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In this issue 
Most of the articles are devoted to 
the new oscilloscope PM 3260. 

PHILIPS 

PHILIPS 

Design innovation 
marks new 120 MHz 
oscilloscope 

A new lightweight Philips portable HF 
oscilloscope, the PM 3260, has just 
been released at the I.E. E.E. Interna-
tional Exhibition in New York, and will 
shortly be shown at the Paris "Salon 
de Composants" and the Hannover 
Messe. 

Thanks to the use of advanced hybrid 
integrated circuitry, a new CRT and a 
low-dissipation transformerless power 
supply, the PM 3260 combines out-
standing performance with first-rate 
reliability and serviceability. 

A bandwidth of 120 MHz at 5 mV sen-
sitivity, two separate vertical channels, 
main and delayed time bases, very 
extensive X-Y and X-Y//Y facilities; a 
big screen with 8 x 10 real centimetre 
divisions and an unusually high light 
yield, even for very fast signals with a 
very low repetition rate -all packed 
into an instrument weighing hardly 
more than 9 kg. Furthermore you'll 
really be impressed by the thought 
that has gone into the arrangement of 
the controls on the front plate to give 
an instrument which is comfortable to 
use quickly and accurately. There's 
such a lot of news in the new PM 3260 
that we're devoting most of this issue 
to it! 

continued on page 2 
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Tailor-made for both laboratory and 
field work 
In addition to the specifications which 
make the instrument more than ade-
quate for use as a general-purpose 
laboratory oscilloscope, special atten-
tion has been paid to the typical re-
quirements of development, produc-
tion-testing and field-service work in 
the telecommunications and data-
processing industries. 
The above-mentioned high writing rate 
of the CRT is a case in point. Other 
features include sensitivity, highly re-
liable triggering for signal rates up to 
more than 200 MHz, a wide trigger-
source selection range for both main 
and delayed time base and extensive 
X-Y facilities (we may mention in par-
ticular the possibility of sweeping both 
vertical channels with the same ex-
ternal horizontal signal). 
Although (as we shall see in greater 
detail below) the PM 3260 is super-
portable, this has by no means been 
achieved at the expense of the accu-
racy and reliability demanded of a 
good laboratory instrument. This 
emerges clearly from the big screen, 
good vertical sensitivity and stability, 
extensive algebraic combination faci-
lities for the vertical signals, availabi-
lity of connectors for active probes, 
high time base accuracy, etc. 

Portability 
Since important fields of application 
of the new oscilloscope involve port-
able use in one's own works or in the 
field, special attention has been paid 
in the design of the instrument to en-
sure not only real portability (even in 
rather constricted spaces) but also all-
round usability in all possible positions 
of the scope and at all possible view-

ing angles as far as the user is con-
cerned. 

By paying constant attention to weight 
during the development, we have suc-
ceeded in achieving the revolutionari-
ly low weight (at the given bandwidth) 
of a little more than 9 kg (20 Ib), which 
is about 15° /0 lower than that of com-
parable instruments. This low weight 
has been achieved by the use of new 
techniques in both mechanical and 
electronic fields. The special points of 
the design are described in greater 
detail in a separate article on page 4. 
As regards the electronics, great sav-
ings were made by use of a new type 
of power supply with drastically limit-
ed weight and internal dissipation and 
by extensive use of special new mo-
nolithic integrated circuits in hybrid 
thin-film technology, and special mi-
niature transistors at points where in-
tegration gave problems. These IC's 
will also be described in a separate 
article (page 6). 

New CRT 
Many of the revolutionary features of 
the PM 3260 were made possible by 
use of a new 20-kV Philips cathode-
ray tube which combines a large 
screen and very high writing rate with 
minimum length. Among other things, 
this has made it possible to reduce 
the length of the instrument consider-
ably which means that it's portable 
without giving you a permanently rais-
ed shoulder. This .new CRT will be de-
scribed in more detail in a separate 
article on page 5. 

One function, one control 
Like earlier Philips HF oscilloscopes 
with two time bases, the PM 3260 still 
follows the principle of separate con-
trols for each time base. Although the 
reduction in the volume of the instru-
ment meant that appreciably less 
room was available on the front plate 
for fitting in all the controls, we resist-
ed the temptation to combine the con-
trols of the two time bases in a dou-
ble-knob system because intensive in-
vestigation at the Institute for Percep-
tion Research, Eindhoven, showed 
that measurements involving use of 
the second time base could be per-
formed appreciably faster and with 
fewer errors using the system with se-
parate knobs. 
The same principle was also followed 
in the design of the push-buttons. 
Push-buttons are never used to con-
trol more than one function. We may 
mention in this connection that the 
buttons have been given a special 
shape with levelled corners which 
makes it practically impossible to push 
in two buttons at the same time, see 
photo on page 4. 

Extra width for comfortable operation 
If we had really tried, we could have 
squeezed the controls together even 
more, thus saving an extra couple of 

2 



centimetres in width -but we didn't. 
After all, the weight is minimum des-
pite the slightly greater width; and by 
giving that little bit extra in width we 
have made it possible to space the 
knobs by that distance which ergono-
mic research has shown makes for 
optimum operation. 

New power supply 
The PM 3260 has no mains transfor-
mer. Instead it uses a switching cir-
cuit of a type already proven for some 
years in the Philips range of power 
supplies. This type of design not only 
saves a lot of iron, thus making a large 

contribution to the weight reduction 
mentioned before but also has an in-
herently low power consumption, ob-
viating the need for a cooling fan and 
filter. This made it possible to use a 
completely closed cabinet for the os-
cilloscope electronics, keeping dust 
and dirt out and ensuring a remark-
ably short recovery time when an in-
strument is brought e.g. from a wintry 
car trunk into a room where temper-
ature and humidity are both much 
higher. This disables most oscillo-
scopes for almost an hour, whereas 
the PM 3260 is guaranteed fully opera-
tive within fifteen minutes. 
The very low total consumption of 
45 W for the 120 MHz PM 3260 is also 
an important advantage when a bat-
tery pack has to be used, ensuring a 
reasonable operating time even at this 
high bandwidth. Had the PM 3260 been 
equipped with a conventional power 
supply, the consumption would have 
been around 80 W, almost double the 
actual value. 
A third point in favor of the new po-
wer circuit is the high input flexibility. 
The scope accepts any line voltage 
and any line frequency between 90 
and 250 V, 46 and 440 Hz, without any 
need for adjustment. 

Easy maintenance, easy calibration 
Several novel features in the PM 3260 
make it a very easy instrument to ser-
vice. Solid-state switching is used for 

all front panel controls so that the 
location of the controls could be 
planned physically on an ergonomic 
basis without reference to the elec-
tronics behind them. Most functions 
have their own plug-in cable harness, 
which permits switches and push-
button sets and/or their associated 
printed-circuit-board (pcb) electronics 
to be checked independently. This so-
lid state switching technique also 
means that the front panel controls 
could be designed or chosen for maxi-
mum electrical and mechanical relia-
bility and that the internal wiring of 
the instrument is greatly simplified. 
The internal design is such that all 
units are very easily accessible and 
can be removed in seconds. Compo-
nents are on the accessible side of 
the pcb's only. 
Compared with discrete electronics, 
the use of hybrid thin film circuits 
yields advantages with regard to the 
number of adjustment points. For ex-
ample, avertical amplifier would nor-
mally require some 30 adjusting points. 
The circuitry used in the PM 3260 only 
needs about one third of this number, 
permitting really fast recalibration. In 
addition, the high stability of the cir-
cuitry about doubles the length of 
time that can pass between recalibra-
tions. 
The following articles will deal with 
the salient features of the PM 3260 in 
greater details. 

BRIEF SPECIFICATION 

Y-axis 
Bandwidth 

DC - 120 MHz at full sensitivity. 
Input impedance 
1 MS2//15 pF. 
Display modes 
Channel A only, normal and inverted. 
Channel B only, normal and inverted. 
Alternate. 
Chopped at approx. 1 MHz. 
Added. 
Deflection coefficients 
2V/division . . . 5 mV/division, 1-2-5 sequence. 
X-axis 
Main time base 
Time coefficients 
1 s/div... 50 ns/div. 1-2-5 sequence. 
Uncal ibrated continuous control between steps. 
x10 magnifier extends max. sweep rate to 5 ns/div. 

Modes 

Auto -Triggered -Single shot. 
Trigger source 
Channel A, channel B, external or mains. 
Delayed time base 
Time coefficients 
0.5 s/div... 50 ns/div., 1-2-5 sequence 
Uncalibrated continuous control between steps. 
x10 magnifier extends max. sweep rate to 5 ns/div. 

Modes 

Starts: directly starting, after selected delay 
interval. 
Trig: triggered by delayed time base trigger 
Circuit after selected delay interval. 
Trigger source 
Channel A; channel B, or external. 
CRT 
Philips D14 - 240; 20 kV PDA tube; GH (P31) 
phosphor. 
Screen 
8 x 10 divisions, each 1 cm, internal graticule. 
Supply 
100 - 240 V ± 10°/°; 46 - 440 Hz without switching. 
Dimensions and weight 
Height 15.4 cm 
Width 31.6 cm 
Depth 41.0 cm (excluding handle, front cover and 
feet). 
Weight 9 Kg (20 Ib) approx. 

For /urther information, please check reply card Q1
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Designing a new portable oscilloscope 

It takes a lot of brain-work - and a lot of team-work - to pack 
a 120 MHz oscilloscope into a 9-kg (20 Ib) package measuring 
no more than 15 x 32 x 41 cm, which can be accurately and 
comfortably operated under a wide variety of conditions. A 
few of the points involved are discussed in this article. 

The basic design requirements for the 
PM 3260 were reliability, compactness 
and portability; but it was stipulated 
that the compactness should not be 
achieved at the cost of ease of oper-
ation or serviceability. 

Portability 
In order to realize the predicate 
„portable" as fully as possible, the 
frame of the oscilloscope is made of 
light metal, and many ergonomic as-
pects have been taken into consider-
ation. For example, the form and di-
mensions of the handle have been 
chosen with respect to the external 
dimensions of the instrument so that 
e.g. the oscilloscope can be carried 
upstairs without problems. By making 
the front and rear castings of magne-
sium alloy, and taking care at all 
stages of the design work to ensure 
that the wall thickness was kept to a 
minimum, we were able to realize con-
siderable savings in weight: the front 
casting only weighs 280 grammes, and 
the rear wall 390 grammes. 
The solidly constructed handle is a 
help not only for carrying the instru-
ment but also for placing it on a bench 
or other working surface in the most 
convenient position. The handle can 
be set in a number of different posi-
tions, which can be used as "stand-
up" settings. These settings have been 
chosen so that the instrument can be 
viewed from the most convenient 
angle(s). 
In order to make it easier to carry the 
oscilloscope with a fixed mains cable, 
provisions have been made for wind-
ing the cable round the rear supports 
of the instrument; most common types 
of mains plugs can be clamped in the 
recesses provided for this purpose in 
the rear panel. 

Finish 
Until recently, the outer wall of most 

all T & M instruments was made of 
"skin plate" (sheet metal with a plas-
tic layer bonded on to it). However, the 
exterior of the PM 3260 is painted with 
scratch-proof Nextel lacquer, giving 
it an attractive, matt look. Use of a 
lacquer finish makes it much easier to 
supply the oscilloscope in other co-
lours if desired. 

Serviceability 
Various measures have been taken to 
make the PM 3260 as serviceable as 
possible. For example, the number of 
electronic units has been kept to a 
minimum, and these units can be 
quickly and simply mounted in the 
housing. The latter is built up of a 
front casting and rear casting con-
nected by extruded profiles, and a se-
parate box for the power supply. The 
rear cover can be removed by un-
screwing two screws, revealing the 
mains switch, mains filter and power-
supply unit, which have intentionally 
been kept separate from the rest of 
the controls. It may be noted that the 
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power-supply unit can be serviced out-
side the instrument, without interrupt-
ing the operation of the latter. 
Thanks to the use of quick-fasteners, 
the top and bottom covers can be re-
moved easily and quickly, exposing 
the printed-circuit boards and other 
vital parts. Most of these parts (includ-
ing the printed-circuit boards) can be 
replaced in minutes, since all the elec-
trical connections are realized with 
plugs, and the units are simply mount-
ed (by clearly visible means!) in the 
instrument. 

Cooling 
The heat-radiating surface of the in-
strument has been chosen in such a 
way with respect to the contents that 
the heat generated by the various 
units can be led off naturally, making 
forced cooling unnecessary. 
Cooling louvres and apertures have 
been avoided as far as possible, and 
where present are fully in accordance 
with the relevant IEC standards. 

Controls 
On the control panel, the various func-
tions (horizontal and vertical parts, 
specific tube functions) are logically 
arranged and separated where possi-
ble. The input connectors are kept as 
low as possible, so that the cables 
don't get in your way, and the most 
widely used main time-base controls 
are placed on the far right. 
Moreover, the form and dimensions of 
the push-buttons have been carefully 
chosen to reduce the chance of si-
multaneously depressing two buttons 
to a minimum. 

Photography facilities 
The trace on the screen can be photo-
graphed in two different ways: 
— by means of a hand-held Polaroid 
camera (type PM 9380), which can be 
rapidly and simply positioned by plac-
ing its lens shield around the bezel; 
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this solution has the advantage that 
when photos are not being taken, 
there is no camera around to get in 
the way of the controls. 
— with an oscilloscope camera from 
the Steinheil series, mounted on the 
threaded holes provided just under 
the bezel. 
The protective cover over the front 
panel, which can be locked and un-
locked by a simple twist of the wrist, 
serves not only to protect the controls 
on the front panel but also to carry 
the various accessories (probes, etc.) 
required. 

Team-work 
Close cooperation between T & M's 
Development Department, Philips' Con-
cern Industrial Design Department and 
the Institute for Perception Research 
of Eindhoven's Technical High School 
led, after the scrapping of many 
provisional designs, to an instrument 
which ergonomically and functionally 
is really outstanding. 
It's a pleasure to have been in a team 
which designed an instrument which 
turned out to be such a technical 
beauty. 

New 20 kV 
cathode-ray tube 

The combination of a very high acceleration voltage seg-
mented vertical deflection plates, a special domed mesh 
after the deflection system and the big (8 x 10 cm) aluminized 
screen give a brighter, bigger display with an exceptionally 
high writing speed from a tube which is much shorter than 
normal 
The n'ew cathode-ray tube for the 
PM 3260 oscilloscope has a rectangu-
lar bulb with an 8x10 cm viewing area, 
and has been specially designed to 
meet the requirements of a wide-band 
portable oscilloscope. 
These requirements can be summariz-
ed as follows: high light output to en-
sure aphotographic writing speed that 
is compatible with the bandwidth of 
the instrument, and facilitate the visual 
observation of repetitive signals with 
a low repetition rate, high deflection 
sensitivity to reduce the power requi-
rement for the vertical and horizontal 
deflection signal amplifiers, adequate 
high-frequency response of the verti-
cal deflection system and a good line 
width. Moreover, in the interest of 
compactness the tube should be short. 
In order to obtain a high light output, 
post-deflection accelleration (PDA) 
has of course been used, with a final 
voltage of 20 kV. The aluminized 
screen is of the well known Pa, (GH) 
type, the spectral energy distribution 
of which is well matched to the spec-
trai sensitivity of the human eye while 
the photographic writing speed is high. 
The flat mesh used in previous tube 
types is replaced by a domed mesh in 
the PDA system. This structure is ma-
nufactured by pressing a fine electro-
formed mesh (mechanically supported 
by a ring) into the desired shape. 
This type of PDA system gives expan-
sion of the horizontal as well as of the 
vertical deflection of the electron 
beam, thus rendering the tube elec-
tron-optically equivalent to one with a 
considerably larger deflection-plate 
screen distance. Use of a domed mesh 
has thus made it possible to improve 
the deflection sensitivity without in-
creasing the length of the tube. 
The bandwidth of an oscilloscope is in 
general mainly determined by the ca-
pacitive load presented to the output 
stage of the deflection signal ampli-
fier, and by transit-time effects. Both 
these limitations can, to a great ex-

tend, be overcome by subdividing the 
vertical deflection plates into several 
sections that are interconnected by a 
filter network. In the present CRT each 
of the vertical deflection plates con-
sists of four sections which are all 
brought to the neck of the tube. The 
filter network is connected outside the 
tube, permitting final adjustments to 
be made if necessary. 
Apart from the requirements imposed 
by the bandwidth, the accuracy of the 
display has also received considerable 
attention. For aparallax-free reading, 
the screen is provided with an internal 
graticule. The horizontal deflection 
direction can be aligned with respect 
to the graticule lines by means of a 
rotation coil. An additional coil system 
can produce a magnetic quadrupole 
field which allows any orthagonality 
error to be eliminated. Moreover, the 
electron gun is provided with a geo-
metry-control electrode, the potential 
of which can be adjusted to minimise 
pin-cushion or barrel distortion of the 
pattern. 

 e 

The bigger screen and shorter length clear-
ly illustrate progress in the development of 
cathode-ray tubes. 
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Monolithic and hybrid integrated circuits 
in the PM 3260 oscilloscope 

If you want to design alight-weight portable oscilloscope with 
specifications normally only met with in laboratory instru-
ments, combined with extra-rugged construction to withstand 
the rough conditions encountered in mobile service applica-
tions, it is an obvious idea to think of using solid-state high-
density electronics. 

Monolithic integrated circuits (MIC's) 
The PM 3260 is in fact equipped with 
specially developed monolithic inte-
grated circuits (MIC's) mounted on 
thin-film modules. These n'ew circuits 
were designed by the T & M predeve-
lopment team in close collaboration 
with the Special Solid-state Product 
group of Philips Elcoma division. 
The oscilloscope contains as many as 
17 of these new IC's, covering nearly all 
the main functions of the instrument. 
Before going into detail about the 
specific circuits used in the PM 3260, 
it is instructive to give some consider-
ations about IC applications in oscillo-
scopes in general. 
First, let's look at the advantages of 
monolithic /C's in oscilloscopes 
— excellent LF pulse response 
— first-class HF performance 
— high stability, common-base oper-

ation 
— the number of oscilloscope align-

ments can be strongly reduced 
— high CMRR 
— high density 
— high reliability 

However, monolithic IC's incorporat-
ing resistors and capacitors will be 
relatively inflexible as regards gain 
and applications as these components 
introduce poor tolerance and limited 
range. 

In the integrated circuits designed for 
the PM 3260, therefore, the resistors 
and capacitors were brought outside 
the MIC. Integrated thin-film circuitry 
has been used for the resistors, while 
the capacitors are miniature multi-
layer components. This guarantees 
very small, reproducible dimensions 
and all the good points of the MIC's 
themselves are preserved. 

Hybrid integrated circuits 
The solution described above, of com-
bining monolithics with thin-film inte-
grated resistors and discrete capaci-
tors in fact gives what is known as 
hybrid integrated circuits. Although the 
price of thin-film circuitry is a bit 
higher than that of printed-circuit 
boards with discrete components, the 
performance and reliability of thin-
film circuits are incomparable. 

rst 
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Note: 
— short distance between TS, and TSZ (giving optimum thermal coupling) 
— ultra-short distance between TS3 and TS„ ensuring stable common base operation 
— well balanced lay-out (giving good differential behaviour and optimum CMRR) 
— cross-under resistor shown in the circuit is not critical as regards HF operation 

Fig. i. One of the MIC's widely used in the PM 3260 (the OQ 002). 

Resistors made by thin-film techni-
ques have properties comparable with 
the best discrete metal-film resistors -
but with much smaller dimensions. Dis-
sipations up to 100 mW/mmz are poss-
ible. The high component density (up 
to 10 elements per cmz) gives on the 
one hand the desired compact (low-
weight) circuitry and on the other hand 
short, well-defined distances between 
the different elements (definition of 
conductor and resistor pattern 5µm), 
which has high-frequency advantages. 

Thin-film technology 
The thin-film technique used was de-
veloped by Philips Elcoma division. 
The production process may be des-
cribed briefly as follows. A lay-out 
drawing to a scale of 20:1 is made of 
the electronic circuit. Two polyester 
masks are made, one for the conduc-
tor pattern and one for the resistor 
pattern. These masks are photogra-
phically reduced 20 times. The cera-
mic substrate used is very pure AI20, 
(Aluminium oxide) with a coating of 
NiCr (Nickel Chromium) resistor film 
and Ni (Nickel) conductor film on top 
of that. 
After treatment with photoresist, ex-
posure through the conductor mask 
opens the future conductor pattern. 
To lower the specific resistance of the 
conductor tracks and also to serve 
later as a mask, some layers of gold 
are electrochemically deposited. (The 
Ni layer serves as electrode). In the 
next step the photoresist and the Ni 
(not covered by gold) are etched away. 
Another photoresist is then applied 
over the circuit. This second mask de-
termines the places where NiCr is to 
remain. The rest of the NiCr is again 
removed by etching. Fig. 2 shows the 
different process steps in the creation 
of a resistor. 
The last step before encapsulation is 
the screening of solder paste and the 
mounting of discrete components by 
a reflow soldering technique. 

An example from the PM 3260 
The substrate and components of one 
of the thin-film hybrid IC's used in the 
PM 3260 are shown in fig. 3. In this 
specific circuit, 27 resistors are in-
corporated on a substrate measuring 
77 x 24 mm. MIC's, transistors, capaci-
tors and terminals are fixed on this 
substrate by a reflow soldering tech-
nique. After pretesting, the circuit is 
encapsulated to meet stringent quality 
specifications. Final DC and functional 
HF testing completes the process. 
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