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General Information on Circuit Blocks

APPEARANCE

A circuit block is a small encapsulated unit containing a basic electronic circuit,
designed to accept and operate upon a specific type of input signal and to produce
a specific type of electrical output. A number of different blocks can be combined
to form larger parts of an electronic digital system.
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Fig.1. Dimensional drawing of the circuit block.

The dimensions of all circuit blocks are approx. 54 mm x 24 mm x 11 mm (see
Fig.1). Out of one side of 54 mm x 11 mm emerge ten wire terminals of 0.7 mm
diameter and 15mm length. The distances between the wires are 5.08 mm (0.2 ins.)
in accordance with the I.LE.C. standard hole grid for printed-wiring boards.

The blocks are colour-coded, a different colour being used for each group of func-
tions.

TYPES OF CIRCUIT BLOCK

The following circuit blocks are available:

description colour abbreviation type number
Pulse shaper green PS1 B8 950 00
Flip-flop red FF1 B8 920 00
One-shot multivibrator ' green 0S1 B8 950 01
Twin emitter follower yellow 2.EF1 B8 940 01
Emitter follower/inverter amplifier yellow EF1/IA1 B8 940 00
Twin inverter amplifier yellow 2.1IA1 B8 940 02
Twin 2-input negative gate orange 2.2N1 B8 93001
Twin 3-input negative gate orange 2.3N1 B8 930 00
Twin 2-input positive gate orange 2.2P1 B8 930 03
Twin 3-input positive gate orange 2.3P1 B8 930 02
Twin inverter amplifier yellow 2.IA2 B8 940 05
Twin emitter follower . yellow 2.EF2 B8 940 03




TYPE NUMBERING SYSTEM

The figures of which the type number is composed have the following meaning:

B8 900 00 01
I L Reserved for minor changes
Serial number

Mechanical design
Main circuit function
2 (red) - elements with a memory function
3 (orange) - gate circuits
4 (yellow) - amplifying elements
5 (green) - signal generators and pulse-shaping elements

y6 (blue) - miscellaneous
8 - special circuits (no functional guarantee)
9 - standard circuits (functional guarantee).

ADVANTAGES OF CIRCUIT BLOCKS

Some of the outstanding advantages of circuit blocks are:

saving of time and effort in the development and manufacture of electronic equip-

ment;

- saving of handling, mounting and testing costs in manufacture;

high and constant quality level;

simplification of stock-keeping and ordering;

- rationalisation through standardised units.

FIELDS OF APPLICATION

Circuit blocks can in general be used in all digitel data-handling equipment, such

as:

a. test and measuring set-ups in research and development laboratories etc.;

b. bread-board models and prototypes of electronic equipment;

c. equipment or systems that are manufactured in units or in small series (project
work);

d. normal or large series of measuring, regulating and control equipment, com-
puters, telecommunication equipment, various production machines etc.

CONSTRUCTION

The construction of the circuit block can easily be seen in the cut-away view of
Fig.2. ’

The electronic components, of which the circuit is made up (transistors, diodes,
resistors, capacitors) are mounted on a printed-wiring board. This board is pro-
vided with plated-through holes to ensure reliable joints due to the large contact
area of soldered contacts, The connecting leads are also mounted on the printed-
wiring board.

Protection against mechanical shock and vibration is provided by the potting com-
pound, whilst atmospheric influences are excluded by the sealing compound, by
which the synthetic resin case is hermetically closed.

For the sake of reference the connecting leads are numbered (1 to 10), whilstthe
type number and the colour coding simplifies assembly and service.
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Fig.2. Cut-away view of a circuit block.

ELECTRICAL CHARACTERISTICS

Besides passive network elements (resistors, capacitors), only semiconductor
devices are incorporated in the circuit blocks, viz. transistors, Ge-diodes and Si-
diodes. As a result the inherent advantages of these semiconductors are reflected
in the properties of the circuit blocks, such as low supply voltages and small
power dissipation.

The standard supply voltage of the circuit blocks is +6 V and/or -6 V (£ 10%), so
that no special measures with respect to insulation and protection need be taken.

The power dissipation of the blocks is so small (20 to 100 mW) that no special
precautions are necessary with regard to cooling.



Design Considerations and Reliability

The main problem in the design of electronic equipment is to find a good solution
to the problem of attaining an optimum level of reliability. The effective functional
reliability of an electronic apparatus is - once a given circuit has been determin-
ed - exclusively dependent on the stability of the characteristics of the circuit
components during their lives.

Though the drift of the characteristics of the present-day components has already
been brought down to a very low value, the circuit has to be designed so as to be
capable of accepting the still remaining drift, This factor and the nominal spread

- in the component values determines the total spread to be reckoned with during
life.

A very safe design can be achieved by adopting the so-called "worst-case design”
principle, in which these total ,spreads in their most unfavourable combination are
taken as a design basis, As far as systematic failures are concerned, these con-
siderations lead to a very safe circuit.

Generally, the performance of a circuit, designed on this basis, is rather pbor,
however, because of the extreme tolerance combinations that have been taken into
account., On the other side, the probability that these extreme combinations occur
is practically nil, the probability of “survival” of the circuit element being com-
pletely dependent on sudden failures, which are mostly of a non-systematic and
catastrophic nature,

The choice of the components in the circuit blocks, the provisions taken in the
manufacture of these components, as well as the special protective measures lead
to a strong reduction of such sudden failures. Furthermore, a very safe electronic
design procedure is followed, applying all available knowledge on the specific
statistic behaviour of the components, In this way units with a high standard of
reliability, a long life and a high electronic performance are obtained.

It stands to reason that a good performance of the circuit blocks can only be guat-
anteed, if the user, in his turn, sticks to the operating conditions given by the
manufacturer. These operating conditions and guarantee, which apply to all types
of circuit block, are given below.

CIRCUIT PERFORMANCE AND GUARANTEE

The circuit blocks are guaranteed to work properly at the maximum speed of opera-
tion under maximum load conditions as given in the "Technical Data” (see p.14
ff) in the temperature range of - 20 °C to +60 °C (-4 °F to +140 °F).

Though the circuit blocks function reliabily at any combination of the margins
given with respect to supply voltage and ambient temperature, the maximum opera-
tional safety margin and the maximum life can be expected by operating the units
. as closely as possible to the given nominal values of +6 V and -6V for the supply
voltages and 25 °C (77 °F) for the ambient temperature.

Apart from some output devices the circuit blocks are designed for an operational
speed of 100 kc/s. Because of the large safety margin that has already been taken
into account, no further speed-derating is necessary.,



Under nominal no-load conditions a flip-flop will operate up to many hundreds of
kc/s. Under the most unfavourable conditions of load and supply voltage (even
under end-of-life conditions), a large safety margin above the stated maximum
speed will still remain.

TEST SPECIFICATIONS

Before and during manufacture samples of circuit blocks are regularly subjected to
the following tests.

(1) Shock test and vibration test according to method 201 of MIL-STD-202, termi-
nals tested on strength, test on mounting, soldering, lacquer and coding, heat-
ing tests.

(2) corrosion test (salt haze), according to method 101 of MIL-STD-202 (condition
B, 50 hours).

(3) temperature cycling test, according to method 102 of MIL-STD-202 (5 cycles
from -20 °C to +65 °C).

(4) dip test, according to method 104 of MIL-STD-202 (2 cycles 65 °C/20 °C, con-
dition B, NaCl). '

(5) accelerated humidity test, according to method 106 of MIL-STD-202 (10 cycles
65 °C).

(6) prolonged humidity test (units not operating), according to method C of BCMT
(40 °C, relative humidity: 90% to 95 %, duration longer than 2000 hours, func-
tional marginal measurements after 100, 250, 1000 etc. hours). -

(7) as item 6, but units operating under the most unfavourable electrical condi-
tions.
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The Design of a Circuit with Circuit Blocks

BLOCK DIAGRAM

The growing complexity of the electronic system of to-day calls for a simple logi-
cal unambiguous way of representation in the system circuit diagram. Effective
use is made of a block diagram, in which each symbol represents a specific unit -
function, which may represent a system component of different complexity. Such a
block in the diagram may denote, for instance, anything between a complete pro-
duction plant and a small basic electronic function, such as a flip-flop, a gate
circuit etc. The latter can be considered as basic building bricks for electronic
systems. The circuit blocks belong to this category, each type representing a
single functional element or a combination of two of such elements.

BASIC LOGIC SYMBOLS

When a logic circuit is to be designed, whether it should be equipped with circuit
blocks or any other elements, it may be useful to make up a block diagram without
paying any attention to the technical set-up for the time being. In such a block’
diagram use can be made of symbols of purely functional elements, some of which
are shown in Fig.3.
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Fig.3. Symbols for logic circuits.

a. bi-stable multivibrator (flip-flop) f. non-inverting amplifier (emitter-follower)
b. mono-stable multivibrator (one-shot) h. inverter

c. a-stable multivibrator i, and-gate with emitter follower

d. and-gate j. or-gate with inverter.

e, or-gate

From the symbols in Fig.3 only the and-gate, the or-gate and the inverter perform
a purely logic function. According to the Boolean algebra the relations between
the output signal and the input signal of these elements are as follows:

AND-gate: (Fig.3d): P=A B * C - .......... veviiese ° N

OR-gate: (Fig.3e): P =A +B +C + . iiiiiieievinnnans + N
Inverter (Fig.3h): P =4 (A ="NoT A")



A, B, C etc. can attain the values "0" (no signal) and " 1" (signal). It should be
remembered, that in terms of Boolean algebra 1 +1 = 1, so that the value of P in
the. OR-gate can never exceed 1. The action of the inverter is such, that an input
signal "0" produces an output signal "1", or the reverse (0 =1, 1 = 0).

COMBINATION OF LOGIC SYMBOLS

When Boolean functions of a more complex character than those of the AND-gate,
the OR-gate or the inverter are dealt with, combinations of these elements must be
used. As an example the function P =4 + (B + C) will be considered. This func-
tion is performed by the following logic circuit (Fig.4).

A A(B+C)
E |l\/ AB+C)
8——
724410
B+C

c— 1

Fig.4. Logic circuit for obtaining the function P = A*(B +C).

In some cases, and specially when a particular arrangement cannot be used for
technical reasons, another arrangement can be found by converting the function
into an equivalent function, whereby the rules of Boolean algebra may come in
useful. The function P = A« (B +C) can be converted into the function P =4 +B *C,
which corresponds to the logic circuit of Fig.,5. From the Table below, in which
all combinations of A, B and C are considered, it can easily be seen that the
functions P =A (B +C) and P =4 + B - C are equivalent.

A+BC

7240141

Lp]]

Fig.5. Logic circuit for obtaining the function P =4 +B " E

A| B |Cc | A |B |C | B« | BC|A®B+C) | AB+C) | A+B-C
oo o |1 ]1 |1 0 1 0 1 1
1o o o |1 |1 0 1 0 1 1
o] 1 |o 1 o |1 1 0 0 1 1
0] o |1 1 |1 |o 1 0 0 1 1
1|1 lo |o |o |1 1 0 1 0 0
o1 |1 1 {o |o 1 0 0 1 1
1o |1 ]o |1 |o 1 0 1 0 0
1|11 o o |o 1 0 1 0 0

11
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RULES OF BOOLEAN ALGEBRA

The equations given below can be used advantageously to simplify and convert
logic functions. They can easily be verified by making up tables as shown above.

A+0=4 A-0 =0
A+1 =1 : A1 =4A
A +4=A4 A-+-A =4
A+A=1 A4 =0
A +AB =4 A(A+B) = A
A+AB =A +B ‘ A(A+B) = AB
A(B+C) =AB + AC (A+B) (A+C) = A + BC
A+B +C +.iuuin.. vieein +N =4 B -C...... N

A B *C * ivirvrrninnnns N=A+B +C...... +N
A+B +C +.vviininnnnn. +N=A+BC..... *N

A B -C:.iiivininnn. *N=A +B +C...... +N

ALLOCATION OF THE SIGNAL VALUES

In digital systems the signal values “0” and “1" are allocated to binary voltage
levels. In electronic circuits with circuit blocks the voltage levels occurring at
the output of multivibrators are commonly used for this purpose, viz. approx. 0 V
and <-3,8 V. In principle it is immaterial which of these levels is denoted by " 0"
or "1", In systems, where the majority of the elements are formed by PNP common
emitter circuits (which is actually the case with circuit blocks) it may be prefe:-
able to denote the binary levels by “negative high” and “negative low”. In the
circuit blocks these levels are given the logic values "1" and "0" respectively
("negative low” approx. 0 V and " negative high” < -3.8 V).

Once the above system is accepted, the circuit block, indicated by "negative
gate” acts as an AND-gate and the "positive gate” as an OR-gate. (in the oppo-
site case ("0"” for < -3.8V and "1" for approx. 0 V), the negative gate performs
the OR function and the positive gate the AND function.)

SYMBOLS FOR CIRCUIT BLOCKS

After the block diagram with logic symbols has been made up, the logic symbols
should be translated into circuit blocks. To this end it may be useful to make a
second diagram in which the logic symbols are replaced by symbols representing
the corresponding circuit blocks. The latter symbols, recommended for this pur-
pose, have been entered in the Technical Data of the circuit blocks. Each of these
symbols consists of a rectangle, in which the type of circuit block and the connec-
tions are indicated (Fig.6). Since also the reference numbers of the connecting
leads are indicated in the symbol, the equipment can be constructed directly from
the circuit block diagram.

7240157a

Fig.6. Typical symbol of a circuit block (FF1).

In Fig. 7 an example is given of how logic symbols can be combined so as to
obtain an arrangement that can be built up from circuit blocks.
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Fig.7. Combination of logic functional symbols into circuit blocks.

THE LOADING TABLE

Since the loadibility of circuit blocks is limited, they may not be arranged arbitra-
rily. A circuit block diagram, made up from a diagram with logic symbols, should
be carefully checked on the basis of the Loading Table given on page 40.If a spe-
cific combination of circuit blocks appears to be inadmissible, it should be reat-
ranged into a permissible combination. As was already discussed on page 12.
Boolean algebra can be used for this purpose.

In some cases a loading differing slightly from that given in the Loading Table
may be possible. This must be considered with the following limitations in mind:

(1) the maximum permissible output current of the driving stage;

(2) the minimum required input current of the driving stage;

(3) the maximum permissible input curtent of the driving stage;

(4) the required voltage level at the input of the driven stage;

(5) for AC inputs: the maximum rise time of the input signal of the driving stage.

The above limitations can be derived from the Technical Data. -

13
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Technical Data (tentative)

PULSE SHAPER (PS1)
type B8 950 00

(colour: green)

The unit B8 950 00 contains a transistor squaring-amplifier followed by an in-
verter circuit. The transistors are medium-speed switching types OC 47 or equiva-

lent items.

A DC input signal having an amplitude exceeding the input threshold-voltage of
the unit, is inverted and re-shaped into the standard DC level at the output. The
output voltage transients are very short and can be used for driving other circuit
blocks, multivibrator circuits included.

17
Frequency range: 0-100 kc/s oln Q
Ambient-temperature range -20 to +60 °C iE PS1 Fig.8.
Weight: approx. 19 g. P l;/
572/407570
CIRCUIT DATA N
] 9loc 3/(5 © ,O
Terminal: 1 =Q = output 1
2 fn ernally connected T D Ry
3 = internally connected 2 =%
4 =P =supply +6 V 1 J]E
=W =i 3 2 2
5 =W =input 7T JSE_JE’ . 7
6 = internally not connected ,_Q ;
7 = E =common supply 0 V .
8 = internally not connected EERS %gps §§P7
9 = internally connected B3 s 3
10 =N =supply -6 V Zz
50 74 28 48
w E Fig.9. ic. P

POWER SUPPLY

Terminal 4: Vp =+6V £10 %, Ip = 0.27 mAl))
7: VE = 0V common Nominal value of the current
10: Vyy = -6V £10 %, -Iy =3.8-6.8 mA')

INPUT-SIGNAL REQUIREMENTS 2)
"ON" THRESHOLD

Required input current -IW =min., 0.18 mAl)
Input-voltage threshold Yy min. 0.75 V
Limiting value of ’

input current -y = max. 10 mA

"

INPUT LEVEL "NEGATIVE LOW

Limiting value of
input voltage Vw =max. 10V
Input capacitance: - about 20 pF

1) The sign is positive when the current flows towards the circuit.

2) These data only apply to the most adverse working condition for a combination of units, namely
to supply voltages VN =-5.4V and Vp = +6.6 V. Unless differently specified, all the voltage
L]

and current figures represent absolute maximum values.



PSl

OUTPUT CHARACTERISTICS %)
INPUT LEVEL "NEGATIVE HIGH"” (TRANSISTOR T, CONDUCTING)

Voltage . -VQ = max. 0.2 V
~ Load current -IQ = max. 1.2 mA 1)
INPUT LEVEL "NEGATIVE LOW" (TRANSISTOR T; NON-CONDUCTING)
Voltage Vo = min, 3.8V
Load current IQ = max. 0.6 mA 1)

Maximum capacitive load for high-speed operation: 1000 pF.

When the maximum capacitive and resistive loads are applied simultaneously,
some reduction in maximum switching speed may occur.

SWITCHING AND DELAY TIMES

A square-wave input signal is assumed.

[2eo36
W
90%
6
10%
tra |t tra | tr |
Fig.10.
UNIT UNLOADED
Rise time t, = max. 0.2 usec
Rise delay t,g =max. 0.1 usec
Fall time t;  =max. 0.2 usec
Fall delay tigq =2 function of driving current
OUTPUT IMPEDANCE
Positive-going output voltage R; = 100 Q
Negative-going output voltage R; = 2200 Q

15
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FF1

FLIP-FLOP (FF1)
type B8 920 00

(colour: red)

The unit B8 920 00 contains a transistor bi-stable multivibrator circuit, The
transistors are medium-speed switching types OC 46 or equivalent items.

The circuit constitutes a memory function when driven by means of a DC level or
a positive-going voltage step (AC signal), and it can also be used as a binary
scale-of-two with a positive-going input signal.

70 T

Frequency range 0-100 kc/s Z v %
Ambient temperature range -20 to +60 °C 75, FEI p Ly Fisll
. T W A Ay Wy 2
Weight approx. 22 g T 12 1%
r2401570
CIRCUIT DATA G N Az
A 109 8 1
Terminal 1 = 02 = output transistor 2 J———‘Lé
2 = A, = AC input transistor 2 , §§Pr Rag
3= Al = AC input transistor 1 I I rzeons
4 = W2 = DC input transistor 2
5= P2 = supply +6 V §§ J-.Cz
6 = = common supply 0 V 3
7 = Pl = supply +6 V
8 = = supply -6 V
9 =W, = DC input transistor 1 Ei s
10 = Ql = output transistor 1 ﬁ:
Fig.12. 5% f%

POWER SUPPLY

Terminal 5: Vp, = 46 V £10%, Ip, =0.15 mAl)

6: Vg = 0V common 1 Nominal value of the current
7: Vpy =46V £10%, Ipy; =0.15 mA )
8: Vy =-6V£10%,-Iy = 6 mA"):

INPUT-SIGNAL REQUIREMENTS 2)
AC INPUT SIGNAL (A terminals)

A positive-going voltage step is applied to terminal Aq or A2, or to both terminals
interconnected in the case of binary scale-of-two applications. This voltage step
drives the transistor Ty (T2) into the non-conducting state.

Driving Signal

Rise time t, = max. 0.4 psec 750%
Voltage 'VAM = min., 3.8V
= max. V Yam
*°N
Length of driving pulse t =min. 0.5 usec 10%
Input noise level: max. 1V - tr ot eem
Fig.13.

DC INPUT SIGNAL (W terminals)

A DC voltage level is applied to terminal Wl or W2. A positive voltage drives the
transistor Tl (T2) into the non-conducting state, and a negative voltage drives it
into the conducting state.



TRANSISTOR CONDUCTING

Input current -IW =
limiting value =
Input resistance Ry =

TRANSISTOR NON-CONDUCTING

Input current Iy =
Input voltage VW =
limiting value =
Input resistance Ry =

OUTPUT CHARACTERISTICS ?)

TRANSISTOR CONDUCTING

Output voltage -VQ =
Load current -IQ =
TRANSISTOR NON-CONDUCTING

Output voltage -VQ =
Load current IQ =

FF1

0.4 mA') (-Vy = approx. 0.3 V)

min,

max. 5 mAl)
approx. 800 (2
min, 1 mAl)
min., 0.2V
max., 10V

approx. 5600 §2

max. 0.2 V

max. 2.5 mAl)

min, 3.8 V
max. 0.7 mAl)

Load currents of equal sign, up to the maximum figures given, can be drawn from
the two output terminals simultaneously. In the case of simultaneous load currents

of opposite sign, a substantial reduction in maximum load current must be taken

into account.
Maximum capacitive load: 2000 pF

When the maximum capacitive and

resistive loads are applied simultaneously,

some reduction in maximum switclring speed may occur,

SWITCHING AND DELAY TIMES

A square-wave input signal (A terminals) is assumed.

UNIT UNLOADED

Vara

Vo2
!fit
Rise time t, =
Rise delay tg =
Fall time ty =
Fall delay tyg =

OUTPUT IMPEDANCE

Positive-going output voltage Ri
Negative-going output voltage R;

Input

Fig.14.

max. 0.3 usec
max. 0.8 usec
2 usec
max. 0.6 usec

max.

100 Q)
1000 2

l) The sign is positive when the current flows towards the circuit.

2) These data apply to the most adverse working condition for a combination of units, namely to

supply voltages VN =.5,4V and VP = +6.6 V. Unless differently specified, all the voltage and

current figures quoted represent absolute

17

maximum values.
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ONE-SHOT MULTIVIBRATOR (0OST1)
type B8 950 01

(colour: green)

The unit B8 950 01 contains a transistor monostable multivibrator circuit. The
transistors are medium-speed switching OC 47 or equivalent items.

When a positive-going voltage step is applied to terminal A, the circuit generates
a pulse on the Q-terminals. The length of the output pulse is determined by the
value of the external capacitance C between the terminals 4 and 10.

Frequency range 0-100 kc/s
-20 to +60 °C
approx. 20 g.

Ambient temperature

Weight

CIRCUIT DATA

Terminal 1 =0, =output 2 - ‘ G, N Q, 0 W W
2 =4, = AC input 2 109 1 N
3= W2 . 7260129 = <
4 = W2} = DC input 2 . §ER’ Rzig
5=0 =supply -6V 1 1
6 =E =common supply 0 V
7 =P =supply +6 V
8=N =supply~-6V
9 = W1 = DC input 2

10 = Ql = output 1

POWER SUPPLY

Terminal 6: Vg 0 V common
7: Vp =+6 V £10%, Ip =0.15 mAl)
8: VN =-6V +10%, 'IN =6 mAl)} Nominal value of the current

INPUT SIGNAL RH}UIREMENTSz)
AC INPUT SIGNAL
A positive-going volta-ge step is applied to terminal A2.

Driving Signal

18

Rise time

Length of driving pulse t

Voltage

Input noise level:
Input impedance:

DC INPUT SIGNAL

Vaom

= max.
= min,
= min.
= max.

max.

about 500 pF

The W terminals are normally not used.

0.4 usec .
0.5 usec £90%
3.8V Vam ‘
10 V e 'i
1V _d " '0/.__ o —.|1
Fig.17.

2260133
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OUTPUT CHARACTERISTICS?)
TRANSISTOR CONDUCTING

Qutput voltage -VQ = max. 0.2 V
Load current 'IQl = max. 2.2 mAl)
'IQZ = max. 0.5 mAl)

TRANSISTOR NON-CONDUCTING

Output voltage -VQ =min. 3.8 V
Load current IQI = max. 1.4 mAl)
. 102 = max. 0.7 mAl)

Load currents of equal sign, up to the maximum figures given, can be drawn from
the two output terminals simultaneously. In the case of simultaneous load currents
of opposite sign, a substantial reduction in maximum load current must be taken
into account, i

The maximum capacitive load for high-speed operation is 2000 pF (a capacitive
load on the Q terminal may increase the length of the output pulse by max. 25 %).

When the maximum capacitive and resistive loads are applied simultaneously,
some reduction in maximum switching speed may occur.

SWITCHING AND DELAY TIMES

A square-wave input signal is assumed (A2 terminal), and an amplitude V4, =
min. 3.8 V.

Q, OUTPUT UNLOADED

Rise delay td = max. 0.8 usec

Rise time t, = max. 0.3 usec

Fall time ty = dependent on the external capacitance between

the terminals 4 and 10.

02 OUTPUT UNLOADED

Fall delay trg =max. 0.2 usec

Fall time te ~=max. 1.8 usec

Rise time t =max. 1 pusec

r .
The rise time is too long to allow driving a second multivibrator circuit. In that
case, the Ql output should be used.

Fig.18.

1260122 ifcdff - _ t,___—-_.t—rk—

1
) The sign is positive when the current flows towards the circuit.

2) These data only apply to the most adverse working condition for a combination of units, namely
to supply voltages VN =-.5.4 V and VP = +6.6 V. Unless differently specified, all the voltage

and current figures quoted represent absolute maximum values,

19
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OSl1

LENGTH OF THE OUTPUT PULSE

When the unit is unloaded, ¢t = 2.2 - 4.5 usec.

"

" 2 5 1073 5 10° 2 5 108
7240163 C (pF)

Fig.19,

In this diagram, the pulse length t has been plotted as a function of the external
capacitance C between the terminals 4 and 10, at an ambient temperature of 25 °c
and at supply voltages Vy = -6 V and Vp =+6V,

Note 1 In case an electrolytic capacitor is used for C, take care that its
+ terminal is connected to terminal 4,

The use of electrolytic capacitors should be avoided when close-
tolerance pulse lengths are required, '

According as the C value is higher, the sensitivity to disturbing sig-
nals (mainly on the supply line -6 V) increases. In this case a large
external blocking capacitor may be required between the -6 V supply
and 0 V common, to be mounted close to the unit,

Note 2 The length t of the output pulse is affected by capacitively loading
the Ql or QZ terminal. In general, twill be within 0to +35% of the fig-
ures stated under "output unloaded”.

STABILITY OF PULSE LENGTH

An increase in supply voltage VIV of 5% reduces the pulse length by less than 1 %,
Any variation of the supply voltage Vp has practically no influence,

An increase in ambient temperature of 1 °C reduces the pulse length by less than
0.5 %.



2.EF1

TWIN EMITTER FOLLOWER (2EF1)
type B8 940 01

(colour: yellow)

The unit B8 940 01 contains two identical transistor emitter-follower circuits that
constitute a non-inverting buffer-amplifier function with a low output impedance.
The transistors are medium-speed switching types OC47 or equivalent items.

The unit is equipped with a'tap on the output resistor for cases in which a level
shift towards the positive supply line is required.

1019 _j2 1t
‘ 7] N oQnL T,Q N. 16
Frequency range: 0-100 kec/s Y B
Ambient-temperature range: -20 to +60 °C A, W, w, P2
Weight: approx. 19 g 6 “mmsb
Fig.20.
CIRCUIT DATA
Terminal 1 =Q, = output 2 Ny Qg N2 Q2
2 = T2 = tap output 2 20013 f10 "1
3 =W, = input 2 i ]
4 = 9 = supply 2, +6 V
5=Py =supply 1, +6 V P = Fig.21.
6 =N, =supply 2, -6 V §ER3 E
7=N{ =supplyl, -6V ¥ ¥
8 =W, = input 1 £R 2R
9 =T, =tap output 1 7 T
1 , ) !
1 6 s& 98 34 W4 2
10 = Ql = output 1 W P T W, P T

POWER SUPPLY

Terminal 4: Vp{ = +6 V £10%, Ip; = 3.3-6.6 mA")
5:Vpy =+6 V £10%, Ip, =3.3-6.6 mA!) Nominal valse of th .
. _ ~ = _ 1 ominal value o e curren

6: Vyy =-6V £10%, Iyy =3.3-95mA )

7: VNZ = -6 VvV £ 10 /0, ‘INZ = 3.3'9.5 mA )

INPUT-SIGNAL REQUIREMENTS 2)

1

INPUT LEVEL "NEGATIVE HIGH"

7

Voltage -V = max. Vy

‘ IH +6.1
Current Iy = min.Q—— mAl)
33
INPUT LEVEZL "NEGATIVE LOW"

Iy =min. 0.07 mAT)
Limiting value Vy =max. 10V
Input capacitance: about 20 pF

1) The sign is positive when the current flows towards the circuit.

2) These data are derived fromthe most adverse working conditions for a combination of units, name-

ly to supply voltages VN =-5.4 V and VP

and current figures quoted represent absolute maximum values.

=+46.6 V. Unless differently specified, all the voltage

21



2.EF1

OUTPUT CHARACTERISTICS 2)

INPUT LEVEL “"NEGATIVE HIGH"

Amplitude -VQ =-Vy +approx. 0.3V

Load current -IQ = max. +33 IW+6.1 mAl)
Iy =max.+33 Iy +5.2 mA 1)

Limiting value IQ = max. 3.3 mAl)

Ip =max.2.9mAY)at-Vp =05V
INPUT LEVEL "NEGATIVE Low"”

Amplitude —VQ =-Vy +max. 0.3V
Load current » IQ = max. 2.2 mAl)

IMaximum capacitive load for high-speed operation: 1000 pF.

When the maximum capacitive and resistive loads are applied simultaneously,
some reduction in maximum switching speed may occur.

SWITCHING TIMES

A square-wave input signal is assumed with an amplitude of min. 3.8 V.

YW
Y
Va
90%
t tr
Fig.22.
UNIT UNLOADED
Fall time tp =max. 0.1 usec
Rise time t.  =max. 0.1 usec
OUTPUT IMPEDANCE
Positive-going output voltage R, =approx. 2000 Q
Negative-going output voltage R. = max. 0.03 Zg

1 —
(Zg being the generator impedance of the unit driving the W terminal)

22
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EF1/1A1l

EMITTER FOLLOWER/INVERTER AMPLIFIER (EF1/1A1)

type B8 940 00

(colour: yellow)

The unit B8 940 00 contains one transistor emitter-follower circuit and one tran-

sistor inverter circuit. The transistors are medium-speed switching types OC47 or

equivalent items.

The two circuits, i.e. the standard circuits EF1 and IA1l, can be used either in-

dependently or in combination.

Frequency range:
Ambient-temperature range:

Weight:

CIRCUIT DATA

Terminal 1 = Q, = output 2

17019 17

0-100 ke/s 1 Z:FTI /IAOIZ L

1/ &51°

-20 to +60 °C e, w,' W, F’zzi

approx. 19 g. le 72401546
Fig.23.

9 =
2= E2 = common supply 0 V
3 =W, =input 2 1Al
4 = P2 = supply +6 V
5= Pl = supply +6 V - EF1
6 =N2 = supply -6 V - IAl
7= N1 = supply -6V
8 = W1 = input 1
_ EF1
9= T1 = tapped output 1
10 = Ql = output 1
Ny Q@ N2 Q2
79 1 69 1
7240135 RS
\T7
)
SR RE 7
Zp, I
8 58 9 3 4 2
W P T 7] P2 E2
Fig.24

POWER SUPPLY

Terminal 2: VE2 = 0V common
4: VP2 =+6V £10%,
5: VPl =+6V +10%,
6_: VN2 =-6V +10%,
7: VNl =-6V +£10%,

Ip, = 0.12 mA:)
IP]. = 3.3'6.6 mA )
0-6 mAl)
'INl =3.3‘9.5 mAl)

Nominal value of the current
'IIVZ =

For input-signal requirements, output characteristics, switching and delay times,
see B8 940 02 (2IA1) and B8 940 01 (2EF1),

1) The sién is positive when the current flows towards the circuit.
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2.1A1

TWIN INVERTER AMPLIFIER (21A1)
type B8 940 02

(colour: yellow)

The unit B8 940 02 contains two identical transistor inverter circuits. The tran-
sistors are medium-speed switching types OC47 or equivalent items.

The circuits constitute an inverting (NOT) function when driven by a signal on the
W terminal.

170 u
Q Q
Frequency range: 0-100 kc/s :”r ’ZIAI 2, ‘;
Ambient-temperature range: -20/+60 °C i” W ’ W iji
Weight: approx. 19 g. T %
72401536
Fig.25

CIRCUIT DATA

Terminal 1 = Q2 = output 2
2= = input 2

7240128

3= ; = common supply 0 V (2)

4 = 1 = common supply 0 V (1)

5= 5 = supply +6 V (2)

6 = 1 =supply +6 V (1) R,
7=N2=supply-6V(2) '

8 = 1 =supply -6 V (1)

9
9 = Wl = input 1 W
10 = Q1 = output 1

POWER SUPPLY

Terminal 3: VE2 = 0V common
4: VEl = 0V common
Vpy = +6V £10%, Ip; = 0.12 mA 1)
tVpy =46V £10%, I =0.12 mA ")
P1 P2 1
: VN2 =-6V £10%, 'INl = 0.6 mA 1)
VNl = -6V £10%, 'IN2 = 0.6 mA ")

Nominal value of the current

0o 3 O L»n

INPUT-SIGNAL REQUIREMENTS 2)

AC INPUT SIGNAL

Transistor conducting

Voltage -Vy = min. 3.8V
limiting value ' =max. 10V
Input impedance: equivalent to a capacitance of about 400 pF

Transistor non-conducting
Voltage -Vy = max. 0.3V

DC INPUT SIGNAL

Transistor conducting

Voltage ; -V = min. 3.8V
limiting value ‘ =max. 10V
Current Iy = min. 0.6 mA 1)

Transistor non-conducting
Voltage o Yy
limiting value

max. 0.3V
=max, 10V

<
=
[



2.IA1

OUTPUT CHARACTERISTICS 2)

TRANSISTOR CONDUCTING

Voltage -VQ = max. 0.2V
Load current -IQ = max. 4.3 mAl)
= max. 10 mAl)when the NV terminalis floating

TRANSISTOR NON-CONDUCTING

Voltage -VQ = min. 3.8V
. = max. V,
Load current IQ = max. 1.4 mAl) when the N terminal is floating

Maximum capacitive load for high-speed operation: 2000 pF.

When the maximum capacitive and resistive loads are applied simultaneously,
some reduction in maximum switching speed may occur.

SWITCHING AND DELAY TIMES

A square-wave input signal is assumed.

[Fzens
Yy
90%
o
10%
tray Lo tr tra L Lt ]
Fig.27.
UNIT UNLOADED
Rise time t. =max. 0.3 usec
Rise delay t.g =max.0.1 usec
Fall time ty =max. 2 usec
Fall delay tg =max. 0.6 usec

OUTPUT IMPEDANCE

=
"

100 0 -
1000 €2

Positive-going output voltage

Negative-going output voltage R.

1 . R s .
) The sign is positive when the current flows towards the circuit.

2) These data only apply to the most adverse working conditions for a combination of units, namely

to su;;ply voltages VN =-5.4V and VP = 46,6 V. Unless differently specified, all the voltage

and current figures quoted represent absolute maximum values.
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: : 74 - = 1
Terminal 1: Vyp =6V 1£10%, 'INI =0-0.5 mA")

2.2N1

TWIN NEGATIVE GATE (2.2N1)
! type B8 930 01

(colour: orange)

The unit B8 930 01 contains two two-input germanium-diode gates, that perform an
AND logical operation on negative input-voltage signals.

The two gate circuits are identical and can be used separately or combined into a
multiple-input gate by interconnecting the output terminals Ql and Q2. In this latter
case, only one negative supply terminal should be used.

Frequency range: 0-100 ke/s
Ambient-temperature range: -20 to +60 °C
Weight: approx. 20 g Tzl Tals
F ig, 2 8 72401530
CIRCUIT DATA
Terminal 1 = Ny =supply -6 V (1)
2= Wl = input 1 ,N, ,oNz
3 =W, = input 3 -
4 = not connected & R
5 =Ql = output 1 ‘
6 = 02 = output 2 i & > 3
7 = not connected a3l s s s
8 =W, =input 2 W W o G m W
9 = W4 = input 4 Fig.20.
10 =N, = supply -6 V (2)

POWER SUPPLY

, 1 } Nominal value of the current
10: V1v2 ="6 V t 10%, "IN2 =0'0.5 mA ) .

INPUT-SIGNAL REQUIREMENTS 2)
CURRENT

For the input terminal WN having the least negative voltage level:
IWn = max. 0.48 mAl) (Wn terminal at 0 V) +
+ max. 0.04 mAl)for each other W terminal at -6 V g =0).

VOLTAGE

Under all circumstances normally encountered when the unit isused in conjunction
with other circuit blocks:

YWwn = VQ +(0.1 to 0.5) V, dependent on the input current Iy, .

1) The sign is positive when the current flows towards the circuit.

2) These data only apply to the most adverse working conditions for a combination of units, namely

to a supply voltage VN =.5.4 V. Unless differently specified, all the voltage and current figures

quoted represent absolute maximum values.



2.2N1

OUTPUT CHARACTERISTICS 2)

CURRENT

At-V5 =03V, I = max. 0.48 mAl) +
+ max. 0.04 mAl) for each other W terminal at -6 V.

OUTPUT LOAD IMPEDANCE

When VQ is positive-going, the output load impedance approximates the out-
put impedance of the driving circuit. When VQ is negative-going, the output load
impedance is max. 13 k(L.

LIMITING VALUES

Current through conducting diode IWc = max. 10 mA.
Voltage between terminals N and W max. 30 V.

27



28

2.3N1

TWIN NEGATIVE GATE (2.3N1)
type B8 930 00

(colour: orange)

The unit B8 930 00 contains two three-input germanium-diode gates, that perform
an AND logical operation on negative input-voltage signals.

The two gate circuits are identical and can be used separately or combined into
a multiple-input gate by interconnecting the output terminals Ql and Qz. In this
latter case, only one negative supply terminal should be used.

Frequency range 0-100 kc/s 4
Ambient-temperature range -20 to +60 °C 23N1
Weight approx. 20 g. Wi W s Wa Wi Mg
72401540
Fig.30
CIRCUIT DATA
Terminal 1 =N, = supply -6 V (1)
1 N, N.
2 =W, =input 1 , ! rzeom 0 2
3= W3 = input 3
4 = WS = input 5 R ki
5 =Q, = output 1
6 = : = outgut 2 PP D 27 300
7=W2 = input 2 A s .
8 =W, = input 4 Wi W W @ Q2 W W W
9 = 6 = input 6 Fig.31.

10 = 1V2 = supply -6 V (2)

POWER SUPPLY

Terminal 1: Vyq=-6V £10 %, -Iy; =0-0.5mA }) } Nominal value of tl .
. - - 1 ominal value o 1€ curren
10: Vy, =-6 V £10 %, -Iy, =0-0.5 mA %) "

INPUT-SIGNAL REQUIREMENTS 2y
CURRENT
For the input terminal Wn having the least negative voltage level:
Iy, = max. 0.48 mA 1) (Wn terminal at 0 V) +
+ max, 0.04 mA 1) for each other W terminal at -6 V (IQ = 0).
VOLTAGE

Under all circumstances normally encountered when the unit is used inconjunction
with other circuit blocks:
Vin = VQ +(0.1t00.5)V,

dependent on the input current IWn'

1) The sign is positive when the current flows towards the circuit.

2) These data only apply to the most adverse working conditions for a combination of units, namely
to a supply voltage VN = -5.4 V. Unless differently specified, all the voltage and current figures

quoted represent absolute maximum values.



2.3N1

OUTPUT CHARACTERISTICS?)
CURRENT
At -V =03V, Iy = max. 0.48 mAl) +
+ max, 0.04 mA 1) for each other W terminal at -6 V.
OUTPUT LOAD IMPEDANCE

When V,y is positive-going, the output load impedance approximates the output im-
pedance of the driving circuit. When VQ is negative-going, the output load imped-

ance is max. 13 k1,

LIMITING VALUES

Current through conducting diode Iy = max. 10 mA
Voltage between terminals N and W: max. 30 V.

29
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2.2P1

TWIN POSITIVE GATE (2.2P1)
type B8 930 03

(colour: orange)

The unit B8 930 03 contains two two-input silicon-diode gates, that perform an OR
logical operation on negative input-voltage signals.

The two gate circuits are identical and can be used separately or combined into a
multiple-input gate by interconnecting the output terminals Ql and QZ' In this latter
case, only one positive supply terminal should be used.

Frequency range 0-100 kc/s
Ambient-temperature range -20 to +60 °C
Weight approx. 20 g.

CIRCUIT DATA
Terminal 1 = P1

supply +6 V (1)

2= Wl = input 1 W @ Qg W W
3 =W3 = input 3 S 5 ¢ 6
4 = not connected p
5= ‘Ql = output 1 n_Da Ol Os
6 = 02 = output 2 Py ’ ' R
7 = not connected , o
g = ) = output42 F’ 7260121 %
="y = input Fig,33.
10 = P, = supply +6 V (2) €

POWER SUPPLY

Terminal 1: Vpy =6V £10 %, Ip; = 0.05-0.1 mA 1)

1 } Nominal value of the current
10: VP2 =6V +10 %, IP2 =0.05-0.1 mA ")

INPUT-SIGNAL REQUIREMENTS AND OUTPUT CHARACTERISTICSZ)

CURRENT
For the input terminal Wn having the most negative voltage level:

-ly, =approx. IQ + max. 0.07 1mAl) (at -VQ =1V)
approx. Iy, - 0.07 mA ")

Load current IQ

VOLTAGE

Under all circumstances normally encountered when the unit is used in conjunction
with other circuit blocks:

Viyn =V *(0.4 to DV,

dependent on the input current Iy .

l) The sign is positive when the current flows towards the circuit.

2) These data only épply to the most adverse working conditions for a combination of units, namely

to a supply voltage VP = +6.6 V. Unless differently specified, all the voltage and current figures

quoted represent absolute maximum values.



2.2P1

OUTPUT LOAD IMPEDANCE

When V., is negative-going, the output load impedance approximates the output
impedance of the driving circuit. When VQ is positive-going, the output lcad im-
pedance is max. 130 ki1,

LIMITING VALUES

Current through conducting diode: I!Vc = max. 10 mA
Voltage between terminals P and W: max. 30 V.
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2.3P1

TWIN POSITIVE GATE (2.3P1)
type B8 930 02

(colour: orange)

The unit B8 930 02 contains two three-input silicon-diode gates, that perform an
OR logical operation on negative input-voltage signals.

The two gate circuits are identical and can be used separately or combined into a
multiple-input gate by interconnecting the output terminals Q1 and Q2‘ In this lat-
ter case, only one positive supply terminal should be used.

4 ] Fig.35.
= W6 = input 6

= P:2 = supply +6 V (2)

5 16,
Frequency range 0-100 kc/s & Gz
Ambient temperature range -20 to +60 °C |, 23P1 ol
. ] 4
Weight approx. 20 g e ll?‘;? T
Fig.34.
CIRCUIT DATA
Terminal 1 = P1 = supply +6 V(1) W, W W Q Q W W W
2= W1 =input 1 2 2t (Y S B R I
3 =W3 = input 3
4 =W = input 5 O Cal Oy Dd_Ds| Op
5= Ql = output 1 : R Ry
6 = Q, = output 2
. 1 10
7 = V/Z = mput 2 8 7240127 >
8 =W, = input 4
9
0

—

POWER SUPPLY

. o 0 ae. 1
Terminal 1: Vpp =6V 110%, Ipy 0.05-0.1 mA 1)}Nomina1 value of the current

10: VP2 =6V 110 %, Ipy =0.05-0.1 mA ")

INPUT-SIGNAL REQUIREMENTS AND OUTPUT CHARACTERISTICSQ)

CURRENT
For the input terminal Wn having the most negative voltage level:

1 - ,
IQ + max. 0.07 mA 7) (at -VQ 1V)

-ly,, = approx.
-0.07mA D)

Load current IQ = approx. Iy,
VOLTAGE

Under all circumstances normally encountered when the unit is used in conjunction
with other circuit blocks:

-VWH = -VQ + (0.4 to 1) V,

dependent on the input current Iy -

) The sign is positive whueu the current flows towards the circuit.

2) These data only apply tu the most adverse working conditions for a combination of units, namely
to a supply voltage VP = +6.6 V. Unless differently specified, all the voltage and current figures

quoted represent absolute maximum values.



OUTPUT LOAD IMPEDANCE

When V- is negative-going, the output load impedance approximates the output
impedance of the driving circuit. When VQ is positive-going, the output load im-
pedance is max. 130 k(.

LIMITING VALUES

Current through conducting diode: -IWc = max. 10 mA
Voltage between terminals P and W: max. 30 V.,
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2.IA2

TWIN INVERTER AMPLIFIER (21A2)
type B8 940 05

(colour yellow)

The unit B8 94005 contains two identical IA2 transistor inverter amplifier circuits,
that constitute an inverting function with an appreciable power amplification be-
tween input and output. The unit has especially been designed to amplify the weak
output signals originating from a diode gate circuit, whilst it can also be used as
a driver for power stages. The transistors used are medium-speed QC47 types or
equivalent items.

Frequency range: 0-100 kc/s
Ambient-temperature: -20 to +60 °C
Weight: approx. 21 g.

CIRCUIT DATA
Terminal 1 =@, = output 2

2 = (¢4 = output 1

3 = W2 = input 2

4 = W1 = input 1 _

5=N4 = supply -6 vl W'g—E'ﬁ—

6 = N3 = supply -6 Vl) H

7 =N, = supply -6 Vl) . §E

8 = N, = supply -6 vl %g

9 = = supply +6 V
10 = = common supply 0 V Fig.37. ' mé. -9'3 e

POWER SUPPLY

Terminal 5: VN4 = -6V

£10%, -Iy, = 0-4 mA?)
6: Vy3=-6V 1
*

0%, -Iys = 0-4 mA?)

7: N2 =.-6V £10%, 'IIVZ = 0-2 mAz) Nominal value of the current
8:N; =-6V +10%,-Iyq = 0-2 mA?)
9P  =+6V £10%, Ip =0.2 mA?)

10: E = (0 V common

INPUT SIGNAL DATA (W input)®)

APPLICATION 1: (use as gate amplifier): IA2 after a standard negative (N1) gate, or
standard negative (N1) gate followed by a standard positive (P1) gate circuit.

In the latter case the P supply terminal of the gate may be left floating.

These standard gate circuits are incorporated in the units B893000 and 38 93001,
_respectively in the units B8 930 02 and B8 930 03.

TRANSISTOR CONDUCTING

Input current: -y = min. 0.3 mA

(under these drive conditions the input voltage will reach a value Vg = max. 1V)
TRANSISTOR NON-CONDUCTING

Input voltage: Vjy = min. 0.2 V



2.1A2

APPLICATION 2: (use as power amplifier): IA2 driven by a grounded emitter stage
with a collector resistance of 1 k{), connected to the -6 V supply terminal. This
driving stage can be a standard IA1 circuit (incorporated in the units B8 940 00
anc B8 940 02) or another IA2 circuit with both corresponding -6 V supply termi-
nals connected to the negative supply line. In both cases tlie collector (Q termi-
nal) of the driving stage is connected directly to the W terminal of the IA2,

TRANSISTOR CONDUCTING

Input current: -Iyy = min. 3.7 mAz)
(under these drive conditions the input voltage will reach a value -V, = max.
1.3 V).

LIMITING VALUES:

-IW = max. 10 mA2)
,W max. 10 V

OUTPUT DATAY)
APPLICATION 1 (see above)
Transistor conducting:

Output current -IQ = max. 5.5 mA2) 4)
-IQ = max. 3.6 mAz) 5)
-IQ = max. 0 mA2) 6)

Qutput voltage -VQ =max. 0.2V
Transistor non-conducting:

Qutput current IQ = max. 0 mAZ) 4)
Ig = max. 0.49 mA?2) %)
IQ = max. 1.5 mA2) 6)

Output voltage -VQ = max. 3.8V

APPLICATION 2 (see above)
Transistor conducting:

Output current -I = max. 80 mA?Z2y 4y
max. 74 mA?) %)
max. 0.25 V

Output voltage -VQ
Transistor non-conducting

Output current IQ = max. 0 mA2) 4)
Ip =max. L5 mA %) 6

7

Output voltage - o =max. 3.8V

1) Use dependent on application.
2) The sign is positive when the current flows towards the circuit.

3
) These data only apply to the most adverse working conditions for a combination of units, namely
to supply voltages V =-5.4 V and VP = +6.6 V. Unless differently specified, all the voltage

and current figures quoted represent absolute maximum values.
4) With all N terminals floating.
5) With terminals N1 or N2 connected to the -6 V supply.

6) With terminals N1 and N3 or N2 and N4 connected to the -6 V supply.
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2.1IA2

SWITCHING AND DELAY TIMNES

For application as a gafe amplifier (application 1) the unit is driven from a square-

wave voltage source via a standard negative (N1) gate?), followed by a standard

positive (P1) gate7).

UNIT UNLOADED

Rise delay t,q =max. 0.2 us
Rise time t, =max, 1.5 us
Fall delay tyq =max. 1pus
Fall time t; =max, 2.5 us
OUTPUT IMPEDANCE

Positive-going output voltage Ri = 100 Q
Negative-going output voltage Ri = 1000 QS).

7) The standard N1
P1 gate is incorporated in the units B8 930 02 and B8 930 03.

8) All N terminals connected to the -6 V supply.

D [zeor3s
Yy
90%
o
10%
trog o tr troh | tr |
Fig.38.

gate is incorporated in the gate units B8 930 00 and B8 930 01, the standard



2.EF2

TWIN EMITTER FOLLOWER (2EF2)
type B8 940 03

(colour: yellow)

The unit B8 940 03 contains two identical EF2 transistor emitter follower circuits
that constitute a buffer amplifier function (non-inverting) and is especially to be

driven by a negative or positive gate circuit.

19 17046 13 11 12
Frequency range: 0-100 kc/s M G Ry Ry Gz My
Ambient temperature." -20 to +60 °C ] 2.EF2
Weight: approx. 21 g. P llﬂ;x l::z Fig.39.
7240154¢

CIRCUIT DATA

n

Terminal 1 Q2 = output 2

2 =My =clamp diode 2
3= R2 = diode output 2
4 = W2 = input 2
5=P =supply +6 V
6 = W1 = input 1
7=N =supply-6V
8 = Rl = diode output 1 Ge E%Rj 3 R2 Ge
1(9) = ‘;1 = cla;mptdliode 1 4 1 b3 302
T ¢p moutey b : 3 'ﬁp
T
5! 72401580
P
Fig.40.

POWER SUPPLY

Terminal 5: Vp = +6 V £10%, Ip =3.5- 4 mAl) Nomi oot op t
7 VN = .6 V + 10%, ‘IN 4-12 mAl) ominal value o 1€ curren

1]

INPUT SIGNAL DATA (W input)?)
DC INPUT:

The unit is to be driven from a standard negative gate N13) or froma negative-gate-
positive gate NI-P13) sequence.

Limiting values

of the input voltage -V = max. Vi
Vi = max. 10 V

Input capacitance: approx. 50 pF

1) The sign is positive when the current flows towards the circuit.

2) These data have been derived from the most adverse working conditions for a combination of
units namely to supply voltages VN =-5.4V and VP = +6.6 V. Unless specified otherwise, the
voltages and currents quoted represent absolute maximum values.

3) The standard N1 gate is incorporated in the gate units B8 930 00 and B8 930 01, the standard

P1 gate is incorporated in the units B8 930 02 and B8 930 03.
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2.EF2

OUTPUT DATAY)

The unit is designed to drive a grounded emitter transistor directly at the base.
By connecting the built-in anti-bottoming diode (D1 or D2) via the M terminal to
the collector of the driven grounded-emitter stage, the hole-storage effects in this
stage are avoided. In this way short transients are maintained.

The output signal is normally taken from the @ terminal. When a flip-flop is to be
set of reset by an EF2, normally the R output is used, the memory property of the
flip-flop then being maintained.

In these cases the EF2 output signal can be represented by an equivalent signal
source with a given EMF and internal resistance Ri in series.

EF2 driven by a standard N12) negative gate:

input to the gate: ENMNF Ri terminal  output voltage and current

"negative high”. -2.2V 620 { Q Vo =-0.5V Iy = max. 2.75 mA®)
- -2.0V 8700 R 'R =-05V Ip =max. 1.7mA%

"negative low”  +0.2V 330 Q) 0 Vo =+0.2V I, =max. 0 mA®)

EF2 driven by a standard le) negative gate, followed by a standard P12) positive
gate:

input to the gate EMF Ri terminal  output voltage and current
“negative high”. -1.0V 600 () Q ,Q =045V IQ = max. 0.92 mA3)
0.8V 850 R Vg = -0.4V Ip =max. 0.43 mA?)

max. 0.8 mA3)

“negative low”. +0.5V 330 Q Vo 0.2V-Iy

SWITCHING AND DELAY TIMES

Below the switching and delay times are given for a standard application of the
EF2 circuit; i.e. a square-wave driven N1-P1 gate sequencez) driving an 0C47
grounded emitter stage via the EF2 on the Q output. The corresponding M terminal
is connected to the collector of the OC47.

7240089
W
10%
Ya
k0% ; Fig.41.
.
tra~" tr trg

The switching and delay times are given for two values of the collector current,
taken from the CC47 transistor.

Icocar =0 mA Ic 6c47 =20 mA
Rise delay t,g = max. 0.3 us max. 0.3 us
Rise time t, =max. 0.3 us max. 1.5 us
Fall delay t;q = max. 2.0 us max. 3.5 us
Fall time ty = max. 0.5 us max. 1.2 us

1) These data have been derived from the most adverse working conditions for a combination of

units namely to supply voltages VN =-5.4V and V_, = +6.6 V. Unless specified otherwise the

P
voltages and currents quoted represent absolute maximum values.

2) The standard N1 gate is incorporated in the gate units B8 930 00 and B8 930 01, the standard
P1 gate is incorporated in the units B8 930 02 and B8 930 03.

3) The sign is positive when the current flows towards the circuit.
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Circuit blocks used in a laboratory set-up.
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Loading Table

Preceding unit Driving unit Maximum number of driven units (M pay)
or chain of pre- via T FF1
ceding units Type | Output WV T D IA1] 1A2 | EF1| EF2| PS1 [OS1 [ Ny
1-72 D22 W W[ ] W) (W) (A |(W)
FF1 1Y 4 1| o]|1]|3]4y|a | 4
1Al 2y 4%y 2 1 2 6 | 8% | 43| 7
Ny | 0A 200 ) 1h 0 1| o 1] 2210 6
1A2a*) ' _
Ny Py 1Y 0 1l o1 2]2]o0 6
1Al 21 43y 21 1 | 2 6 | 8% | 4% |60
N, | 0A 200 21 0 2| 1] 2]6|8)]0 | o
Ny Py |1a2s%) 21 0 2 1|2 |6]|8)|o0 0
Ny [OA 200| 1A2b%) 21y 43) 211 |2 6 | 8% | 43 |60
Ny| Py |1a20% 21 4% 20 112 68| 4% |60
g! 0 6 2 4
) 0 /// ///25) 0
1A1 0 181 0 12 | o //1 /”502) 0 4
0s1
EF1 1 2
(0 output 181 0 12 | o ///1 /jso )y | o 4
Ny P, 0 0 o]l oo | olo 0 4
/
r 1 o VI VNI o Ui
" ! 1 o VI o | e
Ny Py 1 0 /// 0 // // //// 0 0
v | ees 1 R/ R/ BRI/
0 oC 476y 21y 4% 2 |1 | 2|6 |8 |4%H]|60
1 o VI WA © Y,
N P
1 1 6 1 3 2 3
0C47% 21 4% 211 |2 |6 |8%) | 4% |60
PS1 1ty 2 1|1 |1 1 14%) |2 2
Q 1! 0 1 o | 1|34 |0 4
081 2 ) )
0 2h 4 2 |0 |2 |6|8H/4 |4
Ny 0 4% o | 1Hf o | 1|1 | o
N, P 0 0 o | 1| 1% 11 0 0

*)1A2a =IA2 with terminals N
1A2b =1A2 with N

3

1 and N3, or N

4
2

////] means: not recommended.

or N, floating

4

and N, connected to VN'



Preceding unit(s) Driving Via Driven

unit l unit
T H Oy
TO59
-
Nmax
I
|
L
Fig.42. Diagram to explain the Loading Table.

NOTES

P1. Unless specified otherwise a P1 may be interposed between two units without
great influence upon the loadability., A" inputs of FF1, FF2 or OS1 cannot

be driven from it.

1) Each via a 7.5 k{2 +5¢% resistor, if necessary in series with a diode OA 85,
anode to driven unit,

2) Each via an 18 k{) + 5% resistor, bypassed by a 330 pF capacitor.

3) Only if the driving unit is driven by an FF1, FF2, PS1 or the 02 terminal of an
0sl1.

4) Only if the N1 gate is driven by an FF1,FF2, PS1, the QZ terminal of OS1, IA1

or IA2 driven by one of these units. The maximum speed is 30 ke/s .
number of units

5) Via a diode OA 200, cathode to N1, anode to IA2, and bypassed by a 1500 pF
capacitor.

6) Common-emitter stage with a 1 k() collector resistor.

4]
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Notes on Application

This chapter contains some general and specific remarks on the application of
circuit blocks.

FLIP-FLOP
DC INPUT SI'GNAL

The flip-flop FF1 can be set and reset on the W terminals by a negative and posi-
tive DC level respectively. Attention should be paid to the W inputs being directly
connected to the transistor base. When driven by a low-impedance source (e.g. the
direct output of an emitter-follower or the negative power supply line) the transis-
tor may be seriously overdriven and hence destroyed. The maximum permissible
input current should therefore never be exceeded!

If the memory property of the flip-flop has to be maintained, the driving source
should have a one-way action on'the flip-flop; the source should therefore be con-
nected to the W terminal by means of a series diode (see under: SET AND RESET
CIRCUITS). In order to attain a correct cut-off voltage level for this diode, the
emitter-follower units EF 1 and EF 2, which can be used as driving sources for the
flip-flop, are provided with a tapped output. The voltage level on the tapping has
the required value if the emitter-follower is driven by a "0" (negative low) signal.

The FF 2 circuit block comprises the series diode (Ml and M2 output terminals).

CASCADING OF FLIP-FLOPS

With n cascaded flip-flops FF 1 it is possible to construct frequency dividers with
a dividend of 2". When such a chain of flip-flops is used for counting, the total
counting capacity amounts to 2" as well.

By using a pulse feedback or gating principle itis possible to skip a given number
of counts, so that with n flip-flops any dividend up to 2" can be obtained. When a
dividend of N is required, the minimum number of flip-flops (n) can be derived
from:

on-1 < y g 27,

Pulse feedback is required when N # 2", so that 2" - N positions are skipped. The
value of 2°-N gives the indication to which flip-flop in the series the feedback
should be applied. In Figs 63 to 68 a few examples are given. The pulse feedback
is supplied by the last flip-flop to one or more of the preceding flip-flops.

Care should be taken, that the maximum permissible capacitive load of the flip-
flop that supplies the feedback pulse is not exceeded. The maximum capacitive

" loading of the FF 1 is 2000 pF. If a 1500 pF series capacitor is used in the feed-

back path, 500 pF is left for external loading on that terminal (equivalent to
another flip-flop). If more feedback paths are required, the signal may also be
taken from the other (complementary) output terminal.



GATES
GENERAL

As mentioned before, it is immaterial which binary level is denoted by the logic
value "0" or by "1", since it has no influence whatsoever on the logic design of
a circuit, However, confusion may arise when gate circuits are discussed. lMany
designers use the words AND and OR for the basic logic functions as well as for
the electronic circuits that perform these specific logic operations. The nota-
tions AND and OR should, however, be restricted to logic functions, since one
gate circuit can perform both the AND and OR function, dependent on the designa-
tion of "0"” and "1" to the voltage levels used.

For the above reasons the circuit blocks comprising gate circuits are denoted by
"NEGATIVE GATE" and "POSITIVE GATE"” The negative gate performs the
AND function on "negative high” signals and the OR function on "negative low”
signals, whilst the positive gate performs the OR function on a “negative high”
signal and the AND function on a "negative low" signal (see Table below).

Signal value “1" Logic function performed by

assigned to: Positive gate Negative gate
"Negative high” level OR AND
"Negative low" level AND OR

GATE SEQUENCE: ALWAYS NEGATIVE GATE - POSITIVE GATE

"Technically it is only possible to drive a positive (P) gate by a negative (V) gate.
In the system where the negative high signal corresponds to binary “1”, the AND -
OR sequence is therefore allowed only. This means that every OR - AND combina-
tion in the logic diagram should be converted into an AND - OR combination. An
example of such a conversion was already given on page 11, It may be convenient
to remember that an AND-gate is an OR-gate for the antivalent signal and vice
versa, At the outputs of a flip-flop a signal and its complement are simultaneously
present, so that no inverter need be used when the signal is taken from a flip-flop.

CASCADING OF GATES: NO MORE THAN TWO

" Cascading of more than two gates must generally be avoided. This is due to a
large increase of the load onthe driving unit when gates are connected in cascade,
so that the signal level shift (signal loss) may amount to impracticable values.

An N-N or P-P gate sequence is generally not allowed; such a sequence can, how-
ever, always be replaced by one multiple N or P gate respectively.

After a signal has passed an N-gate or an N-P gate sequence, it must be restored
by an inverter amplifier IA2, an emitter-follower EF2 or a pulse shaper PS1.

GATES WITH MULTIPLE INPUTS

In many cases gates with more than three inputs may be required. Such a gate may
be composed of any number of 2- or 3-input gates. The following rules should
then be observed:

(1) Interconnect the Q-outputs.

(2) Connect the negative supply N only once for the whole gate, leaving the other
terminals Nl or IV2 floating.
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(3) If the newly composed gate would have more inputs than actually necessary,
leave the unused inputs floating.

(4) A P-gate driven by an N-gate may have 25 inputs at maximum.

(5) When part of the number of inputs of an N-gate are at "0" level and the other
inputs at "1" level, the supply of the leakage currents of the diodes that are
cut-off is distributed over the inputs at zero level. (The maximum of this leak-
age current is 40 1A for every input in the "1" position.) This may give rise
to a considerable increase of the load at these inputs. (See also: Technical
Data.)

POSITIVE GATES

The same general rules for N-gates also apply to P-gates. It must be noted, how -
ever, that, unlike the N-gate, the P-gate may load the driving stage at both binary
levels.

The terminals Pl or P2 of the P-gate may be left floating when the following stage
is already equipped with a resistor from the input to the positive supply voltage.
This is the case with the flip-flop FF1, the one-shot multivibrator OS1 and the
inverter-amplifiers 1Al and IA2.

When a P-gate is driven by an N-gate, the number of P-gate inputs may not exceed
25. On the other hand, an N-gate may be loaded by only one P-gate.

MORE THAN ONE GATE DRIVEN BY MORE THAN ONE FLIP-FLOP

The Loading Table indicates the number of gates with which the other circuit
blocks may be loaded. It should be remembered, however, that an N-gate only
presents a "load" if it produces a negative low signal at its output. When several
gate inputs carry a negative low signal simultaneously, the load is divided among
the driving sources. When a number of gates is driven by a number of flip-flops, it
may therefore be allowed to connect each flip-flop to a number of gates greatly
exceeding that given in the Loading Table. That is because the effective loading
may be far less than the actual number of gates. This must be checked carefully
for every possible state of the circuit.

The same applies, as a matter of course, for other driving soutces.

VOLTAGE LEVELS IN GATE CIRCUITS

Due to the voltage drop across the diodes of the gates, a voltage level shift will
occur in every gate, so that the signal, after having passed one or more gates, is
no longer in agreement with the level standards of the input signals. In the Load-
ing Table this effect has already been taken into account. When a combination of
gates that is not covered by the Loading Table must be used, the following in-
formation should be borne in mind:

(1) A germanium diode in an N-gate causes a level shift of -0.1 V to -0.5 V.
(2) A silicon diode in a P-gate causes a level shift of +0.4 V to +1.0 V.

(3) A common emitter stage needs -0.2 V to -0.4 V. oh its base for the conducting
state and approx. +0.2 V for its cut-off state 1).

(4) the collector-voltage level of a conducting common emitter stage (“0" output)
has to be taken as -0.05 to - 0.2 V 1).

1) Related to the type of semiconductor as used in the circuit blocks and dependent on the current
flowing through the diodes. In calculations on the levels the most unfavourable limit of the values

given has to be applied.



CURRENTS IN GATE CIRCUITS

Since the forward resistance of a conducting diode and the input impedance of a
common emitter transistor, when driven into the conducting state, is very low, a
strong gate current may occur, which may overload or damage the circuit elements.

On the other hand, the generator impedance of an "open” gaté is high, resulting
sometimes in too low an available driving current for a given stage. When applying
other combinations, such as given in the examples below or in the Loading Table,
these points have therefore to be investigated.

ONE-SHOT MULTIVIBRATOR 0S1

The one-shot multivibrator OS1 is intended to produce a pulse of definite length
for providing a time delay. Both a positive and a negative pulse are available at
the outputs. It should be noted that at the (_)2 terminal the maximum permissible
load current is appreciably lower than that at the Ql terminal, whilst the rise time
of the pulse at the Q2 terminal is higher than that at the Ql terminal.

It is not recommended to use the OS1 for delays that exceed the values given in
the graph (see: Technical Data), i.e. longer than 1 msec, since in this case the
OS1 is more sensitive to spurious signals induced on the supply line. Moreover,
the use of electrolytic capacitors would be required, which are less stable during
life and may show a considerable leakage current. For long delays it is therefore
tecommended to use a frequency divider fed from a fixed frequency, such as the

A.C. mains.

When the OS1 is used for long delays the negative supply line should be bypassed
close to the unit by a large capacitor.

TRANSIENTS AND DELAY TIMES

Although all circuit blocks function properly in any permitted sequence at frequen-
cies up to 100 kc/s, practical considerations may cause a reduction of this speed,
This may happen when the total delay in a chain of cascaded circuits is too long
for the specific application. It must be examined on the basis of the switching
times and delay times as given under the Technical Data.

As a typical example an 8-stage binary counter with flip-flops FF1 will be con-
sidered. From the Technical Data it follows, that in this counter a total delay of
8 - (trd + tr) = 8.8 us occurs. If the output signal of the gth flip-flop should coin-
cide with the input pulse of the counter for at least 2 us, it is required for this
input pulse to have a duration of minimum 8.8 us + 2 us = 10.8 us. This require-
ment reduces the maximum operational frequency in the application at issue to
approximately 46 kc/s.

The transients in a loaded switching circuit can be calculated from the Technical

Data.
R
90% 90%
AN L

Fig.43. Equivalent diagrams of active circuit blocks.
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The intrinsic switching times given in these data always apply to the unloaded
condition. Generally they remain unaffected under conditions of resistive loading,
whereas a capacitive load increases the switching times.

The actual switching time of a loaded circuit can easily be calculated from the
equivalent diagrams shown in Fig.43. The unit can be represented by a step volt-
age or current source in combination with the internal (output) impedance of the
unit. The value of this output impedance is given under the Technical Data of the
unit under consideration, The total rise time and fall time of the output voltage are
approximately equal to:

tooo = t2+ 227% and  tp =

in which:
tr = the intrinsic rise time of the unit,

ty = the intrinsic fall time of the unit,
7 =the time constant of the load and internal resistance of the unit.

When the load consists of the parallel circuit of a resistive part RI and a capaci-
tive part CI (which will mostly be the case)
Rl'Ri .
7, = ————*C,
1 ,* Ri 1

in which Ri is the internal resistance of the unit.



Some Practical Circuits

In this section some practical examples are given for the application of circuit
blocks. Since most circuit blocks comprise twin units or two separate functional
units in certain cases only half the symbol is given.

AMPLIFIER CIRCUITS FOR GATE SIGNALS

only one per gate

_TV ne. +6V 0V ncnc
L 1 L [ 11 nas”
FF1 N P E NN 1A
1A1 e It S e
1A2 QW Q w (*] o 114 Qp—+—o
0s1 load abs.
ps1 r'___’ﬂ__ P 1 LfAz . mox 15V
Fig.44. Iload max. 5.5 mA
only one per gate
-civ +6V olVric/itc‘
FF1 L_ N I_ E NizN3s 14 04 65
1A1 P N7 yy=
142 afedw  of—f——w Lo L7
9s1 0A 200 1000 gbs. mox ISV
PS1 r N1 1A2 -
Fig.45. Iload = max. 5.5 mA,
only one per N-or\P-gate only one per N-gate
\
-iV +TV +TV -TV ‘lGV nlc, +6V Oanl.Cri.C
Al L N LP PN L N LP Lfﬂu 04 65
1A 1 pm TR oo gbeme e
A2 oW apF—w ap»w a>w af>w Q> o] O—4— gbs.
0s1 toad max 15V
PS 1 r‘ N1 ] lﬂ_ P1 EF1_] W"A/l" l"J_ P | _JAZ2
724601640 B
Fig.46. [load = max. 5.5 mA.
only one per N-or P-gate *
sy dev +6V -6V 11 0A S5
| || e i
FF1 N P P N load abs. max 15V
1A M
IASI;’ (6] s 14 (] oo 14 ap->—w Q
o ] r- NI P1 EF2 oc 47
7Z401460
= 0V
Fig.47.
-Vm = 6V £10 % —Vm = 12V £15%
Iload = max. 22 mA Iload = max. 20 mA
Ry . =min. 2900 £10 % R, .4 = min. 560 Qi10%

*) In case of inductive loading.
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only one per N-gate *

4 OA 85
1 —Vy=
FF1 abs. max 15V
1A 1
A 2 [ =
0S1
PS1 r
S7a0i%h
-V = 6V +£10% -V = 12V +15%
m m
Iload = max. 35 SA Iload =max. 35 mA
Ry .q =min. 175{1 £10% R| aq = min. 375 Q+10%

In the circuits of Fig.47 and 48 the output transistor OC 47 can be replaced by the
EF1 circuit, as follows.

. oaes”™

X -

ne ne.
| * 100> obs.max 15v
P E N 7240130
—>w Q 71
| EFT ] Lov
Fig.49.
_ POWER OUTPUT CIRCUITS
*
+6V ~6V \ .__OA 85
S K] e
P NM oad abs. maox 30V
IAo’r afF»w Q
72401390 ot OV
Fig.502).
Vo= 12V +15 % Vo= 24V £15%
m 1 m . 1
I aq =max.230mA") I oaq = max. 230 mA")
R, =min 500410% R g =min. 100 +10 %
Wo = max. 2.7 W Wo =max. 5.4 W
——————+6v 04 65"
+6v -6V 4 I ¢ iy
| 1 1000+5% & o' o b ~Vm=
PNy, P NJ| oSw load gps.max 30v
abw al»w Q
N1 EF2 EF1 oc 80
T : ov
Fig.51.
-V = 12V +15% W= 24V £15 %
Iload = max. 230 mA") Iload = max. 230 mA")
R g =min. 50{l+10% Ry, 4 = min. 100 + 10 %
Wo =max. 2.7 W Wo =max. 5.4 W

*) In case of inductive loading.

1) At nominal supply voltages.

2) All N terminals of the IA2 connected to the -6 V supply.



*
.. 0A 85

o S s TRV
- 100045% 05W load obs.max 30V
75; “w hoo G N,I——WNW*—-—GV
1A2
Py Q 5V A 2EF1 R v ocC 80
PS1 Wy - wj2
7260065 I = ov
Fig.52.
Vo= 12V +15 % Vo= 24V £15 %
m 1 m. ) 1
Iload = max. 230 mA") Iload = max. 230 mA")
Rload =min. 50() £10% R .4 = min. 100 Q+10%
W =max., 2.7 W 4 = max. 5.4 W
Ie) o
{"
R]ig load
. 1 ASZ 16
4] (0C29
Iin 0AZ200
“ov
Fig.53.
Vo= 12V £15 % Vo= 24V +15 %
R, = 3600+ 5%, 1W R, = 2.4 k) £5 %, 0.5 W
R, = 56 {1t 5%, 5W R, = 1100+ 5%, 10W
-I. =min. 50 mA -1, =min. 50 mA
in 2 in 2
Igaq =max. 2.6 A7) I g =max. 2.9 A7)
Rload = min. 4.2 Q2i 10 % Rload = min. 7.9 in 10 %
Wo =max. 29 W%) Wo =max. 67 W")

If there is a preference to use an output transistor ASZ 17 or ASZ 18 instead of
the ASZ 16, the stated maximum load current Iload and the output power Wo have
to be multiplied by 0.55 and the minimum load resistance Rload by 1.8.

The output stage must be driven from an OC 47/ASZ 12 or a special EF1 circuit
as given under Figs 47, 48 and 49 at V =-24 V. AtV =-12V only the driving
circuit of Figs 48 and 49 can be used.

An alternative driver circuit for the power stage of Fig.53 can be made as follows
(valid for V. =-12 V or -24 V).

27015%(01W)
l'\NW\/V‘— ov
FF1 -6V T Q A
1A1 e L ! N
1A2
o4 Q 2EF?
PSI Aw, W,
1260186 l Fig.54.

*) In case of inductive loading.
1) At nominal supply voltages.

2) Nominal value.
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SET AND RESET CIRCUITS

A system in which flip-flops ate used, often requires a means for setting or reset-

ting. This can be realised as indicated in the figures below.

6V -6V FF
1 1 w
P N 7240300
b L4
1 T
EF 0A 85

Fig.55.

1" (negative high)
FF1, IA1, 1A2, OS1 or PS1

Maximum number of flip-flops: 1

Input signal for resetting:

Driving unit:

Q
+6V -6V FF
| 1 w
P N &
M
> Q
EF2 |
Fig.56.

Input signal for resetting: "1" (negative high)

Driving unit: N-gate or N-P gate sequence

Maximum number of flip-flops: 1

When a large number of flip-flops has to be controlled, the following arrangement

can be used.

FF FF FF FF FF
w w w w w
S all resistors b3 b3 3 s
2 27kn £5% £ 3 E3 3
> > > > >
etc.
P ’etc.
91 T
W, W, Ws W, W W W WaWs WoW, Ws W Wy Ws W2 W We
23N1 . 2.3N1 2.3N1
Q, q, Q, Q; Q, Q;

L_I_J v L

LW+5V

22 k) £5%

0A 200 T
A

from driving circuit

Fig.57.

50 The circuit of Fig.57 can be driveﬁ by the following circuits (Figs
61).

I » etc.

7240165

58, 59, 60 and



+6V —6V ne. -6V
11 A
P NM P N 260038
w QP »iw Q
EF2 EF1 1 ov
Fig.58.
Driving unit R1 (Q +5 %) Max. number
of flip-flops
FF1, IA1, TA2, OS1, PS1 68 50
N-gate 75 45
N-P gate sequence 200 12
-6V
OV% 270%5% 2 6605%
[——'VWWV‘— 'w
T Q
-sv—n, 2N, —> A
2EF1
+6 V= R ™ Ws
- BT
Fig.59.

(Low speed operation only.)

Input signal for resetting: “o" (negative low).
Driving unit: FF1, 1A1, TA2, OS1 or PS1.

Maximum number of flip-flops: 50.

+6V -6V 6V eV

6
lioiv I ov 660125%
P EN E 1w

P
—>{w QbW Q A
1A1 TA2 | zime

Fig.60.

Input signal for resettihg: "1 (negative high).
Driving unit: FF1, IA1, IA2, OS1 or PS1.
Maximum number of flip-flops: 50.

660+5% 1w

-6v | W 'ZV
ENJ Q, Q,
h

£ 2IA2

o T |

Fig.61.
Input signal for resetting: 1 (negative high)
Driving unit: N-gate or N-P gate sequence or FF1, IA1, IA2, OS1 or PS1 via a re-

sistor of 5.6 k{] shunted by a capacitor of 470 pF
Maximum number of flip-flops: 50.
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A simple circuit for resetting flip-flops by a flip-flop FF1

is given in the figure
below. :
FF FF FF FF
4 W w w
A OA 85 A OA 85 4 OA 85 A OA 85
1500 pF
I £ " 7240K4a
a ié 12 ks
FF1 T ov
Fig.62.

Resetting takes place on a positive voltage step at the Q terminal of the driving flip-flop. To this

terminal an additional capacitive load of maximum 500 pF may be connected.

SCALERS
[ Q2 Q; Q3 Q Q2 [N [e))
FFy FFy FF FFA
A Az A A A Az A A
/n l ’ I I l 72401700

Fig.63. Scaler of 16. (Binary counter with 4

flip-flops.)

12Kk02
————T—W\N\N'—OOV
15000F ot

[ 1
Q2 Q [¢])
FFy FF
Ay A Wo A Ay
in h"l * EYJV 72401706

Fig.64. Scaler of 3.

12kQ2
* l A'A'A'A'AVA'A 40V
1500pF
out
] ] T I
Q2 Qz Qr Qz
FFy FF FFy
A AW A AW, A A
. T — L = Y
n 7240169
Fig.65. Scaler of 5. .
12k
ov
-1 1500pF +
— | J—
Q2 Q2 ()] Q2
FFy FF; FF;
A A2 A AW A A
. L_— 7246016
in . | *

Fig.66. Scaler of 6.



— el
Qz Q2 Q2 Qr
FFy FFy FFy FF

A _Aa A Az W A AW, A A
LS B B === B = ==
n | | 7260042

Fig.67, Scaler of 10 (decimal counter),

12k
;——-—I—'W‘N\N‘—OOV
ISODpF ¢
— _ —h T
Q; Gz Qz G Gz
FF FF FF FFy
Ay A A Az A AW

Fig.68, Scaler of 12,

50c/% MaImS aiv: 50 div. 60 div.60
vio PS 1 (6FF1) (6FFT) (6FF1)

726123 seconds minutes

T = LT T —
al

Fig.69. Time code frequency divider,

MULTIPLE-INPUT GATES,

output

Fig.70, 6-input N-gate, composed Fig.71. 5-input N-gate, composed
of one 2.3N 1. of one 2,3N 1,
‘—r—.—F— -6V -6V -6V
W1 1 W, 1 ' m 1
—Ws Q1 Ws Q1 W Qe
Ws ~qWs Ws
inputs —T inputs ’ inputs
Ws ~We —{We
W, Gz} —W Q2 —We Qa2
W — —{Ws
| output | output ) outpyt.
W —W —f W
01 - -—1W3 Q’ - 0, -
Wa —Ws —{ s
W — W _J Wy
Q2 —  Q Qy
W Ws Wi
72401620 72401620 7260163¢

Fig.72. 10-input N-gate, com-  Fig,73. 11-input N-gate, com-  Fig.74. 8-input N-gate, com-
posed of one 2.3N 1 and one posed of two 2.3N 1’s, posed of one 2.3N 1 and half
2.3N 1. a22N1.
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BINARY-TO-DECIMAL CONVERTER
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Fig.75. A count of h in the decimal counter produces a
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7240174

signal at the output n at the right.

All N, E and P terminals of the flip-flops should be connected to the corresponding supply lines,



PRESET COUNTERS

FFR FFy
A AW, A Ay

I 7260167

Fig.76. General purpose circuit. An output voltage is produced when the decimal counter stores the

FF
A A,

number chosen by means of the 10-position 4-wafer switch. The circuit may also be used for the

determination of a time interval by counting cycles of an alternating voltage, e.g. the mains.
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Q2 Qa3 Q2 Q Q2
FFR FF FFy FF,
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Fig.77. Simplified circuit for special applications. An output signal is produced when the decimal

counter has reached the number chosen by means of the 10-position 3-wafer switch. When this num-

ber is exceeded the output signal may stay or recur. This phenomenon makes the circuit only useful

for those applications in which these spurious signals do not interfere.
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Fig.78. When the counter consists of several decades, it may be preselected by as many 10-posi-

tion switches. The gates are combined to one gate. The circuit may also be of the 3-wafer switch

type, as shown in Fig.77.
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Fig.79. Preset counter with multiple programmes. More than one set of switches and gates may be
connected to the same counter. Every output gives a signal when the counter has reached the num-

ber set by its associated switches. The switches may be of the 3 or 4-wafer type.
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Mounting the Circuit Blocks

Since the mounting position of circuit blocks is arbitrary, mounting can be done in
various ways. The commonest method is to solder the terminals onto a printed-
wiring board with the circuit blocks lying flat on the non-printed side of the board,

as shown in Fig.80.

Fig.80. Circuit blocks mounted on a printed-wiring board.

Soldering can be done either by means of a soldering iron or, specially when large
numbers of printed-wiring boards are concerned, by dip-soldering.

The way of mounting as in Fig.80 has the advantage, that a circuit block can
easily be removed by cutting the terminal wires. If a new unit must be mounted in
its place, the terminals can be soldered to the wire-ends remaining on the board.
The wire ends can also be removed by unsoldering, but great care should then be
taken to avoid overheating of the board.

LARGER BUILDING BRICKS

By proper arrangement of circuit blocks on a printed-wiring board, functional ele-
ments of a higher order than those inherent in a circuit block can be constructed.
A decimal counter or a complete register can be built up in this way. When such
an assembly is made pluggable, the thus formed “building brick” can be made
easily interchangeable.

The question arises, what number of circuit blocks should be mounted on one
printed-wiring board, or in other words; how comprehensive such a building brick
should be. No general answer can be given to this question, since it largely
depends on system requirements of a non-electronic nature.



For large equipment the main object will mostly be to have a limited number of
types of building bricks for reasons of service. Large computers are generally built
up from only a few types of building bricks, a maximum circuit complexity of, say,
two flip-flops and one gate being used. In such a case more than 80 % of the
equipment can be made up of e.g. 8- 10 different types of building brick.

For prototypes or laboratory equipment it may be advantageous to mount the cir-
cuit blocks on the experimenter’s printed-wiring board (Fig.81) or on the universal
printed-wiring board (Fig.83). For smaller series-manufactured equipment it may
be convenient to combine a comparatively large number of circuit blocks on one
large printed-wiring board, so that only a small number of these boards is required.
This may lead to low-cost manufacture and to simple maintenance.

In each individual case an optimum should be chosen between the two extremes:

1. a number of circuit blocks mounted on a printed-wiring board with only input,
output and supply lines externally accessible and all logic interconnections
printed on the board,

2. a versatile unit, consisting of a number of basic functions arranged merely as
a matter of convenience, all logic connections being made outside the printed-
wiring board.

In very simple applications it may even be undesirable to use printed-wiring boards
at all, because wire-wrapping or direct soldering onto the terminals is preferred.

MOUNTING COMPONENTS
EXPERIMENTER’S PRINTED-WIRING BOARD

Fig.81 shows the front and rear side of the experimenter’s printed-wiring board
measuring 196 mm x 396 mm x 1.5 mm. It has plated contacts that match the FO42
printed-wiring connectors of the standard maximum length with 35 contacts. Two
types of this printed-wiring board are available, type number, P8 900 79 with one-
sided contacts and type number P8 900 89 with double-sided contacts. Depending
on the requirements, the board can be sawn to any size.
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Fig.81. Front and rear view of the experimenter’s printed-wiring board.
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Fig.84. Contact blocks FO42,

A photograph of a contact block is shown in Fig.84.

The thickness of the printed-wiring boards with the mounted circuit blocks allows
the contact blocks to be placed closely together, so that a compact arrangement
can be obtained. Fig.85 shows a detail of such an assembly. In this application
both ends of the contact blocks are locked in a frame, of which the dimensions are

indicated in Fig.86.

oy

Fig.85. Assembly of contact blocks in a frame with some printed-wiring boards inserted.
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Fig.86. Dimensional drawing of the frame in Fig.85. The

dimension p depends on the number of contact blocks.
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SIDE-BY-SIDE MOUNTING OF CIRCUIT BLOCKS

Another method of mounting circuit blocks consists in mounting them side-by-side,
as shown in Fig.87. The terminals of the blocks are provided with V-shaped bends,
which facilitate their interconnection by means of wires. The blocks can be re-

moved by mere unsoldering.

Fig.87. Circuit blocks mounted side-by-side.



Some Applications of Circuit Blocks

DIGITAL COMPUTER
GENERAL DATA

This laboratory model of a small transistorized computer, shown in Fig. 88, is
designed for bookkeeping and invoicing purposes. An electric typewriter is used
as input and output unit; it enables numbers to be introduced by hand and types
out the results of the arithmetical operations carried out by the computer. Pro-
gramming is performed by a plugging panel, which has been made interchangeable.

Fig.88. Laboratory model of a digital computer equipped with circuit blocks.
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~The computer operates in the decimal numerical system with the excess-3 code

in the internal organisation. The (fixed) decimal point can be placed in any arbi-
trary position beforehand.

The arithmetic unit comprises a shift register and an adder in which the digits of
a number are introduced one by one (serial operation). The computer can handle
16 numbers of 16 digits each, the sign digit included.

Various types of circuit block are used in the computer. They are mounted on

printed-wiring boards, which are plugged into corresponding contact blocks. The

additional circuit elements, with the exception of the power supply unit, are also’
mounted on these printed-wiring boards. The whole assembly is mounted in a

cabinet which measures 810 mm x 585 mm x 232 mm. As can be seen from Fig.88

the cabinet has five compartments; the lower four house the printed-wiring boards,

whilst the power supply unit is mounted in the top compartment.

BLOCK DIAGRAM

The simplified diagram, which is shown in Fig.89, comprises the functional ele-
ments of the computer. The decimal shift register consists of 4 binary registers
in parallel, each built up of 16 flip-flops FF21). Each four corresponding flip-
flops of the binary registers form the location of the bits of one decimal digit. On

' shift  register }—-

decimel

1 I

itet t

control unit |

Fig.89. Simplified block diagram of the computer,

the command of a shifting pulse the bits in all four registers are shifted one posi-
tion to the right., The levels of the four flip-flops in the utmost right-hand position
of the register are applied to one input of the adder, whilst the contents of the
adder output are introduced in the extreme left register location. By applying the
bits of another number to the second input of the adder, two numbers are added.
Obviously multiplication can be accomplished by repeating this procedure as many
times as required for each power of 10.

1) Special type of flip-flop, designed for use in shift registers. This unit will shortly be made

available.



The (decimal) adder, which determines the sum digit and the carry digit as the
result of the addition of two digits, is composed of a number of binary adders and
an inverter (see Fig.90). The binary adders are in their turn made up of AND gates,
OR gates and inverters as shown in Fig.91. Circuit blocks are used for this pur-

pose.

X Y4 5% LB nn
] L L I,
BA BA BA BA

E_""]__I G €2 2]
S4 153 S2 5
c ¢ c
| | =1

BA BA BA K’?

7240151 l l 1
G €2 ,
s s

Fig.90. Block diagram of the decimal adder.

The memory comprises magnetic cores as memory elements. Four matrix planes of
16 x 16 cores are needed for the storage of the 16 numbers of 16 digits each. The
memory register, in which the contents of a selected memory location appear after
reading out, is composed of four flip-flops FF 1. Both the number selector and the
digit selector consist of four flip-flops FF1 so connected as to form a binary
counter.

The same applies to the digit-counter (dc) and the multiplier counter (mc), which
perform a memory function during the arithmetical operations.

X —
X N C— E
y—P i
x— KN ™\ T T ¢ ‘ S
z— |/ / 22— B_J
y C ¢ F 7240125
z— ’ X—
pA— B—
jp— s Boolean functions :
y—— BA C=Xy4+XZ +yZ
7 — S=(x+y+2)C+xyz

Fig.91. Block diagram of the binary adder.

The units, denoted by r, ¢ in Fig.89, allow the passage of the bits of a decimal
digit themselves or their complements. The units are built up of eight AND-gates
with two inputs each (four circuit blocks 2.2 N1) and are controlled by the sign
flip-flop. sff.

All types of circuit block (except type FF2, which was exclusively designed for
shift-registers) are used in the control unit, which establishes the various con-
nections required for carrying out the programme under consideration.
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NUMBER AND TYPES OF CIRCUIT BLOCKS

The computer contains 650 circuit blocks, specified as follows:

Number
Type of circuit block of

C.b.’s
2.2N1 99
2.3N1 213
2.2P1 39
2 EF1 123
21IA1 17
EF1/1A1 20
FF2 65
FF1 57
0s1 15
Total 650

DIGITAL VOLTMETER

With the aid of the digital voltmeter, of which Fig.92 is a photograph, direct volt-
ages down to 10 4V can be measured and displayed in digital form by three decade
indicator tubes Z 510 M. The input impedance of this precision instrument is
1 MQ)/V, whilst the accuracy is 0.5 % + 1 in the less significant position. The
meter has three ranges, viz. 9.99 mV, 99.9 mV and 999 mV.

Fig.92. Photograph of the digital voltmeter,

Fig.93 shows the block diagram of the meter, Via the measuring range switch the
voltage to be measured is applied to a stage in which it is compared to a variable
reference voltage. The latter voltage is increased step by step (each step having



the value of a binary digit) up till the moment the difference voltage from the com-
parator stage is zero. To achieve this, the output voltage of the comparator is
applied to a discriminator (via a d.c. - a.c. converter and an a.c. amplifier), which
controls the value of the reference voltage. This is arranged in a digital-to-
analogue converter consisting of a ladder network which is composed of precision
resistors.

Digital to
analogue
converter

Measuring _ -
. range Comparator DC-AC Amplitier Contral

Input switch stage converter unit
7240160

Decoding
network

Indication

Fig.93. Block diagram of the voltmeter.

When the reference voltage has increased so far that it equals the input voltage,
it is applied to a de-coding network, which controls the decimal indicator tubes.

From the photograph of Fig.92 it can be seen, that the (49) circuit blocks and
other components are mounted on (vertical) printed-wiring boards. On the front
panel the three indicator tubes, the mains switch, the measuring range switch and
the input receptacle can be distinguished. The supply unit is mounted at the rear.

The power consumption of the apparatus is 60 W, the dimensions of the cabinet
are 197 mm x 139 mm x 450 mm and its weight is 8.8 kg.

AUTOMATIC CONTROL OF A HYDRAULIC PRESS

During the manufacture of mass products use is made of a hydraulic press, in
which the material is pressed into the required shape and consistence. The press,
schematically shown in Fig.94, consists mainly of a mould and two dies, either

~O
~<—down|
T ~—uwp
=
N

-

~—down

j:l up

-

7240116

Fig.94. Schematic drawing of the hydraulic press.
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Fig.95. Part of the press with the electronic circuit.



of which is connected to a plunger of the hydraulic system. In the figure both dies
are drawn in their upper positions. The upper die rests on the mould when in its
lower position.

PROGRAMME

During the pressing process several valves and switches must be operated accord-
ing to a specified programme. In principle they could be operated purely mechani-
cally, but since the press is used for various kinds of products, electronic control
is to be preferred with a view to greater versatility.

In the time diagram of Fig.96 the various phases of a complete cycle of the pres-
sing process are indicated, The diagram shows the intervals during which the
valves and switches are activated. In the lower part of the figure the correspond-
ing positions of the dies are shown.

Phase I Ir | I Iz
Upper Up
plunger, Down
Lower Up
plunger Down
Charge 7%

positions

Relative {upper die
of

lower die

|

724017

Fig.96. Time diagram of the press.

The phases are initiated by a control unit, made up of a logic circuit. The latter
is, in turn, controlled by the switches A, A’ and B, B’ that are operated by the
dies in their upper and lower positions, and by a timing circuit,.

The duration of the phases I and IV is determined by the oil pressure on the plung-
ers, that of the phases II and IIl by the timing circuit. The complete cycle is
started by manually operated switches.

ELECTRONIC CONTROL

Both the logic circuit and the timing circuit consist of circuit blocks, namely
gates and flip-flops respectively. The latter are so arranged as to form a frequency
divider driven by clock pulses derived from the 50 c¢/s mains. To achieve a vari-
able time diagram, the timing circuit can be pre-adjusted by means of a plugging
panel. Power transistors type OC 29 energise the magnetic valves that command
the oil pressure on the plungers.

Fig.95 is a photograph of the press with the electronic control circuit mounted
onto it.

Owing to the electronic control, the programme can easily be extended (e.g. the
application of multiple dies).
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cut-away view of a circuit block

Numbering of leads and
colour coding simplifies assembly
and service

Connecting leads can be soldered
to printed-wiring boards or other
wiring system

*) The units will withstand the corrosion,
temperature cycle and accelerated humi-
dity test specified in MIL-STD-202, and
the BCMT prolonged humidity test.

Sealing compound excludes
moisture *)

Synthetic-resin case provides
complete protection against
humidity and mechanical
damage in transit or handling

Potting compound gives full
protection against shock and
vibration, thus increasing the
reliability of soldered joints
and of components

High-quality components,
compactly mounted, effect
considerable saving of space
in equipment

Printed-wiring board with
plated-through holes
ensures reliable joints due to

large area of soldered
contacts
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In Fig.82 an example is given of the use of the experimenter’s printed-wiring
board with circuit blocks. The connections at the rear side are made by insulated

wires.
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Fig.82. Rear side of an experimenter’s printed

wiring board with circuit blocks mounted on it,

UNIVERSAL PRINTED-WIRING BOARD

For a more advanced design a "universal printed-wiring board”, type number
P8 900 91.2, is available. This board is provided with a standard pattern, which
allows the mounting of 6 circuit blocks, whilst the required connections can be
made by wire "jumpers” (see Fig.83).

Fig.83. Circuit blocks mounted on the universal printed-wiring board.

CONTACT BLOCK FO42 FOR PLUG-IN PRINTED CIRCUITS

Both the experimenter’s printed-wiring board and theuniversal printed-wiring board
match the FO42 contact block, which is provided with one or two rows of gold- or
silver-plated spring contacts, to receive printed wiring boards with single-ended
and double-sided contacts respectively. The contact blocks can be made in any
desired length, with up to 70 contact springs.
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Notes to the loading tabla
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