15

Voltage divider A

d1 d2 93 44 d5 96 d7 dB d9 410 an 41z a13 ara © \AMPlifier

- o —
| V$W\, ITTITIIT T+

h08|~12 12| 15[ 18] 22(27 (33|39 (47 301047
T B e T R e B

i

R
€5 C4 C3 C2 (<]

Vy=32-31034V,

+HT
Voltage divider B

The voltage between the cathode and the focusing electrode (gl) should be

adjusted around 0.15V, the voltage between d1 andd2should be adjusted

around 0.8Vo.

C1 =100q/Vy, C2=100q/3V,, C3=100q/9V,, C4=100q/27V,, etc., where
q = quantity of electricity transported by the anode.

(—)
Mullard
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PHOTOMULTIPLIER TUBE

56AVP

CAPACITANCES

Cgl—(acc+dl) @ Py

ca-d14 7.0 pF

ca—all 9.5 pF
RATINGS (ABSOLUTE MAXIMUM SYSTEM)

Vb max. (see note 2) 2.5 kV <

Ia max. (continuous operation) 2.0 mA

Vk—(acc+d1) max. 800 v

Vk-(acc+dl) min. 250 v

Vgl-k max. 100 V<

Vai-az........ d13-d14 MX- =) ¥

Val-dz........ d13-d14 ™in. o i

Va—dl4 max. (see note 3) 500 A%

Va— dl4 min, (see note 3) 80 v

ACCESSORIES (supplied as additional items)
Socket FE1003
Mu-metal shield (see notes 4 and 10) 56131
NOTES <

1. For an infinitely short light pulse, fully illuminating the photocathode.

2. Orthevoltageat which the tube, when connected as in voltage divider A,
has a gain of 109 s whichever voltage is the lower.

3. When calculating the anode voltage, the voltage drop across the load
resistor should not be overlooked.

4. To avoid electric field distortion in the electron optical system the exter-
nal conductive coating (M, pin no. 18) mustbe connectedto a point whose
potential is close to that of the cathode. If the cathode is connected to
negativeh. t. precautions should betaken 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 heaviestloaded stage of the
tube shouldbe approximately 100. For moderate intensities of radiation
a bridge current of about 3mA will be sufficient.
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6. 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 Cj is
2nF. Inthecase 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.

7. The tube is capable of producing very high peak output currents (up to
1A). The output time constant mustbe very small. Therefore it is neces-
sary, taking intoaccountparasitic capacitances, tousea low load resis-
tance. 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.

8. Inanumber of applications it is not necessary for the current to be pro-
portional tothe incident luminous flux; such short pulses are needed for
time measurements only, and not for spectrography purposes. If,
however, it is required at the same time to determine the energy of the
incident radiation, it is possible to select a dynode at which the current
is proportional tothe 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 possible 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 B than for voltage divider A.

10. It is advisable to screen the tube with a mu-metal cylinder against the
influence of magnetic fields.

OUTLINE DRAWING Incidcnt*rcdiotion =
.
Extgrnct:! dia
conductive
coating (M) ,-?,ﬁ, 2
“_dic J
! s
B
a di4
Ic d12 R=69max
170
5
192
max

acc+dl ¢ k 9!
Special 20 pin base i
Socket type FE1003 |

All dimensions in mm r?116§<—-
dia
()
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56AVP

PHOTOMULTIPLIER TUBE
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PHOTOMULTIPLIER TUBE 56CVP

QUICK 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 diameter 42 mm
Anode sensitivity (at Vb= 2.75kV) 100 A/lm

This data should be read in conjunction with
OPERATING NOTES - PHOTOMULTIPLIER TUBES

PHOTOCATHODE

Surface semi-transparent, caesium on
oxidised silver

Minimum useful diameter 42 mm
Spectral response curve Type C (S1)
Wavelength at maximum response 800+100 nm

*Luminous sensitivity

Average 25 BA/Im
Minimum 15 pA/Im
**Infra-red luminous sensitivity
Average 3.0 wA/Im
Minimum 1.4 HA/Im
Average radiant sensitivity at 800nm 2.0 mA/W

*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 Corning CS94 No. 2450, fusion 1613, thickness 2.61mm.

MULTIPLIER SYSTEM

Number of stages 10
Dynode material silver magnesium oxygen caesium
CHARACTERISTICS

Overall sensitivity at Vi =2.75kV

Average 100 A/lm
Minimum 20 A/lm
Maximum dark current at S=20A/lm, 10 nA
and at 25°C.
(D
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_.._External conductive coating (M)

7 g acc g

[k ] dl d2 d3 d4 d5 d6 d7 d8 d9 d10
= - - =

\\ ' [ [N N P ; ~ ; N

= R
L
— n12»08
-~ 0-15
Vo Lvo..vo Vo
AN M A
fe—— 3 VO—H
V=13 Vg
> (<]
-HT +HT
C,=100q C2-100q C3=100§
Vo 3V 9V,
q=quantity of ¢I¢ctricity transported by the anode
CAPACITANCES
25 F
cgl—acc P
e 7.0 F
g2-all P
e 7.0 F
a-d10 E
c 9,56 F
a-all p

RATINGS (ABSOLUTE MAXIMUM SYSTEM)

Vb max. 3.0 kv
Ia max. (continuous operation) 30 HA
Vk_ g1 max. 800 v
Vk-dl min. 250 v
Vgl-k max. 100 v
ng—dl max. 100 v
le-dz ........ d9-d1o max- 500 v
le-dz ........ d9-d10 min. 80 v
a-d1o Tmax. 500 v
*va-dlo min 80 v

*When calculating the anode voltage, the voltage drop across the load resis-
tance should not be overlooked.

ACCESSORIES
Socket FE1003
Mu-metal shield 56131
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PHOTOMULTIPLIER TUBE 56CVP

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 3mA will
be sufficient.

3. The last stages of the tube must be decoupled by means of capacitors to
avoid a serious voltage dropon the dynodes. A typical valueof Cq 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 (pin no. 18), must be connected to a point
whose potential is close to that of the cathode.

7. If the cathode is connected to negative h.t., precautions should be taken
to ensure high tension insulation between the external conductive coating
and the mu-metal shield.

Incident radiation
External
conductive 52:5
ing (M max.
coating (M) *dia
mm
dia ;j
R =69max
1
acc,d1 @ K g max
Special 20 pin base
Socket type FE1003
i — 51-8
All dimensions in mm __?ax__’
ia
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56DUVP
PHOTOMULTIPLIER TUBES S

56DVP/03
56DVP/03A

TENTATIVE DATA
QUICK REFERENCE DATA

14 stage photomultiplier tubes for use in spectrometry and other ap-
plications where very low luminous fluxes are to be measured (single
photon counting) and liquid scintillation counting of 14¢ 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 40K

radiation.
56DVP Suitable for detection of soft f-radiation.
56DVP/03 Similar to 56DVP, but features a higher efficiency

for single photons.

56DVP/03A Matched pair of 56DVP/03 tubes (see note 11)

Spectral response curve 56DUVP Type DU
56DVP, 56DVP/03 Type D

Photocathode useful diameter 42 mm

Gain (at Vb =2.1kV) 108

Anode pulse rise time 2.0 ns

Quantum efficiency (at 400nm) 24 %

Efficiency for single photons (at Vb =2.1kV)

56DUVP, 56DVP 15 %
56DVP/03 =20 %
Collection efficiency 80 %

Unless otherwise stated data is applicable to all types

This data should be read in conjunction with
OPERATING NOTES - PHOTOMULTIPLIER TUBES
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PHOTOCATHODE

Surface semi-transparent, potassium caesium antimony
Minimum useful diameter 42 mm
Spectral response curve 56DUVP Type DU
56DVP, 56DVP/03 Type D
Wavelength at maximum response 400 = 30 nm
*Minimum luminous sensitivity 45 pA/Im
Average radiant sensitivity at 400nm T mA/W
Average quantum efficiency at 400nm 24 %

*Measured using a tungsten lamp of colour temperature 2854°K

MULTIPLIER SYSTEM

Number of stages 14
Dynode material silver magnesium oxygen caesium
CHARACTERISTICS
With voltage divider A
Average supply voltage for gain = 108 2 | kv
Dark current at gain = 108 (measured at 2500)
Average 0.2 HA
Maximum 1.0 HA
Maximum output current for linearity
with input light pulse 100 mA
Efficiency for single photons (see note 1)
56DUVP, 56DVP average 15 %
56DVP/03 minimum 20 %
Average supply voltage for single photon
efficiency of 15% (56DUVP, 56DVP) or
20% (56DVP/03) (see note 3) 2.1 kv
Average background noise at V., =2.1kV
(measured at 25°C) (see note 1) 600 pulse/s
With voltage divider B
Maximum output current for linearity
with input light pulse 300 mA
Anode pulse rise time at Vb= 2.5kV (see note 2) 2.0 ns
Anode pulse width at half height
at Vb: 2.5KkV (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 36 ns
Maximum peak current 0.5t0 1.0 A
(R
[Mullard|
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56DUVP
PHOTOMULTIPLIER TUBES A DVE

56DVP/03
56DVP/03A

RECOMMENDED CIRCUITS (see notes 4 to 10)

fifi
d2 d3 d4 d5 d6 d7 dB d9 dio dn di2 d13 di4 Ammpiftier

T ZZZZZFFV o \TJZ

NOB|~1-2
VgtV eV eV grteV eV eV

RL

n—Vo ™1 4-\/0 o

~015
Vo —>
A —— AN AN S
c3 c2
O Vo=17V,
—H.T. +H.T.

Voltage divider A

g1 acc /Extarnul conductive coating (M)

d2 d3 d4 d5 d6 d7 d8 d9 d10 difl d12 d13 di4 Amplifier
= e - o =i — e

~- ~ R ~—

RL

[~OB|~12 1-2 3:0to4-7

3Vs [o* Vo Vo TV T* Vo Vot Vo] Vs
~015
e Vg
\
ANVN—E A\ -\
C5 C4 C3 cC2

o Vp=32:3 1034V,
—H.T. +HT

Voltage divider B

The voltage between the cathode and the focusing electrode (gl) should be
adjusted around 0.15V,; the voltage between d1 and d2 should be adjusted
around O.SVO.

C1 = 100q/VO, 02 = 100q/3V0, C3 = 100(1/5)\/0, C=l = 100(1/27V0= etc., where

q=quantity of electricity transported by the anode.

CAPACITANCES
25 F
Cgl—(ucc’r(ll) ° P
Ca—d14 7.0 pF
Ca—"dl 9.5 pF
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RATINGS (ABSOLUTE MAXIMUM SYSTEM)

Vb max. (see note 3) 2.5 kv

Ia max. (continuous operation) 0.2 mA

Vk— (aoctdl) max. 800 v

Vk—(acc+d1) min. 250 v

Vgl—k max. 100 v

Vai-az...... d13-d14 M- 40 ¥

Var-az...... d13-d1a ™ - L

va—d14 max. (see note 4) 500 v

Va—d14 min. (see note 4) 80 v

ACCESSORIES (supplied as additional items)
Socket FE1003
Mu-metal shield (see note 5) 56131
NOTES

1. Measured under the following conditions:

-1
Threshold at the anode of the photomultiplier = 4.25 X 107 °C
Anode coupling capacitor = 10nF
Anode load resistor = 100kQ

2. For an infinitely short light pulse, fully illuminating 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 connected 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 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.

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 C; 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.
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PHOTOMULTIPLIER TUBES 56DUVP

56DVP
56DVP/03
56DVP/03A

NOTES (cont'd)

8.

10.

11.

The tube is capable of producing very high peak output currents (up to
1A). The output time constant must be very small. Therefore it is
necessary, taking into account parasitic 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.

. 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 B than for voltage divider A.

It is advisable to screen the tube with a mu-metal cylinder against the
influence of magnetic fields.

A considerable reduction in the background noise can be achieved by
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-
ficiency for single photons of 20%, and the(’product of the values of back-
ground noise of both tubes is less than 10° at the same voltage.

Incidcnt+ radiation

535
__g'.‘ox—.‘
External 1a
S6DUVP has conductive 42
a quartz window coating (M) min 2
"dia J
A
K 7
a di4
Ic d12 \ R=69max
170
5
192
max
acc+dl ¢ k 9
Special 20 pin base
Socket type FE1003 UIU|U UHUU]
All dimensions in mm -—r?:d?(__
dia
()
Mullard

SEPTEMBER 1968 N 56DUVP-Page 5



1
F 56DUVP B8991
7F 56DVP e’
r 56DVP/03 =
5 -
.
T | 7
a3
(A)| |
1071
7
5
3
1072
3 5 7 3 5.7 3 5 7
108 10 1074 Luminous flux (Im)10-3
ANODE CURRENT AS A FUNCTION OF LUMINCUS FLUX
FOR VOLTAGE DIVIDER B
‘ 4
109 5 56DUVP 88992 110
56DVP
s 56DVP/03
|
wislsf Idark
Gain| (i)
| -
| a0t /
108 e 103
-
7 B
= <3
. - Lo
A P
3 o
| / Plal =
107Hoae Lt 102
7| B> o
> qil
8| el
§ P
10° 10
16 78 2.0 22 24 Vp(kV)

GAIN AND DARK CURRENT PLOTTED AGAINST TOTAL VOLTAGE

SEPTEMBER 1968 N 56DUVP-Page 6



PHOTOMULTIPLIER TUBES 56DUVP
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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 inoptical experiments where a high sensitivity
in the whole visible and ultra-violet regions is required,
combined with a high degree of time definition.

58TVP 14 stage photomultiplier tube intended for use in laser
applications, working inthe orange, yellow and green range.

Spectral response curve 56TUVP Type TU (extended S20)

56TVP  Type T (S20)
Photocathode useful diameter 42 mm
Gain (at Vb= 2.5kV) 108

Unless otherwise stated, data is applicable to both types

This data should be read in conjunction with
OPERATING NOTES - PHOTOMULTIPLIER TUBES

PHOTOCATHODE

Surface semi-transparent, sodium potassium
caesium antimony

Minimum useful diameter 42 mm
Spectral response curve 56TUVP Type TU (extended S20)

56TVP Type T (S20)
Wavelength at maximum response 420+30 nm
*Luminous sensitivity

Average 115 LA/Im
Minimum 90 KA/lm
Average radiant sensitivity at 420nm 65 mA/W
Average radiant sensitivity at 700nm 12 mA/W

*Measured using a tungsten lamp of colour temperature 28500K.

MULTIPLIER SYSTEM
Number of stages 14

Dynode material silver magnesium oxygen caesium

MARCH 1969 N A 56TUVP-Page 1



CHARACTERISTICS
Supply voltage for gain = 108

Average
Maximum

*Maximum dark current at gain = 108

Maximum anode pulse amplitude for
linearity with input light pulse

*Measured at 259C

2.5 kv
2.75 kv
5.0 HA

100 mA <
Amplifier

—

d9 dio dn di2 di3 di4 a

TYTTT B

/ d1 d2 d3 d4 d5 d6 d7 d8
k(11
\
~015__| .
Vo ~12 |~0'8
3V,
— AN
100g 100q 100q
=129 2= —— C3=—+H
Sl Vo € 3Vo 9Vo
q= quantity of electricity transported by the anode
Vb=17vo
—HT
CAPACITANCES

®o1-(acc+dl)
€ (acc+dl)-all
Ca-d14
Ca-all
RATINGS (ABSOLUTE MAXIMUM SYSTEM)
**Vb max.
Ia max. (continuous operation)
Vk- di max.

~dl min.

dldpr e hs 8 d13-d14 max.
Y D L d13-d14 min.

P
25 pF
7 pF
7 pF
9.5 pF
2.75 kv
2.0 mA
800 v
250 v
100 A%
500 v
80 v
500 v
80 v

**Or the voltage at which the tube, when used in the circuit above, has a gain

of 10”, whichever is the lower.

***When calculating the anode voltage, the voltage drop across theload resis-

tance should not be overlooked.

(@
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PHOTOMULTIPLIER TUBES 56TUVP

56TVP

ACCESSORIES (supplied as additional items)

Socket FE1003
Mu-metal shield 56131

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.

- 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 Cq is 2nF.

. It is advisable to screen the tube with a mu-metal cylinder against the

influence of magnetic fields.

. 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.

. To avoid electric field distortion in the electron optical system, the

external conductive coating, M (pin no. 18), must be connected 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

toensure high tension insulation between the external conductive coating
and the mu-metal shield.

Inodent*rodlotlon
525
f—max
56TUVP has External dia
a quartz window conductive 42 2
coating (M) e MM
dia J

\\ R\= 6;max

Ic 9@ 9% 410

acc+d! ¢ k 97

Special 20 pin base

Socket type FE1003 I u

518
All dimensions in mm b MAX—a=f
dia
)

[Mullard]
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PHOTOMULTIPLIER TUBE 57AVP

QUICK REFERENCE DATA

11 stage photomultiplier tube intended for use in applications such as
total body radiation measurements, uranium prospecting with very
large scintillators and Cerenkov light measurements in large trans-
parent objects.

Spectral response curve type A (S11)
Phatocathode useful diameter 200 mm
Anode sensitivity (at Vi =1,8KkV) 250 A/lm

This data should be read in conjunction with
OPERATING NOTES - PHOTOMULTIPLIER TUBES

PHOTOCATHODE

Surface semi-transparent, caesium antimony
Spectral response curve type A (S11)
Peak spectral response 420 +30 nm
Minimum useful diameter 200 mm

*Luminous sensitivity

Average 50 LA/1m
Minimum 35 pA/lm
Average radiant sensitivity at 420nm 45 mA/W

*Measured using a tungsten lamp of colour temperature 2850°K.

MULTIPLIER SYSTEM

Number of stages 11
Dynode material silver magnesium oxygen caesium
CHARACTERISTICS

VOLTAGE DIVIDER AS IN FIG.1
Overall sensitivity (S) at V. = 1,8kV

b
Average 250 A/lm
Minimum 60 A/lm
**Maximum dark current at S=60A/lm 1.0 HA

Maximum value of anode current at which
relationship between peak anode current and
luminous flux is linear (at Vb =1.8kV) 30 mA

**Measured at 25°C .
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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=2.5kV) 100 mA

Rise time of anode pulse (at Vb=2.5kV) 5.0 ns

Width at half height of anode pulse (at Vb=2.5kV) 10 ns

Transit time difference between the centre

of the photocathode and the edge (at Vb=2 .5kV) 4.0 ns

Total transit time (at Vb= 2.5kV) 50 ns
acc

la d2 d3 d4 d5 d6 d7 d8 d9 le dIIOAmphf.cr

| \T/ % NN \P NPENEN J I J
rvsv = EERL
e 4V, v—--v° RVERRVENIEVEN RV RVEN RV RV RV VX
"_w A'AVAV 'AVA vAvl 'A'l V‘VA 'A'l 'AVA "V" 'l'l VA'A "'A
Vb=|5V°
—WWW——
6 Fig. 1
-HT +HT

K ldl d2 d3 d4 d5 d6 d7 d8 d9 diO dil 9\ Ampiitier

.\.P/ J \.,z J I \P N \.P JJIJ ]
3R
o= BVee K25 15 175 2 3t
— 4V, Vo Vo—-"Vﬁ'Vo VioteVs—teVooteVs—oteVs—tVs—pVs5
"_A'A'AVA'AV 'A'A 'AVA vAv‘ 'A'A' VAV‘ WA A'AMM'AVA' 'A'A vA'A ‘A'A
Vp=17-5V,
—WWhW—
(o] Fig.2
=HT +HT
B6771
—
[Mullard|
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PHOTOMULTIPLIER TUBE 5§7AVP

CAPACITANCES
ca-dll 3.0 pF
Caall 5.0 pF
RATINGS (ABSOLUTE MAXIMUM SYSTEM)
Vb max. 2.5 kv
Ia max. (continuous operation) 1.0 mA
Vk—acc max. 1.0 kv
Vk—dl max., 1.0 kv
Vk—dl min, 200 v
le_dz.........dlo_dumax. 300 \'
le-dz""""’dlo-dllm' 80 A\
*"va-dll max, 300 v
”{*Vn—dll min, 80 v

***When calculating the anode voltage, the voltage drop across the load resis-
tance should not be overlooked.

ACCESSORIES (supplied as additional items)

Socket FE1001
Mu-metal shield 56132
Al
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 current of about 1mA will
be sufficient.

3. Of the voltage dividers shown the highest gain is obtained when the tube
is connectedas in Fig.1. A higher anode current output with better time
characteristics is obtained when the tube is connected as in Fig.2.

4. The accelerating electrode has a separate external connection to allow
adjustment for optimum photoelectron collection on the first dynode.

o

In 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 has 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.

. It is advisable to screen the tube with a mu-metal cylinder against the
influence of magnetic fields.

[c__- i
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3
335
L]
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with a plano—-concave
plexiglass adaptor and [=—&1—=
a metal enwvelope. dia.
e— 6 5 —ey

dia.

All dimensions in mm.

14 Pin base
JEDEC. B14-38
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PHOTOMULTIPLIER TUBE 57AVP
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PHOTOMULTIPLIER TUBE

QUICK REFERENCE DATA

14 stage photomultiplier tube intended for use in fast coincidence
circuitsand Cerenkov counters where a high degree of time definition
is required. This tube is similar to type XP1040, expect for the

58AVP

window construction,

Spectral response curve type A (S11)
Photocathode useful diameter 110 mm
Anode sensitivity (at Vb =3.0kV) 7000 A/lm

This data should be read in conjunction with
OPERATING NOTES - PHOTOMULTIPLIER TUBES

PHOTOCATHODE
Surface semi-transparent, caesium antimony
Spectral response curve type A (S11)
Peak spectral response 420+30 nm
Minimum useful diameter 110 mm
*Luminous sensitivity
Average 70 HA/1Im
Minimum 45 pA/Im
Average radiant sensitivity (at 420nm) 60 mA/W
*Measured using a tungsten lamp of colour temperature 2850°K,
CHARACTERISTICS
VOLTAGE DIVIDER AS IN FIG.1.
Supply voltage for gain = 108
Average 2.4 kv
Maximum 3.0 kv
**Maximum anode dark current at gain = 108 12 LA
Maximum value of anode current for which
relationship between peak anode current and
luminous flux is linear (at Vb =3.0kV) 100 mA

**Measured at 25°C
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VOLTAGE DIVIDER AS IN FIG.2

Maximum value of anode current for which
relationship between peak anode current

and luminous flux is linear (at Vb=3.0kV) 300
Rise time of anode pulse (at Vb=3.0kV) 2.0
Width at half height of anode pulse (at Vb=3.0kV) 4.0
Transit time difference between the centre of

the photocathode and the edge (at Vb= 3.0kV) 1.0
Total transit time (at Vb=3 .0kV) 45
Maximum peak current 0.5t0 1.0

92
acc
9 ‘ 5
| dl d2 d3 d4 d5 d6 d7 d8 d9 dio dil di2 di3didaa ) Amplitiar
/J/ /:/ /J/q/iz o~ IJJJI /q/h

¢
~2 3R
5 a4
Vo ~ |~ 2
3
12 (08
VI vt VI VI RV RV KV VIR VIS RVER KVAR KV L
) b o o o o o o o Cl o o ] o
g L| LI LI
{HEHMHMHE
19V; s
—HT Fig.! +HT

93

3l d2 d3 d4 d5d6 d7 d8 d9 diodil di2 di3di4a ) amplifier
| detds o WC U T E - 3

J/ q/ - e J/ - - N N J/ e

s
=
l—1 2R,
~ |~ s
12(08 112|1-5(18|22(27|33(39|47| 5
AWM VI RV RV RV KV VI RV KV KR KY) — 4
VotV eV VstV P P Ve T TV TV TS T o | 1 3-47V,
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W WSV S WM S S AN/ WSV VW WSV

[ I MK
J————aa»a to 36V,

-HT Fig2 56635 it

ns

ns

ns

ns

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.
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PHOTOMULTIPLIER TUBE 58AVP

CAPACITANCES
ca—dl4 5.0 pF
ca—all 7.0 pF

RATINGS (ABSOLUTE MAXIMUM SYSTEM)

*Vb max. 3.0 kv
Ia max. (continuous operation) 2.0 mA
Vk-acc max., 1.8 kv
Vk—acc min. 1.4 kv
Vk—gl max. 300 v
Vk—d1+gZ max. 800 A%
Vk—d1+gz min, 250 A
Vg3—dl max. 100 v
**Va—d14 max. 500 \'
**Va—dl4 min. 80 v
le—dz""""'dls—dlfimax' 500 v
le-dz' GO “d13-d14 min, 80 v

*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 FE1003
Mu-metal shield
tube with metal container 56133
tube without metal container 56129

A plano-concave plexiglass adaptor is supplied with the tube for coupling
to scintillators.
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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 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 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.1l has 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.

136-5
— max. dia. —=
11541 _
Sl Plexiglass
ALl L o
il o /\\ " adaptor
I
[ i
; I
2 131 mox—-—1I
g3 . 17425 || dia. g
di ! I
SR ssots| |1 ]
276%5 ‘l {
Special 20pin base ~—80—=
U de )
\
i {1 Metal
[‘L—dsi?:. — envelope
J 51°8
' max dia.
e— 91 o
max
dia.

All dimensions in mm.
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PHOTOMULTIPLIER TUBES I SOAVP
150UVP

QUICK REFERENCE DATA

10 stage photomultiplier tubes intended for use in scintillation counting and
flying-spot scanner applications and various kinds of optical and industrial

instruments.
Overall diameter 39.5 mm
Photocathode diameter 32 mm
Overall sensitivity (at Vy = 1.8kV) 1250 A/Im
Maximum dark current (at S = 60A/Im) 0.05 uA

The 150AVP and the 150UVP are identical 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.’

PHOTOCATHODE
Surface caesium antimony
Peak spectral response
150AVP 0.42+0.03 um
150UVP 0.40+0.03 um
Minimum useful diameter 32 mm
Minimum cathode area 8 cm?

*Luminous sensitivity

Average 60  pA/lm
Minimum 35 vA/lm
Average radiant sensitivity (at peak spectral response) 50 mA/W
Maximum dark current (at Tamn = 25°C) 10-15 A/em?

*Measured using a lamp of colour temperature 2850 °K.
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I SOAVP PHOTOMULTIPLIER TUBES
150UVP

CHARACTERISTICS
Overall sensitivity (at V), = 1.8kV)
Average 1250 Allm
Minimum 100 A/lm
Maximum dark current (at S = 60A/Im) 0.05 uA

Maximum 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 30 mA
At high current distribution as shown in fig. 2 100 mA

kQCC
( ldl d2 d3 d4 d5 d6 d7 d8 d9 diOa Amplifier

Ww=11-25V,

. Fig.2
CAPACITANCES
Ca-d10 3 pF
Ca—an 5 PF
(—
[Mullard]
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PHOTOMULTIPLIER TUBES I SOAVP
150UVP

MOUNTING POSITION
Any

ABSOLUTE MAXIMUM RATINGS

Vi max. 1.8 kV
1a max. (continuous operation) 1.0 mA
Pa Max. 0.5 w
Vi-q1 max. 500 \"
Vi-a1 min. 120 \%
*Va-da10 Max. 300 \
a—d10 min. 80 %
Vai-az .. ... d9-d10 Max. 300 \%
Vai-az..... a9-a1o min. 80 \%

*When calculating the anode voltage, the volt drop across the load resistance
should not be overlooked.

ACCESSORIES
Socket B8 700 42
Mu-metal shield (cylindrical)
Length 90 1mm, diameter 42+ jmm 56127

Incident | radiation

39-5max.
32min

‘e

109
1216

dlsacc k

Spei:iul 12pin base

All dimensions in mm
U000
—>  3Bmax k—
(@)
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PHOTOMULTIPLIER TUBES I SOAVP
150UVP
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PHOTOMULTIPLIER TUBE |50CVP

QUICK REFERENCE DATA

10 stage photomultiplier tube with semi-transparent cathode, partic-
ularly sensitive to daylight and toradiation 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 32 mm
Anode sensitivity (at 1.8kV) 100 A/Im

This data should be read in conjunction with
OPERATING NOTES - PHOTOMULTIPLIER TUBES

PHOTOCATHODE

Surface semi-transparent, caesium on oxidised silver
Minimum useful diameter 32 mm
Spectral response curve type C (S1)
Peak spectral response 800100 nm
Minimum cathode area 8.0 cm”

*Luminous sensitivity

Average 25 pA/1Im
Minimum 15 uA/lm
Average radiant sensitivity (at 800nm) 2.5 mA/W

*Measured using a tungsten lamp of colour temperature 28500}(.

MULTIPLIER SYSTEM

Number of stages 10
Dynode material silver magnesium oxygen caesium
CHARACTERISTICS

VOLTAGE DIVIDER AS IN FIG.1
Overall sensitivity at V. =1.8kV

b
Average 100 A/lm
Minimum 20 A/lm
**Maximum dark current at S=20A/lm 10 LA

Maximum value of anode current at which
relationship between peak anode current and

luminous flux is linear (at Vb: 1.8kV) 5.0 mA
**Measured at 2500.
(M
150CVP Page D1
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VOLTAGE DIVIDER AS IN FIG.2

Maximum value of anode current at which
relationship between peak anode current and

luminous flux is linear (at V, =1.5kV) 100 mA
b
Rise time of anode pulse (at Vb= 1.5kV) 4.0 ns A
Transit time difference between the centre of
the photocathode and the edge (at Vb=1.5kV) 3.0 ns
Total transit time (at Vb =1.5kV) 36 ns

o

d2 d3 d4 d5 d6 d7 d8 d9

5

10 g} Amplifier
L

(
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a1 5
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5 s o
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3
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PHOTOMULTIPLIER TUBE [|50CVP

CAPACITANCES
Ca-d10 3.0 pF
Ca-all 5.0 pF

RATINGS (ABSOLUTE MAXIMUM SYSTEM)

Vb max. 1.8 kv
Ia max. (continuous operation) 30 HA
Vk-dl max. 500 \'
Vk«il min. 120 A%
le IFPEEREEE “++49-d10 max. 300 v
le—d2""""'d9—dlomin' 80 A%
**Va—le max. 300 v
***Va—dlo min. 80 v

#**When calculatingthe anode voltage, the voltage drop across the load resis-
tance should not be overlooked.

ACCESSORIES (supplied as additional items)
Socket FE1002
Mu-metal shield 56127
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 current of 0.5mA to 1.0mA
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 advisable to screen the tube with a mu-metal cylinder against the
influence of magnetic fields.

6. Of the voltage 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
connected as in FIG.2 with the same total voltage but the overall gain

is less.
(R
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PHOTOMULTIPLIER TUBE |50CVP
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PHOTOMULTIPLIER TUBE I 53AVP

QUICK REFERENCE DATA

11 stage photomultiplier tube intended for use in gamma ray spectrometry.
This tube has a guaranteed energy resolution of less than 9% for 0.661MeV
caesium 137 gamma radiation.

Overall diameter 57 mm
Photocathode diameter 44 mm
Overall sensitivity (at Vi = 1.8kV) 4500 A/lm
Maximum dark current (at S = 60A/Im) 0.05 pA

This data should be read in conjunction with
‘ OPERATING NOTES—PHOTOMULTIPLIER TUBES.’

PHOTOCATHODE
Surface caesium antimony
Peak spectral response 0.42+0.03 um
Minimum useful diameter 44 mm
Minimum cathode area 15.2 cm?
*Luminous sensitivity
Average 70 pA/lm
Minimum 50 uwA/lm
Average radiant sensitivity (at 0.42um) 55 mA/W
Maximum dark current (at Tamp = 25°C) 10-15 A/cm?

*Measured using a lamp of colour temperature 2850°K.
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I 53AVP PHOTOMULTIPLIER TUBE

CHARACTERISTICS

Overall sensitivity (at Vy, = 1.8kV)
Average
Minimum

Maximum dark current (at S = 60A/Im)

Resolution (for 0.661MeV caesium 137 gamma radiation)
Average
Maximum

Maximum value of anode current at which relationship

between peak anode current and luminous flux is

linear (at V, = 1.8kV)
At distribution as shown in fig. 1

acc

4500
100
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8.5
9.0

30
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uA

o/
/0

%o
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k
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-HT Fig.l =
CAPACITANCES

Ca—d11 3 PF

Ca-all 5 pF
MOUNTING POSITION

Any
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PHOTOMULTIPLIER TUBE I 53AVP

ABSOLUTE MAXIMUM RATINGS

Vi, max. 1.8 kV
la max. (continuous operation) 1.0 mA
Pa Max. 0.5 w
Vi a1 max. 500 \%
Vi-qa1 min. 200 Y
*Va-d11 max. 300 \'
*Va—a11 min. 80 \"
Vai-az. .. .. d10-d11 Max. 300 \%
Vai-az . . ... a10-d11 min. 80 \"

*When calculating the anode voltage, the volt drop across the load resistance
should not be overlooked.

ACCESSORIES
Socket B8 700 40
Mu-netal shield (cylindrical)
Length 90+ 1mm, diameter 57+_g>mm 56128

Incidentl radiation

53-5
E—:4 min~»|

—  —
n
o o
7o
acc  k T
Special |4pin base
All dimensions in mm
~—57 max—
(R

MARCH 1963 \v/ Page D3






PHOTOMULTIPLIER TUBE I 53AVP

Gain| F IS3AVP BI49| (Tyory
7F 7|(kA)
5 15
3 3
// ),
AT
//
|07 . A/ / |
7E 7
5F 4 5
6\0
3 & / 3
| |
/ /
/|
6 // // -1
10’ / / 10
U: 7
=h /
3 /o
Vel
/
/

5 // 1 =2
10 # 10
7 7
5 < 5

D%
3 Is
-3
10 10
-2 4 16 Vb(kV)

GAIN AND DARK CURRENT PLOTTED AGAINST TOTAL VOLTAGE

MARCH 1963 N, Page C1



I53AVP

PHOTOMULTIPLIER TUBE

o IS3AVP BI48
7F
of
3 /‘
0
r
4
10 —
7E 1
5 v
[ p%
/1
T 13
< r /|
T /
>
2
2
s 2
0 10 (-
=
bt
v Y: /
° |5
o r
< b
3
10
o
5
o
|
-2 -4 16 Vb(kV)

ANODE SENSITIVITY PLOTTED AGAINST TOTAL VOLTAGE

MARCH 1963

(-

[Mullard|
A

Page C2



S3gNnL ¥3LUYIANOD 3IOVWI



IMAGE CONVERTER TUBE MEI1200AA

Diode image converter tube primarily intended

for high speed sweep photography or as a diode
MEI200AG

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
601.A/Im can be obtained, but the inclusion of inactive conductive material
lowers this figure to 20pA/Im.

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,

Screen type A G
Colour Blue Green
Energy efficiency (approx.) 15 7.0
Decay time to 1/e (37°,) after
10-7 second excitation 20«10 % 10x10 ® s
Resolution 25 25 lines;mm
Maximum screen diameter 117 117 mm
CAPACITANCE
Ca—k 50 pF
CHARACTERISTICS
*Photocathode sensitivity 20 uAIm
Vll 6-0 kV
Vi 0 \
Linear magnification 2.5t0 4.0
Focusing ampere turns for 2nd focus with specified coil 4000
tPicture resolution 250 lines/cm

*Measured with a lamp of colour temperature 2700°K.

1A picture resolution of 250 lines/cm means that an image of 250 lines

alternately black and white of equal width can be viewed in 1cm on the
screen. With a linear magnification of 4 times, this means an image detail
of 1000 lines/cm on the photocathode.

(@)
[Mullard]
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MEI ZOOAA IMAGE CONVERTER TUBE
MEI1200AG

VARIATION OF MAGNIFICATION AND ROTATION OF IMAGE
With the specified coil, V4, — 6.0kV and ‘D' — 42mm (see page D4)

Focus Focus current Magnification Angle of
(mA) rotation
(degrees)
| 126 2.4 15
I 270 4.0 9.2

LIMITING VALUES (absolute ratings)

Vi x max. 6.0 kY
*“Photocathode current density max. 0.05 A cm*
Tamnien: Max. 50 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.
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IMAGE CONVERTER TUBE ME l ZOOAA
MEI1200AG

Viewing screen
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surface !
a
k pper foil

\ E— . ‘F.'V.CAmpt
\ NN Aquadag

235mmt5

Glass wall

PH

\
Anode connections must be \Photocathode
Joined together externally. (Effective diameter 30mm.)

836
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ME I ZOOAA IMAGE CONVYERTER TUBE
MEI1200AG

75in
4 holes %in. dia ) e o)
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CONSTRUCTIONAL DETAILS

Turns: 15,000 approx.
Wire: 26 s.w.g. enamelled copper interleaved with 0.004-in. presspahn.

(——
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RELATIVE SPECTRAL ENERGY DISTRIBUTION CURVE FOR
TYPE ‘A" LUMINESCENT SCREEN
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IMAGE CONVERTER TUBE MEI20]1AA

Triode image converter tube for high speed pulse

operation or as a diode shutter tube with grid
and anode strapped.

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 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 60p.A/lm can be obtained, but the inclusion of inactive conductive
material lowers this figure to 20pA/Im.

The cathode sensitivities quoted are measured with a tungsten lamp of
colour temperature 2700°K.

Effective photocathode diameter 25 mm

LUMINESCENT SCREEN

Two types of screen are in normal use, the type being indicated by the
second letter after the type number.

Screen type A G
Colour Blue Green
Energy efficiency (approx.) 15 7.0
Decay time at 1/e (379,) after
10 7 second excitation 20 10" 10 -<10-% s
Resolution 25 25 lines mm
Maximum screen diameter 17 117 mm
CAPACITANCES
Ca—g 4.0 pF
Cak 3.0 pF
Cg—x 13 pF
Ca g—k 16 pF
CHARACTERISTICS

*Photocathode sensitivity 20 uA/Im
Va 6.0 kV
Vi 0 \
V, max. 6.0 kV
V¢ min. for reasonable picture quality 500 \
Vy for cut-off (approx.) -20 v
Linear magnification See page C1
Focusing ampere turns for 2nd focus with

specified coil 4000
tPicture resolution 250 lines/cm

*Measured with a lamp of colour temperature 2700°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 1cm on the
screen. With a linear magnification of 2.5 times, this means an image
detail of 625 lines/cm on the photocathode.

—
[Mullard ]
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ME I 20 I AA IMAGE CONVERTER TUBE
MEI201AG

LIMITING VALUES (absolute ratings)

Vu-k max. 6.5 kV
Vy—x max. 6.5 kV
V4-¢ Mmax.: at picture extinction 6.6 kv

during exposure 6.0 kV
*Photocathode current density max. 0.05 ,A/cm?
Tambient Max. 50 '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 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 cathode 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.
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IMAGE CONVERTER TUBE ME I 20 I AA
MEI201AG
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MEI201AA
MEI201AG

IMAGE CONVERTER TUBE

See'

7%in
s 5 (" ——— W
4 holes zin. dia O —~ .y (o]
- ~
N
\
\\
/ /\ \
! \ c
Brass tube | | et
‘ |
A /
3 /
/
//
|4 SWG. brass ———= R (/
Lo PR e o '
37§ f ===
S | ———4
Image converter ——
Presspahn cheeks — —F T y
I|| | | I}
'General operational }l l | l|
recommendations- I l I | c
image converter I | | I| fr\‘
tubes! I | ! :|
i !
\ IR J

6176

CONSTRUCTIONAL DETAILS
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Turns: 15,000 approx.

Photo cathode face

Wire: 26 s.w.g. enamelled copper interleaved with 0.004-in. presspahn.
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IMAGE CONVERTER TUBE
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IMAGE INTENSIFIER TUBE XX1020

QUICK REFERENCE DATA

Self-focusing electrostatic diode image intensifier tube with red-
enhanced S20 cathode, for use in night vision applications.

Tube voltage 16 kv
Photocathode 520 with enhanced red response
Useful cathode diameter 25 mm
Screen phosphor P20

Useful screen diameter 19 mm

To be read in conjunction with
GENERAL OPERATIONAL RECOMMENDATIONS - IMAGE CONVERTER TUBES

PHOTOCATHODE

Surface 520 with enhanced red response

Peak spectral response 500 nm

Cathode area 500 mm?

Minimum useful cathode diameter 25.4 mm

External radius of curvature 60 mm
SCREEN

Aluminium-backed
Fluorescent colour yellow-green (P20)
Persistence medium short

The screen luminance is reduced to 36% (e~1l) of the initial peak
value 200ps after the excitation is removed.

Minimum useful screen diameter 19.3 mm

FOCUSING

Self-focusing electrostatic
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CHARACTERISTICS (measured with Va = 16kV at Tamb =20°C)

Minimum conversion coefficient (C.C.-seenote 1) 35 cd/1lm
Centre magnification (see note 2) 0.76 £0.025
Distortion (see note 3) 8.5to 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 plux
max. 10 plux
Maximum dark current 0.02 HA
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
application, It is recommended that the cathode be earthed in order to
obtain the lowest possible background.

RATINGS (ABSOLUTE MAXIMUM SYSTEM)

v, (k) max. 18 kv
Va max. (continuous operation) 16.5 kv
Va min. (useful continuous operation) 10 kv
Ia max. (continuous operation ) 0.1 HA
Maximum continuous photocathode
illumination (see note 9) 2.0 lux
T max. +50 °c
amb
T min. -50 °c
amb
MOUNTING POSITION (see note 10) Any
WEIGHT
Tube alone 90 g
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IMAGE INTENSIFIER TUBE XX1020

NOTES
1 c.c _ Luminous intensity (normal to the screen) - cd
: e Luminous flux incident on photocathode Im
(2850°K colour temperature source)
2, Measured at the photocathode at a distance of 2.2mm from the centre.
: : Md ; < e

3. Percentage distortion = (- -1) X 100, where Md is the magnification at
a distance 10.2mm from the centre of the photocathode and 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.
(Half of the useful photocathode radius).

6. This is the value of input illumination required to give an increase in
screen luminance equivalent to the background luminance.

o 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 D4).

8. Permanent 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 may impair the tube's performance. In certain applications

a mu-metal shield may be required.
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OUTLINE DRAWING
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IMAGE INTENSIFIER TUBE XX1020
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IMAGE INTENSIFIER TUBE XX|1052

QUICK REFERENCE DATA

Self-focusing electrostatic diode image intensifier tube with fibre-
optic windows for general purpose applications.

Minimum luminance gain 50

Photocathode $20 with enhanced red response
Screen phosphor P20

Useful cathode and screen diameters 25 mm
Anode voltage 15 kv
Overall dimensions (approx.) 60 X 50 dia. mm
Weight (approx.) 145 g

This data should be read in conjunction with
GENERAL EXPLANATORY NOTES - IMAGE CONVERTER TUBES

PHOTOCATHODE
Surface $20 with enhanced red response
Wavelength at maximum response 500 nm
Minimum useful diameter 25 mm
External surface of cathode window Flat to within 2um
over entire diameter
SCREEN
Surface Metal-backed P20
Fluorescent colour Yellow-green
Persistence Medium short

The screen luminance falls to 36% (e~1) of the initial peak value 200us
after the excitation is removed.

Minimum useful diameter 25 mm
External surface of screen window Flat to within 2um
over entire diameter

FOCUSING

Self-focusing electrostatic with image inversion.
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CHARACTERISTICS (Measured at Va= 15kV, Tamb=—50 to +30°C)
Minimum luminance gain (see note 1) 50

Minimum photocathode sensitivity
(measured using a tungsten lamp of

colour temperature 2850°K) 100 pA/lm
Minimum radiant sensitivity at A=800nm 2.0 mA/W
at A=850nm 0.5 mA/W

Centre magnification, MC (see note 2) 0.935+0.010
Distortion (see note 3) 7.00+1.65 %
Minimum centre resolution (see note 4) 60 line pairs/mm
Minimum edge resolution (see note 5) 50 line pairs/mm

Background equivalent illumination
(see note 6) 1.0 plux

Axial eccentricity
A point at the centre of the photocathode will form an image within a
concentric circle of 1.5mm diameter on the screen.
OPERATING CONDITIONS
Va (see note 7) 15 kv

The cathode should be connected to the instrument housing.

RATINGS (ABSOLUTE MAXIMUM SYSTEM)

Va max. 16 kv
Va min. (useful continuous operation) 10 kv
Maximum continuous photocathode illumination
(see note 8) 2.0 lux
T max. +50 °c
amb
MOUNTING POSITION Any
WEIGHT (approx.) 145 g
(N
[Mullard]
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IMAGE INTENSIFIER TUBE XX1052

NOTES

. Luminance gain is defined as

m.L

i
where L = luminance (cd/mz) 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
area of the cathode, produced by a tungsten lampat a colour
temperature of 28500K.

. This is the magnification of a 2mm diameter concentric circle on the

photocathode, as measured on the screen.
M

. Percentage distortion = (id—d' X 100), where Md is the magnification at a

c
distance of 10mm from the centre of the photocathode and M, is the
magnification at a distance of 1lmm from the centre of the photocathode.

. Measured at the centre of the photocathode.
. Measured at the photocathode at a distance of Tmm from the centre.

. This is the value of input illumination required to give an increase in

screen luminance equivalent to the background luminance.

. Permanent damage may result from a temporary reversal of polarity.

. This figure assumes uniform illumination of the photocathode . Permanent

damage may result if the tube is exposed to radiant power sogreat as to
cause excessive heating of the photocathode.
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OUTLINE DRAWING
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IMAGE INTENSIFIER ASSEMBLY XX1060

QUICK REFERENCE DATA

Very high gain self-focusing image intensifier assembly for night
vision systems.

Minimum luminance gain 35 000
Photocathode S20 with enhanced red response
Screen phosphor P20

Useful cathode and screen diameters 25 mm
Supply voltage (p-p) at 1500Hz 2800 A
Overall dimensions (approx.) 195 X 70 dia. mm
Weight (approx.) 880 g

This data should be read in conjunction with
GENERAL EXPLANATORY NOTES - IMAGE CONVERTER TUBES

PHOTOCATHODE
Surface S20 with enhanced red response
Wavelength at maximum response 500 nm
Minimum useful diameter 25 mm
External surface of cathode window Flat to within 2um
over entire diameter
SCREEN
Surface Metal-backed P20
Fluorescent colour Yellow-green
Overall persistence Medium

The screen luminance falls to36% (e~ 1) of the initial peakvalue 5ms after
the excitation is removed.

Minimum useful diameter 25 mm

External surface of screen window Flat to within 2um
over entire diameter

FOCUSING

Self-focusing electrostatic with image inversion

SEPTEMBER 1968 S XX1060 Page 1



CHARACTERISTICS (Measured at V

supply (p-p)
f =1500Hz + 2%, T
supply amb
Minimum luminance gain (see note 1) 35 000
Minimum photocathode sensitivity
(measured using a tungsten lamp of
colour temperature 2850°K) 175
Minimum radiant sensitivity at A=800nm 10
at A=850nm 8
Centre magnification, MC (see note 2) 0.82to 1.
Maximum distortion (see note 3) 25
Minimum centre resolution (see note 4) 25
Minimum edge resolution (see note 5) 23
Minimum contrast transfer at cathode centre
at 2.5 line pairs/mm 80
at 7.5 line pairs/mm 50
at 16 line pairs/mm 6.0
Maximum background equivalent illumination
(see note 6) 0.2

Axial eccentricity

=2800V £ 0.5%,

=-50 to +30°C)

pA/lm

mA/W
mA/W

%
line pairs/mm

line pairs/mm

%
%
%

ulux

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)

OPERATING CONDITIONS

v
supply (p-p)

f
supply
Typical cathode illumination

4:1

2800
1500
10

v
Hz

plux

(starlight, partly overcast sky)

The cathode should be connected to the instrument housing.

RATINGS (ABSOLUTE MAXIMUM SYSTEM)

v max. 2850
supply (p-p)
f max. 1600
supply
£ min. 1400
supply
Maximum photocathode illumination (see note 8) 5.
T max. (for 2 hours max.) +70
amb
MOUNTING POSITION Any
WEIGHT (approx) 880

SEPTEMBER 1968 N
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IMAGE INTENSIFIER ASSEMBLY XX1060

NOTES

m.L
o

1. Luminance gain is defined as:
9 i
where L0 = luminance ‘cd/m”) 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
area of the cathode, produced 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.
Md
3. Percentage distortion = (ﬁ X 100), where Md is the magnification at a
c
distance of 10mm from the centre of the photocathode and M, is the
magnification at a distance of 1mm from the centre of the photocathode.

4. Measured at the centre of the photocathode.
5. Measured at the photocathode at a distance of 7Tmm 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.
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OUTLINE DRAWING OF XX1060
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IMAGE INTENSIFIER ASSEMBLY XX1061

QUICK REFERENCE DATA

Very high gain self-focusing image intensifier assembly for night
vision systems.

Minimum luminance gain 30 000

Photocathode 520 with enhanced red response
Screen phosphor P20

Useful cathode and screen diameters 25 mm
Supply voltage (p-p) at 1500Hz 2800 v
Overall dimensions (approx.) 195 X 70 dia. mm
Weight (approx.) 880 g

This data should be read in conjunction with
GENERAL EXPLANATORY NOTES - IMAGE CONVERTER TUBES

PHOTOCATHODE
Surface 520 with enhanced red response
Wavelength at maximum response 500 nm
Minimum useful diameter 25 mm
External surface of cathode window Flat to within 2um
over entire diameter
SCREEN
Surface Metal-backed P20
Fluorescent colour Yellow-green
Overall persistence Medium

) |
The screen luminance falls to36% (e ) of the initial peak value 5ms after
the excitation is removed.

Minimum useful diameter 25 mm

External surface of screen window Flat to within 2um
over entire diameter

FOCUSING

Self-focusing electrostatic with image inversion.
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CHARACTERISTICS (Measured at V =2800V = 0.5%,
supply (p-p)

£ =1500Hz + 2%, T . =-50 to +30°C)
supply amb

Minimum luminance gain (see note 1) 30 000

Minimum photocathode sensitivity
(measured using a tungsten lamp of

colour temperature 2850°K) 150 pA/1lm
Minimum radiant sensitivity at A=800nm 6.0 mA/W
at A=850nm 1.0 mA/W
Centre magnification, Mc (see note 2) 0.82t0 1.0
Maximum distortion (see note 3) 25 %
Minimum centre resolution (see note 4) 22 line pairs/mm
Minimum edge resolution (see note 5) 18 line pairs/mm
Typical contrast transfer at cathode centre
at 2.5 line pairs/mm 80 %
at 7.5 line pairs/mm 50 %
at 16 line pairs/mm 6.0 %
Maximum background equivalent illumination
(see note 6) 0.5 plux

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
Vv 2800 A%
supply (p—p)
f 1500 Hz
supply
Typical cathode illumination 10 plux
(starlight, partly overcast sky)

The cathode should be connected to the instrument housing.

RATINGS (ABSOLUTE MAXIMUM SYSTEM)

v max. 2850 74
supply (p-p)

f max 1600 Hz
supply
f min. 1400 Hz
supply
Maximum photocathode illumination (sce note 8) 5.0 mlux
i max. (for 2 hours max.) +70 °c
amb
MOUNTING POSITION Any
WEIGHT (approx.) 880 g
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IMAGE INTENSIFIER ASSEMBLY XX1061

NOTES

. Luminance gain is defined as:

T.L
o

i
where L = luminance (cd/mz) 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
area of the cathode, produced by a tungsten lamp at a colour
temperature of 2850°K.

. This is the magnification of a 2mm diameter concentric circle on the

photocathode, as measured on the screen.
M

d
. Percentage distortion = (ﬁ % 100), where M, is the magnification at a

d
(¢}

distance of 10mm from the centre of the photocathode and M_ is the
magnification at a distance of Imm from the centre of the photocathode.

. Measured at the centre of the photocathode.
. Measured at the photocathode at a distance of 7mm from the centre.

- This is the value of input illumination required to give an increase in

screen luminance equivalent to the background luminance.

. 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 wniform cathode illumination.

. Intermittent flashes producing much higher cathode illuminations are

allowed, but the tube should never be used in broad daylight.
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OUTLINE DRAWING OF XX1061

1030} £+ UIUHIM
03 Jpjnapuaduad
20D} D13d0 24ql} U2DUDS

20D} 213d0  24ql) UDDUIS

pup 7 JO UOI}2DSJDIUL

j0 uiod ybnouyy buissod

‘& 03 Joindipuadiad aup(d
Kapuibowll 2y3 s1 @ 2904dNS '€

|D3O} Gel+ uluiim h o} \4
Jp(noIpuadaad ¥ 22D44NS 2

sJ2pul|Ad G8-69 1O
7 uoaw so pauyyop H i
S2310N

2pis u2243S5

Wl Ul SUOISUWIP ||V

02-0 ¥ 1v-0l

7 (€ 230U 225)
—L0-0F LY+
22UDJD?|D G20

¥

uld J0322UuU0d WOoJ}
0€7,08! uid buiypoon

)

UOI3DA2I2 pud 2POUIDD

Buisnoy
|qUI2SSD 2GNY JO 23U

10322UU0d
uud jo B

——— 61| FEE-€8I
u3bua| (213dO tIl F98-18I

Y !

“o1u30wo2b 03 22u2uD)2Y

Buisnoy juawnJaysul

G0-0%9:8 f— 0} P23}22UU0d 2pOY3IDD
—L0-0F%I1-9
20565 fo— 2pIs 2poy3IoD
20UDJD2ID G2-0 : €8+ 1-1G |
x
! .

8L 1L — -

W
- ) sy
o 9. OM i ik
TG+ o PAO000
oo & o= T 5l
n o =
56 £ iyl
== =N
= " —1
ﬁ :fﬂ /

| mopuim 213sD|d

| J2qgna uodi|Is

S21-079

old

S0-8 o — \
00—
- ﬁm Buisoa oi3soid

| PO ———

|puiwa2} 2bo}loA Ajddns

61712+
10 ¥2-9¢l

\H:l_o._

— ighP8|

|

oG
1:0F0-EV
oig
1-6¥/2-0G
oig
—

2107 1119
|

(2 230U 225)

0G-0 uliyym
T 03 212IUOD

Y3Jo3
Bury wniuiwn)y

XX1061 Page 4

SEPTEMBER 1968



IMAGE INTENSIFIER ASSEMBLY XX1061
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IMAGE INTENSIFIER ASSEMBLY XX1062

QUICK REFERENCE DATA

Very high gain self-focusing image intensifier assembly for night
vision systems.

Minimum luminance gain 20 000
Photocathode S20 with enhanced red response
Screen phosphor P20

Useful cathode and screen diameters 25 mm
Supply voltage (p-p) at 1500Hz 2800 A%
Overall dimensions (approx.) 195 x 70 dia. mm
Weight (approx.) 880 g

This data should be read in conjunction with
GENERAL EXPLANATORY NOTES - IMAGE CONVERTER TUBES

PHOTOCATHODE
Surface S20 with enhanced red response
Wavelength at maximum response 500 nm
Minimum useful diameter 25 mm
External surface of cathode window Flat to within 2um
over entire diameter
SCREEN
Surface Metal-backed P20
Fluorescent colour Yellow-green
Overall persistence Medium

=]
The screen luminance falls to36% (e ) of the initial peak value 5ms after
the excitation is removed.

Minimum useful diameter 25 mm

External surface of screen window Flat to within 2um
over entire diameter

FOCUSING

Self-focusing electrostatic with image inversion
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CHARACTERISTICS (measured at V =2800V £ 0.5%,

supply (P-p) 5
f =1500Hz + 2%, T =-50 to +30 C)
supply amb
Minimum luminance gain (see note 1) 20 000
Minimum photocathode sensitivity
(measured using a tungsten lamp of
colour temperature 2850°K) 100 pA/Im
Minimum radiant sensitivity at A=800nm 2.0 mA/W
at A=850nm 0.5 mA/W
Centre magnification, Mc (see note 2) 0.82t0 1.0
Maximum distortion (see note 3) 25 %
Minimum centre resolution (see note 4) 20 line pairs/mm
Minimum edge resolution (see note 5) 15 line pairs/mm
Typical contrast transfer at cathode centre
at 2.5 line pairs/mm 80 %
at 7.5 line pairs/mm 50 %
at 16 line pairs/mm 6.0 %
Maximum background equivalent illumination
(see note 6) 1.0 plux

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

A% 2800 A%
supply (p-p)

fsupply 1500 Hz

Typical cathode illumination 10 ulux

(starlight, partly overcast sky)

The cathode should be connected to the instrument housing.

RATINGS (ABSOLUTE MAXIMUM SYSTEM)

v max. 2850 v
supply (p-p)
f max. 1600 Hz
supply
f min. 1400 Hz
supply
Maximum photocathode illumination (see note 8) 5.0 mlux
iy max. (for 2 hours max.) +70 °c
amb
MOUNTING POSITION Any
WEIGHT (approx.) 880 g
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IMAGE INTENSIFIER ASSEMBLY XX1062

NOTES

. Luminance gain is defined as:

m.L

i
where L = luminance (cd/mz) 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 28500K.

. This is the magnification of a 2mm diameter concentric circle on the

photocathode, as measured on the screen.
M

. Percentage distortion = (ﬁd' X 100), where Md is the magnification at a

c
distance of 10mm from the centre of the photocathode and M, is the
magnification at a distance of Imm from the centre of the photocathode.

. Measured at the centre of the photocathode.
. Measured at the photocathode at a distance of 7mm from the centre.

. This is the value of input illumination required to give an increase in

screen luminance equivalent to the background luminance.

. 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.

. Intermittent flashes producing much higher cathode illuminations are

allowed, but the tube should never be used in broad daylight.
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OUTLINE DRAWING OF XX1062
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IMAGE INTENSIFIER ASSEMBLY XX1062
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IMAGE CONVERTER TUBE 6914

TENTATIVE DATA

QUICK REFERENCE DATA

Diode image converter tube intended for use in the near infra-red region of the

spectrum.
Tube voltage 16 kV
Photocathode S1 response
Screen phosphor P20 TYPE
Minimum useful cathode diameter 25.4 mm

To be read in conjunction with
GENERAL OPERATIONAL RECOMMENDATIONS - IMAGE CONVERTER TUBES

PHOTOCATHODE
Surface Type C, caesium on oxidised silver
Peak spectral response 0.8+0.1 ©um
Cathode area 5.06 cm2
Minimum useful cathode diameter 25.4 mm
External radius of curvature 60 mm
SCREEN
Metal -backed
Fluorescent colour yellow-green (P20 type)
Persistence medium short

The brightness is reduced to 36% (e'l) of the initial peak value 200us
after the excitation is removed.

Minimum useful screen diameter 19.3 mm
FOCUSING Self-focusing electrostatic
[

[Mullard|
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CHARACTERISTICS (measured with Va = 16kV at Ta.mb

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)

TYPICAL OPERATING CONDITIONS

Va

L

= 20°C)

0.6 cd/lm irf
0.76 + 0.025
8.5to0 12.5 %

50 line pairs/mm
12 line pairs/mm

25x107°  luxirf
0.02 uA
1.0 mm
16 KV
0.02 pA

Either the anode or the cathode should be earthed depending upon the application.

LIMITING VALUES

Vo (pk) max.
v 5 Max. (continuous operation)
Va min. (continuous operation)
Ia max. (continuous operation)
*Photocathode illumination
continuous
**intermittent

Tamb
Maximum
Minimum

*Assuming uniform irradiation of the photocathode

18 kV
16.5 kV
10 kV
0.1 LA
10 lux irf
100 lux irf
+50 °C
-50 ¢

**A duty factor of 0.3 with a maximum averaging time of 15min. applies.

MOUNTING POSITION Any
WEIGHT
90 g
Tube alone 3.2 -
e
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IMAGE CONVERTER TUBE 6914

NOTES

10.

115

This parameter is measured with the radiation from a tungsten lamp
operating at a colour temperature 2854°K. The radiation is filtered by means
of aCS94 filter, (Corning type 2540, Melt No. 1613, 2.61mm thick) before
falling on the photocathode. The conversion coefficient 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).

Measured at 4.3mm diameter concentric circle on the cathode.

Percentage distortion = (Mm%- 1) x 100 where Md is the magnification at a
distance 10.2mm from the centre of the photocathode . Mc is the magnification
at the centre of the photocathode.

Measured at the photocathode within a circle of 4.3mm diameter.
Measured at the photocathode at a distance of 6.4mm from the centre.

This is the value of equivalent input illumination (irf) required to give an

increase of luminance on the screen equal to the background luminance.

This is defined as the deviation of the cathode centre image from centre of

the screen.

Permanent damage to the tube may result if it is exposed to radiant energy
so great as to cause excessive heating of the photocathode .

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.

Connections tothe terminals of the tube must not be soldered but should be
made by either spring clips or simple clamps.

The tube is sensitive to stray magnetic fields which may impair the tube's
resolution. In certain applications a . -metal shield may be required.
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IMAGE CONVERTER TUBE 6914
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IMAGE CONVERTER TUBE 6929

TENTATIVE DATA
QUICK REFERENCE DATA

Diode image converter tube intended for use in the near infra-red region of the

spectrum.
Tube voltage 12 kV
Photocathode S1 response
Screen phosphor P20 TYPE
Minimum useful cathode diameter 19 mm

To be read in conjunction with
GENERAL OPERATIONAL RECOMMENDATIONS - IMAGE CONVERTER TUBES

PHOTOCATHODE
Surface Type C, caesium on oxidised silver
Peak spectral response 0.8+0.1 pwm
Cathode area 2.84 c:m2
Minimum useful cathode diameter 19 mm
External radius of curvature 31 mm
SCREEN
Metal-backed
Fluorescent colour yellow-green (P20 type)

Persistence medium short

The brightness is reduced to 36% (e'l) of the initial peak value 200us

after the excitation is removed.

Minimum useful screen diameter 14.5 mm
FOCUSING Self-focusing electrostatic
(R
[Mullard|

AUGUST 1965 \v/ Page D1



CHARACTERISTICS (measured with V.‘1 = 12kV at Tamb =20 C)

Minimum conversion coefficient (see note 1) 0.4 cd/lm irf
Centre magnification (see note 2) 0.74 £ 0.025

Distortion (see note 3) 5.5to 10 %
Minimum centre resolution (see note 4) 50 line pairs/mm
Minimum edge resolution (see note 5) 12 line pairs/mm

Maximum background equivalent
3

illumination (see note 6) 12 x 10 lux irf
Maximum dark current 0.02 LA
Maximum axial eccentricity (see note 7) 1.0 mm

TYPICAL OPERATING CONDITIONS

Va 12 kv

Ia 0.02 LA

Either the anode or the cathode should be earthed depending upon the application.

LIMITING VALUES

Vi (pk) max. 13 kV
Va max. (continuous operation) 12.5 kV
Va min. (continuous operation) 9.0 kV
Ia max. (continuous operation) 0.1 LA
*Photocathode illumination
Continuous 10 lux irf
**intermittent 100 lux irf
Ta.mb
Maximum +50 “c
Minimum -50 G

*Assuming uniform irradiation of the photocathode.
**A duty factor of 0.3 with a maximum averaging time of 15min. applies.

MOUNTING POSITION Any
WEIGHT
Tube alone 42 g
1.5 oz
£ _%)
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IMAGE CONVERTER TUBE 6929

NOTES

10.

11.

This parameter is measured with the radiation from a tungsten lamp
operating at a colour temperature 2854°K. The radiation is filtered by means
of a CS94 filter (Corning type 2540, Melt No. 1613, 2.61mm thick) before
falling on the photocathode . The conversion coefficient 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) .

Measured at 3.2mm diameter concentric circle on the cathode.

Percentage distortion = (ITM/[%' 1) x 100 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.

Measured at the photocathode within a circle of 3.2mm diameter.
Measured at the photocathode at a distance of 4.75mm from the centre.

This is the value of equivalent input illumination (irf) required to give an
increase of luminance on the screen equal to the background luminance.

This is defined as the deviation of the cathode centre image from centre of

the screen.

Permanent damage tothe tube may result if it is exposed to radiant energy
86 great as to cause excessive heating of the photocathode.

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.

Connections tothe terminals of the tube must not be soldered but should be
made by either spring clips or simple clamps.

The tube is sensitive to stray magnetic fields which may impair the tube's
resolution. In certain applications a i -metal shield may be required.
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iIMAGE CONVERTER TUBE 6929
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IMAGE CONVERTER TUBE 6929-1

TENTATIVE DATA
QUICK REFERENCE DATA

Diode image converter tube intended for use in the near infra-red region of the

spectrum.
Tube voltage 12 kV
Photocathode S1 response
Screen phosphor P20 TYPE
Minimum useful cathode diameter 19 mm

To be read in conjunction with
GENERAL OPERATIONAL RECOMMENDATIONS - IMAGE CONVERTER TUBES

PHOTOCATHODE
Surface Type C, caesium on oxidised silver
Peak spectral response 0.8:0.1 pLm
Cathode area 2,84 c:m2
Minimum useful cathode diameter 19 mm
External radius of curvature 31 mm
SCREEN
Metal-backed
Fluorescent colour yellow-green (P20 type)
Persistence 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 14.5 mm

FOCUSING Self-focusing eleetrostatic
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CHARACTERISTICS (measured with Va = 12kV at Tamb = 20°C)

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)

TYPICAL OPERATING CONDITIONS

Va

Ta

0.4 cd/lmirf

0.74 +0.025

5.5 to 10 %
35 line pairs/mm
12 line pairs/mm
25 x 1073 lux irf

0.02 LA

1.0 mm
12 kV

0.02 LA

Either the anode or the cathode should be earthed depending upon the application.

LIMITING VALUES

v (pk) max. 12.5 kV
Va max. (continuous operation) 12 kV
Va min. (continuous operation) 9.0 kV
Ia max. (continuous operation) 01 LA
*Photocathode illumination
Continuous 10 lux irf
Ta.mb
Maximum +40 el
Minimum -50 e
*Assuming uniform irradiation of the photocathode.
MOUNTING POSITION Any
WEIGHT
Tube alone 42 g
1.5 oz
(R
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IMAGE CONVERTER TUBE 6929-1

NOTES

1. This parameter is measured with the radiation from a tungsten lamp
operating at a colour temperature 2854°K. The radiation is filtered by means
of a CS94 filter (Corning type 2540, Melt No. 1613, 2.61mm thick) before
falling on the photocathode . The conversion coefficient 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. Percentage distortion = (%%- 1) x 100 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 from 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. Thisis defined as the deviation of the cathode centre image from centre of
the screen.

8. Permanentdamage to the tube may result if it is exposed to radiant energy
80 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. Connectionstothe 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. In certain applications a . -metal shield may be required.
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IMAGE CONVERTER TUBE 6929-1
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