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Pfeface

The semiconductor circuits described in this booklet cover a broad
range of applications. The major part of the circuits were developed
and tested in the Siemens Application Laboratories for Semiconductors.
Cases of preliminary designs and suggestions are specially indicated in
the respective chapters.

As we have again a whole series of new semiconductor components,
the respective possiblities of application have been selected and des-

cribed.

Furthermore, new circuit concepts are presented as, for instance, for
the use of optoelectronic couplers, double magneto resistors, triple
diffused transistors and epibase darlington transistors, high-sensiti-
vity photo circuits, new RF power supplies with mains separation for
AT and TV sets as well as projector lamps.

Among RF applications, we find circuits using the AM- tuning diode
BB 113, a FM tuner and a FM receiver set operating with integrated
circuits.

The field of TV is covered by descriptions of a thyristor colour H
deflection, a medium-voltage transistor deflection and deflection circuits
for b/w portable TV sets. Moreover, circuits for a TV sync generator,
a white-field and a colourbar generator are presented.

Applications of light-emitting diodes, high-speed diodes, thyristors and
triacs as well as AF amplifiers using new epibase darlington tran-
sistors are shown.

In cases where graphical symbols have not yet been introduced for
the new components, you will find suggestions. When an additional
grouping remains unstated in the circuit diagrams for the transistors
this means that all groups of the respective type may normally be used.
Only in special cases, 2 more defined limitation could become neces-
sary.

The right to make alterations remains reserved.



1. AF Circuits
1.1 Headphone amplifiers (NL-7259)

The headphone amplifier shown in Fig. 1.1. corresponds to the Hi-Fi
standard with respect to distortion factor and voltage frequency
response. Its high input resistance of about 250 kQ permits universal
application. The headphone is connected d.c. current-free.

The amplifier has an A-output stage T, operating into a current
impressing circuit T,, Dy, D,. Larger ranges of dynamic and operating
voltage are thus achieved so that headphones may be connected having
resistances of 200 to > 2000 Q.

i S 0+12V
L 100k (+6..+24V)
2x b % o
BA 127D
R, Dem A
BC 308
. BC 308 G emTy
o Iﬁ 2 71@ B8k g
g 33K =4y ]
3
Ry 330k
[] BC 237
R = 250kQ
g R Ry R, = 200... 2000 Q
IUkU U 220 15k U -
O J\: e 4 o))
Fig. 1.1

Through the high internal resistance of transistor T, a very favourable
hum-reduction factor to the output is further obtained.
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The output depends on the headphone resistance and the operating
voltage.

Technical data:

Operating voltage 12V (61024 V)
Current consumption 14 mA
Input resistance 250 kQ
Voltage frequency response (— 1 db)
at R, = 200 Q 37 Hz 10470 kHz
‘Voltage gain 25
V, oo (B =10, f = 1kHz) R, = 200Q 1.5V (11 mW)
R, = 2000Q 3.4V (6 mW)

Distortion factor (R, = 200Q,V, < 1V) 0.59%

(Ry, = 2000Q, V, < 3 V) 0.1%
1.2 Hi-Fi mixer amplifier with tone control (NE-7309)

The mixer amplifier shown in Fig. 1.2 consists of a mixer stage having
three separate inputs, an active tone control and a summation loudness
control being true to hearing.

The input sensitivity was chosen in a manner to permit direct connec-
tion of the major part of AF signal sources, such as radio receivers, tape
recorders, equalizing amplifiers, etc. Appropriate preamplifiers are to
be used if magnetic pick-ups and microphones are connected. An addi-
tional dropping resistor of 0.4 MQ at the input control will suffice
if a crystal pick-up should be connected.

The mixer controls at the input of prestages offer the advantage that
almost any size of input signal may be processed.

Mixer stages having a voltage gain of 3 will drive the active tone
control at low-ohmic values. In the following two-stage amplifier the
voltage is amplified by a factor of 5 so that the nominal output voltage
is 1.5 V. The majority of power amplifiers may thus be driven.

The summation loudness control has a disconnectable correction of the
frequency response which is true to hearing and depends on the loudness.
For a simple loudness setting true to hearing, however, a 100 kQ poten-
tiometer may be used at point A instead having a tap of approx.
1/3 1o 1/2 of the full value, or only a logarithmic potentiometer of 50
to 100 kQ. The load resistance at the output of the loudness control
true to hearing should be > 25 kQ.

13
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Uy = 450 mA
R =22k

Technical data:

Operating voltage
Current consumption
Nominal input voltage
Input resistance
Voltage gain
Nominal output voltage
Max. output voltage (B = 1 9/o)
Distortion factor
(V, =15V, f=30Hzto 16 kHz)
Voltage frequency response (— 1 db)
Setting range of tone control:
bass 50 Hz
treble 16 kHz

Extraneous output voltage DIN 45 405

1.3. AF amplifier 10 to 25 W/4 Q with BD 675/676

24V

5.5 mA

100 mV
50to0 100 kQ
15

15V

5V

< 0.3%
13 Hz to 45 kHz

+ 17 to — 19 db
4+ 18to — 18 db
0.6to1 mV

(NL-7252)

When the epibase darlington output stage BD 675/676 in the SOT 32
case is directly driven by the integrated circuit TAA 761 A a maximum
output power of 25 W is achieved with 4 Q.

% In fhermat

connection with the output stoge
15

- —0
Oarlington A
R 160 BD 675
RE
7k h
apisve=e, YBARTD
f h r/‘,—L‘\ T ’ R =48 .
10pI3v Tk 17k
3
¥BA127D| tr==o022y
by
AL _L . ]
]DUDIQ ut 8D 676 |
Darlington
. -¥
Fig. 1.3.1 o]



The output power is limited mainly by the maximum permissible
operating voltage of the TAA 761 A. Amplifiers with an output power
of 10, 15, 20 and 25 W and a capacitive and d. c. coupling of the loud-
speaker are shown and their technical data are listed in the following
table (Fig. 1.3.1 and 1.3.2).

These amplifiers offer the following advantages over the version using
single semiconductor prestages:

1. no closed-circuit current setting

2. no emitter resistors

3. hence, about 20 9/¢ higher output power.

The somewhat higher distortion factor with lower dynamic values
proves disadvantageous. In case short-circuit proofing is required points
2 and 3 are omitted. Short-circuit proofing is more difficult to achieve
because of the higher amplification and thus stronger tendency towards
oscillations.

Technical data of amplifiers with d. c. coupling according to Fig. 1.3.1.

Nominal output power

P, o (k= 190) 10 15 20 25 W
Load resistance 4 4 4 4 Q
Operating voltage + 105 +13 +14 + 155 V
—12 —145—-155—17 V

Current consumption P, = 0 ~ 10 mA

Py oom 072 088 1 11 A
Nominal input voltage 0.29 0.35 04 045V
Input resistance 22 22 22 22 kQ
Voltage frequency response
(—1db, Y2 P 00) 23 Hz to 40 kHz
Qutput power frequency response
(— 1db, & = 19) 20 Hz to 30 kHz
Distortion factor at
12 P, o 50 Hz to 15 kHz 03 03 03 03 %
01WtolP, omn
50Hzte 15 kHz <1 <1 <t <1 %

Thermal resistance of

heat sink per output
stage transistor 14 9 7 5 K/W

16
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With the amplifier driven to low signals, the distortion factor may
further be reduced by a stronger inverse feedbak, i. e. by increasing R,

incircuit 1.3.1 or Ry in 1.3.2.

The input zero voltage and the input zero current of TAA 761 A cause
a d.c. voltage of max. + 70 mV at the amplifier output in 1.3.2.
A zero adjustment therefore becomes unnecessary.

Technical data of amplifiers according to Fig. 1.3.2

Nominal output power

p() nom (k = 1 0/0) 10
Load resistance 4
Operating voltage 225

Current consumption (P, = 0)

(PO I\U"l) 0'72
Nominal input voltage 0.32
Input resistance
Voltage frequency response
(—1db, Y2 P 0
Output power frequency response
(—1db, k= 1%y)

Distortion factor at

Y2 P ome 50 Hz to 15 kHz 0.3
0'1 W to P() nom
50 Hz to 15 kHz <1

Thermal resistance of
heat sink per output
stage transistor 14

1.4. AF amplifiers

15 20 25 W
4 4 4 Q
27.5 29.5 325 V
=~ 10 mA
0.88 1 1.1 A
0.4 0.45 05 V
400 kQ

35 Hz to 30 kHz
30Hz o 23 kHz
0.3 0.3 0.3 9,

<1 <1 <1 9%

9 7 5 K/W

(NL-7253)

A number of Hi-Fi AF amplifiers with output powers of 10 to 50 W,
with and without short-circuit proofing, were developed with the new
epibase complementary pair BD 645/646. The typical output power
of this darlington output stage is approximately 30 to 40 W.

The darlington transistors permit particularly economic design concepts
for outputs above 10 W as the complementary driver and their heat
sinks may be dropped. Moreover, the plastic package TOP-66 is
characterized by low space requirements and easy assembling.

18



Contrary to the quasi-complementary design concepts there is virtu-
ally no rise in the distortion factor in case of a small output power
due to the symmetrical design of the complementary output stage. The
closed-circuit current stability of the darlington stage is sufficient.

Two amplifier design concepts based on discrete semiconductors are
being shown.

I. A quartet-circuit with a capacitive loudspeaker coupling
Fig. 1.4.1

II. Circuit with symmetrical current supply, short-circuit proofing
and d. c. coupling of speaker

Fig. 1.4.2
¢
: 2 S
' zlns T ok
220183V
' Ry I, Ieg=5...10mA
56k
J A
. ; @ Darlington
! # BD 645
)
Ry ip "
§8k
3 b A R
L 250 1
o I h Iy - 0-47/[15 Rt
1p/63V RB BC 238 5
, 8C 237 r___m:k} 4%
: 2200 4F 1V,
Ry 1 LN
0T 04715 By,
A, ﬁ] Ly SmATp/35Y ;
Barlington
™ ‘
Ry BD 646
Ry E]mk/n,zsw Tg
—
15k
h R =40
150
G —O 0

_L = In thermal connection with the output stage
Fig. 1.4.1
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1C

Table1 Technical data of amplifiers

Circuit Fig. 1.4.1

Nominal output power (£ = 1 9/) 10
Operating voltage 25
Current consumption P, = 0 13

Py 0.75

Load resistance
Nominal input voltage 0.5

Input resistance

Distortion factorat 0.8 P, ,

Distortion factor at Py, = 100 mW

Voltage frequency response (— 1 db)

Output power frequency response (— 1 db, & = 1 9/o)

Thermal resistance of
heat sink per output
stage transistor R gg

IAIA
o

for driver transistor Ry g

20 30
33 39
14 15
1.05 1.25
0.7 09
> 300kQ
8 55

Circuit Fig. 1.4.2

40 50 10 20 30
45 49 +13 +17 +20
—12 —16 —19
16 17 13 14 15
1.43 1.58 0.75 1.05 1.25
4Q
1 11 05 07 09
< 0.5%
< 0.2%,
~= 20 Hz to > 60 kHz
~30Hzto 30kHz
45 35 7 5 45
— — — — 9

40

+23
—22
16

1.43

1

39kQ

4
90

50 W

+25 V
—24 V
17 mA

1.58 A

11V

35 K/W
80 K/W



Table 1 shows the technical data of amplifiers and Table 2 the data
of the variable components. Only a few components have to be
varied in both circuits in order to achieve various power outputs. The
output stage quiescent current should be about 5 to 10 mA. It is set
by means of the 250 @ trimmer. Transistor BC 238 serves to stabilize
the temperature of the closed-circuit current and must be in thermal
contact with the output stage (mounted to the heat sink). A rise in
the closed-circuit current in case of high temperatures will influence
neither the transmission properties of the amplifier nor the maximum
output power obtainable. Only in case of a small output power the
efficiency will slightly be reduced.

Table 2 Data of variable components

.. 10 20 30 40 50 W
Circuit Fig. 1.4.1
R, 620 680 750 750 750 kQ
R, 100 100 68 68 82 kQ
T, BC307 BC307 BC327 BC161 BC161
Circuit Fig. 1.4.2
Ry 22 27 39 39 39 kQ
T, BC 327 BC327 BC327 BCi61 BCI161

22



2. RF Circuits
2.1 AM tuning diode BB 113

The advantages offered by the use of tuning diodes are generally
known.

In UHF and VHEF tuners tuning diodes have found wide acceptance.
In these frequency ranges switching diodes too are frequently used or
becoming more and more important. After the development work
in these fields has largely been completed, the problems of the AM
range have to be solved (HF, MF and LF). Siemens developed the
tuning diode BB 113 for the AM range. It has three equal systems
on one crystal. These result in equal initial and end capacitance values
via the tuning voltage, i. e. in good tracking. The individual partial dio-
des are balanced in a very favourable manner so that any interference
becomes impossible with the normal amplifications of a RF stage (up
to 20 db). To this end an adequate internal ground connection has
been provided for.

2.2 Large-signal proof RF amplifier or mixer
with 60-Q-input (HL-7212-06)

Fig. 2.2 shows the respective circuit which was designed and tested.
The amplifier stage is a high-current stage represented by transistor
BF 241, the collector current being set to 5 to 6 mA.

1
2X 3
BB 113 ;0,1 pF

£ 2.2k
op Y, BF 241 v, LToF

BA 182

+20V

V.
Fo--t T T —-~rF
] 1Sn=E 270 22k
%)609
. o ot s
Lo

) <L
10k Veonte = 1...30 V

115VQ

Fig. 2.2

The divided circuit voltage is tapped at point C and fed to the emitter.
This coupling offers the advantage that the load transformation
changes as a'function of frequency. At low frequencies a better circuit
attenuation may be achieved than at high frequencies, i. e. the selec-
tion may be maintained more uniformly over the frequency range.

23
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The antenna coil is designed for connection to 60 Q. A “switching
mechanism® incorporating the switching diode BA 182 is connected
to this coil. When the diode is switched to forward direction the
antenna signal may proceed to the antenna coil without any noticeable
loss. When the diode BA 182 is reversed the 2.2 k@ resistor divides
the signal to approx. 1/30.
Coil data: Coil D 41 — 2519 (Vogt)

L, = 2turns Cul S0O.1

L, = 100 turns, stranded wire 5 X 0.05 Cul/S
This sensitivity change-over has the advantage that the selection
remains the same and that the bandwidth does not change to any
considerable degree; the detuning too remains in permissible bounds.
Tables 1 and 2 list the measuring results for the RF amplifier. It is
to be noted that input signals up to approximately 100 mV (R;, ~
60 Q) may be processed without large modulation distortions. From
this point of view, most of the devices probably do not require
any control or sensitivity change-over even if this first stage is
simultaneously used as a mixer. The signal conditions for a mixer are
described under 2.5.
Table 1 Large-signal measurements (2/3) BB 113 in RF amplifier in

common base circuit

diode on diode off
f Af(Hz) B(kHz) Vgpys/Vye B(kHz) Vggyy/V
MHz Vi = Vi = Vi = Vi =1 Vss Vi =5 Vss
10/100 mV,, 10mV,, 100mV,
0.6 —1 10 1.5 9 1.5
1 — 0.6 13 35 9 2.5
1.5 —5 25 35 13 2.5
(Vi =
25V

Table 2 Level conditions of RF amplifier according to Fig. 2.2,
page23,atV, =50mV, R, = 60Q
f R Vl V3 V4 V5 VG V7 V7/V1 Vp B V1 max

in

MHz @ mV,mV, mV, V., mV Vg dB  kHz mV

06 120 50 15 15 0.67 4.0 135 27 160 8.1 220
1.0 57 50 40 18 215 7.5 24 48 178 145 220
1.5 68 50 50 15 285 65 215 43 176 27.0 270

24



2.3 Input for car superhets with BB 113 (HL-7212-06)

In mobile sets large variations of input signals may be expected
on the one hand, and a coarse mismatch of the antenna to the receiver
input on the other hand. As to the former, the circuit may be recom-
mended as shown in 2.2.

A car antenna is matched in the most favourable manner only if the
tuner is mounted directly (i. e. without a transmission line) at the base
of the antenna and only the IF (or AF) is connected to the control
panel in the car by means of a usual cable. The diodes are tuned
with d. c. voltage fed via shielded cables.

Another possibility is a broad-band, high-resistive matching trans-
formation with a very stable primary/secondary coupling between
antenna and superhet input. Unless too large bandwidths are to be
covered a circuit may be realized in accordance with Fig. 2.3.1. Here
again a 60 Q or 150 Q cable may be used.

EMT,= 25V
it i
1

==05p
1

EMT, = 25V

chnt.

Fig. 2.3.1

Coil data:

Tr 1: Siferrit pot core, ordering code B66541-K 0040-A 033
7yt 230 turns 12 X 0.05 mm CulS
ng: 15 turns 0.2 mm CulS

measured by means of a dummy antenna capacitance

C, = 22 pfinstead of a rod antenna A (== 22 pf)

K:  coaxial input cable 1.5 m, 60 Q

Tr 2: referto 2.5,L4 Lg, L,

A Siferrit pot core of 14 mm diameter is used as antenna transformer
ensuring good coupling of antenna and output winding. To avoid
any harmful band-pass filter effect between the primary circuit of
the antenna transformer Try and the tuning circuit Try a 10 Q series
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resistor is incorporated in the 60-Q cable line. The resultant low losses
have to be accepted. As may be derived from the curves shown in
2.3.2 the transmission ratios are quite good considering that the
resonant resistance of Tr, is about 2 to 5 times the effective resistance
of the transformer Tr,.

VKr
1000

500 e
mVess /

200 2

100
/ \\\1)

50 7

S

20

10
Fig. 2.3.2

Curve 1: Voltage at circuit high-point when fed via antenna trans-
former (emf,)

Curve 2: Voltage at circuit high-point when feeding emf, with the
antenna transformer connected.

Curve 3: Voltage at circuit high-point when feeding emf, with the
antenna transformer disconnected.

2.4 Oscillator with BB 113 (HL-7212-06)

Among other things an oscillator has to supply as constant a signal
for the mixer stage as possible. For example, approximately 100 mV,
with a small generator resistance (100 to 200 Q) are desired. At
Vi = 1V, the circuit voltage across diode BB 113 shall be V, <13V
and at V, = 30 V it shall be 2.5 V, in order that the tracking will
remain uninfluenced. Due to the resonant resistance which highly
varies with frequency a constant amplitude of oscillations cannot be
achieved without taking special measures.

0.4 0.6 0.8 1.0 1.2 1.4 1.6MHz 1.8
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The tuning diode, however, may have varying signals depending upon
the tuning voltage.

Supply voltage stabilization is recommended in order to increase the
stability of frequency and amplitude.

Fig. 2.4 shows an oscillator circuit for the MF range. It is basically
suitable for 10 MHz and above if the overall collector resistance is
reduced accordingly (5 kQ). The transistor is operated in common
emitter circuit. The load on the feedback winding is thus to be kept
low. The unbridged part of the emitter resistance, as a result of its
inverse feedbadk effect, leads to an increase of the base input resistance.
However, the base input voltage required thus rises. Therefore, and as
the oscillator circuit is decoupled by the 39 kQ resistance of the
collector resistor the oscillator circuit may emit sinusoidal oscillations
while the collector is driven hardly and supplies highly rounded to
almost rectangular oscillations which, however, are highly constant
with respect to their amplitude.

BF 241 (10v) +20V
e M
1 [‘]SGk 8.2k : 27k
iR s ]
BB 13 "|7IP 39k !
I
39k !
=01y K‘D
20pF 4L7n o
|
|
I
27kD 470 '
i V5
d
0
8,2k
'Vt:ontli= Vﬁ
1...30V L7nF
Fig. 2.4
Coil data

L; = 100turns 5 X 0.05 CulS
L, = 20turns 0.1 CulS
Tapping after 5 turns

Coil 041—2640 (Vogt)
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The oscillator signal may now be taken from the tapping of L, with a
sufficient amplitude stability, provided it has a very good sinusoidal
shape*, and fed to the mixer. A less sinusoidal voltage V;, showing
however a good amplitude stability, may be taken from the 470 Q
setting resistor when the tap is set to approximately 150 Q. Further
switching contacts may thus be avoided in case of different wave bands.

The following table 3 comprises the measuring values for the oscil-
lator according to Fig. 2.4. It may be derived that the tuning diode
is operated in a manner that its limit drive is well utilized. With the
oscillator put in front sufficient energy will become available for the
mixer stage so that any further buffer stage will become superfluous.

The temperature dependence of the oscillator frequency is caused by
the coil. The frequency drift is best compensated for by the tuning
voltage by giving it a certain temperature response.

Table 3 Oscillator meaéuring values according to Fig. 2.4

Vi 1 5 10 20 30 Unit Remark

V, 480 550 580 600 580 mV sinusoidal

Vy, 1.2 1.8 2.3 2.5 2.5 Vs sinusoidal
3 1 085 0.6 0.3 018 Vg sinusoidal

5 92 100 100 97 92 mV,  ky-distortion

V.
Ve 340 370 370 360 340 mV,  ky-distortion
\%
Vi 94 113 113 118 115 mV,  sinusoidal

2.5 MF tuner with BB 113 (HL-7212-06)

The circuit shown in Fig. 2.5.1 is a tuner developed for the MF range.
The RF amplifier simultaneously serves as mixer. The oscillator part
basically corresponds to the oscillator described under 2.4. The IF
transformeris to represent a primary load resistance of about 6 to 10kQ.
The secondary load is 330 to 400 Q.

*) The oscillator voltage does not have to show a sinusoidal shape because

in normal (single-ended) mixer operation which is given at V = 100 —
200 mV,g, considerably stronger oscillator signal distortions occur in the

mixer stage itself (half-wave operation).
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The oscillator signal is fed into the mixer base at very low-ohmic
values so that the RF application to the emitter hardly undergoes any
considerable input resistance change over the inverse feedback effect
of the remaining base resistance (part of the 250 Q trimming poten-
tiometer). The trimming potentiometer was only used to study the
conditions and may be replaced by fixed resistors. This type of oscil-
lator-mixer coupling largely reduces the influence of large input signals
on the oscillator.

The input choke improves matching over the frequency range. The
60 Q input seems to be the best solution for feeding into the antenna
besides the wavemagnet solution. It avoids parallel capacitances
which are harmful to the tuning diode and yields good transformation
conditions. When connected to high-ohmic antennas (e. g. car rod
antennas) the solution according to 2.3 is considered advantageous.

o— A BZX 55 C20
Vs -1 30V ’Z?;u 120)
5. Bp .
n T A
BB 113
R R
{_3——{_ +—0-30V
470 680
Fig. 2.5.1

The AM tuner shown in Fig. 2.5.1 has been specially designed to
operate only to a reasonable gain (Gp approx. 10 to 15 db). Higher
gains will strongly impair the large-signal behaviour. (High gain is
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equivalent to a low dynamic range, i.e. a low large-signal com-
patibility). With a gain of approx. 10 db a sufficiently large signal-to-
noise ratio is being obtained.

The diode BA 182 which is provided for at the input serves as a
protection against excessive antenna signals, e.g. in case of mobile
receiver sets. If this diode is reversed desired signals up to 5 V,
(R; == 60 Q!) may be processed. This would correspond to a circuit
high-point voltage v, of approx. 250 V.

AM-tuner with BB 113
signal-to-noise ratio

dB | S/R

40 TMHz

BA 182 shortet /r/// 75 MHz
“ — 0.6 MHz ]

Ty
7 //

\\

0 100 200 300 pv (6092)

Vogg ———>



The signal-to-noise ratio of the BB 113 AM-tuner with input may
be derived from Fig. 2.5.2. The values achieved correspond to those
obtainable with mixer input. Better values may be realized with a pure
RF prestage, however in this case the equally important large-signal
behaviour of such a tuner is bound to deteriorate with the reciprocal
value of the added RF amplifier.

Technical data:

Frequency range: 530 to 1620 kHz, IF 465 kHz
Gain: approx. 15 db

Dynamic range at 60-Q-input (k,p < 10 %)

D, conductive D, reversed
Vin max at 600 kHz 85 mV,, 6.5V,
Vin max 2t 1 MHz 140 mV 4.8V,
V., maxat 1.5 kHz 140 mV,, 5.4V,

Frequency rejection at 1 MHz: 43 db (D, conductive)
IF suppression at 1 MHz: 38 db (D, conductive)
Oscillator radio interference at input: 0.9 mV/60 Q (D, conductive)

OSCillator drl& at Vin max and ]cin 1.5 MHz: fose < 0.2 kHZ
Vin max — V1 in Flg 2.5
fo R ViV, VgV Vs Vg Vg G,

MHz Q mV,, mV, mV, mV,, mV, mV, mV, db

0.6 35 50 790 11.2 10400 730 300 1500 13.6
1.0 53 50 710 10.3 10000 750 340 2400 15.6
1.5 88 50 1040 8.1 8800 660 340 2800 16.7
*) BA 182 bridged

Coil data:

L, = antenna series inductance 6.8 pH 32 turns Cul ¢ 0.2 mm on core
Si31s ¢ 3.3 mm, B 69310-A 0001-X 131
L, = antenna coupling to circuit: 2 turns CulS ¢ 0.2 mm
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L, = input circuit 100 turns 4 X 0.05 stranded wire

L, = RF coupling winding 1 rurn CuLS ¢ 0.2 mm

L; = oscillator circuit 100 turns 4 X 0.05 stranded wire

L; = oscillator feedback winding 20 turns 4 X 0.05 stranded wire
L, = 1st IF bandpass filter circuit 85 turns stranded wire 12 X 0.04
= 2nd IF bandpass filter circuit 85 turns stranded wire 12 X 0.04
L, to Lg Vogt filter kit D 41 — 2519

E
|

2.6 Stabilization of tuning voltage for
BB 113 (HL-7212-06)

The question of the necessary tuning voltage stability is of particular
importance. The permissible frequency change of a resonant circuit
depends on various factors:

1) the permissible distortion increase of modulation

2) the permissible sensitivity change at circuit

3) the operating frequency (LF, MF or SF).

The SF range marks the highest and the LF range the lowest require-
ments for stability of the tuning voltage. Assuming a permissible fre-
quency change of f = 1 kHz (in absolute terms) as reliable the follow-
ing approximate values obtained for the LF, MF and SF ranges:

AV for long-wave : 8 %o
R forf = 1kHz for medium-wave : 3 %o
R for short-wave : 0.3 %o

The requirements for short-wave are thus 10 times as stringent as for
the MF range.

Fig. 2.6.1 and Fig. 2.6.2 show two stabilization circuits.
6k - Veontr.

60V +10 % D 33V (-20/+16 mV)

TAA 550
Fig. 2.6.1
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1« BC 237

- 45V — ~ -Veontr =33V
D1
D2 ==02pF
10k
TAA 550
Fig. 2.6.2
2.7. FM-tuner for Hi-Fi sets (HI-7302-01)

A special large-signal proof FM-tuner was developed for use in
qualified Hi-Fi sets, as shown in Fig. 2.7,

The antenna signal is fed to the tuned RF circuit via a control network
with the PIN diodes BA 379, designed as a s section. The transforma-
tion from the antenna via the RF circuit to gate 1 of the prestage
transistor, a dual-gate MOSFET TV 106, is designed for optimum
noise values with as narrow a bandwidth of the RF circuit as possible.
The MOSFET output is coupled to a primary circuit tapping of the
bandpass filter in order to improve the selection prior to the mixer
stage on the one hand, and to keep the prestage gain only at such a
level that the noise figure of the mixer constitutes a minor element only
in the overall noise figure.

The mixer stage contains the integrated circuit SO 42 P, a symmetrical
active ring mixer. The RF input is balanced via a line wound around
a ring core. The current-impressing transistors in the SO 42 P are
switched as a push-pull oscillator. The IF output is also balanced via
a bifilar winding of the coil.

The IF signal is rectified by diode AA 113 and fed to the AGC
amplifier which incorporates the operational amplifier TBA 221. Gain
and threshold are adjustable, whereas the minimum control level
should be set at an antenna signal of 2 mV. The output current of the
op amp controls PIN-diodes-attenuator.
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Technical data:

Operating voltage 12V

Current consumption 32 mA

Tuning voltage 421028V

Input impedance 60 Q

Output impedance 60 Q

Power gain 261028 db

AGCrange > 50db

Noise higure 4.3 t0 4.6 db

RF bandwidth 1.4101.7 MHz

Coil data:

L, 5.5 turns 0.8 mm @ Cu Ag, tapping after /2 turn
and after 31/3 turns

L, 5.5 turns 0.8 mm ( Cu Ag, tapping after 3!/2 turns

L, 5.5 turns 0.8 mm ¢ Cu Ag, tapping after 1!/4 turns

L 6.5 turns 0.8 mm @ Cu Ag, center-tap

L. 2.0 turns 0.5mm @ Culonk

Ly » 4.6 7 oncoil body Sp 3.5/14.6-2048 (Vogt)

L,y thread core 3.5 X 0.5 X 10.3 made of U 17

ordering no. B 63 310-B 3021-X 017

L; - thread core 3.5 X 0.5 X 10, brass

Lys 4.0 turns ea., 0.5 mm () CuL, twisted on ring core,
B 64 290-A 0037-X 001

Lg 6.0 turns ea.,0.2 mm @, Cu L bifilar

L, 6.0 turns, 0.2mm @, CuL tapping after 2.0 turns

Lg g on Vogt filter element D 41-2520

Dlll" 23 10 uH

2.8 Small FM-receiver set (HI-7302-03)

A small FM set has been developed showing a remarkable input
sensitivity despite its simplicity and the small dimensions involved
{(board 67.5 X 52.5 mm), see Fig. 2.8.

The antenna is coupled to the prestage transistor BF 324 either sym-
metrically with 240 Q or asymmetrically with 60 Q with a transducer,
the secondary circuit of which constituting a series circuit. A ferrite
bead preventing UHF oscillations is interposed between the prestage
transistor and the RF circuit tuned with diode BB 104.
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The mixer incorporates the integrated circuit SO 42 P which also actf
as an oscillator. The intermediate frequency is coupled out asymmetri-
cally through a parallel circuit and fed to the first IF stage by means
of transistor BF 241. The following ceramic filter SFE 10.7 MA is
matched at input and output by ohmic resistors in order to obtain
optimum characteristics. The spurious response of the filter is suffi-
ciently suppressed by the IF circuit at the mixer output. The limi-
tation and demodulation may selectively comprise the integrated
circuit SO 41 P or TBA 120. SO 41 P results in a higher sensitivity
with a lower current consumption, however also in a lower AF output
voltage than the TBA 120. Moreover, the TBA 120 lends itself to
loudness control via pin 5.

Technical data:
with TBA 120 withS041 P

Operating voltage 12V 12V
Current consumption 27.5 mA 15 mA
Tuning voltage 27t012V

Noise figure 4to5db

RF bandwidth 1.4 t0 2 MHz

IF bandwidth 270kHz

Input sensitivity for
26 db signal-to-noise ratio

at 40 kHz deviation 2.6 uV 1.6 uV

Limitation at 75 kHz deviation 1.5uV 0.85 1V

Qutput voltage at 40 kHz deviation 290 mV 100 mV

Coil data:

L, 6 turns 0.15 mm @ Cu L center-tap

L, 5 turns 0.25mm ¢ CuL

L > on cylindrical core B 61 110U 17,2 X 6

L, 6 turns 0.8 mm @ Cu Agon core5 mm @,
center-tap

L 2 turns 0.5 mm ¢ CuL, wound into grounded partof L,

Lg 5 turns 0.8 mm ¢ Cu Agon core5 mm @,
center-tap
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L; 2 turns 0.5mm ¢ CuL, wound into center of L

L. 12 turns 0.25mm ¢ Cul
Ly 6 turns 0.25mm ¢ Cul
L. on Vogt kit D 71-2499.1

L, 15 turns 0.25mm @ Cul

on Vogt kit D 71-2499.1 without tub-shaped core
Ferrite bead B62110 M 11 35X 1.2 X 5.2
SFE 10.7 MA  ceramic filter

2.9 Increase in variable semiconductor
capacitance (ELE-720222)

In Fig. 2.9 the high-frequency signal is fed to the resonant circuit
inductance 3 via the coupling winding 2. This functional unit 4 and 6
having a capacitive effect is switched in parallel with the resonant
circuit inductance via terminal 1. The supply voltage is applied to

point 9.

F-——c- == "
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!§ | g
] 4 {
: : 6
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EL ::L:B
3 12 e

go——4 x

n 1

Fig. 2.9 I - =

The high-frequency current flowing through tuning diode 4 generates
a voltage drop at resistor 5. Its value is much smaller than the capa-
citive resistance of tuning diode 4 at the resonant frequency, 1. e. the
phase shift between the voltages on both sides of the tuning diode is
almost 90°.
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The voltage across resistor 5 controls the current of transistor 6 whose
emitter resistor 7 and emitter capacitor 8 determine the operating
point and the effective transconductance of the transistor. The collector
current of the transistor flows through the resonant circuit. A relatively
small reactive current flowing through tuning diode 4 causes a consi-
derably higher current at terminal 1 the phase position of which being
in agreement with the phase position of the current through the tuning
diode. Thus the entire arrangement, measured at point 1, has a
capacitance C, of
C,=Cp X (1 +V)

In this case, C}, is the tuning diode capacitance and V the current
gain of the amplifier in consideration of its external wiring. To keep
the resultant quality of the resonant circuit thus formed high the
output resistance of the amplifier must be large. Furtherrore, the
phase error of the current gain must be small. This phase error may
be compensated by the capacitor 8 which is shown in dotted lines.
Other phase correction elements may also be employed. Through an
overcompensation of the phase error the quality of the tuned circuit
may also deliberately be increased.

It is surprising that the method of capacitance increase by way of
amplification so described is stable also in resonant circuits over the
entire frequency range, i. e. that it does not tend towards self-oscilla-
tion.
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3. TV Circuits
3.1 H-generator and driver (PH-7303-06)

The H-generator presented in Fig. 3.1 allows an easy control of
its oscillating frequency at high resistive values via a d. c. voltage. The
control current is then very low. It is about 80 pA. The Z-diode
BZX 55 C 12 stabilizes the voltage to 12V and thus indirectly the
frequency. The circuit has the following function: The resonant circuit,
with the blodked transistor BD 137, starts to produce a sine half-wave
in positive direction. The transistor BC 238 is connected through until,
with a declining sine voltage across the transformer, the charge voltage
at capacitor C; will reblock the transistor. Transistor T, is thus
switched through and the inductor L stores again energy. When transis-
tor 2 is blocked the sine half-wave starts to rise again. Capacitor C,
permits a rise of the fly-back voltage to only approximately 60 to 80 V.
A corresponding puncture-proof type is to be chosen (BD 137 or BD 139

atVy = 30V).
ev. Synchr _1_
12v/6ma  [mpulse
e —O+25V
1
ev.s{ = —
- - 1
v. Diskriminator : tir émﬂp
| 25ka 150 k i
] B i
f1zv) : I =100pA E 4 L Yot
BZX 55 C12$'171 H 20V/15 A
1<,
I *13
! }
|
]
{ 50K 100 k
|
<+ O
e
Fig. 3.1
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This H-generator may be termed a combination sine-blocking oscillator.
It may be synchronized directly both by a phase comparator circuit or
narrow positive or negative pulses. Only a few components are re-
quired.

Technical data:

Vi = 25V (12t030V)

I, = 80mA

Icont = 80 MA

Vout =2V

qut max = 15A

Ry min = 1.3Q (flow phase)

i = 15,625 Hz + 1000 Hz (asof V = 10V)

Transformer data

EE 20 A 250 Mat. T 26

n; = 30turns 0.35 mm ( Cul (center)

n, = 300 turns 0.20 mm @ Cul (150 turns inside, 150 turns outside)

*) Wich small sets BC 337 and V|, < 20 V (possible change of transforma-

tion ratio of transformer Tr required)

3.2 Black/white horizontal deflection circuits
for portable TV sets (PH-7303-07)

Compared to “stationary” TV sets portable black/white TV sets with
picture sizes of approx. 30 cm diagonal for selective power supply and
battery operation make different demands on the circuitry. In future,
new concepts of technology and circuitry will find every increasing
acceptance — above all when they entail economical, technical and, in
part, also mechanical advantages. Work on triple-diffused transistors
have progressed in the Siemens Semiconductor Division so far that a
number of new design concepts may be discussed. Because of battery
operation, the portable TV sets have to work with the socalled low-
voltage circuit. In case of power supply operation, the mains voltage
has to be transformed. to the battery voltage. This is done convention-
ally with a transformer and a series regulated power supply which
may also be used for battery operation.
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A good picture quality (width stability) may thus easily be obtained.
The triple diffused transistors BU 310, 311 and 312 and the deflection
diodes SSi C 4610, SSi C 4620 and SSi B 2520 B are especially
suitable for such horizontal deflection output stages. The series regulated
power supply may be transistorized with BD 434 to BD 442 and BD
533 to BD 538.

In case of mains operation, a switch-mode power supply may be used
besides the well known 50 Hz method. In this case a 15 to 20 kHz
ferrite transformer will be employed. The most economical TV power
supply is probably that one using the line transformer as a mains
transformer at the same time (Siemens pump deflection circuit). A
second ferrite transformer similar to a line transformer thus becomes
superfluous. The transistor BU 111 is particularly suitable for this circuit.
If preference is given to supply voltages of 16 to 24 V and yet battery
operation on 12 V must be ensured a booster diode must be used to
raise the voltage. The suitable types here are high-speed diodes SSi C
3005 to SSi C 3305.

Two circuits are shown in Fig. 3.2.1 and Fig. 3.2.2 below whidch, in
similar form, have found large-scale application in the TV industry.

Fig. 3.2.1 represents the circuit with a possibility of connection to 220V
and, switched over, to a 12 V car battery. There is no “boosting”. The
TV portable operates directly on the supply voltage of 12 V. The con-
trol element provided for supply operation is also used for battery
operation.

Fig. 3.2.2 shows a very simple circuit representing, in principle, the
original form of the Siemens pump deflection circuit. The voltage of
18 V is automatically derived from the circuit. In case of battery
operation, the voltage is boosted from 12 to 18 V, by means of diode D,,.
The starting voltage for the H-generator and the pump circuit is
derived from the capacitive division at the supply input C;, C,. When
the full voltage is supplied the diode D, separates the supply voltage
from the now lower divided d.c. mains voltage. The pulse width of the
control pulse and thus the 18 V are set by means of the potentiometer
P. Any effects of inductance spreads of the switching transistor are
thus eliminated within a large range.
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3.3 Flyback-operated power supply for H-deflection
(bjw) (PH-7303-08)

The H-deflection circuit described below has a switch-mode power
supply feeding the remaining TV circuitry via the line transformer.
The power supply causes an electrical separation from the mains and
is controlled in a way that mains and load changes are well balanced.
The control and regulating transistors are arranged separately from
the power system; the switching transistor only is on the mains side.

Is a voltage applied to the 30-V-terminal shown in Fig. 3.3 the line-
deflection transistor BU 110 and its total driving circuits operate
in the known conventional manner without the 220 V power supply
being connected to the mains (important for service). Troubles in the
power supply and the set may thus easily be found. In normal mains
operation, transistor TV 146 operates as switching transistor and its
control pulse is influenced during the line flyback period with respect
to pulse width and pulse phase position. Transistor T, (BD 139-10)
drives the small pulse transformer Tr,. Transistor T, causes the time
control of the driver pulse via the reference diode. With the aid of
transistor T the pulse position may be varied from 0 to 2.5 ps. This
is sufficient to obtain a good high-tension control.

The Z-diode D, separates a part of the transformed flyback pulse
(Tr, terminal 5-6) and clips it. The C;-R, section differentiates the
pulse and feeds a variable triangular pulse to the driver transistor T,
via the control bias. The current generated by the high tension (0 to
400 uA) controls the collector current at transistor T,, which shifts the
pulse section at the Z-diode D, in the same amount up and down thus
causing a slight time shift in the used leading edge of the pulse.

The control effect for the high tension is now achieved by the fact
that in case of 3-H-tuning the first overshoot will get more or less
energy on the primary side and thus a higher or lower high-tension
Is caused during the pulse peak on the secondary side. When the
pulse is now shifted the same energy is fed into the flyback even per
line. The obtainable picture stability is excellent as a function of the
beam current and mains voltage changes (< 1 %/).
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The circuit is started by means of diac A 9903 via the R -resistor.
In case of low-voltage-short-circuit the choke Dr will protect the
transistor Ty against excessive collector current pulses.

The output stage of the sound section should not influence the picture
size. The sound amplifier has to be set to class A or AB operation
(constant load). See also Siemens Design Examples of Semiconductor
Circuits 1971/72, page 19, chapter 1.5.

Transistor 4 and its wiring may be omitted if the demands on picture
stability are not too stringent. The dependence of the picture size on
the beam current and mains voltage will be about 2 9/p in that case.

3.4 H-deflection with medium-voltage transistor BU 212

Any choice of the design concept for a transistorized thin-neck
H-deflection circuit must be based on the data of the toroid deflec-
tion unit. At 0.31 mH and a deflection current of 11.8 A there is a
kickback voltage of 610 V. As the transistor is to be connected
directly to the deflection circuit without any additional transforma-
tion, provision was made for the medium-voltage transistor BU 212,
This transistor has large safety reserves, for instance, the permissible
peak collector current is 17 A while only 9 A are used in the circuit.
The total power dissipation P, is 85 W whereas in the circuit a power
dissipation of 5 W is to be expected with a medium transistor. An
economical overall concept also entailsa simple raster correction circuit.
The single transductor raster correction well tested in the 110° stand-
ard neck circuit could also be dimensioned to the low ohmic toroid
deflection unit. The units involved in the 110°-raster correction are
hardly more numerous than in the former 90°-circuits, and the picture
quality realized meets standard requirements.

The power supply is of decisive importance to a transistor deflection
circuit. For this reason a power supply with blocking oscillator is
suggested for use in thin-neck circuits, which corresponds to the circuit
used in standard neck methods except for the changed output voltages.

Circuit description

The output stage transistor BU 212 is driven or synchronized by the
TBA 920 via the two transistors BC 237 and BD 435. As may be
derived from Fig. 3.4, the deflection transistor has no separate diode
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for the return current. In our proposed circuit the deflection transis-
tor, during the first part of the sweep, functions according to the
principle of the inversely operating collector-base junction. The in-
verse current then largely flows via the collector-emitter section of
transistor BD 435 and a smaller amount via diode C 3105 and the
auxiliary winding of the line transformer (terminals 7-8).

The base current for the BU 212 is also taken from this winding.

An important point is the switch-off behaviour at the end of the sweep.
In the circuit described the collector current is switched off, with the aid
of the emitter-component combination of the BU 212 within 0.6 us.
Due to the arrangement of the diode BA 127 and the 4.7 Q resistor
the emitter potential may be raised during the reverse phase of the
BU 212. A considerably steeper switch-off slope may thus be realized.

The transistor BU 212 has a very low saturation voltage of approxi-
mately 1 Vonly.

The high tension is generated by an electrically separated winding of
the line transformer and by the cascade. The screen grid voltage V, for
the picture tube is picked off by diode A 16 at the base of this winding.

This circuit operates without any special protective components for
the BU 212. The relatively large safety reserves of the collector current
and the collector voltage ensure good protection for high-tension
spark-overs. In addition, the dropping resistor of 8.2 Q and the 2.2 uf
capacitor as well as the internal resistance of the power supply will
protect the output stage against any such defects. The circuit dimensions
were chosen in a way that there will be no overloading of the output
stage transistor in case of a missing drive pulse or a missing supply
voltage for the prestages.

3.5 H-deflection with BU 208 for 110°

standard-neck picture tube (KE-730105)
The standard-neck picture tube A 66-140 X together with the deflection
system AT 1062 represents a fairly good compromise as regards purity
of colour, convergence and deflection sensitivity. This system requires
a H-fly-back voltage of 1250 V so that the 1500 V transistor BU 208
may be directly connected. With the aid of a simple current-limiting
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protection switching off the H-output-stage within a few microseconds
a high degree of safety is achieved also in case of picture-tube spark-
overs and of self-curing operations in the cascade capacitors.

The entire circuitry is particularly simple as there are no reverse current
diode and driver transformer. The circuit is arranged in a way that
the picture width will change by less than 1% in case of brightness
variations even with a standard selenium cascade.

As may be seen in Fig. 3.5, the BU 208 is operated in common base
circuit and controlled directly via the emitter. In this way, it may be
switched through and off precisely.

The positive triggering pulse from TBA 920 will turn on the transistor
T, which has been reversed till then. Up to that moment the transistor T,
was conductive because it had a positive base voltage from the auxiliary
voltage + 5V via the 15 Q resistor. The transistor T, is reversed and
the emitter of BU 208 is thus open. The collector current of the BU 208
now flows as switch-off base current via the 3 Q resistor, the capacitor
25 uf and the 1 Q resistor to ground. This switch-off operation lasts for
about 3 us and the BU 208 will then be turned off with a fall time of
approximately 0.7 us. The capacitor 0.68 pf which is switched to ground
by the emitter of BU 208 ensures a clean switch-off operation.

After switching on the set, the base current of BU 208 flows from
+ 24 V terminal (+ 15 V) via resistor 470 Q (220 Q) and then from
the terminal of the 5 Volt auxiliary voltage supply via resistor 3 Q.
The epibase transistor BD 435 in plastic package SOT 32 is particu-
larly suited as emitter loading transistor T, because 1t will switch
through at 4 A with a very low residual voltage of 1 V.

Protective circuit

A special feature of this circuit is the protective circuit consisting of
transistors T, and T;. In accordance with the collector current of
BU 208 a saw-tooth voltage with a positive peak of approximately 4 V
is produced at the 1 Q emitter resistor. With the adjustable 500 Q
resistor a voltage threshold of, for instance 5 V, is set as a “protective
level”. If the peak current of the output stage exceeds this protective
level of 5 A (corresponding to 5 V) the transistor T, which so far has
been conducting is reversed and Tj is switched on. Thus also T, is turned
on and the transistors T, and T, are switched off like in a line flyback.
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They are automatically switched on again after a few milliseconds as
soon as the capacitor of 1 uf has discharged at the base of transistor T,
via the 27 kQ resistor. In case the trouble that has caused the increased
collector current of the output stage (e.g. a short-circuit in the trans-
former or of the high-tension) prevails the protective circuit will again
switch off the output stage at 5 A and tries to switch the output stage
on again with a repetition frequency of approximately 300 Hz. In case
of protective circuit operation, the current consumption of the output
stage drops almost to zero. Protection is granted against: picture tube
spark-overs, short-circuits in transformer and at transformer outputs,
overload through excessive beam current, increase in the operating
voltage due to defects in the power supply, drift of the H-oscillator
towards lower frequencies, interruption or short-circuit of the H-oscil-
lator, interruption of the cable to the deflection unit.

Measuring results of the H-output stage:

Beam current Iy 0 0.1 1.2 1.5 mA
Operating voltage 150 150 150 150 V
DC voltage at

H-transformer pt 11 139.0 1385 133.0 1310V
Current-consumption 1, 500 530 690 750 mA
High-tension v, 250 249 226 220 kV
Picture width B 100 100.6 101.4 101.4 %/
Flyback voltage

at H-yoke vV, 14 14 13 135 kV
Flyback time t, 100 100 101 10.1 ps
Deflection current i 62 6.2 6.1 60 A
Internal resistance R; 2.0 2.0 2.0 20 MQ
BU 208

Collector peak

current +1, 4.4 4.4 4.4 44 A
Inverse collector

peak current I, 3.4 3.4 3.2 30 A
Collector peak

voltage Ve 13 1.3 1.25  1.22 kV
Collector power

dissipation P, 3 to 8%

Storage time t, 3.5 3.5 33 32 s
Fall time t 0.5 to 2%

*) Depending on gain B, switching time and temperature of BU 208
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Measuring results at transistor BD 435

Collector peak

current +1, 5.2 5.2 5.2 52V
Inverse collector

peak current Iy 1.2 1.2 1.0 1.0 A
Collector peak :
voltage Vi, 180 180 170 170V

3.6 Blocking oscillator power supply
220 V for colour TV sets (KE-7301)

The power supply of a fully transistorized colour TV set must be
able to deliver power in the amount of approximate 180 W, which
is composed as follows:

Picture tube heating about 6 W
H-output stage 70-95 W
Video and colour output stages about 25 W
Low-voltage stages about 60 W

Of course, considerable variations are feasible, depending upon the
design of the set. However, the total power will in any case probably
remain below 200 W. A “full performance” power supply should meet
the following requirements:

Mains voltage variations of 15 9/p should be controlled to + 1.5 %/.

Load variations between 70 and 95 W at the 150-V-output caused by
brightness changes should have a very low influence on the other
voltages (voltage changes max. 1.5 %/y).

The mains hum of 15V at the input should be controlled to less than
05 V,,

All outputs should be resistant to short-circuit and overload. After
having switched off short-circuit or overload the power supply should
continue to operate. Also under no-load conditions the power supply
should be reliable because this state may occur during manufacture
or service.

The requirements made may be realized in a very simple and economi-
cal manner by means of a blocking oscillator (Fig. 3.6).
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The mains AC voltage is rectified with the aid of a bridge circuit
consisting of 4 silicon rectifiers C 1780 and smoothed with a 400 uf
electrolytic capacitor. BU 126 serves as switching transistor. Transfor-
mer AZ 3601 only has one ferrite core of size EE 42 because it
operates as an autotransformer. It has good coupling properties and
offers an almost rectangular collector voltage with a very low over-
shoot only.

The circuit is not synchronized with the line frequency but oscillates
in case of full load to approx. 18 kHz and in case of 60¢/s load to
approx. 25 kHz. In practice, the frequency in a TV set fluctuates
between 18 and 22 kHz. On open-circuit operation, the blodking
oscillator circuit changes to a stable sine-wave operation with approx.
50 kHz. The circult may easily control mains voltage variations of
+ 20 9/, the duty cycle changes accordingly.

In contrast to synchronized switch-mode power supplies requiring a
very complicated regulating circuit this self oscillating power supply
operates with a very simple control circuit. The diode D; produces
a reference DC voltage of + 24 V. This voltage is proportional to the
other output voltages of the circuit (+ 250 V, + 150 V, + 24 V, etc))
due to the good coupling of the transformer. The transistor BC 307
compares part of this reference voltage in the known manner with the
stabilized voltage across the Z-diode and simultaneously serves as a
AGC amplifier. The thyristor BRY 55 is fired via the anode gate. The
firing depends both on the AGC voltage of the transistor BC 307 and
the voltage drop across the 1 Q resistor R, in the emitter circuit of the
transistor BU 126 which is proportional to the saw-tooth collector
current. Only during the switch-off tme of the switching transistor
the thyristor is switched on.

The thyristor s turned off during the inverse period of the switching
transistor because during this period the feedback voltage across the
base of BU 126 and thus across the anode of BRY 55 becomes more
negative than the cathode.

The switching transistor BU 126 oscillates with a feedback volrage
which is tapped at the transformer terminals H and I. When the
thyristor is turned on the base of BU 126 is grounded and the feedback
is shorted. Thus the DC voltage of 4 V across the capacitor C; becomes
effective as a reverse voltage and the switching transistor is turned off
with a switch-off time of approx. 2 us and a fall time of 0.6 us. The
control principle is thus based on a shifting of the switch-off point.

56



The resistor R, is used as an initial resistance. During the starting opera-
tion the circuit oscillates by its own feedback until the reference voltage
of 24 V is built up so that control operates and stabilizes the voltage.

The function of this circuit may thus be termed a “self oscillating
reverse-voltage transformer with a triggered disconnection”. This type
of turn-off ensures favourable switching characteristics.

The blocking oscillator power supply described may also further be
developed for 110 V or, switchable, for 110/220 V.

3.7 Line deflection and high-voltage circuits
with thyristors

Thyristor deflection circuits (Fig. 3.7.1 and 3.7.2) for horizontal deflec-
tion with high-voltage generation are used in black/white or colour
TV sets. In principle they consist of three resonant circuits set into
operation one after the other.

1) The sweep circuit consists of the closed sweep switch (thyristor and
diode) and the effective inductance made up of H-transformer
with H-deflection coil and of the series-connected capacitor. The
latter determines the shape of the deflection current during the
sweep in joint action with the field linearity control.

2) The commutating circuit is closed shortly before the end of the
sweep by a pulse of the H-oscillator. It introduces the flyback by
switching off the sweep switch through the commutating current.
Therefore we have the following circuit: closed flybadk, switch, com-
mutating coil, balancing coil, capacitor-T-section, closed sweep
switch.

3) When sweep thyristor and diode are no longer conducting we have
the following kickback resonant circuit: flyback switch, commutating
coil with balancing coil, capacitor-T-section, inductance made up of
line transformer and deflection coil, series capacitor.

In addition to this resonant circuit, there is another one compensating
for the losses incurred and supplying more and less energy in case of
load and mains variations. It thus achieves that a constant pulse voltage
is being applied to the sweep switch.
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This circuit is closed via the operating voltage, control transductor,
input choke, commutating coils, capacitors and sweep switch. The
resonant circuit only exists while the sweep switch is closed and the
flyback switch is still open. When the flyback thyristor becomes conduc-
tive through the H-oscillator, the resonant circuit is interrupted. The
load condition of the capacitor-T-section at this moment determines
the quantity of energy additionally fed into the deflection circuit
during the following kickback operation. This charging operation of
the capacitors is influenced by the variable inductance of the control
transductor. The latter receives its control information through a pulse
at the line transformer.

The following points should be stressed in the design and construction
of a deflection circuit:

The specified minimum recovery times for thyristors must be kept.

High peak currents (up to 12 A ) will occur in the commutating circuit.
This fact must be taken into account when choosing the capacitors.

The power generated in the thyristors and diodes must be dissipated by
a cooling plate.

The minimum clearance from the neighbouring component specified in
the data sheet for the tripler cascade TVK 52 must be observed.

Scatter fields will be caused by the air gap near the commutating coil
and input choke. Adequate clearances to other magnetic components
should therefore be kept.

The component tolerances should be kept as low as possible, especially
those for the capacitors in the T-section. Residual tolerances may be
compensated through the variable inductance of the commutating
balancing coil.

The circuit diagrams presented show examples of a thyristor line deflec-
tion with high-voltage generation. In these cases, an extreme stability
of picture width and of high voltage is obtained with load and mains
variations. Moreover, the circuits are designed in a way that the energy
for other supplies in the colour TV set (e.g. vertical, convergence, IF,
raster correction, video) may be derived from the auxiliary coils.
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Test data Standard neck tube Thin neck tube

(Fig. 3.7.1) (Fig. 3.7.2)
Mains voltage in case of
half-wave rectification with
C 1780 220V £ 109, 220V + 10%,
Operating voltage for output
stage 275V, 275V,
uncontrolled uncontrolled
Inductance of H-deflection coils 1.1 mH 0.31 mH
Deflection current 6.6 Ay, 124,
Deflection voltage (kickback) 1200V, 680V,
Internal resistance of
high-voltage source approx. 1.5MQ  approx. 1.5 MQ
High-voltage 25kV 25kV
Beam current, max. 1.5 mA 1.5 mA
Auxiliary pulse voltages for
supplies: 55V, 55V,
+ 260V, + 350V,
3.8 TV-signal sync generator (FB-46-01)

The sync generator (Fig. 3.8.1 and 3.8.2) is used to synchronize TV
cameras, flying-spot scanners and test signal generators. All signals
are generated digitally. A crystal oscillator serves as sync source. It
oscillates at 20 times the line frequency (312.5 kHz). Double the line
frequency is produced in a decade divider (FL] 161). The decoder -
FLH 281 supplies the various pulse sequences for the generation of
sync pulses. Another divider FLJ 161 divides the double line frequency
both by two and by five. Thus the line frequency is produced, on the
one hand, and a switching signal for the pre- and postequalizing pulses
and the wide V-sync pulses on the other hand. The other divider chain
(FLJ 161, FLJ 181) serves to generate the frame frequency. To this
end, the double line frequency in the CCIR standard has to be divided
by 625 and in the FCC standard by 525. As a division by 5 has already
been carried out a further counter is required which may be switched
over for a dividing ratio of 125 to 105. The switch-over is done by
selecting (FLH 101) suitable clear pulses from a decoder FLH 281.
A further decoder FLH 281 is used to generate gate pulses for the
equalizing pulses and V-pulses. The sync signal mixture S is combined
in two gate circuits FLH 101 and FLH 111.
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Only + 6.4 V is required as an operating voltage. In systems having
only + 12 V at their disposal, a dropping resistor and a simple stabi-
lizer are provided for. External S signals may be fed into a system
by a change-over switch.

Blanking as well as H- and V-pulses may be derived with an additional

gate circuit.

Technical data

Vi Operating voltage + 12V
AV, /Vy; Operating voltage tolerance + 10%
Igq Current consumption max. 385 mA?)
Vo Sync pulse output — 04V,
Ryog Internal resistance 75Q

Vi Sync pulse input max. 4V,
Ryy Input resistance 75Q

fu com Line frequency 15625 Hz
Afu/ty Tolerance <10+
Zoomr Number of lines CCIR 625

Zpco Number of lines FCC 525

fv cer Frame frequency CCIR 50 Hz

fv rec Frame frequency FCC 59.53 Hz

n Number of frames per picture 2

Py Number of preequalizing pulses 5

P2 Number of postequalizing pulses 5

P Number of V-pulses 5

tg Sync pulse duration 4.8 ps

by Equalizing pulse duration 3.2ps

ty V-pulse duration 28.8 us

tp Rise time max. 30 ns
tp Fall time max. 30 ns
3.9 TV colour bar generator (FB 41-02)

Various test signals are required for device and service of TV sets,
video recorders, transmission and control equipment.

1 ar75Q
H Vg, =13V
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The unit shown in Figs. 3.9.1 and 3.9.2 supplies a colour bar pattern
with which to check, in particular, video amplifiers and colour matrix
circuits. The pattern is formed by the three signals YAS, R-Y and
B-Y. The signal generator represents an independent serviceable unit.
All signals are produced digitally.

BZY 85
C5V6 p
1?5/2w *gav’ 25K 'H 6.4V lalle 1S's)
' -
w2l ) e v | T
10 k 470p J 7 6 5 ¢ 3 5 7
“ 10044 8 9 1%) noon 14C
max 340 mA
:; A2V e 470p i Ne
X 31 FLJ 161 {10:1)
BC338  BC 338 BC 238 MM
i
9

FLH 281 D
(BCD - Dec)

gq————ow

Z

D G0~
-——f—on

S
o
g
3
z
N~

M13 ML MIS

Fig. 3.9.1

A multivibrator oscillating with 10 times the line frequency (156.25
kHz) is used as clock generator. The line frequency is produced by a
(10 : 1) — divider FLJ 161. The last three divider stages supply the
primary R, G, B signals. The synchronizing pulses and an additional
white pulse are generated by the decoder FLH 281. A gate circuit. FLH
101 serves to blank the signals. A hex-inverter FLH 211 brings the
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blanked signals into the required polarity. YAS, R-Y and B-Y are
combined in a resistor matrix of W, R, G, B and S. Three output
amplifiers supply signals meeting standards to 75 Ohms. The colour
bar amplitude corresponds to R, G, B signals, having 75 %/ of the
amplitude of peak white as it is common today. The first half of the
white level range also has 75 9/o amplitude and the second half 100 %/s.
On the one hand, in the colour matrix of the receiver the matrixing
of R, G, B signals may thus be checked by comparing the colour ranges
with the 75 9/ white level, and, on the other hand, the dynamic range
of amplifiers may be checked with the 100 ¢/¢ white level.

V-sync pulses and V-blanking were omitted as this is a measuring
signal. Of course, the signal may also be reproduced on a monitor which
will operate on the natural video frequency and without any line
interlacing. A power supply of + 6.4 V will be sufficient. In case of
12 V systems, a dropping resistor and a simple stabilizer are incorpo-
rated.

Technical data:

Vi Operating voltage +12V
AVy/Vys Operating voltage tolerance + 10%
Iy Power consumption max. 350 mA3)
Vos (B-Y)-output 1.335V,,)H)
Vo (R-Y)-output 1.05 V, 1)
Vg (YAS) output 14V,.H
Ryo5, 07,99 Internal resistance 75 Q

fu Line frequency 15625 Hz
Afu/fu Tolerance < 1%

tq Sync pulse duration 6.4 us

tm Horizontal blanking time 12.8 us

th Rise time max. 30 ns
ty Fall time max. 30 ns
te Colour bar width 6.4 us

[— White bar duration 75 /o 3.2us

1) at 75 ohms

H Vg =13V
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fw100 White bar duration 100 %/, 3.2us
to Bladk bar duration 6.4 us
2o Relative colour bar amplitude 75 9/¢2)

Colour sequence: black
blue
red
purple
green 75 9%/
cyan
yellow
white
white 100 %

3.10 Grid and white level generator (FB 45-02)

Different test signals are required for development and service of TV
sets. The device shown in Fig. 3.10 supplies all signals necessary for
static and dynamic tests of the deflection, raster correction and conver-
gence circuits. Geometry and raster pairing may be checked with a
grid, the static and dynamic picture stability with a white field or
white bar. All test signals may be superimposed separately or combined
via 2 NAM-mixer (non additive mixing). The signal which in each
case is set to the highest instantaneous value, will appear at the out-
put. In this way the grid may always be used as a reference. The signal
generator operates independently and all signals are produced digitally.

A crystal-controlled multivibrator oscillating at a 20-times the line
frequency (312.5 kHz) serves as a clock generator. The line frequency
is produced in a divider chain (FLJ 121, FLJ 161). The H-components
for blanking, sync pulses, white bar and white field are produced in a
decoder (FLH 281). Needle pulses for the vertical grid lines are
produced by the differentiation of the 312.5 kHz pulses.

The lines are counted for the vertical division. The CCIR standard
requires a 24:1 divider (FLJ 121, FLJ 171) and the FCC standard
a 20:1 divider (FLJ 121, FLJ 161). The output of this divider chain
is connected to a 13:1 divider. The picture frequency is generated at

%) converted to R, G, B signals, referred to 100%e for peak white
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the output of this divider. The generator operates without any line
interlacing. For the CCIR standards we obtain 312 lines per picture
(instead of 312.5) and for the FCC standards 260 lines (instead of
262.5). The picture frequency is 50.08 Hz and 60.1 Hz, respectively,
referred to a line frequency of 15625 Hz. If a 314.685 kHz crystal
(line frequency 15734.25 Hz) is used for the FCC standard the frame
frequency is 60.52 Hz.

Another decoder LFH 281 is used to generate the V-components for
blanking, synchronization, white bar and white field. The horizontal
grid lines are produced via a diode gate. The grid has 12 X 16 fields.
1 vertical field and 4 horizontal fields correspond to the blanking time.
The white field has 10 X 14 fields, the white bar 4 X 14 fields. As line
interfacing is not used the V-sync pulse is simplified, lasting 2.5 lines.
However, it is synchronous to the line and divided. The signal compo-
nents are combined with the aid of gates (FLH 211, FLH 101). The
NAM-mixer incorporates 3 transistors BC 308. Blanking is done with
a BC 238 and S-superimposition with 2 BC 238.

A power supply of + 6.4 V is sufficient, however, a dropping resistor
and a simple stabilizer are provided for 12 V systems.

Besides the YAS output there are two further outputs which are con-
nected to a DC voltage of + 3V via 2 switching diodes (R-Y, B-Y).
The device may thus be connected with other test signal generators
to a common signal bus containing three signal lines (YAS, R-Y, B-Y).
The signals of a certain block are selected by switching diodes) of the
tive operating voltage. The output stages (or switching diodes) of the
other circuits are reversed through the signal of the selected blodk.

If R, G, B signals are to be used instead of (R-Y, B-Y), (YAS) signals,
the three outputs in the grid generator are connected to the emitter
of the output stage via 75-ohm resistors.

Technical data:

Vi Operating voltage 12V

AV /Vy, Operating voltage tolerance + 10%

I Current consumption max. 390 mA3)
Vs (B-Y)-output + 1.5 VY
Vs (R-Y)-output + 1.5 VY
Vs (YAS)-output 14 V,,1)

Rys5 07,29 Internal resistance 75Q



fu
Af/fi
Zecir
Zype
n
freem
Feree
Iy

vy

Lyy

Iy

ty

Loy
Lan
Xy
Xy
typ
Lypeeir

Lygrao

Line frequency

Line frequency tolerance
Number of lines CCIR
Number of lines FCC
Number of fields per picture
Picture frequency CCIR
Picture frequency FCC
Sync pulse duration

V-pulse 1

V-pulse 2

Rise time

Fall time

Vertical grid lines
Horizontal grid lines
Number of horizontal fields
Number of vertical fields
Horizontal blanking time
Vertical blanking time CCIR

Vertical blanking time FCC

1) at75 ochms
%) bandwidth at 50 %/6 down
H Vg, =13V

15625 Hz
104

312

260

1

50.08 Hz
60.10 Hz
4.8 us

56 us

28 us

max. 30 ns
max. 30 ns
max. 100 ns?)
1 line

16

12

12 ps

1.248 ms

= 19.5 lines
1.04 ms

= 16.25 lines
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4. Control and regulating circuits

4.1 Temperature control circuit for boilers
with proportional differential control (NO-7219)

There are varying heating-up rates in boilers operating on proportional
controls, depending upon load. In summer, with a closed mixing valve
and no heat requirements for the radiators, it amounts to 23 °C/min,
for instance, which Jeads to a thermal overshoot from 90 °C to 110 °C.
When operating with a working mixer, switched-on circulating pump
and load by the radiators, heating-up rates of approx. 3 °C/min will
occur. In this case, the overshoots may be neglected.

A temperature control circuit (Fig. 4.1) has been devised limiting the
water temperature to a set point independently of the heating-up speed.
An operational amplifier operating as a differentiator supplies an out-
put voltage which depends on the heating-up speed. This voltage is fed
to the non-inverting input of the switching amplifier via a transistor.
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Fig. 4.1

The thermistor voltage is applied to the inverting input. The higher
the heating-up speed, the earlier an interruption of the heating process.
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A practical test revealed an overshoot of 2 °C (nominal temperature
90 °C) in all cases of load.

The measuring thermistor M 81/10 kQ is arranged in a bridge circuit.
The boiler temperature may be set by means of potentiometer P,. The
thermistor tolerances at nominal temperature are thus equally balanced.
The thermistor voltage now lies across the inverting input of the
switching amplifier as a real value, the bridge voltage across the input
of the differentiator. The bridge voltage variation with time is differen-
tiated and available at the output as a voltage. The differentiating
section consists of the capacitor C, and the trimming potentiometer P,,
which may be used to aligne the capacitance tolerance and to adjust
the differential portion of the control to the entire heating system. The
potential is held at the non-inverting input of the switching amplifier
by the voltage divider. With rising temperature, the output voltage
of the differentiator increases, the transistor drives and raises the poten-
tial at the non-inverting input. This entails a reduction of the
switching temperature of the relay. The sharper the temperature
change, the lower the switching temperature. A negative differential
voltage in case of a temperature reduction has no influence because
of the transistor. Fluctuations around the nominal temperature will
diminish with an increase of the time constant T = C; X P, of the dif-
ferentiator. The relay switching point corresponding to temperature
also decreases.

The operating voltage is fixed in accordance with the relay at a maxi-
mum relay current of 70 mA.

4.2 Switching amplifier for solenoid

valve with BDY 88 (NP-7240)
The switching amplifier using BDY 88 (Fig. 4.2) operates without a
pre-stage and withstands short-term short-circuits. The switching ampli-
fier may be driven by LSL circuits.

The resistance to short-circuits is achieved by the transistor BCY 58
limiting the short-circuit output current to the nominal current of the
valve.

The circuit dimensions were chosen with respect to a solenoid valve
R =56Q, L = 50mH.

When the emitter resistor Ry, is matched, solenoid valves with switch-
ing currents up to 1 A at 24 V may be operated. As the short-circuit
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power dissipation is Pyg == 0.55 V/Rg, X V[ the emitter resistor
should have an optimum value.

The permissible short-circuit time is determined by the size of the heat
sink and the short-circuit power dissipation.

0424V
BAY 41
BOY 88
1R62
-0 0
Fig. 4.2
4.3 Fuse with automatic turn-on (NP-7202)

The presented electronic current control circuit turns off at a 1.5-fold
nominal current, i.e. at 1.85 A, and turns on automatically after a
short-circuit has been cleared or a sufficiently large load resistance is
given. The circuit (Fig. 4.3) consists of a differential amplifier TAA 861,
a switching stage T; and T, and an astable multivibrator Tj, T and T,
with the trigger transistors Ty and T, and the decoupler Ty. The current
which is limited by the load produces a voltage drop at resistor Ry,
which is compared with the voltage of the divider R,/R; at the input
of the op amp TAA 861. The voltage is set by R, and R, to 1.52 V.
With a lower voltage drop across Ry the op amp remains switched
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through, as well as the switching transistors T; and T,. The astable
multivibrator and the decoupling stage Ty are reversed by the trigger-
ing stages Ty and T,

When the load reaches too low an ohmic value the op amp limits the
output current. The voltage across the collector of T rises, Ty switches
through and thus reverses T,. The astable multivibrator is released.
Tg switches through after a short interval and raises the potential across
the non-inverting input of the op amp. Thus the switching transistor Ty
is completely blocked. During the pulse interval of the multivibrator Ty
is reversed, the op amp switches and T, turns on. When the ohmic load
is still too low the op amp throws back again and the operation
described is repeated. After the overload has been removed Ty becomes
conducting during the pulse interval, the multivibrator blocks and the
load current may flow freely.

The load control is performed at a high mark-to-space ratio (40:1) so
that even in case of a short-circuit the integrated power dissipation
at the switching transistor remains very small.

Technical data:

Operating voltage 10V £ 5¢,
Current consumption 150 mA

Load circuit voltage 48V

Max. ambient temperature 60 °C

Release current 1.85A

Pulse interval 500 ms

Pulse duration 12 ms

Heat sink 25 K/W

4.4 Delay circuit with TAA 865 (NM-7312)

It is relatively easy to achieve long delay-times with the operational
amplifiers TAA 861/865/A. When the operating voltage Vg is applied
to the delay circuit in Fig. 4.4 the relay connected to the output of
the op amp picks up immediately. It drops out again, however, after
the preset delay time has passed.

A corresponding magnet or signal lamp could also be used instead of
the relay. The function of the circuit is given by the fact that, during the
starting moment, the resistor divider voltage Vplies across the inverting
input { —) while the non-inverting input { + ) is more negative
because of the as yet uncharged capacitor C,.
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Fig. 4.4
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The op amp is thus conducting and the relais has picked up. This
condition, however, will prevail only until the voltage of the capa-
citor C charged via resistor R has reached the value V; across the

divider. The non-inverting input is then more positive and the output
of the amplifier is reversed. The resistors 1 kQ and 1 MQ serve to
generate a defined switching threshold.

The divider voltage was chosen in a way that the delay time will
precisely correspond th the time constant of the RC;-section. The delay
time may thus be calculated in accordance with the following equation:
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Because of the high leakage currents in case of electrolytic capacitors,
the capacitor should not reach a higher value than 1000 uf. The re-
sistor R may be varied between 1 kQ and 1.2 MQ.

The diode D, provides for a short repetition time. It bridges the
resistor R during the voltageless state and rapidly discharges the
capacitor via the low-ohmic divider resistors.

Technical data:

Operating voltage Vg 12V + 209/

Delay time ¢, approx. 260s

Repetition time ¢, approx. 12 s

Relay V23016 A — 0005 — A 101
Switching power 120 W = 3.5kW ~

4.5 Three-phase current phase-angle control
for star and delta circuits (with 100 triacs) (NP-7231)

A triac control circuit has been developed especially for ohmic loads
in a way that 100 loads operate in parallel with a nominal power of
3 kW maximum each. They may be operated in star or delta connection
on three-phase networks with 130, 220 or 380 V. The power is
controlled by the phase angle.

The control amplifier compares the set and the real value and feeds a
voltage corresponding to the control deviation to the phase angle
control circuit which is required for each phase. The temperature
nominal value is set by means of potentiometer P. The true value is
supplied, for instance, by a thermistor. For manual control operation,
the nominal frequency selector may be directly connected to the
phase-angle control.

A delta connection of the loads is only feasible if the triacs are in-
corporated in the phase line. Therefore a potential separation is
required between the triggering and control circuits. The potential-
free signal transmission from the phase-angle control circuit to the triac
triggering circuit is performed with the new optoelectronic coupler
CNY 17. Up to 100 triacs (3 kW max. each) may be simultaneously
triggered by the three power stages.

Anti-interference sections are required in the load circuit of the triacs.
The op amp IS 1 (Fig. 4.5.1) amplifies the differential signal between
the set and real value and supplies an output voltage of about 0 to
+6 V. A following integrator Ry, C, is used to avoid hunting. The
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nominal frequency selector, potentiometer P, is connected to the
stabilized voltage + V|, = 6 V.

Op amp I, feeds current to the light-emitting diode of the opto-
coupler CNY 17, when the voltage #,, = + V|, — #., drops below
the control voltage.

The capacitor C, 1s charged via resistor R,. The time constant T, =
R, X C, was selected in a way that during a half-cycle of the 50 Hz
AC voltage (t= 10 ms) the voltage #,, falls from + 6 V1o 0.

The triggering circuit 4.5.2 consists of a power output stage with
2 X 2 N 3055 and of a threshold switch with BSV 15 and BCY 58.
It is triggered by the optocoupler (CNY 17).

CNY 17

.

W

W for o quontity up to 50 triacs eoch one 2N 3055 is required
Fig. 4.5.2

The power output stage may fire up to 100 triacs simultaneously. The
power supply of the triggering circuit has not to be stabilized.
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Selection of triacs.
The following triacs are suggested for different loads:

Nominal Max.

voltage nominal Nominal

(50 Hz) power current Triac S§F

130V 0.5 kW 4 A TX C01 A40 2.18
220V 1kW 5A TX C0t1 A5C 1.61
380V 2 kW 5A TX E99 A90 1.67
380V 3kW 8 A TX E99 A90 1.67

*) Selected voltage safety factor
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5. Circuits with optoelectronic and magnetic devices
5.1 Transducers for DC and AC currents (NG-72083 a)

The transducer shown in Fig. 5.1 may be used for a no-voltage
measurement of DC currents with changing polarity or of AC currents.

390
o]
+12V
5
Irneus
A M o E
W]l
2x 2
FP300 T
250E we
—
Iout
3 (max. 30mA)
970 Bﬁ/
50
——+ e}
390 -12v
Fig. 5.1

Two magnetoresistors arranged in a magnetic circuit operate as meas-
uring sensors. Design of the magnetic circuit, arrangement and dimen-
sions of windings are described in “Design Examples of Semiconductor
Circuits” 1973, Chapter 5.6.

Positive and negative output currents may be generated at low losses
by the push-pull output of the op amp TAA 521.
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Op amp TAA 521 controls the output current in a way that the
magnetic induction produced by the measuring current is compensated
and that the ampere-turn values of the two coils are identical.

The amperemeter indicates the output current. The total load resist-
ance of the op amp should be > 200 Q.

5.2 Light-barrier with LD 261/BPX 81 (ELE-720714)

Fig. 5.2 shows an light-barrier for scanning of punched cards. It
essentially consists of the light-emitting diode LD 261 and a photo
transistor BPX 81 with a following amplifier transistor BCY 58. When
light strikes the photo transistor the latter and the following transistor
will switch through. A current of approximately 8 mA is generated
and a voltage drop of V,==3.2 V occurs at resistor Ry. Under darkened
conditions, a current of about 1 mA flows. The maximum light/dark,
current ratio therefore is appr. 1 : 8.

mask
' BPX8I BCY 58 VI
o t }: EE R1BJ3-91<
aldistance) =10 mm C,:\_,;

390 2| |R, Osc.

When R, = oo, the response limit is already reached with standard
punched cards also outside the holes. With this resistor, a sensitivity
correction (or setting) may be obtained for the switch-off point.
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The switch-on limit (no absorption in light path = switching to high
current) is reached with a resistor R, of approx. 300 k€.

In this design, the load on the light-emitting diode LD 261 is, on an
average, considerably lower than in conventional designs where the
diode draws current continuously.

This arrangement switches when the amplification through the feed-
badk circuit exceeds the value of 1 (electrically and optically). The
ambient light therefore does not lead to any switching operation,
however, it may overdrive the circuit. With an optically unshielded
design, an ambient light of approximately 200 Ix is permissible in
practice.

The switching hysteresis amounts to approximately 25 9 referred to
the switching point light/dark.

When a TTL circuit is connected a reverse current will flow via resistor
R, in the switched-off state so that there will be a voltage drop of up
to 0.63 V across Ry. The input voltage must be < 0.8 V for the TTL
circuit to recognize the state as being 0. In case of possible deviations
of dimensions, this resistor may be changed and chosen = 100 Q at
Vy=5V.

5.3 Circuit for extremely low illuminances (ELE-720615)

Automatic exposure meters (Fig. 5.3) are described in which the
photo current of an optoelectronic sensor is integrated over the
exposure time. Photo resistors do no longer operate satisfactorily in
case of low illuminances, neither do commercial photo diodes. The
special photo diode BPX 63 therefore was developed to mark a
particularly low reverse current. In the known circuits, the signal
voltage is directly amplified; in this case an inverse feedback which
changes with time provides that only the signal voltage variation is
utilized during the exposure period. )
The aim is to control exposures even at illuminances of 10-2 Ix fully
automatically. But even the signal voltage of 0.5 mV available with the
new diode is still too low for a direct DC voltage amplification.

A novel circuit (Fig. 5.3) for automatic exposure meters has therefore
been developed. The light permanently strikes the photo diode D,.
When the switches S; and S, are closed the photo current is short-
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circuited. The field effect transistors T; and T,, together with the
resistors R; and R,, operate as source follow-ups. The gate current

52
) + a—0s3Y
[z'fﬂp
‘I ——o0
-«——0-3V
I
: TV 106
R | 33k
- TAA 861
R| 133k
Ryl B2k mkﬂ/ﬂ

Fig. 5.3

of the FET T, must be considerably lower than 1 pA because the
circuit cannot differentiate between photo current and gate current.
When the switch S, is closed the output of the op amp is connected
with its inverting input via the FET T,. The transmission coefficient of
the inverse feedback path thus formed is almost 1. The voltage trans-
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mission coefficient from the control electrode of each field effect
transistor to the op amp output therefore is also only 1. This means,
however, that the drift voltage and the offset voltage of the two field
effect transistors and of the op amp proceed unamplified to the output.

When the switch S; and also S, are opened the high inverse feedback
is interrupted. The operating point of the FET T, shall not shift when
S, is opened. The capacitor C, therefore stores the voltage that has
been applied to the gate of field effect transistor T, shortly before
opening the switch.

The diode photo current charges the integration capacitor C,. The
voltage across this capacitor rises linearly with time. The bipolar
transistor T, together with the resistors Ry and R,, at this time only
serves as a phase inverter for the output stage of the amp. This
amplified and phase reversed signal lies at the base of the integration
capacitor C,. The capacitance is thus apparently increased by the loop
gain — that is about 3000-fold. Relatively small integration capa-
citances may therefore be used. The output voltage of the amplifier
was about zero at the beginning of the exposure time. During the
exposure time it continuously rises to about 1 V. At this value the
base voltage equals the collector voltage of transistor T, Now the
transistor Ty no longer operates as an amplifier. The output signal of
the op amp proceeds directly, i.e. without any phase reversal — to
the base of the integration capacitor C, via the base-collector diode
path. This, however, means a positive feedback. This positive feedback
has the result that the output voltage of the op amp will jump to the
value of the positive operating voltage within a few microseconds. The
current flowing through the load resistor R; becomes zero. The load
resistor R, for instance, is a traction magnet which may cause an
exposure at zero current. It will do to switch on the operating voltage
shortly before opening the switches S, S,. The transient period that
passes before we may start with the exposure time after application
of the voltage is shorter than 1 ms. The capacitor Cg is used to avoid
any self-oscillation.

Shortly before switching, the output voltage of the op amp is 1 V. The
difference of the source voltage drift between the two field effect
transistors may not exceed 0.5 mV during the exposure. Almost any
MOS FET may be used for this task provided the gate current is
much lower than 1 pA. In case of lower requirements, bipolar transis-
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tors may also be used. The measurements were carried out with the

aid of the SIEMENS experimental model TV 106.

Technical data:

Operating voltage

Iluminance

(in front of filter BG 38/1.5 mm)
Exposure time at 10-2 Ix
Measuring error at 102 [x
Temperature range

5.4 Pressure gauge with MR-sensor
FP 210-D 250

T3V

1021x

125

< =+ 209,

— 30t + 50 °C

(NG-7237)

A pressure measuring circuit has been designed (Fig. 5.4) with the
magnetoresistor pair FP 210-D250. The MR-sensor and two addi-
tional resistors are connected to a bridge, which lies at the input of op
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amp TAA 865. Due to the application of an MR pair the high tempera-
ture coefficient of a single magnetoresistor in case of ambient tempera-
ture variations largely remains ineffective. The bridge voltage is sta-
bilized by a Z-diode and is thus independent of the battery voltage, for
instance. In accordance with the stroke the output current may be
influencend by the feedback resistor R, and by the space between a small
additional iron sheet and the sensor. The maximum needle deflection
to both sides may be set symmetrically on center by the resistor R,.

Technical data:

Operating voltage 14V £ 159,
Max. current 20 mA
Ambient temperature — 25t0 + 80°C

5.5 AC current transmission with
optoelectronic coupler CNY 17 NF-7302-09)

Optoelectronic couplers may be used not only for a floating transmis-
sion of binary signals, they also permit a potentialfree transmission of
analogue signals without a transformer.

The frequency bandwidth of the coupler surpasses the requirements
of AF-transmission engineering. The upper cutoff frequency is ap-
proximately 140 kHz, the lower cutoff frequency is O Hz. In contrast
to the transformer, the coupler also lends itself to the transmission of
DC currents. The non-linear distortions produced by the coupler:
are below 19/ provided a proper choice of circuit and operating
point 1s made. Optoelectronic couplers may be employed in AF
coupling fields and mixer units in order to avoid hum pickup, for a
potentialfree connection of an AF-amplifier to a TV set, in meas-
uring and control engineering.

Fig. 5.51 shows the transmission characteristic of a typical opto-
electronic coupler, type CNY 17, with a collector resistance and a
transmission coefficient of approximately 100 9/p at various operating
voltages.

The couplers are classified in groups in accordance with the transmis-
sion ratio. The spread of each group covers & 33 %/,

In case of a high supply voltage for the sensor and a small collector
resistance the inevitable tolerances take the least effect on the signal
transmission.
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The coupler, however, produces the lowest distortion factor when
operated at the turning point of the characteristic. A signal transmission
which is particularly low in distortions therefore requires the optimum
setting of the operating point of the photo transistor. This is best done
on the transmitter side of the coupler by changing the current of the
light-emitting diode. Any balancing of the collector resistance may
unfavourably influence the voltage-frequency-response and the dyna-
mic characteristics.

For instance, at Iy = 5 mA, the output signal should be 80 mV for
an unweighted signal-to-noise ratio of 50 db, as required for Hi-Fi
engineering.

The upper cutoff frequency of the light emitter may practically not
be raised by measures of circuitry. A large signal-to-noise ratio is
achieved with a high input signal. Small input signals may be amplified
through the emitting circuit.

Fig. 5.52 shows a basic emitting circuit. The operating point of the
photo diode is set with the resistor R. For a low distortion factor,
the current is controlled via resistor R, which is constiderably higher
than the dynamic resistance of the light-emitting diode of approxi-
mately 10 Q.
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A high input resistance of R, == 140 kQ and a voltage gain of g, =~ 16
are shown by the circuitin Fig. 5.3.3.

Fig.5.5.2

N\
A R R
1y BCY 78 YT TR,
. 2
= V. 2
i) .
; 16
hpe ¥~ 2
/- T
A = 140k mg {noise voitage : 0,47 mV )
o _L 00
Fig. 5.5.3
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The following circuit (Fig. 5.5.4) is suitable for transmission of
higher frequencies. The upper cutoff frequency of almost 100 kHz is
achieved with an AC feedback from collector to base of the photo
transistor. The dynamic characteristics and the transmission ratio,
however, are reduced. The signal-to-noise ratio reaches 65 db.

<12V

Re

&7p Tk
D————————O Vout
i (0,26v)
100 k i:\:
Z} CNY 17

010

noise voltage:0,16 mV

Fig. 5.5.4

A two-stage amplifier with an inverse feedback to the base of the photo
transistor results in an upper frequency limit of 140 kHz, a small
output resistance of 70 Q and a great dynamic range.

5.6 Mains operation of light-emitting diodes
110/220 V (NF-7215)

Light-emitting diodes may relatively easily be operated at 110 V or
220V AC mains, 50/60 Hz.

An indication sufficiently flicker-free for the eye is already ensured in
a half-wave operation of the diode. Circuits with an ohmic or capaci-
tive series resistance and a thyristor phase-angle control may be used.
The circuit with the lowest loss is that using a capacitive series resis-
tance (Fig. 5.6.1). It requires about 0.5 Wor 1 W.
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The arithmetic mean of the LED-current is approximately 20 mA.

S5k/10W
(25k/SW}

220V
mov) 56/60Hz 1= 20mA
BAY 61 N
N
o N

Fig. 5.6.1

The power across the series resistor is high — 10 W in case of 220 V
and 5 W in case of 110 V in a circuit using an ohmic series resistor
and a parallel diode (Fig. 5.6.1). The parallel diode only requires a
reverse voltage of a few volts. It is used to keep the reverse voltage
across the light-emitting diodes small during the negative half-wave.

In case of a circuit using the capacitive series impedance (Fig. 5.6.2) the
diode current is determined by the capacitor. The resistor serves to
limit the current when switched-on in the voltage maximum. A

parallel diode with a lower reverse voltage will be sufficient.

o _.L MKV (B25891)
058 (15 )
228V 47071W
(o v) 1270/05W)
Ip= 20mA
BAY 61 N
N
™

Fig. 5.6.2



For a parallel operation of several light-emitting diodes, a phase angle
control as described in “Design Examples of Semiconductor Circuits”
1973, 6.2, may prove advantageously. At the end of the positive half-
wave it will switch with a small angle of current flow (« == 25°). The
circuit may be operated without any modification with 220 Vor 110V,
50/60 Hz.
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6. Power supply circuits

6.1 Sine-trapezoid switch-mode power supply
220 V~ 2 x 40 V/1.25 A with
mains separation (PN-7212-06)

Power supplies with higher frequencies enjoy considerable advantages
over conventional 50 Hz power supplies, especially when a stabilized
output voltage is required.

Features of the switch-mode power supply:

Mains separation (VDE) — low weight — effective balancing of
mains voltage variations (£ 10% — * 19/) — good stability of
output voltage (< 59/6) in case of load variations (— 50 %) — low
hum voltage (<C 1 %/0) — ideal switching characteristics of the switching
transistor — low edge steepness (sine/trapezoid) — short-circuit
proof — good alterning load characteristics — switches off in case of
excess mains voltage — high efficiency (approximate 70 %/p) — low
overall expenses.

Description of circuit:

The rectified mains voltage — the operating voltage Vy for the
switching transistor T, — is generated across capacitor C; (Fig. 6.1) by
diode D,. The transformer Tr (L) and C; result in a resonant circuit
with an oscillating frequency of approx. 20 kHz, which supplies the
feedback voltage for the base via winding n,. The negative feedback
half-wave is kept small by the diode Dy so that the transistor T,
receives only about half the peak-to-peak voltage of n, as a reverse
voltage across the base. The winding nj supplies, after rectification,
the operating voltage for the control transistor Ty which is controlled
by the reference diode Dj.

The exact output voltage is set at Rg. The control current via T,
causes a varying base bias across C; with the base of T, receiving more
or less strong positive half-wave currents. The switching time and the
collector peak current I, are thus controlled. The secondary winding
n, of Tr forms the output part together with Dy, Cy, Dr 1 and C,,
which supplies the rectified and filtered output power of 2 X 40 V/
1.25 A.

The oscillating frequency depends on the load and the operating
voltage. The curve shape changes from a sinusoidal to a trapezoidal
shape. The oscillator circuit L—C,, in conjunction with the biased base
control, is used to obtain an “ideal” switching behaviour. The base
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control only sets in when the collector oscillating voltage has reached
the value of zero. In the following charging phase of the transformer
inductance L the collector current{; rises from negative (inverse) values
continuously up to a defined (by the control part) peak current. The
switch-off phase of the current causes the collector current to fall
towards zero before the collector voltage across the switching transistor
may rise. The capacitor C; wants to maintain its voltage while the
current I has sufficient time to fall off.

LoV Drt D1 T BY 250 R,
' 100 pH ET Mo 220V~
* e D2
HHE
o 20p/ 'pr/ o ¢ 220
L Cy== L= =aC ==C
s :L _L o8 ! B/ | 220p00] i °
fort c; i 700V | 350V 250 -
2200/ 0p/ . , ‘
35 70 N 68/7 | 124 medium slow blow
- O RS 7 7 L__:}R {—Fr—+t—70~
A Dry ! 33K2W, R, Sit
I——OO— lead
»
« same polarity
1N (beginning of winding}
5
]
' ' BZY 83 C24
)
T jgng *%CB D5
s LIF
%6
R, [12.2/ 12
G5 1o BD 675
B25 10C Lz'zk
D4 ‘
Fig. 6.1
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With more or less DC bias across the base more or less fedbadk base
AC voltage is controlled, with the switch-on time of the transistor
becoming longer or shorter. Single or two-stage DC current amplifiers
may be used as variable gain amplifiers (Ty). Two-stage amplifiers
produce an improved stabilization of the output voltage at lower hum
volthge, however, with an unfavourable RF filtering in the amplifier,
they more easily tend to AF hunting. With the darlington amplifier
here provided for hum values of =~ 19 (V) are achieved with
nominal load. The mains voltage (220 V) is rectified by means of a
half-wave rectifier.

Under low load, the DC voltage rises from 0 V to approx. 200 V
within 3 to 4 ms, and after 20 ms further to 260 V within 3 ms and
again after 20 ms to 290 V within another 2.5 ms. After about 5 X
20 ms the final state is achieved. Under load, the voltage rises somewhat
more slowly and reaches its balanced condition at, for instance, 260 V.
It may therefore be concluded that during the first rise in voltage the
RF oscillation must set in early enough so that the switching transistor,
from the very beginning, starts to oscillate under very good (ideal)
switching conditions. If oscillation would only set in at higher voltages,
impermissible losses may occur in the family of characteristics.

Switching characteristics

The circuit has been designed in a way that the active family of charac-
teristics is not covered above all in the range of higher sensitivity against
overload. There are virtually only the states “current” or “voltage”
with the transistor. This ideal switching behaviour becomes feasible
only with an oscillating circuit in conjunction with the delayed control
provided for in this case. This oscillator circuit principle offers a:
further advantage, namely that the transformer for mains separation
may be realized much more easily because square-wave voltages do not
have to be transmitted.

Switch-on behaviour

In case of large secondary charging capacitors (C,!) the initial load is
higher and lasts for a longer period of time. The transformed overall
value of the secondary charging capacitor may not be dimensioned too
large.
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After switching on, the oscillation at first starts with about 5 oscillations
of a lower frequency (1/s to 1/z f) and has reached the nominal frequency
at about 15 to 20 oscillations. With the capacitor C; completely dis-
charged, the oscillation fires approximately at Vi = 100 V. The
buildup time constant of the oscillating system should be smaller than
the switch-on time constant of the rectified mains voltage because the
oscillation buildup will thus always remain within the permissible
range of characteristics. A relatively rapid rise of the RF-AC voltage
against the rising operating DC voltage shall thereforce be warranted.
In any case, it must be ensured that the oscillations switch through
completely. The resistors R, and R, on the mains resp. C; must there-
fore dimensioned large enough.

Decay behaviour and rapid reswitching

Within the family of characteristics the decay takes such a course that
the operating loop becomes continuously smaller until the oscillation
is broken off at approximately V = 50 V. The circuit may be switched
on again immediately and without any danger. The oscillation is “fired”
then a little later than with a completely discharged capacitor C;.

Switch-off behaviour in case of load short-circuit

The kickback supplies energy to the charging capacitor C, via the
high-speed diode D;. In case of a short-circuit, after the rise of the
voltage across Cg from Vi = O a sufficient voltage can by no means
be generated as of Vg, which would permit an oscillation from Vg .,
down to Vs = 0 (only £ V referred to Vy is feasible). The base' AC
voltage thus remains much too small to get from the reverse voltage
across capacitor C; into the positive control zone Vg = 0.6 V. The
transistor T; remains reversed immediately and safely. The oscillation
stops. The voltage across C; is reduced considerably more slowly than
the circuit voltage which, strongly damped by the short-circuit, decays.

Switch-off behaviour in case of excess mains voltage

With a rise in mains voltage the charging time of the transformer
inductance L via the transistor becomes shorter. Under constant load,
however, the discharging time via diode D; must remain constant
because an equal amount of energy is taken away. The control circuit,
however, forces shorter transformer charging times by the transistor,
and the voltage amplitude of the negative half-wave (= V) rises.

The voltage of the positive half-wave, however, only permits an
influence to such a maximum negative value which corresponds to the
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preceeding positive half-wave, i.e. with a further increase in Vy the
flyback voltage, Vo = 0, is no longer achieved. Thus there is also no
more “firing” feedback voltage. The voltage across capacitor C; rever-
ses the transistor and the oscillation breaks off damped with Rs.
Connection of the power supply to an impermissibly high excess volt-
age will lead to its immediate switching off after a short build-up. The
power supply is thus also excess-voltage proof.

Alternating load behaviour, electric strength of switching transistor

An alternating load from 100 %6 up to about /10 of the nominal load
is feasible and permissible. When the filtering capacitors C and C; are
not large enough, however, a short-term unloading as well as loading
in the excess voltage range may cause the oscillation to switch off. The
transformer may not be dimensioned too small, i.e. the positive oscil-
lating voltage should be chosen at least 10 9/o higher than the maximum
“charging oscillating voltage”. The latter should equal the maximum
rectified excess mains voltage. Wé thus arrive at a maximum collector-
emitter voltage for the transistor of Vep e = 11 Voo + Vi o =
2.1 Vg pax)- A switching transistor with Vegy = 750 V for an excess
mains voltage of 250 V. will just do for alternating load operation
from N, — N, = 0. With constant load the demands on the col-
lector voltage Vv are reduced to approximately 600 to 700 V.

Open-circuit behaviour

The power supply, on principle, permits unloading up to the open-
circuit state. With a break-off of oscillation, the decay time constant
of the oscillating circuit L-C; must be smaller than the time constant
of the base wiring Rq—C; so that there will be no “refiring” (control)
during the unloaded decaying operation. With an insufficient damping
(R,) any restriking might jeopardize the transistor.

Control range, hum voltage

The simplest control amplifier is a single-stage DC current amplifier
as shown in Fig. 6.1. The control range is larger with a lower load
than with a higher load. Mains voltage variations of + 10 9/o are well
balanced under nominal load to approximately & 19/p and less, espe-
cially when a mains bridge-connected rectifier is used instead of the
single diode.

*) without overshoot at transformer
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Switching-on again after a short-circuit or turning off an excess voltage.
With a secondary short-circuit or turning off an excess voltage the
operating voltage rises to its peak value and remains at this value until
switched off on the mains side. The capacitor Cy may, for instance, be
discharged via the resistor R;. This resistor also constitutes a basic
damping for the oscillating circuit — which is important in case of an
automatic switching-off of excess voltage. The ideal solution is to induce
a very rapid discharging of the mains electrolytic capacitor with the
mains switch turned off. The mains switch should then be designed as
a change-over switch.

Interference behaviour

As the edges of the RF-AC voltage are by far not as steep as with
square-wave voltages the capacitive spurious RF-radiation is low. The
remaining magnetic radiation may be largely reduced by shielding
which must be connected with the mains neutral wire (earthing contact-
type plug), when a low radio interference is to be obtained. Same has
to be done with the ground wire on secondary side.

Semiconductors:

T, transistor TV 146a (development sample)

T, transistor BD 675

D, b/ diode E 3010 (with heat sink 15 cm?)

D, diode BY 250

D, diode B 2510C

D, diodeB 2510 C

Dj Z-diode BZY 83/C 24

Dr,/Dr,/  10mm ¢ X 40 mm L =~ 100 uH (with AF core)
Tr oscillating transformer (U 59)

Transformer data:

Position -
T |
winding 9"‘“"3[ Turns / Wire

Terminal Insolation

10 —ﬁ Brums 40,80

D wwms 2x070 2X0.05 mm 3
20 turns  2x0.70 2XD.05 mm
N R ) ]

Remarks [> 1 Core: U 59 I Insolation material:
Direction air-gap of each leg 0.8 mm Makrofol
of winding | | Bobbin:

| | Tube of laminated paper

100



6.2 Sine switch-mode power supply for
halogen projector lamp 12 V/100 W

The design of the RF power supply circuit shown in Fig. 6.2 for a
100 W halogen projector lamp is remarkably simple. The lamp is
directly fed by the secondary winding. Besides the 50 Hz power supply
it only consists of a siferrite transformer U 59 (or U 56) and the
switching transistor with base RC-section and starting section Ry ... C,.
The lamp power is adjusted with the base resistor.

¢« O 220 V~

100 W Halogen

Projector - lamp

Ry Si1
e e Ol
- L 68/5W
* same potarily { beginning of winding}
F—o0- (ead

Fig. 6.2

In principle the circuit operates as described in chapter 6.1.

The secondary winding (7 ... 8) must here be arranged on the second
leg of the U core so that a certain leakage between the secondary and
primary winding is achieved. This is important because the halogen
lamp practically constitutes a total load short-circuit during the switch-
ing-on.
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The power supply is short-circuit proof and open-circuit proof. Under
no-load conditions (lamp is defective!) the collector voltage rises to
approximately 1100 V so that in this case a transistor must be used
reversing at higher values (BU 108). If a certain control effect shall
come to bear in case of mains voltage changes a single-stage control
device has to be added, as described under 6.1. This also includes the
reference winding (5 . . . 6) at the transformer.

Transformer data:

Core: Siferrite U 59, material N 27

Air gap: 0.8 mm per leg

Winding

1...2 80 turns 2 X 0.7 mm @ CuL (leg 1)
3...4 1 turn 0.5 mm ¢ CuL (inside, leg 1)
5...6 4 turns 0.5 mm @ CuL (leg 1)
7...8 5 turns 6 X 0.7 mm @ Cul (leg 2)

6.3 Controlled DC voltage converter

24 V-5 V/5 A with curfent limitation (NR-7301)
A DC voltage converter with voltage control and current limitation
has been designed with the high-speed, triple-diffused power transistor
BUY 55 and the high-speed power diode SSiE 3005 serving as switch-
ing stages. The control frequency of the transformer lies above the
range of audibility at about 20 kHz.
The DC voltage converter permits a mains-independent emergency
power supply for TTL circuits from a 24 V accumulator as required
in power plants and plants with similar security demands. It is charac-
terized by its high efficiency of about 70 9/,

Technical data:

Operating voltage 24V + 259,
Oscillating frequency == 20 kHz
QOutput voltage 5V(3...6V)
Max. output hum voltage 20mV,,
Min. output current 03A
Max. output current 5A
Current limitation at ~~5.5A
Voltage stabilization factor AVa : AVe 0.04

Va Vg
Internal resistance 17 mQ
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Efficiency atVy =24V, V, =5V
I, [A] 05 1 2 3 4 5

n [%] 61 65 70 68 68 67
Thermal resistance of heat sink for

T, <7TK/IW

Dy <5K/W

Circuit description:

The DC voltage converter consists of the astable multivibrator Ty,
T, whose pulse interval is determined by the control transistors Ty
and Tg, and of the switching stage Tj, Tg, Tr.

The power transistor BUY 55 charges the storage inductor L and
the charging capacitor C;. When the transistor T; is reversed the
inductor feeds energy to the capacitor C; and continues to charge it.
The capacitor C; is continuously discharged via the output DC current
over the entire period.

An additional filtering of the output voltage is obtained through the
resistor R and the capacitor C;.

The differential amplifier Ty, T, compares the output voltage with the
reference voltage across the trimmer potentiometer 5 kQ and controls
the reverse time of T, via Ty, which approximately corresponds to the
switch-on time of T.

The transistor Ty serves to limit the output current. As of 5.5 A, the
current will be limited. The output voltage will then fall off and the
inductance may discharge itself only little. The short-circuit current
therefore rises to about 7 A.

Output currents of below 0.3 A may no longer be adjusted by the
multivibrator so that the output voltage rises. A basic load may
possibly be required.

6.4 20 kHz thyristor power supply
220 V~[5 V=40 A (PN-7212)

The power supply described represents a short-circuit proof and open-
circuit proof 20 kHz switch-mode power supply 220 V, 5 V, 40 A,
using the thyristor BSt CC 0146 R and the high-speed diodes SSi E
3005 and SSi E 3015, suitable for professional applications, such as
data and communication engineering.

The self-oscillating thyristor power supply here shown is a very safe
switch-mode power supply. The presented design only supplies a single
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operating voltage of 5 V and may replace to advantage conventional
power supplies using a mains frequency transformer and a series
transistor control.

The thyristor BSt CC 0146 R represents an integrated component
which is used as a switch.

An approximately square-shaped voltage is generated across the trans-
former. Its peak value corresponds to the DC voltage across the charg-
ing capacitor Cg.

The output voltage is stabilized to about 0.2 to 0.6 %/ in case of mains
voltage variations of + 109s. In this case a mains hum of about
10 mV,, to 60 mV,, will remain. When the load is changed from
100 % to 25 %/o the output voltage change will be smaller than 1 %
(40 mV). The power supply is adjusted to 5 V by means of Ryg. The
thyristor and the diodes at the output must be adequately cooled;
proper heat sinks must be used.

RF power supplies operate on square-wave voltages of approximate
15 to 25 kHz at amplitudes of about 550 V, i.e. they result in a
corresponding natural interference spectrum. This radio interference
or interfering voltage conduction into the mains must be prevented by
suitable shielding measures (perforated or full metal sheet) as well as
by chokes and blocking capacitors. Cooling must be maintained.

The efficiency achieved with this device is about 65 %. The transformer
technology at higher frequencies requires particular care. Multi-wire
windings, parallel as well as series circuits and, in part, RF stranded
wires are required. The two legs should be wound with wire in order
to improve the leakage and, above all, the cooling conditions.

The output voltage which is rectified by the transistor T 44 and trans-
formed by the small transformer Tr 40 to the primary side serves as a
contro} variable. In comparison with the reference diode D 17 the
control transistor T 15 is controlled, which will influence the thyristor’s
firing time via diac D 13.

Technical data:

Mains voltage 220V ~ 50Hz
Output 5V/40A

Mains control (V4 T 10 %) 0.2% t00.5%

Output voltage change

(with load 100 % to 50 %) 0.25 %

Hum voltage (V, + 10 %) 0.2 %10 0.6 %

mains
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6.5 Sine power supply with high voltage generation
220 V ~ /16 kV and mains separation

The power supply for b/w TV sets suggested below operates basically
like the power supply described under chapter 6.1. However, it has a
bridge rectifier instead of a half-wave one and a two-stage AGC
amplifier which must be designed in a way that an excessive RF inter~
fering voltage will not affect the control circuit. A RF filtering may
influence the control speed and favour hunting, especially during
unloaded operation. The operation on a TV set, however, constitutes
an almost constant load. To obtain a more uniform load on the power
supply it is suggested to use an (ironless) class-A push-pull output
stage for AF and grid control for the video signal control. The beam
load and the video output stage load are thus balanced to a more
uniform transformer load.

The remaining mains hum is very low with a two-stage AGC amplifier
<C 0.2 V. This is supported by the constant load of the reference
voltage.

The power supply (Fig. 6.5) supplies all voltages required in 2 TV
set. To obtain a favourable rectification of the high voltage the trans-
former has to be designed in a way that a duty cycle of at least about
3 : 1 is achieved. The indirectly stabilized high voltage may thus be
rectified with a suitable high-tension stick. As all required voltages
including the high tension are derived from the power supply, a deflect-
ing transistor BU 110 may, for instance, be fed via a simple and in-
expensive inductor. The deflector, in this case, remains free from the
transformer connection to the high tension. Therefore spark-overs may
not affect the deflecting transistor.

A voltage doubler may be used for the high-tension rectification instead
of a high-tension stick TV 18 S at about half the number of turns
(12-13). In this case, however, a small uncontrolled share of the mains
voltage (£ 1.5 %) and a mains hum voltage of (£ 5 %) remains on
the high tension. These values, however, are probably still within per-
missible bounds.

The spurious RF radiation of this power supply precisely corresponds
to a conventional tube or transistor-deflection circuit using a high-
voltage transformer.
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The clear advantage of this circuit, to have a separate complete power
unit with mains separation, is opposed by a slight drawback, namely
that the frequency is freely oscillating and any remanent RF inter-
ference must therefore be better filtered as they could influence the
video range.

Transformer Tr 1

Siferrite U 57 Material N 27 L. = 0.8 mm per leg
1... 2 141 turns0.55 mm @ CuL (primary)
3... 4 2 turns 0.55 mm ) CuL (feedback)
5... 6 5 turns 0.55 mm ) CuL (reference)

7... 8 9 turns 5 X 0.55 mm ¢ Cul (30 V load)

9...10 24 turns 0.25 mm @ CuL (150 V video voltage)
10...11 34 turns 0.25 mm ¢ CulL (9-11, 400 V, V5 + Vi)
12...13 1520 turns 0.11 mm ¢ CulL (high tension; leg 2!)
14...15 3 turns 0.55 mm (» CuL (heating picture tube)
16...17 24 turns 0.25 mm () CuL (+ 150 V; leg 2, inside!)

6.6 50 Hz power supply, thyristor-controlled
220 V/175 V + 19

The power supply described in Fig. 6.6 operates with a bridge of
four diodes B 0540 or a bridge-connected rectifier B 1240. The 100 Hz
half-wave voltage thus generated may be filtered with standard elec-
trolytic capacitors (in this case 2 X 200 uf, B 43298 — S 4407 — 71).
Control and rectification is done by a thyristor BSt B 0246 which is
periodically fired in phase-angle control, which derives its firing pulses
from a regulating circuit. This circuit — only a pure backward-acting
regulation is being applied — consists of a voltage divider which
compares part of the output voltage with the fixed voltage of a Z-diode
BZY 85 C 24. The difference between these two voltages is applied as a
control voltage to the base of the control amplifier transistor BC 237 B.
The transistor acts as a variable resistor which influences the 100 Hz
phase shifter consisting of the collector resistor (47 kQ), the internal
resistance of the transistor, the capacitor 0.1 uf at the collector and
another phase-shifting RC section. The output voltage of the phase
shifter is fed to the starting electrode of the thyristor via a diac (A 9903).
Thus the ignition time comes after the maximum of the 100 Hz sine
half-waves and is shifted on the trailing edge of these half-waves
depending upon the amount of the output voltage. A standard filtering
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section removes the superposed 100 Hz hum up to a residual of 0.6 V.
The output voltage of about 175 V is held constant to + 19 at *
10 %, mains voltage variations.

Data:

a) Ata filter resistance of 136 Q:
175V £ 1 % at 350 mA current consumption
hum voltage: 0.6 V,,

b) At a filter resistance of 100 Q and a current consumption of 0.55 A
we have an output voltage of approximately 170 V and a residual
humof 1.3 V.

6.7 Trapezoidal power supply with mains separation
220 V185 W (PN-7302-07)

The switch-mode power supply suggested (16 to 20 kHz) supplies an
output power up to 185 W. The voltage has an about trapezoidal
curve shape. The relatively small edge steepnesses (5 usec) result in low
RF interferences, which are filtered by suitable chokes and capacitors
at input and output. Output voltages of, for instance, £ 24V, + 75V
(or 2 X 75 V) and + 250 V and 6.3 V4 are provided for (Fig 6.7).
The mains rectification is carried out by a bridge-connected rectifier
B 12 40. The electrolytic capacitors Cy and C, in conjunction with the
power resistor Ry filter the pulsating DC voltage. The residual ripple
is subsequently reduced to very small values by the control power
supply itself. This switch-mode power supply operates in principle on
the same lines as the one described under 6.1. Only the base of T, is
triggered at a considerably higher current (approximately 1.5 A). Here,
too, the oscillating circuit Cg/L; provides for the required time delay
during the switch-on and switch-off operations. The switching transistor
T, (Siemens development sample TV 146a or TV 148) will switch the
mains DC voltage to the oscillating transformer Tr 2 at the very
moment when the oscillating circuit voltage across collector Ty has
reached the value of zero.

The transistor is switched off again when the switch-off pulse arrives
via the driver darlington transistor Ty BD 675. As the switching is
strongly forced at its base the switching behaviour in the family of
characteristics is excellent (there are virtually only the states “current”
or “voltage”!). The power dissipation remains small. The feedback
voltage is generated in the winding 3 to 4. The buildup surge proceeds
via C; and R; to the base of the switching transistor T, and raises the
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operating point into class-A-operation for a short while whereby the
oscillation is excited immediately. When the reference voltage has
exceeded 12 V the Z-diode D, becomes conductive. At the same time
the feedbadk voltage triggers the transistor T via C;(/R5 and diode Dy.
This transistor generates a pulse voltage across the collector, which is
differentiated through Cg, Rg and Ry and controls the darlington tran-
sistor Ty which, on its part, switches the output transistor T,. The feed-
back resistor Ry, supports the input voltage per period as long as the
switching time — which is determined by the timing element Cy-R,
and Ry — has elapsed (monostable multivibrator). The transistor
BC 308 controls the time of this timing circuit as a function of the
mains and load voltage in comparison with the reference voltage across
the Z-diode D,.

The values of the secondary charging capacitors may not be too high so
that the oscillation buildup will safely remain within the permissible
range of the family of characteristics. Thus far the output voltage is
not very rigid in case of load variation.

In case of a secondary short-circuit the oscillation will break off
immediately without any postoscillation. The capacitors Cg and Cy,
will then feed a reverse voltage to the bases of T, and T, for some
time.

Transformer data (preliminary):

Core: Siferrite U 59, material N 27

Charging amplitude 3.75 V per turn

Kickback amplitude 5 V per winding

Position T ) T fw .
. erminal urns i i
winding ire ‘erminal Insolation

05 % _1 2 x 005 rom

R R L e J) | peme s |
025 ¢ Col %1| 2% 005mm 3
RF-stranded wire 60 X CulS 2 % 005 mm 1
RF-sicanded wire &0 x CulS 2% 005 mm B

1 —4—{ 201ims  RF-stranded wire 40 X 0.1 CulS 2 % 0.65 mm
- d - Y 3
4
5 [ zoums o0 M sumssos ] 2 X 0.05 mm I
Remarks Core: U59 N27 [ Insolation material:
Makrofol
L= 1mm of each leg
‘ Bobbin:
Laminated paper
! |
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7. Circuits using TTL-series FL 100
7.1 Power supply for TTL-circuits

Fig. 7.1 shows a power supply specially devised for TTL-circuits as
its mains and load controls are mainly dimensioned for this applica-
tion. The potentiometer P = 1 kQ adjusts the required output supply
voltage Vg, which is 5 V for TTL-circuits. The reference voltage neces-
sary is generated by the Z-diode BZX 97.

—oVs

220V~ 1*

il BZX97,
c6v8

P

33002
k&2 72k 1kQ .T::]mF

Fig. 7.1

The base of transistor BCY 78 is connected to the output, thus the
stabilization of the output voltage is achieved. The transistors BCY 78,
BCY 58, BSX 45 and BDY 39 form a closed control loop, whereat
the output voltage is the sum of the voltage, set by the potentiometer P
and the base-emitter voltage of transistor BCY 78.

The output current is max. 2 A due to the max. permissible power
dissipation of the power transistor BDY 39. In order to guarantee this
value for sure a resistor of 330 Q in series with a trimmer potentio-
meter T is provided for. Both resistors limit the base current of
BDY 39 and thus also its collector current. The max. current has
to be adjusted by the trimmer potentiometer T in accordance with the

current gain of this power stage.
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For the operation of systems with TTL-circuits it has to be considered
that additional capacitors have to be used in order to cut transients.

Technical data:

Input voltage

Qutput voltage

Control range of Vq

Max. output current

Hum voltage

Control ratio at

mains variations

AV, = 1 22V; V,=220V;
Veg=5V; Ig=2A

Control ratio at

load variations

Iy =0to24atV,; =220V

Ve=5V

Internal dynamic

resistance

Ambient temperature

range

Temperature coefficient

of Vg

Thermal resistance of the
cooling block for BDY 39
Transformer M 65 without gap,
alternated layer windings
Dynamo sheet IV/0.35

List of parts:

1BCY 58, Q 60203-Y 58
1BCY 78, Q 60203-Y 78
1 BDY 39, Q 62702-D 81
1BSX 45, Q 60218-X 45

1 BZX 97 C6V8, Q 62702-Z 1231

vV, 220V = 10 %, 50 Hz
Vg 5V
07t07V
Iq 2A
V~ <2mV

1%
A—S- + 0.8%
V.

3

AV

2 0
s /o

R, ~50mQ
T\ 0to70°C

Osz
~ 0255

R, <25°C/W

ny 1550 turns 0.25 Cul
1y 72 turns 1.4 Cul

1 E 2106 or E 2506, C 66067-A 1719-A 2 or Q 66067-A 1730-A. 2

7.2 Binary coded counter and frequency divider

Fig. 7.2 shows a counter with variable division ratio which is binary
preset in this application by the inputs A, to Ag. The circuits FLH 431
compare the states of the synchronous counters FL] 431 with the preset
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division ratio n. As soon as the condition A; = Ay = By = Quy
Ay = Ay = By; = Qpetc. up 0 Ag = Ayy = Byy = Qyy is performed
the comparator 2 supplies the reset signal at the output A = B. The
reset of counters is clock controlled and occurs only at clock pulse n+1.

A

.

AZ
o

Ay A

A Lz TAa

4

b Ag Ay

Ay

bbb

A<B A<B
FLH431 |up ol FLH 431
1 A:B A8 2 A-B
BB B B B B B B
o, -)—o[]8
03 —o(,
Qa; Oﬂs
[11 4)[]5
0, |8z [&; |0 0, 0g 18 1Q
A [Ys |8 DCQ o, s U {8 [Sp J oQ
FL] 431 FLI431 .
t e i
e 1 A %FLH211§7 foetps S
fi B
R lEI, {v R EI:'I1 7 ‘
T |
Fig.7.2 L 4 I
The division ratios are achieved as follows:
Dec. Ag A, Ay Ay Ay Ay Ay A end of division
counting at ratio
fQ 3fi
0 L L L L L L L L —_ 1:1
1 . L L L L L L H 2 1:2
2 L L L L L L H L 3 1:3
3 L L L L L L H H 4 1:4
4 L L L L L HUL L 5 1:5
5 L L L L L H L H 6 1:6
%5 L L L L HHHH 16 1:16
16 L L L HL L L L 17 1:17
17 L. L L HL L 1L H 18 1:18
255 H H HHHHH H 256 1:256
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The pulse at the comparator output A = B is also favourable for
applications of frequency division. In this case the pulse duration
corresponds to a clock cycle of pulse and interval.

If a counter reset is not required but only a stop, then the connection
between the reset input R and Q has to be interrupted and a new one to
be made to the enabling input E[; (see dashed line). The reset may be
done by a pushbotton connected to R.

List of parts:

1/ FLH 211 Q 67000-H 153
2FLH 431 Q 67000-H 494
2FL] 431 Q67000-] 279

7.3 Program controlled counter and frequency divider

Fig. 7.3 shows a counter with a division ratio n which may be set
betwenn the decimal figures 2 and 16. Choice of the figure desired is
made by connecting the inputs of the NAND-gate FLH 121 to0 X,
to X,. If X; and Qg as well as X, and Q, are tied together, for instance,
and X; and X, not, a L-signal occurs at the reset R when Q
Q, = HH, i.e. when the 12th pulse has passed the input C of the
counter FLJ 431. The reset of the FLJ 431 is clock controlled and only
happens with the clock pulse n + 1. This means that 13 clock pulses
are required for one cycle.

gountier o 0; counter
inpu outputs
FLI | g,
431 0
!
¢ 0
a
D o 0
R
© o]
LoXg X K
=] [ o Q

E R ALRPY

Fig.7.3
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In the following table the connections between Q and X are given
for the counters desired:

Xy Xy X5 Xy end of counting at

O 6 OO0 —

G O 0O 2

O G O O 3

G G O O 4

O O G O 5

G O G O 6

O G G O 7

G G G O 8

O O O G 9

G O O G 10

O G O G 11

G G O G 12

O 0 G G 13

G O G G 14

O G G G 15 G: connection
G G G G 16 O: no connection

The circuit shown in Fig. 7.3 suits also for counters with asynchronous
or clock independent resetting, e. g. FL] 411. It has to be considered,
however, that with this application false pulses may occur due to signal
delay on reset loop. In this case the counter output remains first in
that state corresponding to the preset division ratio until the reset pulse
has passed through the switching circuit and the counter. The level of
the counter output changes only to Q = L momentary after reaching
the state for the division ratio required. These pulse peaks may create
erroneous information in further stages connected and opperated by
the counter output signal. This disadvantage is avoided for sure by
use of the full synchronous counter FL] 431, since the reset occurs
with the clock pulse n 4 1.

List of parts:

12 FLH 121, Q 67000-H 3
1 FLJ 431, Q 67000-] 279
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7.4 Reversible control for counting circuits

The decade counter FLJ 241 as well as the binary counter FLJ 251
offer separate clock pulse inputs for up and down running. Only if
both clock pulses do not coincide a proper operation of these
counters is guaranteed. The circuit shown in Fig. 7.4 a applies to this
requirement if uniform pulses with a phase displacement of * ¢ are
supplied to A and B. The signal propagation delay times of the input
pulses are relatively uncritical, since a Schmitt-trigger is used. Therefore
this circuit is especially favoured for applications of code-discs and
optoelectronic components.

«5

41FLH601LJUkQ ,;/37,“—/'7'501 %FLH101 B0 0 O LT PR T
A_FL&_B_| A A WTTTTWW TTT

i “RL24t (O “RLI241

or or

E - P2 | FLI251
B DD iryie Ty
ZFLHB01 TELHIOT  3FLHI0M ShB oD Sasr

Fig.7.4 a

The operation of this circuit is based on differentiation of the A-pulse
leading edge at the RC section 10 kQ, 1 nF and only the following
Schmitt-trigger forms the real clock pulse A”. The direction of counting
is determined by the B-pulse. A positive shift + @ enables the clodk-
down input of FLH 101 and inhibits the clock-up input of this circuit.
The reversed operation is achieved with a negative shift — @. The pulse-
diagrams for up and down operation are shown in Fig. 7.4 b and c.
The min. value of * ¢ and with that the possible counting frequency
depend on the time constant of the RC-section. Both may be varied
in large ranges by suitable changes of the RC-values.
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It has to be considered in this case that the min. admissible clock pulse
duration is not to go below a value of t, = 20 ns.

An extension of this counting chain is possible with additional circuits:
FLJ 241, FLJ 251. With inputs A, B, C, D and § 2 counter preset
may be achieved to a mean value.

List of parts:

3/4 FLH 101, Q 67000-H 1
3/4 FLH 601, Q 67000-H 297
2 FL] 241 or FLJ 251, Q 67000-H 174 or Q 67000-] 175

U u

Fig.7.4b Fig.7.4c

7.5 Shift register with two-phase control

The output Q of a D-flip-flop level controlled follows each information
change at input D, if the clock input has a high level C = H. Series
operation of these circuits used in registers is only possible with the
aid of a two-phase clock control as demonstrated in Fig. 7.5. During
clock phase 1 only the clock inputs of the stages 1, 3, 5 etc receive a
H-signal, whereby the inputs of stages 2, 4, 6 etc have C = L. During
clock phase 2 this is vice versa, i.e. C = L applies to 1, 3, 5 etc and
C = Hto 2, 4, 6 etc. By this means always half of the D-flip-flops are
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inhibited and the information only passes through the respective stage
following. Without this two-phase control the information will pass
through the register from D to Q.

The clock phases are generated by the flip-flop FLJ 341, which oper-
ates as a binary divider. At the same time with the generator pulse the
outputs Q and Q as well as the AND-gates FLH 381 are alternately
enabled. The generator pulse frequency is not to be higher than twice
the value of the counting frequency f, of the D-flip-flops.

1FLI301 or 2FLJI491 o 2FLI151

E
Putsegenerator {/

FLI341 JFLH 381

Fig. 7.5

The advantages of the two-phase technique are a better noise immu-
nity as well as a lower dynamic power dissipation per clock pulse.

List of parts:

1 FLH 381, Q 67000-H 398

1FL] 341, Q67000-] 224

2FLJ 1510r 1 FL] 301 0r 2 FL] 491, Q 67000-J 5 or
Q 67000-] 164 or Q 67000-H 259.

7.6 Application possibilities of the synchrenous counters
FLJ 201/211, FLJ 241/251 and FLJ 401/411/421/431

For construction of counting chains a lot of different possibilities of
connections are offered by the circuits FLJ 201/211, FLJ 241/251 and
FLJ401/411/421/431.
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The various circuits differ mainly from each other by the achievable
counting frequency. In general it has to be considered that for all cir-
cuits a change of input conditions should only occur, if all pulses have
passed through the total counting chain.

Fig. 7.6 a shows one of the simplest circuits using synchronous
reversed counters 201/211. The operation up or down is chosen by the
parallel inputs MC. The total counting chain is inhibited by a F-signal
at the enabling input E; of the 1st stage. Preset of counters is achieved at
S = L independently of all other input conditions. The counters are
driven in series by connecting the output E and the clock input of the
following stage. At the same time E is also responsible for operation
of the carry and the clock pulse. The signal delay between C and E
determines the possible clock pulse duration and thus the counting
frequency. This delay created by 2 NAND-gates amounts 20 ns. There-
fore the necessary clock pulse duration is the propagation delay time
sum of all counting stages.

outputs

UpL (F Q (r o Q o] ’r

down H ° ‘m 0a |05 |0c |0 AM[ 0x )88 {0c |Qp KME 04|88 8¢ |Qo

count L Ey FLI201 fp 0 FLI207 fo B FLJ201 £
inhibit H ° ] or — or — or R
dlock UUL ook FLIZN L FLizn h FLI217
Sialslc]o sTalslc o Is{als]c]n
count Ho* I 65 & & & F 4)
set L
preset

Fig.7.6 a

Fig. 7.6 b shows a very similar counting chain with the circuits
FL] 201/211. The difference lies in the parallel clock operation and in
the serial enabling. The clock pulse duration and the counting frequency

depend in this application on the propagation delay between E; and
Eq
Q
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This delay time corresponds with the one of two NAND gates and
determines the lower limit of the clock pulse duration if the delays of
all stages are added up.

outputs
wl 171 11 7777 _
down H Ua |03 ]0c |Gy (a |05 |Qc |Og G [0e {0c G0
MC MC MC
il 5| FLI200 | el L3201 g | FLI201 g
inhibit H or or or 2
¢ FLI211 ¢ FLI2NM 1 FLIZ2ZN
clock < = =
N o S|A|BjC|D | S|{AlBIC|D STA|B|C|D -
Csnsgtﬁ i © ° o o 6 0
preset
Fig.7.6 b

Operations up to the cut-off frequency of a counter are possible with
the circuit shown in Fig. 7.6 c. The carry is obtained with the aid of
two additional NAND-gates with 1, 2, 3 etc. inputs. Already after
the leading edge of the 8th clock pulse the carry pulse is available at
the carry output Cg.

outputs
Upl_ T o T T l T o o ¢ 0o O R
down H e iy Uslﬂc |Gy bt_l |0A Qg |0c |Qo e 0|0 |Gc |Qp
FL1201 bOFLI201 [t ~§ FL1201 (g
count L 3 o ! o or _D_,
ibit H ]
o CiOFLI21 @MY FLI2NM O FLI2U
ok S[alslc]o slalefco [s{als]c o _
count H
set Lo——-——~ [ o o S 0 b o 6 o0 o
preset
Fig.7.6 ¢
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By this means the following stages can be prepared during the clock
interval. The number of stages is now without any influence on
the clock pulse duration. Therefore the typical counting frequency
fo = 25 MHz of the single stages can be used to advantage. The
counting chain is limited to 11 stages by the admissible load factor at
Cq of the first counter.

The synchronous reversed counters FL] 241/251 are suited for serial
counting chains as shown in Fig. 7.6 d. Up and down counting is
controlled by the clodk inputs C, and Cy. Overlapping of the clock
pulses is not allowed, as it results in indefinable counter states. The
carry is serially achieved via connections Cq—C, and Bq—Cj;. At the
same time it is also the clock pulse for the following stage. If there is
a L-signal at the set input S the counters take.the preset information
independently of all other input conditions. Clock pulse duration and
thus counting frequency are determined by the propagation delay
from clock input to carry output. Its average value is 25 ns, which is
determined by two NAND-gates for obtaining the carry. For counting
chains it is necessary that the lower limit of the clock pulse duration
is as high as the propagation delay time sum of all counting stages.

outputs
0a]05]0c)0p ];GATGBTGETGD TGATGBTGC )
Cu { Cu C y
Wk o2l FLypan O FLI241 P plyoan e
c o B ¢ or B, G or
dock 3o M ppgp51 20 pL3251 LM Fi2s1 PR
s[als]clo 15]als]c]o JEHRBERED
ot o] ] By
rreset
Fig.7.6 d

The simplest circuit of a counting chain with synchronous counters
FLJ 401/411/421/431 is shown in Fig. 7.6 e. The clock inputs C are
connected in parallel. The carry is serially obtained from carry output
Cy, to the enabling input Ej, of the following stage. The total counting
chain is inhibited by a L-signal at E, of the first stage.
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sutputs

TaATuBTncIaD TUATDBTQCTDD TUATQBTDETQD

FLJ401 FL]401 FL1401
count H 37 FLI4T L Ep FLI411 L FLI4MN Lo ;
ittt L c FLI1421 c FLI427 - FL3427
F or FLI431 or FLJ431 - o FLI431
clock UL o d S|AiBlcD ‘f§ABED r§ABED -
; -
Zgl{m I’Li o— LL o o o o =] o o
preset
Fig.7.6 ¢

If the set input S has a L-signal, the counters take the preset informa-
tion during the following clock pulse. With these counters the carry
is propagated at the leading edge of the 8th clock pulse, so that the
following stages are enabled during the clock pulse interval. The propa-
gation delay between C and Cg of the first stage as well as the delay
between Ej, and Cy of all following stages determine the interval
length. Thereby the lower limit is achieved in the state of decimal 9,
when the carry pulse has to pass through all stages. Therefore the
necessary clock pulse interval and thus the possible counting frequency
are given by the sum of these propagation times.

The counters FL] 401/411/421/431 offer two enabling inputs each, Eyy
and Ep,. Therewith it is possible to build up counting chains with
parallel carry of the first stage and with serial carry of all the follo-
wing ones. As shown in Fig. 7.6 f the carry output C is connected
to the enabling inputs E;; of the following stages. From stage two and
followings the carry propagation is achieved as already demonstrated
in Fig. 7.6 e. The advantage of this circuit is given by the essentially
higher counting frequency which depends now only on the propagation
time between C and C, of the first stage. By this means this chain can
be used up to the typical cut-off frequency f, = 25 MHz. However,
by the output load factor permissible at Cg this counting chain is
limited to a number of 11 stages.
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outputs

o4 Q
TUJGBIGCTDDE ; 0ai0s|0Qc Qo ! c Qai0s |QciQn
FLJ401 -0 FL3401 N FLI401
count H Fo) FLI4TT FLI411 f) o FLI4T
it L .| FLI421 ol FL429 ¢ | FLI421
or FL34 31 ] or FLJ431 or FLJ431
dock UL slalalc]o §ABEDJ——§ABED -~
| ! | .
t
i Ll o o
Fig. 7.6 f preset

List of parts

Fig.7.6aandb: 3FLJ201or3 FL]J211

Q 67000~ 144 or Q 67000-] 145
Fig.7.6c¢: 3FL] 201 or3FL] 211

Q 67000-] 144 or Q 67000-] 145

{FLH 111, Q 67000-H 2
Fig.7.6d: 3FL] 241 0r3FL]J 251

Q67000-] 174 or Q 67000-] 175
Fig.7.6eandf: 3FL]J40lor3FL]J411or

3FLJ 421 or 3FL] 431

Q 67 000-J 277 or Q 67000-J 273 or

Q 67000-] 278 or Q 67000-] 279
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8. Circuits using elements of LSL-series FZ 100

Following are some practical applications of the LSL-series FZ 100.
It has to be noticed that for all IC’s the connections to the power
supply, having a voltage between 11 and 17 V, are not drawn. The
operating voltage recommended is between 12 Vand 15 V.

8.1 Noise immunity and external components

The noise-immune low speed logic series FZ 100 is favoured for those
applications requiring a high static as well as dynamic noise immunity.
For extremely critical situations the propagation delay times of the
FZ 100-series can be increased by adding capacitors so that the dynamic
noise immunity will meet the given conditions. This delaying is im-
portant in those applications where very long transmission leads exist
between the signal source and the receiver. The choice of a suitable
capacitor added to the receiving circuit allows the effective suppres-
sion of external noise sources. In most cases complete functional circuits
are protected sufficiently, if the additional wiring is provided only at
the input circuit.

With gates the capacitor is connected between N-node and output Q.

For circuits with higher integration an additional capacitor is con-
nected between the N-node and ground. In this case the effect of noise
suppression at the input is the same as that of a gate.

In comparison flip-flops FZJ 101 and FZJ 111 require two resp. four
capacitors. Thus three methods of wiring are possible:

a) at the master using a capacitor each between Ny an N as well as
between Ny and Ny,

b) at the slave with a capacitor each between N, and Q as well as
between N and Q,

¢) common at master and slave

In the following table the different wiring modes as well as their
advantages are summarized.
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Input conditions at
noise voltage at  recommended wiring

T RorS  JorK as described under
H H X RorS V¥ b

L H X RorS ¥ a

H H X TV c

L H X T4 a

H H X JorK a

L H X JorK not required
H X X Vg not required
L X X Vg_ a

X X X QorQ not required

X =LorH

4 positive noise voltage
¥ negative noise voltage

Instead of a wiring according to methods a to ¢ there is also a single-
sided one of master and slave possible. For approximately the same
effects the capacitance has to be 2 to 5 times higher than with sym-
metrical wiring. In this case however the unequal slopes of the switch-
ing edges are disadvantageous.

The table above shows that wiring mode b is suitable for applications
of RS-flip-flops and the best noise immunity is obtained by mode c.
At T = L the slave capacitors and at T = H the master capacitors
receive the logic state. For less critical applications method a is suf-
ficient in general.

The additional capacitors determine the switching times and thus the
max. possible clock frequency. The following values are guidelines:

capacitance C [pF] clock frequency f [kHz]
3000 1
300 10
20 100
0 500

The capacitance Cy is practically unlimited. According to the applica-
tion of delayed flip-flops it has to be considered, that the following
circuits connected to the Q-outputs also operate with delay. This is
very important to know, if counter outputs are decoded. Output pulse
overlapping of the different counter outputs are avoidable, only if the
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relevant decoding circuit is also delayed. The recommended ratio of
the capacitors at the flip-flop slave Cy - to the capacitors at the gate Cy
15: CyptoCy = 1o 4.

8.2 Hints for system configuration

Fig. 8.2 a shows a proposed circuit for a digital control configuration
including the system parts: signalling, control logic, power matching,
power stage and power supply.

Unlike mechanical systems, it is necessary in designing electronic
digital control systems to proceed from the assumption that their
functioning is liable to be impaired by noise voltages. Such voltages
may be either pulses produced, say, as the result of an unfavourable
interconnection pattern, or may be picked up from outside the system,
whereby the extent of the external noise voltages at the site of the
system is often unknown and the first problems arise after the system
has been commissioned. The system should therefore be so designed that
noise voltages will be intercepted before reaching the logic assembly.
Noise suppression at the input is here of particular importance. Our
LSL series offers a large degree of freedom in this respect by allowing
the addition of noise suppression capacitors. Provision is made for these
capacitors at the planning stage and, if necessary, they can be adapted
to the existing conditions on site. Guidelines for practical system design
will be given in the following.

8.2.1 Power supply

The use of separate power supplies and leads for feeding the various
parts of the system offers the optimum solution. This sectionalization
precludes the possibility of the noise infestation of other parts of the
system as might occur, say, if a rise in current in the power section
were to cause voltage drops across a common reference lead.

Effective immunity to RF noise superimposed on the line ac voltage
is provided by a primary side line voltage filter. Although such filters
are not always necessary, they reduce the danger of malfunctions.
The B81931A .. . series is among the suitable types.

Large fluctuations in line voltage and load current can only be
compensated with a voltage regulator. To minimize the effect of
changes in load current, the internal resistance R, should be less
than 1 Q.
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Fig. 8.2
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Provided that the load current of the LSL system does not vary during
operation by more than a certain extent, a power section consisting
of a transformer, a bridge rectifier and a charging capacitor will be
sufficient. For example:

The functioning of LSL systems is assured over a supply voltage range
Vg of 11.4 to 17 V; the AND-OR gate FZH 151 still functions at a
voltage Vg of 10.5 V. Optimum utilization of this voltage range is
possible by choosing a supply voltage of intermediate value, i. e. 14.5 V.
The commonly permissible line ac voltage fluctuation is —15 % and
+ 10 9. Referenced to Vg = 14.5V, a lower supply voltage of
12.3 V and an upper value of 16 V result. This leaves a margin of
AV = 1V from the associated limit which can be used as a voltage
drop in the case of changes in the load current Al. If Al is known, the
required dynamic internal resistance R; of the power supply calculates
at AV : Al In the case of an unregulated supply, the resistance R,
depends largely on the chosen transformer. For switching operations
the changes in load current are of the order of microseconds. The
reduction of the internal resistance by the charging capacitor is still
assured at this speed. Empirical values for the internal resistance of
power packs are, for instance, R, == 5 Q for a transformer core M 65
with a bridge rectifier rated for 14.5 V and 1 A. The permissible
change in load current is in this case

go AV _Ev oo
TR~ 50 T

1

Typical guideline values for the change in load current Al relative to
the average operating current [ are 20 to 30 %. If a safety margin of
10 % is allowed for, the permissible current values are 500 to 700 mA.
A power pack such as this is suitable for the operation of 300 gates,
50 flip-flops or a corresponding combination of both. The charging
capacitor should have a capacitance of about 2 to 3 mF. A 1 oF
ceramic capacitor should be connected in shunt with the charging
capacitor for suppressing RF noise pulses. If the M65 core is replaced
by a M85A core and all other conditions are the same, the stated
values will be doubled.
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Circuits with the FZH 241 Schmitt trigger need, if an unregulated
power supply is used, a 1 uF capacitor, which should be mounted as
close to the terminals of the package as possible.

8.2.2 PC board

LSL elements do not produce any undesired signal crosstalk. The
length, spacing and layout of the signal transmission leads on the PC
board can therefore be chosen arbitrarily. To assure the positive avoid-
ance of coupling noise and mode excitation, the leads to the N-termi-
nals of LSL elements must not be longer than 5 cm. Links between the
function inputs of the FZK 101 timing circuit must not be longer than
5 mm and the leads to its RC sections should be kept as short as pos-
sible.

The layout of the leads to points V¢ and O is not critical if only LSL
elements have to be fed. A capacitor with a capacitance C = 10 uF
will improve the protection of the standard European PC board from
short-term voltage dips. If additional load currents from relays and
lamps mounted on the same board flow through the supply leads, a
meshed lead system will be necessary. Owing to its favourable con-
structional design and low cost, the use of this system is generally
recommendable.

8.2.3 Rack wiring

Owing to the high permissible mutual capacitance of two signal trans-
mission lines, LSL elements allow flexibility in wiring routes. Only
long leads with an unfavourable path may have to be protected by
choosing elements with a wired N-terminal. For further details please
refer to section 8.2.5. A rack power supply lead network of low
impedance with thick ground wires or ground plates will reduce the
danger of external noise pickup.

8.2.4 Cabinet design

In the cabinet the signal transmission lines must be protected according
to their length and locating as described in the next section. These
measures are particularly important if the cabinet also accommodates
thyristors, triacs, motors, relays, contactors and other sources of
serious RF noise.
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A ground bar is required for ground potential. All ground and RF
shielding leads must be connected to the ground bar by short low-
impedance leads. Line voltage leads in the cabinet, as also the input
and output leads of the power and control sections, must be RF
shielded. The control electronics must be isolated from the case to
avoid noise pickup.

8.2.5 Signal transmission and noise immunity

The following likewise applies to the cabinet design, the rack wiring
and the LSL transmission lines.

Since the possible length of a signal transmission line depends mainly
on the noise level and the associated changes in potential, it is always
advantageous to choose shielded cables with twisted pairs for all
transmission lines of over 10 m in length. Undesired electromagnetic
effects are in this case largely suppressed. Twisted signal transmission
and ground wires provide increased protection from strong RF inter-
ference fields.

For n mutually interfering gates without a wired N-terminal, the fol-
lowing transmission line lengths / have been empirically determined:

n I[m]
2 ~ 30
5 ~ 10
10 ~ 5

With the N-terminal wired, transmission lines of over 100 m in length
have already been realized.

The noise immunity of LSL elements to external noise pickup was
tested using a noise simulator. Fluorescent tubes were turned on, con-
tactors operated, differentiating pulses produced and LSL signals trans-
mitted over a wire line 20 m in length run alongside a disturbing
parallel line. The insertion of a 1 nF capacitor Cy already provided
noise immunity. The appropriate circuit configurations are shown in
Fig. 8.2 aand b.

The configuration shown in Fig. 8.2 ¢ is suitable for line lengths of
over 20 m under conditions of extreme noise. The BAY 60 diodes
protect the LSL element from destruction by sharp positive and
negative voltage spikes. The dynamic noise immunity is adjustable
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with capacitor Cy. The following capacitances are sufficient to suppress
noise pulses up to a pulse duration ¢:

Cy t

1uF 10 ms
100 nF 1 ms
10 nF 100 us

1nF 1Q us
100 pF 1us

The permissible noise pulse duration can be lengthened by increasing
the capacitance. In practice, however, noise pulses of longer than
5 ms are hardly to be expected. The Schmitt trigger S supplies pulses
with an adequately short rise time at subsequent dynamic inputs.
Fig. 8.2 d shows the noise immunity behaviour.

Ly 110 10nF

e |~20m ———=
T g

disturbing line
LFzH201 JFzH1

Fig.8.2a

1to 10nF
Ly I

mdﬁ"ﬁi

f———— | ~ 20m ———
I Lt -

r disturbing line il
1 FZ3M
gFZH201 Ui -

G L
Fig.8.2b 110 10nF

Vs
Ly~ 100nF
1kQ
I& e > 20m —————]
i}
-l- f B

disturbing line 1FZH111
3
Fig. 8.2 ¢ 2BAYE0 JFZH241
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noise -gutput signal —=

Fig.8.2d
Vs
call to 208 calddf
I il
[ disturbing line ]
eg 2BAYB0 eg ZBAY60
Fig.8.2¢

Storage elements need careful consideration because RF noise at the
inputs and also via the supply is liable to produce permanent mis-
information. Here again wiring the N-terminal assures effective pro-
tection from inductive or capacitive noise on the supply leads. (See
also section 8.1) Fig. 8.2 b shows a suitable configuration for flipflops.
With flipflops, which consist of crosscoupled NAND-gates, the inser-
tion of a capacitor Cy = 1 to 10 nF at one gate is usually sufficient.
Logic elements without a wired N-terminal (FZJ 131) and with a
permissible N-capacitance of Cy <500 pF (FZJ 141, FZJ 151, FZ] 161
and FZK 101) can be additionally protected by shunting the terminals
V¢ and Og with a capacitor Cy = 10 to 100 nF. The wired N-terminal
is further suitable for suppressing contact bounce. Cy should then be
chosen between 10 and 100 nF, depending on the bounce frequency.

As a general rule it may be said that the unassigned inputs of simple
gates and flipflops may be left open. Since the functioning of counters,
shift registers and other elements with a higher scale of integration
is only assured at a definite input potential, inputs not required in
operation should be connected via a protective resistor R = 1 kQ to
the supply voltage.
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Input lines which are temporarily opened by, say, a relay contact,
should always be avoided as being a too frequent source of noise. The
remedy is to interpose a resistor R = 1 kQ between logic elements and
the supply voltage Vi (Fig. 8.2 ¢).

8.2.6 Proposal for system configuration

Fig. 8.2 showsadigital machine control system configuration comprising
separate sections for signal generation, control logic, power interface,
power section, and voltage supply. Interference to the flow of signals
is to be expected along the transmission paths between signal genera-
tion and control logic as well as at the control logic and power inter-
face. Since noise in the input lines is particularly critical when storage-
type devices follow, the primary function of the control logic is to
separate the output signals from the noise. LSL elements here offer an
extremely economic solution because they allow the addition of capaci-
tors of any size. If the noise is filtered out, the N terminal of the logic
section need not be wired unless other noise sources are present
(as shown in Fig. 8.2). Control logic sections with transmission lines
over 100 m in length have already been realized by this means. The
choice of a capacitor of appropriate size is here decisive. A wuseful
guideline value for such transmission lines is Cyy > 100 nF.

The transmission of clock signals over a long line is basically possible
as described in section 8.2.5. Since however there is a serious risk of
misinformation, the line length should be limited to 20 m. Once again
the choice of a capacitor of appropriate size is decisive. Favourable
values are Cyy = 1 to 10 nF.

There is no danger of RF noise pickup with motors, electromagnets,
lamps, heating equipment and other power elements with a large time
constant because they react almost only to static signal changes. Since
the power interface section contains no storage elements which could
produce permanent misinformation, the protection of this transmission
path from noise by wiring the N terminal is unnecessary. Although
short noise pulses pass through the gates, the power elements do not
respond to them. The length of the transmission path is relatively
uncritical.
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If extreme voltage spikes appear it is further necessary to protect the
LSL inputs from destruction. The amount of energy permissible at the
input or output without danger of destruction is here typically 1 mWs.
Fig. 8.2 ¢ shows a suitable protective circuit. Noise pickup is removed
by way of diodes. The series resistors provide adequate current limi-
tation.

The various sections of the system are fed over separate power leads,
so avoiding powerline couplings as already noted in 8.2.1.

8.3 Bidirectional counters

8.3.1 Binary bidirectional counter

Fig. 8.3.1 shows a synchronous bidirectional counter with binary coded
preset obtained at inputs A, to A,. By opening the set push button the
respective gate inputs are enabled with a H-signal. The input condition
A =L gives R =L at the reset input due to the dual inversion and
S = H at the set input on account of the single inversion. Thus the
flip-flop FZJ 121 is set to Q = L. Under the condition A = H a preset
to Q = H is performed. The set operates independently of all other
input conditions of the reversible counter, since the R and Si inputs of
the FZJ 121 have priority.

The operation mode is chosen by the input BA. For upcounting it has
to be: BA = H. Thus the NAND-gates connected also to out-
puts Q, Q, and Qq are enabled and the NAND-gates driven by
the inverter FLH 201 are inhibited. The JK information of the second
flip-flop thus corresponds to the state at Q,. At the third stage it is
JK = Q;/\Q, etc. Down counting is achieved at BA = L; the JK-
conditions now being derived from the Q-outputs.
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The truth-table for the counter is as follows

up-operation

pulsesat mode of outputs decimal
counter operation Q, Q3 Qs Q figure
input BA correg-
ponding

1 H LLLL L 17 0

2 H LLLH L 16 1

3 H LLHL L 15 2

4 H LT HH L 14 3

5 H LHLL L 13 4

6 H LHLH L 12 5

7 H LHHL L 11 6

8 H LHHH L 10 7

9 H HL L L L 9 8

10 H HLLH L 8 9

11 H HL HL . L 7 10

12 H HL HH L 6 11

13 H HHLL L 5 12

14 H HHL H L 4 13

15 H HHHL L 3 14

16 H HHHH L 2 15

17 H LLLL L 1 0

Qs Qs Qe Qy BA pulses at
outputs mode of  counter

operation  input

down operation

An extension of the counter is easily possible by using the following
rule for JK-conditions.
It applies for up-operation:

JK, = Q1/\Q2/\Q3/\Q4/\- o Qnt

and for down-operation:

JK, = QAQNAQNAQUN. .. Quy

List of parts:

11/ FZH 101, Q 67000-H 190 11/e FZH 201, Q 67000-H 636
1 FZH 121, Q 67000-H 192 2 FZJ 121, Q67000-] 385
2  FZH 191, Q 67000-H 633
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.8.3.2 Decimal reversible counter

With regards to a minimum quantity of components this reversible syn-
chronous counter has been devised (refer to Fig. 8.3.2). The additionally
required JK-inputs of the flip-flops FZJ 121 are obtained by a combi-
nation of diodes BAW 76.

The operating mode is chosen by input BA. For up-counting it applies
BA = H. Thus the NAND-gates connected with outputs Q;, Q,
and Qy are enabled and control the JK-inputs of the following flip-
flops FZ] 121. The NAND-gates operated by the inverter FZH 201
are inhibited. Down counting is achieved at BA = L; the JK-condi-
tions now being derived from the Q-outputs.

The truth table is as follows:

up-counting

pulses at operating carry  outputs respective
counting mode Q1 Q5 Q,Qy decimal
input figure
BA C
1 H L LLLL H L 1 0
2 H L LLLHL L 10 1
3 H L LLHL L L 9 2
4 H L LLHH L L 8 3
5 H L LHLIL L L 7 4
6 H L LHLH L L 6 5
7 H L LHHL L L 5 6
8 H L LHHH L L 4 7
9 H L HLLL L L 3 8
10 H H HLLHH L 2 9
11 H L LLLL H L 1 0
Q,Q;Q:0Q; C BA pulsesat
outputs counting
carry input

down-counting
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The “carry” pulse is propagated by the gate FZH 231. This pulse con-
trols not only the counting input of the following decade but inhibits
also with J = L the second and third stage being in state Q, Q3 = LL.
This is necessary during up-counting, since due to conditions Q =
= JK = H a state change of the second stage is possible, when the
counter changes from Q, Q, Q, Q; = HLLH to LLLL (decimal 9 to 0).
During down counting the same happens for the second and third stage,
when the outputs change from Q,Q,Q, Q; = HHHH to LHHL,
which corresponds to a change from decimal 0 to 9.

Counter preset is possible by the gate FZH 201 via the RS-inputs of
the flip-flop FZJ 121, as already described in 8.3.1.

List of parts

21/4 FZH 101, Q 67000-H 190

1/3 FZH 201, Q 67000-H 636

1 FZH 231, Q 67000-H 642
2 FZH 121, Q 67000-] 385
10 BAW 76, Q 62702-A 397

8.3.3 Decimal bidirectional counter with high noise
immunity

The circuit shown in Fig. 8.3.3 was devised with special regard to
strong noise conditions. The difference to the circuit of 8.3.2 exists in
the use of the flip-flop FZ] 111 instead of FZJ 121. For FZ]J 111
additional wiring is possible in order to increase the dynamic noise
immunity to match existing conditions. Storage of false information
and false functions created from that are avoided by sure. For prac-
tical applications the additional capacitors have a value of up to
3000 pF theoretically not limited. Besides that the counter propagation
delay time is shortened.

The truth table is in accordance to instructions given in chapter 8.3.2.
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Counter preset is possible by the gate FZH 201 via the RS-inputs of
the flip-flop FZ] 111 as already described in 8.3.1.

List of parts:

21/4 FZH 101, Q 67000-H 190
1/3 FZH 201, Q 67000-H 636

1 FZH 231, Q 67000-H 642

4 FZJ111,Q 67000-J 96

6 BAW76,Q62702-A 397

8.4 Matching circuits
8.4.1 Operation using the opto coupler CNY 17

Opto couplers offer many important features not possible with other
sensors, for instance switching without chatter, operation free of
maintenance, high life time, electrical separation at insulating volt-
ages of up t0 2.5 kV and low noise immunity.

Operation of the opto coupler CNY 17 is achieved with a few addi-
tional components only (see Fig. 8.4.1). It is driven by a NAND-
gate with open collector, FZH 211. The resistor R = 1 kQ determines
the diode current of /) ~ 10mA at Vg = 12 and of /; ~ 13 mA at
Vg=15V.

Vgy=12115Y Vsg=12/15V

1 1
AFZH211 JFZH 241
%FZH 201

Fig. 8.4.1
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Depending on the operating voltages used the collector current of the
receiver transistor amounts /. = 4 to 5 mA, i. e. a reliable operation
of the coupler at an efficiency of 40 9/p according to group 1.

The capacitor of 1 nF is used for noise suppression. This is of great
importance when the photodiode is not driven by a LSL-circuit, but
by a mechanical contact. Chattering is safely avoided by the choice
of a suitable capacitance.

The Schmitt-trigger FZH 241 provides a sufficient edge steepness for
operation with dynamic inputs, e.g. clock inputs of flip-flops and
counters. The capacitor of 1 uF smoothes large power supply voltage
drops, generated by switching the Schmitt-trigger. In general this
measure is necessary only for operating voltages not regulated. If the
requirements for edge steepness are not too strong, the Schmitt-trigger
FZH 241 may be replaced by an inverter FZH 201. This change also
obviates the need for the 1 yF-capacitor.

List of parts:

14 FZH 211, Q 67000-H 639
1/e FZH 241 or 1/s FZH 201, Q 67000-H 645 or Q 67000-H 636
1 CNY 17,Q62703-N 1

8.4.2 Switching amplifier for 100 to 300 V

The switching amplifier shown in Fig. 8.4.2 is favoured for output
voltages of V| = 100 to 300 V at Joad currents up to /| = 0.5 A.
The load is turned on by the power transistor BUY 35, when a H-
Level is applied to the input E of the inverter FZH 201. For inductive
loads a diode should be used for protection.

The load current is determined by the value of the resistor R which
should be optimally matched to the required load in order to keep
its power dissipation low. The values of R = 8.2kQ and P =
2 W as specified in Fig. 8.4.2 enable a load current of 7; ~ 0.3 A. The
limivis I;, = 0.5 A and at this valueitisR = 3.3kQandP = 5 W.
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The voltage drop across the conductive transistor BUY 35 is about
3 to 4 V. For currents up to [;, <C 0.3 A it is not necessary to eliminate
the generated power dissipation by a cooling blodk, whereas a heat

sink with a thermal resistance of R, = 3OV7 is indispensable for

currents between I;, = 0.3 and 0.5 A.

82kR1 1R
W
-@BF%B

Y(=100-130V

Vs

e.q.
1 |
FzHaon si |

! BF458 BO6A [N1#

20 !
l

Fig. 8.4.2

List of parts:

t/s FZH 201, Q 67000-H 636

2 BF458,Q66702-F 316

1 BUY 35,Q62702-U 112

1 BAY 61,Q 62702-A 389

1 SSiB 0620, C 66047-A 1006-A 3

8.4.3 Short-circuit-proof switching amplifier for a
solenoid valve

Fig. 8.4.3 shows a switching amplifier suitable for commercial

soleniod valves (V = 24 V, I = 05 A, R ~ 56 Q and L ~ 50 mA).

The power output stage is equipped with a Darlington transistor

BDY 88, operating the solenoid when a L-signal is applied to the input
I of the inverter FZH 201.
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If a short-circuit occurs between the supply voltage terminal V; and
the collector of BDY 88 the transistor BCY 58 protects the power
Darlington circuit against overloads. A voltage drop is generated at
the emitter resistor Ry, by the short-circuit current I, which turns the
transistor BCY 58 on as soon as the base-emitter-voltage is attained.

Vs solenoi
A tenoid BAY41
BAY6T | ——

N
I %
°_{J1eu~ B 'BDY88

&FZH201
BCY58
Re || 12/05w

° I

Fig. 8.4.3

The short-circuit current can be given as follows:

Vir

I ~ —[A
K~ A
To switch the transistor BCY 58, a Vy.-value of about 0.55V is
necessary; therefore the resistor Ry; has to be demensioned in the way
that the short-circuit current generates exactly this voltage drop. On
the other hand the voltage drop created by the nominal current has
to be sufficiently lower. An approximate value is given by the relation:
Ig = 1.1 X Iy
Thus the resistor Ry is calculated as follows:

Vig 0.55
Ry, BE

~ = =1Q
ST 1ixIy  11X05
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The seize of the heat sink and the short-circuit power dissipation
determine the short-circuit time. Thereby the power dissipation is
approximately evaluated:

Vi 0.55

Py ~1Ig XV, ~ V= —24=13V.

B
From this follows that the thermal resistance of the heat sink required
for the short-circuit application is:

K
Ry,=5 W
The circuit shown in Fig. 8.4.3 is applicable for nominal currents up
to approx. 1 A. In this case the short-circuit power dissipation results
in a value of P, == 25.5 W. From this follows for the thermal resistance

of the heat sink required for a constant short-circuit current:

K

R, =16 _—.
W

th

Provided that the short circuit is not repeated and does not last longer
than 10 s it has been experienced that the thermal resistance can be 2
or 3 times higher than calculated above. However a trial run is sug-
gested in all of these cases.

List of parts:

1/s FZH 201, Q 67000-H 636
1 BCY 58, Q60203-Y 58

1 BDY 88, Q62702-D 130
2 BAY 41, Q 60201-Y 41

8.5 Synchronous decimal counter for 3 decades with
preset

Fxg 8.5 shows a counting chain with preset. The preset inputs A, B,
C, D, and the reset input R operate directly and have to have a
H-signal during counting. This is achieved by connecting the hexin-
verter FZH 201 between the pushbutton and the preset inputs. The
connected strobe inputs are driven by a gate FZH 101 via a RS-flip-flop
which suppresses chattering of the preset-pushbutton. In steady state
the strobe inputs inhibit the inverter by L-signal. The strobe inputs
change to H-signal when the pushbutton is operated. The BCD-informa-
tion preset by the thumb-wheel switch V 42264 D 2 . . isswitched to the
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pushbutton
set

inputs A, B, C, D. At the same time the preset-pushbutton triggers the
monostable flip-flop FZK 101 for resetting the counter FZ] 141. This
1s necessary, since only L-levels are operative at the preset inputs A, B,
C, D and switch the outputs Q to H-level.

The counter outputs are reset to Q = L by R = L. Therewith a carry
transfer free of errors is only assured if set and reset inputs have L-level
in common during a time of t = 1 us and thereafter the reser input
returns to H-level at least 1 us earlier than the preset input. These
conditions are guaranteed by the monostable flip-flop. The adjusted
delay time is tyy = 0.7 X RC = 0.7 X 15 X 10> X 0.1 X 10 =
1 ps. Thus after run of this time the reset input returns to H-level,
whereas the BCD-information is applied to A, B, C, D as long as the
reset-pushbutton goes back to its state of rest.

2FZH101 f
T

0s Qg Q¢ Op 0y 03 Q¢ 0Oo 0a Qs Oc Oy
clock input ¢ c c
Juuut £ FZJ141 "G FZ3141 bo E FZ3141 ¢
units fens hundreds L
we €8 18 8 10 kR ST 5t Pk & IR
Vg o34
2FZH 201 AT DA O
Strobe
‘ [ L L 1 | |
thumb -weel-switch thumb-weel- switch thumb - weel - switch
BCD -output BCD -output BCD -output
2 inputs 2 inputs 2 inputs
TypeV4226402. TypeV4226LD 2. Type V422640 2
L L l

C
D
A

1
FZK101 ﬁ: LFzH 201

100pF
Fig. 8.5

The clock-inputs of the counting stages for units, tens and hundreds
are operated in parallel or synchronously. The following stages are
enabled via the connection between carry output C, and clock
enabling input E resp. carry enabling input E..
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If desired this counting chain can be extended in accordance with the
shown pattern, whereas it has to be considered that the load factors of
the RS-flip-flop driving the NAND-gate FZH 101 and the inverter
FZH 201 connected to output Q of the FZK 101 are not exceeded. Not
used inputs of the counters FZ] 141 have to be connected to a defined
H-level, otherwise the correct function of the counters are not guar-
anteed. In Fig. 8.5 this applies to the carry enabling input E; the first
stage which is connected to the supply voltage V¢ via a resistor R =
1 kQ for protection. Operation of the counter FZJ 141 is possible for
typical clock frequencies up to 2 MHz. The circuit shown is also
applicable for the binary counter FZJ 151.

List of parts:

1/ FZH 101, Q 67000-H 190
21/ FZH 201, Q 67000-H 636
3 FZJ 141, Q 67000-] 391
1 FZK 101, Q 67000-K 6
3 thumb-wheel-switch, V 42264-D 12-A 011
1 pushbutton, C 42315-A 60-A 3

8.6 Circuit for functional extension of the timer FZK 101

Addition of external components to the timing circuit FZK 101 is
limited to values of R, == 5 to 500 kQ. Therefore greater time constants
require higher capacitances. Fig. 8.6 shows an additional circuit
avoiding this disadvantage and favouring for all operating modes.

trigger pulse L [T M
at Aand B I o0 :f—}:
@t Cond Dy - FZK101 o

1002 | 10092

2BC1778

v, ] 3 —I- L
Fig. 8.6

L
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The permissible resistance range is extended to a lower limit of R, =
1 kQ and to a higher one of R, = 10 MQ. In Fig. 8.6a the resulting
output pulse duration at monostable operation mode ¢, = f (R,) is
shown. The parameter is C, with values between 1 nF and 10 uF. The
relation t, = 0.7 X R, X C, [s] for calculating the output pulse dura-
tion is not effected by this additional circuit arrangement.

If the resistor R, is replaced by a constant-voltage source V, with a
low internal impedance, then the output pulse duration ¢ is variable
and depends on this voltage. The equivalent resistance R, = 0.7 X R,
as a result of a certain voltage is shown in Fig. 8.6 b. If the voltage
is for instance V|, = 3 to 4 Vit follows R’, = 0.7 X R, = 1.6 to
3.2 kQ. Assumed that C, is 1 nF the output pulse duration may be
varied as follows:

ty =07 X R, X C, = 1.6 X-10% X 10 = 1.6 s

tge = 0.7 X Ry X C; = 3.2 X 103 X 10% = 3.2 us
resp. by to tge = 1t0 2

L = 3300 = 3 1
Ly ﬁﬂﬁtﬂﬁ
fa LB A1 B szﬁ
T 10s L
1s
100ms
10ms
ims
o LT
L extension of the ||,
1005 e : =12 upper range ﬁ
I— 7/14! s LA I B |
10us o
1
i
iny |

Fig. 8.6 a 10k
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Fig.8.6 b

The additional circuit operates as a constant-current source in the
way that the current flowing through resistor R, is the same as the
one charging the capacitor C,. It has to be considered that the resistor
R, which can be any arbitrary resistive component, e. g. NTC-resistor,
PTC-resistor, magneto resistor or optovoltaic cell, does not fall below
a value of R, = 1 kQ. That means a positive voltage of V, = 2.5V
is allowed as a minimum value for operation with a constant-voltage
source. Below these limits the output of FZK 101 has the state Q = H.
Operation of the FZK 101, however, is admissible to values of V, = 0V
and R, = 0 Q. Only negative values of V, destroy the FZH 101. The
upper limit of the capacitance is determined by the amount of the
capacitor leakage current. Electrolytic capacitors with a capacitance of
100 uF may have leakage currents in the order of the charging currents
of this circuit. Therefore the correct function is only guaranteed at
values of C, < 100 uF.
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The series resistors with a value of 100 Q each decrease the influence
of temperature variations.

List of parts:

1 FZH 101, Q 67000-K 6
2BC 178 B, Q62702-C 154
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9. Analog circuits

9.1 Light barriers using TAA 761 A, TCA 105,
TCA 325 A and TCA 345 A

In the following some light barrier circuits are described. The LED
LD 261 is the light emitting component in all cases. The optimal
current of this diode is about 10 mA and it is adjusted by the series
resistor R;. In accordance to the used operating voltage R, is obtained
as follows:

Vq 3 5 9 12 15 18 24V
R 0.1 0.33 0.68 1.0 1.3 1.6 2.2kQ

A distance of 10 mm between emitter and receiver is achievable.
Greater distances require additional optics, whereby an adjusting
device for emitter or receiver has to be taken into consideration. The
outputs in the circuits described are defined as follows:

BPX 81 illuminated: output Q = L-signal (conducting)
output Q = H-signal (non-conducting)

Fig. 9.1 a shows a light barrier circuit which is suitable for the op
amps TAA 761 A and TCA 325 A. Both op amps differ essentially by
their output stages. TAA 761 A has a Darlington circuit and includes a
terminal for frequency compensation (pin 6). Since applications of
switching amplifiers generally do not require any frequency compensa-
tion, pin 6 of TAA 761 A is nat connected. The TAA 761 A is
used advantageously with applications where the output voltage is
negligible in the conducting state, e. g. with operations of LSL-circuits,
relays etc.

TAA761A or TCA325A
. Ves5to 24
0 !
]Bﬂkﬁ[ﬁ /P;HJSOKQ ﬁZkQ
LD261W —~ BPX81 Lw UL

—

a N e
3 H [P/?z 5ﬁkQQ é% T, '

|00 500k |
— —— ICA 375Aonly,open at TAA 7614

o Og

Fig.9.1a
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However fort those applications requiring low output voltages, e. g. for
driving TTL-circuits, the op amp TCA 325 A has to be used, since it
has only a simple output transistor. The collector of the driving stage is
connected to pin 6 and an additional resistor R is required. As this
collector current has to be min. 4% of the output current I, the
resistance R is roughly calculated by the relationship R = 25 X ;.

The threshold of the op amp is determined by the voltage divider at
the non-inverting input (pin 2) and the hysteresis is adjusted by the
coupling resistor Ry. For a rough estimation it can be assumed that Ry;
is in parallel to the resistor of 56 kQ if the photo transistor is illumi-
nated and in series to the resistor of 180 kQ in the dark stage. In this
case optimum values for Ry are between 100 kQ and 500 kQ. By that
a resulting hysteresis voltage having a value between 30 %/o and 10 ¢/
of the supply voltage V is applied at pin 2.

The operating current [ of the photo transistor has to be adjusted by
the resistor R, in accordance with the chosen operating voltage, the
illuminance and the sensitivity group of the BPX 81. As the quantity
of light supplied to the photo transistor depends on distance, position,
other light sources superimposed and the radiant power group of the
LD 261 a trial run is recommended to obtain optimum adjustment.
In case of other external light source influences a safe operation is
achieved at I ~ 100 pA.

The circuit is suitable for all groups of the components LD 261 and
BPX 81.

In Fig. 9.1b a very simple circuit of a light barrier using the inte-
grated threshold switch TCA 105 is shown. At pin 2 the base of the
input transistor of the TCA 105 is accessible and at pin 3 the emitter.
The base is connected internally with the collector via a resistor of
about 8 kQ. The direction of the resulting current determines now the
output state of the TCA 105. Is the current allowed to flow via the
input pin 2 then the output transistor of pin 5 is non-conductive and
the one of pin 4 is conductive. This refers to the illuminated state
of the photo transistor BPX 81. The switching current required at
pin 2 amounts about 80 wA. The current flow is interrupted by
covering the BPX 81.

By its base current flowing now the input transistor is switched on. The
output at pin 5 is conductive and the one at pin 4 is inhibited.
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- Y525 to 24V

3 T Al
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l 3 4

LD261Y — BPX81 Ry
17 to 500kR
©- ¥e) US
Fig.9.1b

The switching hysteresis of the TCA 105 is increased by the resistor Ry,
During the illuminated state the output 4 is conductive. Thus a part of
the input current at pin 2 flows via R, and the output transistor.
Resistances of less than 15 kQ have to be avoided for R,;, otherwise
self-interlocking may occur. If the circuit is operated in this way
additional measures at output pin 4 are not possible. By the resistor R,
the cut-off threshold is reduced by the following factor referred to the
switch-on threshold:

Ry: 17 20 50 100 250 500kQ
Reduction factor: 30 25 10 5 2 1 %

With this circuit it is impossible to adjust the photo current of the
BPX 81. Therefore only photo transistors of sensitivity group 1] and
VI are suited. If required the sensitivity of the circuit may be changed
by variation of the LED-current.

A relatively higher sensitivity as well as a better hysteresis is offered
by the circuit shown in Fig. 9.1 c. An additional transistor BCW 60 is
used. Now the hysteresis is adjusted by resistor R, between pin 5
and the base resistor of 10 kQ. For a rough calculation it may assumed
that Ry is in parallel to the base resistor.
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If the photo transistor is illuminated the output at pin 5 is turned off
and Ry is connected to the supply voliage via the collector resistor.
Therefore the cut-off threshold is reduced by the base current flowing
additionally via Ry;. The hysteresis is determined by the supply voltage
and the resistor Ry. In the following table the resistances required
are indicated. A hysteresis variation of about 20 % to 50 % referred to
the starting current is obtained by the potentiometer P.

TCA105 t—o V55t 24V

RLL]ZkQ RLE]ZkQ

LD261W —= Ay

=
-

6__

5 o0 L

4 o0 I

10k
& —o O

Fig.9.1 ¢
Vy= 5V: R = 150kQ P = 100kQ
V= 10V: R = 270kQ P = 250kQ
Vye=15V: R = 390kQ P =250kQ
Ve=20V: R =560kQ P = 250kQ
Ve=124V: R = 680k P =500kQ

The lower limit of the resistance Ry is determined by the operating
voltage Vg and it is for instance R; = 100 kQ at Vy = 5 V. For lower
values a self-interlocking occurs. An adjustment of the photo current
is possible by variation of the base resistance, but in this case the resis-
tance Ry has also to be changed accordingly. Since the permissible out-
put current is 50 mA also small relays can be driven directly.

Threshold and hysteresis of the integrated threshold switch TCA 345 A
are determined by the operating voltage V. An approximate value for
the hysteresis at input pin 1is V; ~ 0.25 V.
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The permissible output current is 70 mA and therefore small relays
can be connected directly. A protection of the output transistor is not
necessary, since all diodes required are incorporated into the TCA
345 A. A suitable circuit with a light barrier is shown in Fig. 9.1 d.
The photo current I of the BPX 81 has to be adjusted by the resistor
R, in accordance to the operating voltage, the illuminance and the
sensitivity group of the photo transistor. Since the quantity of light
applied to the BPX 81 depends on distance, position, other light sources
and the radiant power group of the LD 261 a trial run is recommended
to attain optimal adjustment. In case of other external light source
influences a safe operation is achieved at I ~ 100 uA. Thus the follow-
ing guideline values have been experienced for the resistor R,:

Ve 3 5 7V
R, 15 22 33kQ

TCA 345
© J=3t0 7V
RL
LD261 - BPX81 » 2k
! 1 U
1 4 e ]
H L2 3
R, 7,
: |
2 Os

Fig.9.1d

List of parts:

1 TCA 761 A or TAA 761, Q 67000-A 522 or Q 67000-A 224
1 TCA 105, Q 67000-A 527

1 TCA 325 A, Q 67000-A 562

1 TCA 345 A, Q 67000-A 564

1 BPX 81, Q 62702-P 20

1 BCW 60, Q 62702-C 331 to C 333

1LD 261, Q 62703-Q 63.

9.2 Lux-meter using TCA 335 A

In Fig. 9.2 a circuit of a simple lux-meter is shown, where the op
amp TCA 335 A and a silicon photo diode BPX 91 are used.
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by the optical filter BG 38; 2 mm, produced by Messrs. Schott-Mainz,
the spectral sensitivity of the photo diode corresponds to that of the
human eye.

The sensitivity range is chosen decadicly between 102 to 105 lux by
the switch S. A moving-coil instrument with a full-scale deflection of
100 A operates as an indicator.

TCA335A

1 o Yoz +3V
/0 2 is E]”m
380k 3
inF
} *BPX91

! ’ -
fitter l

BG6382mm Vsp=-3V

oy o

o
~

—
—

Fig. 9.2

The photo diode is connected between the inverting and non-inverting
input (pin 2 and 3) of the TCA 335 A. Therefore the BPX 91 runs in
short-circuit operation up to lowest illuminances and a good linearity
of this circuit is achieved. The error in measurement is determined by
the required input current of the op amp TCA 335 A and the following
relation 1s valid:

.

Error F = m X D
whereat:
I, = inputcurrent of the TCA 335 AinnA
E, = illuminance in lux
nA
§ = sensitivity of the BPX 91in —
lux
D = attenuation factor of the filter BG 38
Under the condition of E, = 100 Ix and the consideration of the
respective cut-off frequency the error in measurement amounts to:
50

F=—— — X8~01=109%
100 X 35

For typical values the error F is about 3 %/q.
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The full-scale of the instrument is adjusted by the potentiometer P.
Instruments with a full-scale of 1 mA may be used, too. In this case
the value of the series resistor has to be decreased. The accuracy of
indication is determined by the tolerance of the precision resistors 39 kQ,
390kQ and 3.9 kQ.

A gain decrease at higher frequencies is achieved by a capacitor of 1 nF
at pin 6. By that a tendency towards oscillation is safely avoided. This
luxmeter may be powered by two batteries, since the measurement
accuracy is independent of supply voltage variations.

Technical data:

Supply voltage Vg 3V
Supply current I 0.5 mA
Measurement ranges

at full-scale Ey 102 o 105 Ix
Temperature coefficient o +0.2 %
Max. output current 1 < 1mA

List of parts:

1 TCA 335 A, Q 67000-A 563
1BPX 91,Q62702-P 48

9.3 Proximity detector using TCA 105

In the following section three different applications for an inductive
proximity detector with the integrated threshold switch TCA 105 are
described. The two anti-valent outputs are defined always as follows:
Oscillator operates:

output Q = L-state (conductive)

output Q = H-state (non-conductive
P

If the oscillation is interrupted the outputs have the complementary
state.

Figure 9.3 a shows a very economical solution for an inductively
operating proximity detector, where a piece of metal is used to com-
plete the magnetic circuit. The input transistor of the TCA 105 and
the two inductances 1.25 and 4.5 uH operate as a Hartley oscillator.
Pulse shape and frequency are determined mainly by dimensioning
of the coils. With suitable cores, e.g. Siferrit-pot cores B 65511-
M 000-R 025 or B 65531-K 0040-A 001 and inductances mentioned
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above an oscillation is achieved at typical frequencies between 2 and
3 MHz and between 1 and 10 MHz if the coil data are varied.
Opcrations at frequencies below 1 MHz are critical ones, since the
oscillation may be superposed on the output state.

TCA105 Vg -4 to 28V
U BJ/?L % A%
5 < @ J_
- 4 q 1

Fig.9.3a

The oscillation is interrupted as soon as a piece of iron is inserted
between the two coils. The permissible slot width 1s about 5 mm, if
the electrical circuit is optimal proportioned. Seperation of the different
potentials is achieved by the blocking capacitor of 22 nT-.

In Fig. 9.3 b a similar circuit for a detector is shown. In this case the
coils are influenced by a piece of metal moved infront of the inductan-
ces. The oscillator circuit consists of L; = 12.5 uH and C = 470 pF
determining mainly the frequency. The oscillation is interrupted, if a
piece of metal attenuates the resonant circuit. The metal may be
approximated in horizontal as well as in vertical direction. Starting
of oscillation is adjustable by the potentiometer P = 1 kQ controlling
the attenuation of the circuit. By that it is possible to set threshold in
the way, that a picce of metal achieves a switching of the TCA 105 at
an approximation in horizontal direction to a minimum distance

of 1 mm. TCA105
T P 10nF Vo=t to 28V
% I ] 1 U 6 R 12k R 12k
1k
L 2 5 =l
?-u -L./.mpF .
T .
Fig. 9.3 b

The switching hysteresis is 0.2 mm on the average. If the piece of
metal is moved in vertical direction the hysteresis as well as the
threshold are determined in addition by the horizontal distance to the
core.
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The switching characteristics are inversely proportional to the distance,
that means safer switching at smaller distances. But optimal results will
be obtained only by a practical trial run. The following guideline data
have been experienced: hysteresis of 0.6 to 0.7 mm at distances of
0.5 mm.

Siferrit-pot cores, e.g. type B 65517-A 0000-R 001 are suitable com-
ponents for the oscillator. If a wire of 0.1 mm CuL is used the turns
required for one half of a core with the demensions of 9 X 5 mm are
as follows:

L{:n; = 20 turns,

Lyin, = 7 turns.

For proximity switches showing a higher sensitivity an additional
transistor stage is required (see Fig. 9.3 ¢). Adjustment potentiometers
for hysteresis (P;) and sensitivity in accordance to the distance (P,)
enable the construction of a very accurate proximity switch operating
between distances of 0.3 and 10 mm and offering a hysteresis of 0.3 to
1 mm according to the chosen distance. An attenuation is possible by
approximation in vertical as well as in horizontal direction.

List of parts:
1 TCA 105, Q 67000-A 527

1BC237,Q62702-C 276 and C 277
4 TCA105

o Vit to 28Y

[k

| 10pH ﬁZZDkQ —L3,3nF

. AR

|

1% U

13uH 1 §

' | = 2 5 -
' 68pF 973 b 01

220F E]zzom
[ ! 0s

Fig. 9.3 ¢

9.4 Threshold switch using TCA 105

Fig. 9.4 shows a very simple threshold switch, current controlled. It is
proportioned in the way that the input transistor of the TCA 105 is
switched off during the quiescent state /; = 0. By that the output Q
(pin 5) is conductive and the output Q (pin 4) non-conductive. As
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soon as an additional current is applied to the input [, its first transis-
tor is turned on. Then the outputs switch to the complementary state.

TCA
CA105 Ve-hto 24V
T e U s f]we #[|xe
I ; 2 5 _ o0 T
3 4 b1
P as00 Ry
15 o 3MQ .
-0
S

Fig. 9.4

The circuit flips as soon as the input current generates a voltage drop
of about 200 mV at the resistor P = 250 Q. The tolerance expected
for different TCA 105 is approximately & 50 mV. Therefore the re-
quired input sensitivity can be adjusted by the potentiometer P. The
circuit shown in Fig. 9.4 is proportioned for a threshold of 7, = 2 mA.
Other currents are attained by suitable matching of the input imped-
ance.

The switching hysteresis is adjusted by the resistor R, with a wide-
range resistance variation. The resulting hysteresis amounts approxima-
tely I;;; = 100 to 400 uA at the resistance range indicated. Further
more it has to be considered that also the value of the load resistor R,
at pin 4 as well as the chosen supply voltage V determine the hysteresis.
Favourable values are as follows: R less than 60 kQ and R;; more
than 1 MQ.

List of parts:
1 TCA 105, Q 67000-A 527
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10. AM-receiver with TCA 440

The AM-receiver circuit TCA 440 consists of two control systems
which operate independently of each other and which act on the pre-
stage as well as upon the IF-stages (refer to Fig. 10 a). Due to the pre-
stage control an excellent large signal stability is achieved. A voltage
of 2.6 V, at the TCA 440 input is processed with low distortions
only. The balanced mixer operates multiplicative. Therefore only a few
harmonic mixing products and squealings are generated. It is impossible
to influence the oscillator, seperated from the mixer, by any signal at
the input. From the control circuit of the IF-amplifier an adjustment
indication voltage is obtained, thus a moving-coil instrument can be
connected directly and the following data are recommended: 500 uA
(R; = 800 Q) or 300 uA (R; = 1.5 kQ). The symmetrical construction
of the total integrated circuit achieves not only a high stability against
unwanted oscillations but also a control range of more than 100 db.
The bridge circuit of the mixer suppresses a direct IF-interference.
Thereby the formerly feared tendency towards oscillations at the lower
end of the MF-band is eliminated.

- Ve=45-15V
A S
AA118 e 31 100nF
i & n
15nF Lg |j_Lm
[J22k0
47pF
adjustment
indicator
30pF - 0 7D
L7~ B Murata SF455D
& C=320pF
' AA118
33kQ

= | |12kQ

82kQ

L
I

5pF

Fig.10a
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With applications of tuning diodes BB 113 (Fig. 10 b) a seperated
prestage control is no longer convenient, since with voltages of more
than 1 V; at the input circuit there are already distortions. In the
best way the voltage for the prestage control is derived from the
IF-control voltage. In this case the pins 3 and 10 have to be connected
directly. The LC-circuit at pin 16 is no longer necessary. Now the
stability against large signals is lowered by 5 db. At a diode voltage of
Vi, = 6 V the input frequency amounts f,p = 850 kHz and at V, =

30 Vitis fyp = 1650 kHz.

._L,‘ Vg=45-15V
0 Y (R N E N A
Murata SF4550
BR13 Y 770
BB113 -
33UnF% T?:ijzm

Vo '
0nF mokQ‘ﬂLs,sz |

ZSpF
‘VD
Fig. 10 b

Technical data:

Operating voltage Vg
Current consumptionat Vo = 9V I

Input sensitivity

(Va=9V, f, = 1 MHz, m = 30 % and 0 %)
at a signal-to-noise ratioof 26 db V',
AF-output voltage for Vi

symmetrically measured at 1-2

(m =30%;V,=9V)

Vyp = 200V Var et
Vip =500 mV Viar et
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Winding data for the coils

LH

L,-L, mounted on Voigt-kit D 21-2375.1

:ny = 105 turns
tn, = 7turns
:ny; = 80 turns
:ny, = 35turns
in; = 15turns
:ng = 70 turns
:n; = 35turns
:ng = 20turns
:ng = 50turns
iy, = 22turns
:ny; = 400 turns

12 X 0.04 CulLS
0.10 Cul
12 X 0.04 CuLS
12 X 0.04 CulLS
0.10 CuL
12 X 0.04 CulS
12 X 0.04 CulS
12 X 0.04 CulLS
12 X 0.04 CulS
12 X 0.04 CulS
0.06 CuL

L,-L;, mounted on Voigt-kit D 41-2519

List of parts:

1 TCA 440, Q 67000-A 669
3BB 113, Q62702-B 41
1AA118,Q60101-X 118
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