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General Information




Summary of Digital integrated Circuits

contained in Data Book 1974/75, volume 1, German edition
(Order No. B12/1201)

1. TTL Series FL 100-7400

With exception of the following types FLJ 331, FLJ 471, 74278, 74279, 74284, 74285,
74298, FLJ 101, FLQ 141, FLR 111, FLR 121, FLR 151, series FL 100 can also be supplied in
temperaturerange 5.

FLH 101 7400 Quadruple 2-input NAND-gate
FLH111 7410 Triple 3-input NAND-gate
FLH 121 7420 Dual 4-input NAND-gate
FLH 131 7430 8-input NAND-gate
FLH 141 7440 Dual 4-input NAND-powergate
FLH 151 7450 Dual 2+2-input AND/OR-gate, inverting with expander node
FLH 161 7451 Dual 2+2-input AND/OR-gate, inverting
FLH 171 7453 2+2+2+2-input AND/OR-gate, inverting with expander
FLH 181 7454  2+2+2+2-input AND/OR-gate, inverting
FLH 191 7402 Quadruple 2-input NOR-gate
FLH 191S 7402 S1 as FLH 191/195, however output 6.5 V/500 pA
FLH 201 7401 Quadrupie 2-input NAND-gate with open coliector output
FLH 201 S 7401 S1 as FLH 201/205, however output 15 V/250 pA
FLH 201 T 7401 S3 as FLH 201/205, however output 5.5 V/50 pA
FLH 211 7404 Hexinverter
FLH 221 7480 1 bit fulladder
FLH 231 7482 2 bit fulladder
FLH 241 7483 4 bit fulladder
FLH 251 4929 Dual 2-input NAND-gate and quadruble inverter
FLH 271 7405 Hexinverter with open collector output
FLH 271S 7405 S1 as FLH 271/275, however output 15 V/250 pA
FLH 271T 7405 S3 asFLH 271/275, however output 5.5 V/50 pA
FLH 281 7442 BCD-decimal decoder
FLH 291 7403 Quadruple 2-input NAND-gate with open collector output
FLH 291 S 7403 S1 as FLH 291/295, however output 15 /250 pA
FLH 291 T 7403 S3 as FLH 291/295, however output 5.5 V/50 pA
FLH 291U 7426 as FLH 291/295, however output 15 V/50 pA
FLH 321 4930 Quadruple 2-input NAND-powergate
FLH 331 4931 Dual 5-input NAND-gate
FLH 341 7486 Quadruple 2-input exclusive OR-gate
FLH 351 7413  Dual 4-input NAND-Schmitt Trigger
7414 Hex NAND-Schmitt Trigger
FLH 361 7443 Excess 3-decimal decoder
FLH371 7444  Excess 3-Gray-decimal decoder
FLH 381 7408  Quadruple 2-input AND-gate
FLH 391 7409 Quadruple 2-input AND-gate with open collector output
FLH 391 T 7409 S1 as FLH 391/395, however output 15 V/250 pA
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FLJ
FLJ
FLJ

4 bit arithmetic logic unit (ALU)
Lookahead carry generator for ALU
8 bit parity generator

4 bit comparator

4 bit complement unit

74H 183 Dual 1 bit fulladder

Hexinverter with expander node and open collector
Hexinverter with expander node

Hexinverter with open collector output with 30 V/40 mA
Hexinverter with open collector output with 15 V/40 mA
Hexbuffer with open collector output with 30 V/40 mA
Hexbuffer with open collector output with 15 V/40 mA
Triple 3-input NAND-gate with open collector output
Dual 4-input NOR-gate with strobe and expander node
Dual 4-input NOR-gate with strobe

Quadruple 2-input NAND-powergate

Quadruple 2-input NAND-powergate with open
collector output

BCD-7-segment decoder

6 bit binary BCD converter

74185 A 6 bit binary BCD converter

Quadruple 2-input NAND-Schmitt Trigger

Dual 4-input NAND-gate with open collector output
Triple 3-input NOR-gate

Quadruple 2-input OR-gate

Hex delay element

Dual 3-input NAND-Schmitt Trigger

with high input impedance

4971351 Dual 3-input NAND-Schmitt Trigger

401 74181
411 74182
421 74180
431 7485
441 74H87
451
461 4934
471 4935
481 7406
481T 7416
491 7407
49171 7417
501 7412
511 7423
521 7425
531 7437
541 7438
551 7448
561 74184
571
601 74132
611 7422
621 7427
631 7432
641 49703
731 49713
731
661 7428
7433
74128
7483 A
74283
74125
74126
74136
74147
74148
101 7470
111 7472
121 7473
131 7476
141 7474

with high input impedance

Quadruple 2-input NOR-gate

Quadruple 2-input NOR-gate with open collector
Quadruple 2-input NOR-buffer for 50-Q-lines
4 bit fulladder

4 bit fulladder

Quadruple 1-input AND-gate with control input
and tri-state output

Quadruple 1-input AND-gate with control input
and tri-state output

Quadruple 2-input exclusive OR-gate

with open collector output

4 bit decimal BCD converter

3 bit decimal BCD converter

3+3-input JK flipflop

JK-Master-Slave flipflop

Dual JK-Master-Slave flipflop with reset

Dual JK-Master-Slave flipflop with set and reset
Dual D-flipflop



FLJ 151
FLJ 161
FLJ 171
FLJ 181
FLJ 191
FLJ 201
FLJ 211
FLJ 221
Fid 231
FLJ 241

FLJ 251

FLJ 261
FLJ 271
FLJ 281
FLJ 291
FLJ 301
FLJ 311
FLJ 321
FLJ 331
FLJ 341
FLJ 351
FLJ 361
FLJ 371
FLJ 381
FLJ 391
FLJ 401
FLJ 411
FLJ 421
FLJ 431
FLJ 441
FLJ 451
FLJ 461
FLJ 471
FLJ 481
FLJ 491
FLJ 501
FLJ 511
FLJ 521
FLJ 531
FLJ 541
FLJ 551
FLJ 561
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7475
7490 A
7492 A
7493 A
7495 A
74190
74191
7491 A
7494
74192

74193

7496
74107
74104
74105
74100
74198
74199
7497
74110
74111
74118
74119
74196
74197
74160
74161
74162
74163
74164
74165
74166
74167
4932
49702
49704
49705
74115
74174
74175
74194
74195
74109
74173
74176
74177

Quadruple D-flipflop

Decimal counter

Divide-by-twelve counter

4 bit binary counter

4 bit shiftregister, reversible

Reversible decimal counter

Reversible 4 bit binary counter

8 bit shiftregister, serial in/out

4 bit shiftregister, paraiiei in, seriai out

Decimal counter with one clock input each for up
and down count

4 bit binary counter with one clock input each for up
and down count

5 bit shiftregister

Dual JK-Master-Slave flipflop

JK-Master-Slave flipflop with JK input
JK-Master-Slave flipflop with J, K and JK inputs
Eight D flipflop

Universal 8 bit shiftregister, reversible

Universal 8 bit shiftregister

Programmable 6 bit rate multiplier
JK-Master-Slave flipflop with data lockout

Dual JK-Master-Slave flipflop with data lockout
Hex RS-flipflop with common reset

Hex RS-flipflop with separate reset

Decimal counter for 50 MHz

4 bit binary counter for 50 MHz

Synchronous decimal counter with set and reset
Synchronous 4 bit binary counter with set and reset
Fully synchronous decimal counter with set and reset
Fully synchronous 4 bit binary counter with set and reset
8 bit shiftregister, parallel out

8 bit shiftregister, parallel in

Universal 8 bit shiftregister

Programmable decimal rate multiplier

Dual 8 bit shiftregister

Quadruple D-flipflop with common reset

Dual 4 bit binary counter for 50 MHz

Dual decimal counter for 50 MHz

Dual JK-Master-Slave flipflop with data lockout
Hex D-flipflop with common reset

Quadruple D-flipflop with common reset
Synchronous 4 bit parallel shiftregister, reversible
Synchronous 4 bit parallel shiftregister with JK inputs
Dual JK flipflop with set and reset

Quadruple D-flipflop with tri-state output

Decimal counter for 35 MHz

4 bit binary counter for 35 MHz



74178 4 bit parallel shiftregister
74179 4bit parallel shiftregister
74278 4 bit priority register
74279 Quadruple RS-flipflop with separate reset inputs
74298 Quadruple 2 bit dataselector with memory
FLK 101 74121 Monostable multivibrator
FLK 111 74122 Monostable multivibrator with reset
FLK 121 74123 Dual monostable multivibrator with reset
FLL 101 74141 BCD-decimal decoder-driver for indicator tubes
FLL 111 7445 BCD-decimal decoder-driver with open collector outputs
FLL 111T 74145 asFLL 111, however outputs 15 V/80 mA
FLL 121 7446 BCD-7-segment decoder-driver with open collector
outputs with 30 V/20 mA
FLL 121T 7447 as FLL 121, however outputs 15 V/20 mA
FLL 121U 7446 A asFLL 121, however outputs 30 V/40 mA
FLL 121V 7447 A asFLL 121, however outputs 15 V/40 mA..
FLL 131 49700 Dual AND-powerdriver for 30 V/160 mA and dual
2-input NAND-gate
FLL 131 T 49700S1as FLL 131, however outputs 60 V/160 mA
FLL 141 49701 Quadruple powerdriver for 30 V/80 mA
ELL 141 T 49701S1as FLL 141, however outputs 60 V/80 mA
FLL 151 74142 Decimal counter, latch, decoder and driver for indicator tubes
FLL 171 74143 4bitbinary counter, latch 7-segment decoder and driver
FLL 171T 74144 4 bit binary counter, latch 7-segment decoder and driver
FLQ 101 7489 64 bit random access memory
FLO111 7481 A 16bit random access memory
FLQ121 7484 A 16bit random access memory
FLQ 131 74170 16bit random access memory, 4 words of 4 bits
FLQ 141 256 bit random access memory with tristate outputs
74172 16 bit random access memory
FLR 101 7488 A 256 bitread-only memory
FLR 111 74187 1024 bit read-only memory
FLR 121 Programmable 256 bit read-only memory
FLR 131 Programmable 1024 bit read-only memory
FLY 101 7460 Expander for FLH 151, FLH 171 and FLH511
FLY 111 74150 16 bit data selector/multiplexer
FLY 121 74151 8 bit data selector/multiplexer
FLY 131 74153 Dual 4 bit data selector/multiplexer
FLY 141 74154 4 bitbinary decoder/multiplexer
FLY 151 74155 Dual 2 bit binary decoder/demultiplexer
FLY 161 74156 Dual 2 bit binary decoder/demultiplexer
with open collector outputs
FLY 171 74157 Quadruple 2 bit data selector/multiplexer
FLY 181 74120 Dual pulse synchroniziser
74284 Dual 4 bit parallel multiplier
74285 Dual 4 bit parallel multiplier
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2.
3.

4.

LSL-Series FZ 100
MOS-Series

FDN141 A Programmable dynamic 256-bit-shiftregister
with two clock inputs

FDN 151 A Programmable dynamic 256-bit shiftregister
with one clock input

GDRTOT 5 048.12240-, 2304 bit ROM

GDR106 ~~ "7 i !

SAB 1000 Remole-control-transmitter*

SAB 1001 Remole-control-receiver*

SAB 1002 Remole-control-analogue-memory*

SAJ 131
SAJ 135

SAJ131TA . L P .
SAJ135A Static frequency divider 1000:1 with external reset input

Static frequency divider 1000:1

SAJ1311
SAJ1351

g:j 1. g;:: Staticfrequency divider 1000:1 with external reset input

Static frequency divider 1000:1

SAJ 205 Sawtooth stearcase generator*
SAJ 341 Counter/clock-circuit*

SAJ410 7-stage frequency divider

Spezial circuits

SAS 201, SAS 211 Magnetically controlled switches

*Information on request
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Summary of Analog Integrated Circuits

contained in Datenbuch 1974/75, Band 2, German edition

(Order No.B 12/1213),

contained in Data Book 1974/75, English edition
(Order No. 12/1213.101)

Analog Integrated Circuits for Entertainment Applications

TAA 131
TAAB30S
TAA991D
TAA991Q
TBA 120
TBA120A
TBA120S
TBA120AS
TBA120T
TBA120U
TBA 400
TBA400D
TBA440C

H TBA440P
TBA440N

TBA450N
TBA460
TBA460Q
TBA500P
TBA500N
TBA510
TBA520
TBA530
TBA540
TBA560C
TBA 920
TBA 970
TCA 440
TCA890

B SAS560,SAS570
SAS560S5/5670S
SAS580, SAS590
S041E S041P
S042E S042P
UAA170

Three-stage AF amplifier

Synchronous demodulator for colour difference drive
AM/FM IF ampilifier (DIL package, 14 pins)

AM/FM IF amplifier (QIL package, 14 pins)

FM IF amplifier with demodulator (DIL package, 14 pins)
FM IF amplifier with demodulator (QIL package, 14 pins)
FM IF amplifier with demodulator (DIL package, 14 pins)
FM IF amplifier with demodulator (QIL package, 14 pins)
FM IF amplifier with demodulator (DIL package, 14 pins)
FM IF amplifier with demodulator (DIL package, 14 pins)

Gain-controlled broadband amplifier (Package 5J10 DIN 41873)

Gain-controlled broadband amplifier (DIL package, 14 pins)
Gain-controlled video IF amplifier with demodulator
(DIL package, 16 pins)

Video IF IC for black/white and colour TV sets
(Control for pnp tuner prestages) (DIL 16)

Video IF IC for black/white and colour TV sets
(Control for npn tuner prestages) (DIL 16)

Stereo decoder (DIL package, 16 pins)

AM/FM IF and AF amplifier (DIL package, 16 pins)
AM/FM IF and AF amplifier (QIL package, 16 pins)
Luminance combination (voltage is positive going)
Luminance combination (voltage is negative going)
Chrominance combination

Colour demodulator

R.G.B. Matrix pre-amplifier

Reference combination

Luminance and chrominance control combination
Horizontal combination

Video amplifier

AM receiver circuit

AFT IC with automatic muting during tuning and
incorporated 30 V reference voltage

Switching amplifier for 4-channel touch tuning
Switching amplifier for 4-channel touch tuning
Switching amplifier for 4-channel touch tuning
FM IF amplifier with demodulator

Mixer

IC for driving LED display line
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Analog Integrated Circuits for Industrial Applications

TAA521, TAAS21 A TAA522 operational amplifiers
TAA 721, TAA722 broadband amplifiers
TAA 761, TAA761 A TAA761W, operational amplifiers
TAA 765, TAA765 A, TAA765W  operational amplifiers
TAA 762 operational amplifiers
TAA 861, TAAB61 A TAABG1 W, operational amplifiers
TAA 865, TAA8B6B5 A, TAABB5 W  operational amplifiers

TAAB62, TAABGZF operational amplifiers

TBA221,TBA221 A TBA221B, operational amplifiers

TBA 221 W, TBA 222 operational amplifiers

TBA 830G, TBA830R microphone amplifiers

TCA 105, TCA 105 B, TCA 105 W, TCA 105 BW, threshold switches

TCA315 A operational amplifier with Darlington input
TCA325 A operational amplifier

TCA335A operational amplifier with Darlington input
TCA345A threshold switches

S 0255 motor speed regulator

TCA 671 transistor array

TCA 871 transistor array

P1 active matrix point

B Not for new development
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Logic Data and Symbols

1.Logic Levels

According to DIN 41785, sheet 4 for digital microcircuits the two possible values of binary
electrical digits are given by L (Low) and H (High). The values of the L-range are defined as
closer to—®, and the values of the H-range as closer to + .

The logic symbols O and 1, or O and L, or log. 1 and log. O as well as positive or negative logic
definitions are not used any longer.

2.Gate Symbols

2.1 NAND-Gate Truth table for a 2-input NAND-gate
(e.g. 1/4 FZH 101)

inputs output
inputs A B Q
A output
BZ:jD_j’Q L L H
No—— L H H
H L H
H H L

Logic function:Q=AB.... N
Definition: An output signal will be present unless A and B and .... and N are present.

2.2 AND-Gate Truth table for a 2-input AND-gate

(e.g. 1/4 FZH 251)

inputs output
inputs A B Q
Ao—
| e L L L
No—'— L H L

H L L

H H H

Logic function: Q = AB .... N
Definition:Anoutputsignal willbe presentif Aand B and....and Nare present.

15



2.3 NOR-Gate Truth table for a 2-input NOR-gate
(e.g- 1/4 FZH 281)

inputs output
inputs A B Q
BA Z__': ’ output
i Q L L H
H L L
H H ! L

Logic function:Q=A+B+... +N
Definition: Anoutputsignal willbe presentif AorBor-....orNarenot present.

2.4 OR-Gate Truth table for a 2-input OR-gate
(e.g. 1/4 FZH 291)

nputs inputs . output

Ao A B Q

B o | output

: '——oa L L ‘ L

N o L H H
H L ! H
H H H

Logic function:Q =A+B +....+N
Definition: An output signal will be presentif AorBor....or N are present.

2.5 Exclusive-OR-Gate Truth table for a 2-input exclusive OR-gate
(e.g.1/4 FZH 271)

Dot inputs output

Inputs

AD ~ output A B Q

—o(

8 o—1 L L L
L H H
H L H
H H L

Logic function: Q = AB + AB
Definition: An output signal will be present if only Aoronly B is present.

16



2.6 AND/OR-Gate

inputs

D

S =Strobe input
N =Delay input
Logic function: Q = AB + CD

2.7 Inverter

nput output
A Q
inversion dot

Logicfunction:Q = A

output

Truth table for a 2 + 2-input AND/OR-gate

(similator to 1/2 FZH 151)

inputs output
A B C D Q
L L L L L
H L L L L
L H L L L
H H L L H
L L H L L
H L H L L
L H H L L
H H H L H
L L L H L
H L L H L
L H L H L
H H L H H
L L H H H
H L H H H
L H H H H
H H H H H

17



3. Flipflop Symbols

outputs

e bistable circuit (flipflop) with complementary outputs

a

outputs
a
input monostable circuit (monoflop) with an input acting upon both
T B outputs. The arrow indicates the output which is high when the
Y circuit is stable.

inputs

5 J1J2 and Kare information inputs

J1 and J; are AND-connected

;11 — J and K-inputs are gated by clock input C
Jo— Rand Sare independent reset and set inputs
c “ —————
K—

The arrow at the clock input shows the gating mode as follows:

—> action at the output occurs when the input rises from L to H
—> action at the output occurs when the input falls from H to L
—] action while the input is high

= action while the input is low

18



4. Flipflop Classification according to the Logic Function

4.1 D-Flipflop (Delay-Flipflop)

The D-flipflop has an input (indicated with a D) the logic state of which is transferred into the
flipflop. It is controlled by a clock pulse. The information stored during the clock pulse is
retained until the next clock pulse. Only then any new information is accepted by the D-input.

4.2 JK-Flipflop

The JK-flipflop has information inputs indicated with a J and K. They are gated by the clock
input and determine the output state Q of the flipflop.

At J = L and K = L the Q-output is retained in its original state. At J = H and K = H the
flipflop switches at every clock pulse to its complementary state (binary divider). Q = L results
atJ = Land K = Hindependent of the preceding output state. For J = Hand K = L the defined
outputstate is @ = H.

Most JK-flipflops have additional R and 5 inputs with which the flipflop can be operated
independent of the clock pulse. In this way it is possible to select the initial state of the flipflop.
Rand Sindicates that set or reset action is at L-level only.

The following tables show the function of the different types of flipflops.

4.3 Truth Tables for Flipflops

inputs output Q
DorJ K D-Flipflop JK-Flipflop
L L L Qn
L H L
H L H H
H H Q,
th th—1
inputs outputs
R S Q Q
L H L H
H L H L
L L undefined
H H Qn Qn
t, = bittime before clock pulse

t,+1 = bit time after clock pulse

19



Quality Levels

1.

20

The quality of integrated circuits of the LSL-series is defined by the following
statements:

1.1 Maximum ratings as well as upper and lower distribution boundary of typical charac-
teristics.

1.2 Maximum amount of circuits which do not comply with the ratings given under 1.1.
These acceptable quality levels or AQL-levels are based on final production testing
in accordance with the AQL-table ABC-STD-105 D, inspection level II (see also
paragraph Il. 4).

. Defects

A defect is indicated if an actual value measured does not correspond to the data sheet.
The defects are classified into type and extent.

2.1 Type of defect

A Mechanical defects of case and connections
B Electrical defects

2.2 Extent of defect
A Critical defects: any defect causing functional failure.
B Gradual defects: defects which still permit functional applications.

. The defects and the corresponding AQL-values are stated in the tabie below.

AQL-levels for:
defect LSL note
3.1 Mechanical defect 0.65 1
A Critical defect 0.25 1
B Gradual defect 0.65 1
3.2 Electrical defects
3.2.1 Static parameters of data sheet within the 1.0 1,3
temperature range
A Critical defects 0.15 1
B Gradual defects 1.0 1
3.2.2 Switching parameters at 25 °C 1.5 2

Notes: 1 group-AQL = sum of defects of all parameters
2 AQL = defect of a single parameter
3valid at 25 °C

. Incoming Inspection

Test procedures at the manufacturer's are intended to make incoming inspection unme-
cessary. If the buyer still requires inspection, it is recommended to use test procedures in
accordance with AQL-table ABC-STD-105 D.



Mounting Instructions

Plastic dual-in-line package

Plastic packages are soldered on the side of the printed circuit board opposite to the case,
the pins are vertically bent and fit into holes at an equal distance of 2.54 mm and a diameter
of 0.7 to 0.9 mm. The distance X has to be taken from the corresponding package outline
drawing.

The distance between the package and the printed circuit board is determined by shoulders
(see picture).

After inserting the package into the printed circuit board two or more pins should be bent atan
angle of app. 30 °C. Thus the package need not be held down while soldering.

The maximum allowable solder times are with iron soldering 265 °C (max. 10s) and with dip
soldering 240 (max. 4s).

0.65min

0.5

solder

Fob-6 6
{254 |
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The Low-Speed Noise-lmmune Logic Series FZ 100

FZ 100 is a low-speed noise-immune logic series of monolithic integrated circuits. A Zener-
diode input as well as a relatively large collector capacitance of the input transistor ensure an
excellent static and dynamic noise immunity of the integrated circuit. Propagation delay times
can be adjusted with capacitors. Thust the dynamic noise immunity can be increased as
required. Due to these advantages, the series FZ 100 is in particular suited for applications
where strong noise endangers operations, and where the noise immunity is much more
important than the switching speed.

1. Noise Immunity

1.1 Static Noise Immunity

The static noise immunity characterizes the behavior of a system disturbed by noise pulses
which last longer than the average propagation delay time. The static noise immunity defines
the voltage levels which do not influence the logic state. The typical values of the static noise
immunity or noise margin are derived from the transfer function (figure b). For the L-state
follows:

atVg=12V: VoL =Vr1 —V1=5.9-09=5.0V

atVe=15V:Vym = V12 — V.= 5.6 -09=4.7V.

For the H-state follows:
atVe=12V: iy =Van - V44= 11.3-59=54V
atVs = 15V:Vamu= Van — Vo= 143-56=8.7V

The guaranteed noise immunity under worst-case conditions results as follows:
VomL =ViL—VaL=45-1.7=28VatVs= 12and 15V

Vomi =VoH —Vin=10-75=256VatVs= 12Vand

VamH =VoH —ViH = 12-75=45VatVs=15V.

1.2 Dynamic Noise Immunity

The dynamic noise immunity characterizes the behavior of a system disturbed by noise pulses
of a shorter duration than the signal propagation delay time. In this case the energy of the
noise pulse — pulse amplitude and duration — determines whether a change of the logic state
will take place.

The practical aspects of the dynamic noise immunity are the input noise immunity and the
immunity against capacitively coupled noise. The source of capacitively coupled noise can
either be cross talk (system noise) or foreign noise. A coupling capacitance of up to 1.6 nF
typically does not introduce any cross talk. Due to this value, system noise can in general be
regarded as being a minor problem, and foreign noise sources only have to be considered as
important.

The following figures show the noise immunity of the complementary MOS-logic CMOS and
the low-speed noise-immune logic LSL.

1.2.1 Input noise immunity

Pulse duration and amplitude of a noise pulse are limited by the propagation delay time tp of a
gate. The noise amplitude may become greater than the static noise immunity if the noise pulse
duration b £ ' tp. The noise amplitude may not exceed the static noise immunity if b = tp.
However, tp can be adjusted as required by an integrating capacitance C.
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Figures 1 and 2 show the typical input noise immunity of NAND-gates with and without
integrating capacitance at supply voltages Vs = 12 V. The noise voltage V,, is shown as a
function of the noise pulse duration b. Figure 2 indicates the more critical case where an
L-signal at the input is disturbed. This is due to the transition time try being shorter than tr .
Thus the noise pulse duration at L-level is less than at H-level.
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1.2.2

The push-pull output stage generally used with LSL-circuits has a low output resistance in
both logic states (RoL ~ 20 Q and Rgy~ 400 Q). The resulting time constants are relatively
small, and noise puilses die away rapidly. Figures 3 and 4 show the typical noise immunity
against capacitively coupled noise of NAND-gates with and without integrating capacitance
at supply voltages Vs = 12 V. The noise voltage V,m is shown as a function of the coupling
capacitance Cs. The more critical case is given in Figure 3 where an H-state is disturbed.
This is due to the H-output resistance being greater than the L-output resistance.

The transition time of the noise source was approximately 1 ns and the source resistance

approximately 1Q.

1:3. Destruction Energy

The amount of energy permissible at any terminal of an LSL-circuit without danger of destruc-
tion is typically 1T mWs per circuit. A suitable protective circuit is shown in paragraph 5.1.
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2. Description of the Static Characteristics

2.1 Maximum Ratings

Maximum ratings are absolute limits. The integrated circuit may be destroyed if a single value
is exceeded. Maximum ratings are valid at Ta = 25 °C unless noted otherwise.

2.2 Electrical Characteristics

Typical characteristics are statistic mean values. In most cases they are supplemented by
guaranteed distribution boundaries. Typical characteristics are valid at Ty = 25 °C and re-
commended supply voltages Vs = 12V and 15 Vrespectively.

2.3 Characteristic Functions

2.3.1 Transfer function

Figure 5 shows the typical transfer function Vo = f (V|) of NAND-gates at supply voltages
Vs =12 Vand 15 V. The transfer function is almost independent of the output load.

To ensure safe operation, the input voltage must surpass the threshold voltage Vr. The
threshold voltage is determined graphically at the intersection of the transfer function with

the straight line Vi=Vq.
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2.3.2 Input characteristic

Figure 6 shows the typical input characteristic J; = f (V}) at supply voltages Vs = 12 and 15 V.

The input characteristic can be divided into 3 ranges:

1. Only a small reverse current of approximately 1 pA flows into the input if the input is
supplied with an H-level. The breakdown voltage of the diodes is typically 30 V and may
not be exceeded.

2. Ifan L-level is applied to the input, the input current reverses its direction.

3. Thesubstrate diodes start conducting at negative inputvoltages. Theinputcurrentincreases
rapidiy. iviaximum negative ratings must be observed.

The input characteristicisindependent of the load as the gate circuit does notinclude feedback.

The TTL-LSL-level-converter FZH 181/185 has an input characteristic similar to TTL-circuits.

2.3.3 Output characteristics

Figure 7 shows the typical output characteristic of the L-state Vo, = f (Io,) for normal outputs
and power outputs at supply voltages Vs = 12 V and 15 V. The current Iy is sunk by the gate
output. The output characteristic indicates that the output current may exceed the rated load
current stated in the data sheet for the output voltage Vo = 1.7 V. The current limit is given
by the total power dissipation per package of 500 mW which must not be exceeded.
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L-state Vo, =1 (IgL) for normal Vau =f Ian),
outputs (— ) and power outputs (---) — FZH 101/5 through FZH 171/5,
atVs=12/15V FZJ101/5,andFZJ 111/115

---FZH 191/5 through FZH 291/5,
FZJ121/5throughFZJ161/5,andFZK 101/5
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Figure 8 shows the typical output characteristic of the H-state Van = f (Ion) at supply voltages
Vs =12 Vand 15 V. Here the output current o is supplied by the gate output. Not more than
one output may be shorted at the same time. The maximum short circuit duration is 1us for
circuits without short circuit protection. The dotted part of the curve applies for circuits with
short circuit current limiting. The circuits are thus protected from damage.

2.4 Logical data

2.4.1 Inputload factor

The input load factor defines the currents required by a single input at H-state as well as
L-state. The upper limit of the H-input current per input is Iija = 1A.The upper limit of the
L-input current per inputis fiia=—-1.5mAat Vs =12Vand -1.8 mAat V5 = 15 V. These values
definethe normalized load factor = 1. They arevalid within the entire temperature range.

F, = 2 means for example an L-input current of =fj. =2 x 1.5 = 3mAatVs =12V and
-l =2x1.8=3.6 mAat Vg =15 Vandan H-input current ofly=2x1=2uA.

2.4.2 Output load factor

The output load factor defines how many normalized loads F=1can be driven by a single output
The H-output load factor is higher than the L-output load factor. In this way it is possible
to connect unused inputs of the same gate in parallel without accounting for an additional

load.
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3. Description of the Dynamic Characteristics

3.1 Load capacitance

Figure 9 shows the influence of capacitive loading on the switching parameters. It can be
seen that rather large values are necessary to decrease the speed. Thus long connection lines
may be easily used.
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Typical switching parameters as a function of the load capacitance t = f (C,),
tr = transition time, tp = propagation delay.
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3.2 Delay capacitance

Due to a special geometry of the input transistor the collector capacitance is relatively great.
This causes long propagation delay times and a high dynamic noise immunity results. Circuits
with an N-node enable the designerto lengthen the propagation delay times with anintegrating
capacitor Cy Thus the dynamic noise immunity can be adapted asrequired. The capacitor is
connected between output Q and N-node with gates. Flipflops require two capacitors to delay
the slave. One between output Qand node No and another one between output Qand node Ng.
Two additional capacitors may be provided at the nodes N, N;j and Ny, N of the flipflops
FzJ 111/115 to increase the noise immunity of the master. No limit is given for the integrating
capacitance for gates and flipflops.

Cn must be connected between the N-input and ground Os with the circuits FZK 101/105,
FzJ 141/145, FZJ 151/155 and FZJ 161/165. The upper limit of Cy is 500 pF for the
FZK 101/105 and 1 nF for the remaining circuits.

Figure 10 shows the switching parameters as a function of the capacitance Cy for gates at
supply voltages Vs =12V and 15 V.
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Figures 11 and 12 show the typical switching parameters for flipflops between clock input
C and Q as well as the reset input R and Q as a function of the integrating capacitance Cy
at supply voltages Vs = 12V and 15 V.
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Fig. 11and 12

Typical switching parameters of flipflops as a function of the integrating capacitance t =f(Cy).
ty = transition time, tp = propagation delay

The characteristics are referred to the Q-output only. Identical results will be achieved for
measurements between C and output Q and the set input S and Q. The maximum clock
frequency f can directly be derived from the switching parameters as shown in fig. 11. The
integrating capacitance also determines the dutycycle of the clock pulse. While the clock pulse
duration t,(c)depends on the capacitance at the master, the clock pause ty| (c) is defined by
the capacitance at the slave. The corresponding diagram is shown in figure 13. The actual
dutycycle is given by the formula:

o = toLic) HipH(c)

As no integrating capacitance is provided at the master of the FZJ 101/105, the minimal
value of the clock pulse duration has to be inserted.
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of the integrating capacitance t, =f(Cy) set and reset pulse duration

as a function of the integrating
capacitance t, =f(Cn)

Figure 14 shows the required increase of the set and reset pulse duration as a function of the
integrating capacitance Cy at supply voltages Vs = 12 Vand 15 V. No integrating capacitance
is provided at the master of the FZJ 101/105. Thus the diagram applies only at C = H, when
master and slave are disconnected.
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3.3 Propagation Delay and Transition Time

The propagation delay time tp 1 is measured between input and output while the output rises
from Lto H-level. Whereas tpy_is determined when the output switches from Hto L. Reference
points for the propagation delay time are the levels 4.5 V.

The transition times tty and try of the output pulse are measured between the 10% and 90%
values.

The pair-delay defines the signal delay which is caused by two NAND-gates connected in
series. The output signal is then in phase with the input signal, however delayed by:

tpp = IpHL ~ IPLH

Figure 9 shows that the switching parameters are nearly independent of the load capacitance.
This is due to a low output resistance at the L-state as well as the H-state. In this way it is
possible to use long connection lines which represent essentially a capacitive load. The
switching parameters remain constant over a wide range.

Figures 15 through 19 show the signal propagation delay times as well as the transition time
asafunctionofthesupplyvoltage Vsovertheentire operatingrangeof 11.4to 17V.
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4. Electrical Characteristics

General Information on the LSL-Series FZ 100

The electrical characteristics are given for two supply voltage ranges. The limits of the 12 V-range
are Vsg = 11.4 V and Vs = 13.5 V. The limits of the 15 V-range are Vsg = 13.5 V and Vp =
17.0V.Typical values are valid at the corresponding nominal voltagesand an ambient tempera-

ture Tpo = 25 °C.

lower upper )

Maximum Ratings limitB | limitA | untt
Supply voltage except FZH 181/185 Vs 0 18 |V
Supply voltage FZH 181/185 Vs 0 7 \%
Input voltage except FZH 181/185 Vi 0 18 \
Input voltage FZH 181/185 V 0 55 |V
Voltage at the node N W -1 06 |V
Current at the node N Iy -10 2 mA
Ambient temperature range 1 Ta (6] 70 °C

range 5 Ta -25 85 °C
Storage temperature Ts -65 150 I°C
Maximum Negative Ratings at Tx = 0to 70 °C 'A% | IymA | atVgV
Any input except N-nodes of any circuit except:
FZH 151/1565,FZH 181/185 and expander inputs of FZH 171/175 =25 | 17
FZH 151/155 -0.7 17
FZH 181/185 -0.5 -25 5

Application note

Pins shown unconnected in the pin configuration must be left open.
Transition times for circuits without delay capacitance should be below 1V /us.

When changing from delayed circuits to undelayed circuits the transition time has to be

increased sufficiently.
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NAND-Gates

FZH 101/105 Quadruple 2-Input NAND-Gate
FZH 111/115 Quadruple 2-Input NAND-Gate with N-Input
FZH 101A/105A and FZH 111A/115A will shortly be available with short-circuit-proof

output as shown in fig. 8

FZH 121/125 Dual 5-Input NAND-Gate
FZH 131/135 Dual 5-Input NAND-Gate with N-Input
FZH 171/175 Dual 4-Input NAND-Gate with Expander Nodes N; and N-Input

Electrical Characteristics
12 V-range
temperature ranges 1 and 5

Supply voltage Vs
H-input voltage VIH
L-input voltage ViL
H-output voltage Vanx
L-output voltage Var
DC noise margin

H-signal Vom
L-signal Voam
H-input current, Iy
each input except N

L-input current, I

each input except N
Short circuit output current, —Ig
each output

H-supply current, Isy
each gate

L-supply current, Is.
each gate

Power consumption, P
each gate

test

lower

upper

Delay times, Vs=12V, Fo=1, Tp=25 °C

Propagation delay tpLH
tPHL
Transition time trLH
tTHL

42

test condition cet. limit B typ. limit A unt
114 | 120 135 |V
VS=VSB 1 7.5 \%
Vs=Vsa and Vsp 2 45 |V
Vs=Vsg and Vga 2 10.0 | 11.3 V
V"_=4.5 \%
_IO.H=0-1 mA
VS=VSB 1 0.9 1.7 |V
V|H=7.5 \Y
Ii=15mA
25 5.0 \%
2.8 5.0 \%
Vs=Vsa 3 1.0 | pt
Vi=Viua
VS=VSA 4 0.8 1.5 [m.
V||_=1 TV
Vs=Vsa 5 10 | 30| 50 |m
Vi=Vo=0V
VS=VSA 6 0.9 1.6 |m,
vi=0V
VS=VSA 7 1.7 3.0 |[mA
Vi=Vina
V3=V3A 16 31 m\A
duty cycle 1:1
C_.=10pFat4.5v 90 175 310 ns
above ground 26 90 175 310 |ns
CL=10pF 200 |340 | 570 |ns
70 120 210 ns



Electrical Characteristics
15 V-range
temperature ranges 1 and 5

Supply voltage Vs
H-input voltage Viu
L-input voltage ViL
H-output voltage Van
L-output voltage Var
DC noise margin

H-signal Vam
L-signal Vam
H-input current, Iy

each input except N
L-input current,
each input except N
Short circuit output current, —Ig
each output

L

H-supply current, Isy
each gate

L-supply current, Ig
each gate

Power consumption, P
each gate

test

lower

upper

Delay times, Vs=15V, Fo=1, TA=25 °C

Propagation delay tpLH
v tPHL

Transition time trLH
trHL

test condition cet. limit B typ. limit A unit
135 [ 15.0 | 170 |V
VS=VSB 1 7.5 \Y
Vs=Vsa and Vsp 2 45 |V
Vs=Vsg and Vsa 2 12.0 | 143 \%
Vii=4.5V
—IQH=O.1 mA
Vs=Vsp 1 1.0 1.7 |V
Vih=7.5V
Ip=15mA
4.5 8.0 \%
2.8 5.0 \%
Vs=Vsa 3 1.0 [pA
Vi=Viha
Vs=Vsa 4 1.0 1.8 |mA
Vii=1.7V
Vs=Vsa 5 15 37 60 mA
V|=VQ=OV
Vs=Vsa 6 1.2 2.1 |mA
vi=0V
Vs=Vsa 7 2.3 4.0 |mA
Vi=Viha
Vs=Vsa 27 52 mW
duty cycle 1:1
C_.=10pFat4.5V 195 ns
above ground 26 140 ns
_ 410 ns
C|_ 10 pF 75 ns
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Quadruple 2-Input NAND-Gate FZH 101

FZH 105
FZH 111
FZH 115

Type | order numbers

FZH 101 Q67000-H 190

FZH 105 Q67000-H 250

FZH 111 Q67000-H 191

FZH 115 Q67000-H 215

e N

B ® ® oW 2 M W0 9
l_ll_ll_ll_ll_—lTl_ll_l

rD—‘ Pin configuration
top view

/

—o
S

10k UH,IK

A o—%——ﬁ—él—«
B o—J—
Vi
‘oﬂ
o, v he
68k

<

2,2k
& —O0 05
Logicaldata,eachgate ‘ I‘ijrz%e;
Output load factor H-signal Fan 100
L-signal FaL 10
Input load factor, each input F 1
Logic Q=AB

1)Gates 1 and 4 of FZH 111/115 only

44



Dual 5-Input NAND-Gate

Type | order numbers

FZH 121 Q67000-H 192

FZH 125 Q67000-H 254

FZH 131 Q67000-H 193

FZH 135 Q67000-H 255
VS : N

L e T 2 |
[ arararararar

il
% 2 Pin configuration
— t I 1 top view

CJC JTC T ITC T T T T
12 3 & 5 6 7 8
N A B ¢ D E @ O

S

Schematic (each gate)

A o—— , gl
B o—Ki—¢ N 10k E]

C o<

D o—kI—¢
Fo—ff—

s
N”o f % B

R

=
e

——o 05

. upper
Logical data, each gate , limit A
Output load factor  H-signal Fan 100

L-signal FavL 10
Input load factor, each input ~ F 1
Logic Q= ABCDE

1)FZH 131/135 only

FZH 121
FZH 125
FZH 131
FZH 135
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Dual 4-Input NAND-Gate FZH 171

with Expander Nodes N, and N-Input FZH 175
Type | order numbers
FZH 171 Q67000-H 328
FZH 175 Q67000-H 329

The number of inputs can be expanded as required by means of additionalinput diodes BAW 76
attheexpanderinputN.Theanodesofthe diodes mustbe connectedin parallelto N.

s N Ny
® B % 1B 1”2 7 10 9
A Ar a1 acr—
1
Pin configuration
. I — . ] top view
N S I I S S B |
1 2 3 4 b i 7 8
N A B 0 D N Q 0

Schematic (each gate)
A o—fé— i,

B 0—%—‘ ﬁ]ﬂ]k ﬁg‘]k 390
C o—iQA—fﬁ—(__k_J-—‘
D o—'ﬁ—ﬂv

Vi
Nyo—
l/ B
N o |\ 4
q]wk 7 I/
2.2k |\\
—o 0
Loai upper
ogical data, each gate ‘ limit A
Output load factor  H-signal Fgy 100
L-signal Fq 10
Input load factor, each input ~ F 1
Logic Q =ABCDN;
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Dual 5-Input NAND-Powergate with N-Input FZH 141

FZH 145
Type { order numbers
FZH 141 4 Q67000-H 194
FZH 145 Q67000-H 256

The electrical characteristics of the FZH 141/145 are similartothe FZH 131/135 exceptforthe
values stated below.

Electrical characteristics

12 V-range . test low
temperat?:re ranges 1 and 5 testcondition ol |imit ‘typ' imitA |
L-output voltage Var Vs=Vsp 1 1.3 1.7 |V
V|H= 75V
Iq =45 mA
Electrical characteristics
15 V-range
temperature ranges 1 and 5
L-output voltage Var Vs=Vsp 1 1.4 1.7 |V
V|H=7.5 \'
Ini=54 mA
Logical data, each gate
Output load factor H-signal Foy 100
L-signal FoL 30
Input load factor, each input F 1
Logic Q=ABCDE
A o—G— . oV
B o—|<|——-n 10k E]gjk 390
Vg N 1k

® 5w B o1on 0 9 Lo

e N 1 I |
b ot

i ﬁ_' Eo——
o
t T T N o I\I/ S7

I S D B N B
1 2 3 L b 6 7
N A B G D E Q

Pin configuration

top view
p 2.2k

o (g

Schematic (each gate)
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Dual-AND-OR-Gate with N-Input FZH 151

FZH 155
Type | order numbers
FZH 151 Q67000-H 195
FZH 155 Q67000-H 260

The FZH 151/155 are suited for the following applications:
AND/OR-gate, flipflop, counter, divider, shifiregister, adder, deiay eiement. The lower limit
of the supply voltage is Vs=10 V.

Electrical characteristics
test lower

12 V-range test condition cot. limit B typ. ;’:ﬁﬁﬁ; unit
temperature ranges 1 and 5
Supply voltage Vs 11.4 12.0| 135 |V
H-input voltage Vi Vs=Vss 15 75 Vv
L-input voltage ViL Vs=Vsg 16 45 |V
H-output voltage VaH Vs=Vsp 16 10.0 11.3 \%
V“_=4.5 \Y
—Igp=0.1 mA
L-output voltage Var Vs=Vsg 15 0.9 1.7 |V
Vin=7.5V
IQ_L=3O mA
DC noise margin
H-signal Vss 25 5.0 \'%
L-signal Vss 2.8 5.0 Y
H-input current Iy Vs=Vsa 17 2.0 |pA
atR1, Cq,R2, C2 Vi=Vina
H-input current Iiy Vs=Vsa 17 1.0 [pA
remaining inputs exceptN Vi=ViHa
L-input current =1 |Vs=Vsa 18 1.0 25 mA
atRq, Cq, Rp, Cy Vii=1.7V
L-input current I |Vs=Vsa 18 0.5 1.25/mA
remaining inputs except N ii=1.7V
Short circuit output current, ~Iq  |Vs=Vga 19 10 30 50 mA
each output Vi=Vp=0V
H-supply current Isy Vs=Vsa 20 14.0| 22.0 |mA
V=0V
L-supply current Is. Vs=Vsa 21 8.0| 15.0 |mA
Vi=Vsa
Power consumption P Vs=Vsa 132 250 mwW
duty cycle 1:1
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FZH 151

FZH 155
Delay times, Vs=12V, Fo=1, Tp=25°C
test condition :;t :?n‘:/:'é typ. :ﬁﬁ,‘e)& unit
Propagation delay tpLHi | output signal 340 ns
non-inverted
tpLn | output signal 340 ns
inverted
term | input pin 15 _ 270 ns
Propagation delay tpyu | outputsignal [ZL™ § 27 230 ns
non-inverted |10 PF
teyLn | output signal 300 ns
inverted
teyun | inputpin 15 400 ns
Transition time trLH _ 330 ns
tTHL CL=10pF 200 ns
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FZH 151

FZH 155
Electrical characteristics
15 V-range test condition Z:Stt :?r\rllvlf% typ. Il'llﬁﬁte; unit
temperature ranges 1 and 5
Supply voltage Vs 135 |156.0 | 17.0 |V
H-input voltage VIH Vs=Vsp 15 7.5 vV
L-input voltage ViL Vs=Vsp 16 45 |V
H-output voltage Vo Vs=Vsp 16 12.0 | 14.3 \
V=45V
—IQH=O.1 mA
L-output voltage Voo | Vs=Vsg 15 1.0 1.7 |V
Vin=7.5V
IQL:30 mA
DC noise margin
H-signal Vss 4.5 8.0 Y
L-signal Vss 2.8 5.0 \%
H-input current Iy Vs=Vsa 17 2.0 A
atR1, Cq,R2, Co Vi=ViHa
H-input current Iy Vs=Vsa 17 1.0 |uA
remaining inputs except N Vi=Viha
L-input current -1 |Vs=Vsa 18 1.2 3.0 |mA
at Ry, C1, Ry, Co V=17V
L-input current =1y 1V5=Vs5u 18 0.6 1.5 ImA
remaining inputs exceptN Vil=1.7V
Short circuit output current, —Iq  |Vs=Vsa 19 156 37 60 mA
each output Vi=Vp=0V
H-supply current Is Vs=Vsa 20 18.0 | 29.0 mA
V=0V
L-supply current Is. Vs=Vsa 21 120 | 21.0 |mA
Vi=Vsa
Power consumption P Vs=Vsa 225 425 mwW
duty cycle 1:1
Delay times, Vs=15V, Fqo=1, Tpo=25 °C
Propagation delay tpLHi | output signal ns
non-inverted
tpLHy | output signal ns
inverted
tpLHi | input pin 15 _ ns
Propagation delay tpHu  |output signal 1CCI)__F 27 ns
non-inverted P
tpHL | output signal ns
inverted
tpHL | input pin 15 ns
Transition time trLH } CL=10pF ns
tTHL ns
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FZH 151
FZH 155

s m M 0 R B N 0
B’ B % B 12 1M 10 9§
e s e N e ) e e s 0
1
Pin configuration
| top view
N S N [ N [ |
1 2 3 L b 8 7 8
A G Rz R B § Qp Os
Logical data, each gate I?ﬁ:ﬁe'&
Output load factor
H-signal Fan 100
L-signal (LSL load) FaL 16
L-signal (FZH 151 as load) FaL 20
Input load factor F 2
atRq, Cq, Rz, C2
Input load factor, remaining  F 1
inputs
Logic Q1 =5+ (A1A7R1Cq) + (B1R1Cy)

Qp =S+ (A2C2R3) + (B2R2C2R3)
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FZH 151
FZH 155

Schematic

R. B. N
OI OI o
Vs
mgk ﬁgk ﬁQk f]gk [‘]Qk N L 9k 9k[j400[‘]
Ay o——<t—¢ S
Ay o =3 L| N
C1 o—p—i<t— < A F_Iﬁ
I |l 01
< 15k ?
N Py . y & 5k J
|:|1Bk H18k D’s:f, Djj I\ 3k
| L] R g,
Dwk Hwk [I]SOk ﬁjé Hsk
1N '_I<‘ 75k
v/ N/ 1 1
P ¥ ¥ 15k 15kI ]
R, o T 0
Co l < 1<
Ag o——i<t—¢
ugk [l]gk [l]gk 4 [l]gk N4 [l]gk \4 9k [Jz.oo
o Ie) )
Rg By S
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Quadruple LSL-TTL-Level-Converter FZH 161

FZH 165
Type | order numbers
FZH 161 Q67000-H 288
FZH 165 Q67000-H 289

The FZH 161/165 may also be used as LSL-wired-AND stages. The collector load resistance
is calculated according to the formulaes stated on the following pages. The upper limit of the
breakdown voltage at the Q-outputsis 18 V.

Electrical characteristics
test lower upper

12 V-range test condition cot. limit B typ. limit A unit
temperature ranges 1 and 5
Supply voltage Vs 11.4 12.0f 135 |V
H-input voltage Vih | Vs=VsB 9 7.5 \%
L-input voltage ViL | Vs=Vsp 10 45 |V
L-output voltage VoL | Vs=Vsp 9 04|V
Vih=7.5V
Io.=20mA
DC noise margin
H-signal Vom 2.5 5.0 \Y
L-signal Vom 2.8 5.0 \Y
H-input current exceptN
atinputpins 2,5, 11, 14 m _ _ 1.0 | LA
atinputpins 1,15 Iy ﬁ Vs=Vsa Vi=Vipa | 11 2.0 |uA
L-input current exceptN I
atinputpins 2,5, 11, 14 i _ _ 0.8 1.5 | mA
atinput pins 1, 15 —py [ VsTVea V=17V 12 16| 3.0 |mA
H-output current, each output Iqy | Vs=Vsa, Vo=18V 10 80 wA
H-supply current, each gate Isy | Vs=Vsp, V=0V 14 2.5 4.5 | mA
L-supply current, each gate Is_ | Vs=Vsa Vi=Vina 13 4.0 6.0 | mA
Power consumption, P Vs=Vsa 39 70 mwW
each gate duty cycle 1:1

Delay times, Vs=12V, Tp=25°C

Pomaguonselsy (o OIS | 2o | 20 (220 | 300 |1
i [re=s20 [4=5V| 28 | 80 1330 | 300 |ne
Transition times :I:;H,_ gt:;ggF"équ 28 ';3(5) ;g 1(5)8 :z
ol e N IS I B
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FZH 161

FZH 165

Electrical characteristics ot lower woer
15 V-range test condition cot. limit B typ. “,’:ﬁtA unit
temperature ranges 1 and 5
Supply voltage Vs 136 | 15 17.0 |V
H-input voltage Viy | Vs=Vsp 9 7.5 \%
L-input voltage ViL | Vs=VsB 10 45 |V
L-output voltage VoL | Vs=Vsp 9 04 |V

Vin=7.5V

[QL:ZO mA
DC noise margin
H-signal Vom 4.5 8.0 \%
L-signal Vam 2.8 5.0 \%
H-input current exceptN

atinput pins 2,5, 11, 14 I _ _ 1.0 |pA
atinput pins 1, 15 Ly fVsTVem VizVima | 11 20 |uA
L-input current exceptN

atinputpins 2,5,11,14 = |, _ _ 1.0 1.8 |mA
atinput pins 1, 15 -1 Vs=Vsa ViL=1.7V| 12 2.0 3.6 |mA
H-output current, each output /gy | Vs=Vsa, V=18V 10 80 wA
H-supply current, each gate Isy | Vs=Vsa V=0V 14 2.8 45 |mA
L-supply current, each gate ISL Vs=Vsa Vi=ViHa 13 4.5 7.0 |mA
Power consumption, Ve =Vgp 5b 78 mwW
each gate duty cycle 1:1
Delay times, Vs=15V, Tp=25 °C
Propagation delay tpy YCL=15 pF‘ _ ns
ton. [Ro=760 Vsc=12V| 28 ns
tpy | CL=15 pF{ _ ns
tpHL RC:320 VSC_SV 28 ns
Transitiontimes trin |CL=15 pF} _ ns
tr. [R=760 |6C12V| 28 ns
triH C|_=1 5 DF‘ _ ns
trTHL IRC=320 =5V 28 ns
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FZH 161
FZH 165

’I___D_\ Pin configuration
; [ 1 top view

LTI LCJLITLCICILCT LT
1 2 3 L b 6 7 8
A B N Q N 0s
Schematic (each gate)
|
- A
7.5k /’ : ﬁmk
I
1 |
7 el
l D po—i<— | 1ok [ s 21k
gate | 5k
2,3,10; Bo—i<—1 —
| YN a
!
|
|
I L]sk 2k
|
| ¢ : ¢ o )
| gate 1 l S
N
Loaical ) upper
ogical data, each gate | limit A
L-Output load factor FaL 10
Input load factor, input A F 2
Input load factor, input B F 1
Logic Q=AB
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FZH 161
FZH 165
FZH 181
FZH 185

Calculation of the Collector Load Resistance Rc
The collector load resistance is derived from the required output voltage and the input and
output currents of the gates as follows:

Vsc =Van V Vsc—VaL V

= —_— R = —_—
Rea nlgn+ NIy pA e Iou—NIiL pA

where: Vgc = supply voltage of the load resistor
n = number ot AND-connections
N = number of inputs connected.

The actual resistanceusedinthe circuitmusthave avalue between the limits Aand B.

Applications as level-converters:

5-24 \Y 5-0.4 V
FZH 161 L-TTL: = T TN A0 uA " 20-N16 mA
61/165,LSL-TTL:  Roa= —a07 20 wA Res = 20-N16 mA
where:np =2forNay =10
i2-10  V _12-10 V
FZH181/185, TTL-LSLiov: ReA 1550 7N T wA Ree™ 50-N15 mA
15-12  V 15-1.0 V
-LSLsy: = T TB0-N18 mA
TTLASLisv: ReA= 2956 7N T wA Ree = 5o-N1.8 mA
where:na = 4 for Np = 25
Applications with wired-AND-connections of the FZH 161/165:
12-10  V _ 12-04 V
12 V-range: Rca nBOFN1 A Reg = 20—-N1.5 mA
15-12  V 12-04 V
V- - R Tan Lo o mA
15 V-range: Rea oo 7 A Aes S0-N1.8 mA

where:np = 9 for Na = 10.

Applications with TTL-wired-AND-connections of the FZH 181/185: see formulae and
resistance table of corresponding TTL-gate, e. g. FLH 201.
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Quadruple TTL-LSL-Level-Converter FZH 181

FZH 185
Type | order numbers
FZH 181 Q67000-H 326
FZH 185 Q67000-H 327

The FZH 181/185 may also be used as LSL-wired-AND stages. The collector load resistance
is calculated according to the formulaes stated on the preceding page. The upper limit of the
breakdown'voltage at the Q-outputs is 18 V.

Electrical characteristics i test lower upper ]
temperature ranges 1 and 5 fest condition oot |imit | PV limita | 4"
Supply voltage Vs 4.75 5.0 5.25|V
H-input voltage VIH Vs=4.75V 1 2.0 \
L-input voltage ViL Vs=4.75V 8 0.8 |V
L-output voltage VoL Vs=4.75V 1 04 |V

ViH=2.0V

=16 mA

VQL V3:4.75V 1 1.0 \%

Vin=2.0V

Ip=50mA
DC noise margin Vam 0.4 1.0 \Y
input current, 1 Vs=5.25V 3 1.0 | mA
each input Vi=b.5V
H-input current, Iy Vs=5.25V 3 80 ([pA
each input ViH=2.4V
L-input current, - |Vs=5.25V 4 1.6 |mA
each input Vi.=0.4V
H-output current, Ion Vs =4.75V 8 250 wA
each output Vii=0.8V

VQH =18V
H-supply current, each gate Iy Vs=5V, V=0V 6 1.0 2.0 |mA
L-supply current, each gate I Vs=b5V, V=6V 7 85| 12 mA
Power consumption, P Vs=Vsa 24 37 mwW
each gate duty cycle 1:1
Delay times, Vs=5V, Tp=25°C
Propagation delay tpLH } CL=15pF | Vgc= l 29 l l 130 | 300 |ns

tPHL Rc=760Q| 12V 20 60 ns
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FZH 181
FZH 185

Pin configuration

top view
T T [J T 7 1
1 2 3 L b 6 7
A B Qa 0s
Schematic (each gate)
40\/5
Lk 500
Ao———/ Q
B |
500
Os
Logical data, each gate ‘ |Li‘r?1’i)te,£\
L-Output load factor FoL \ 10
Input load factor, each input  F 1

Logic Q=AB
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FZH 191/195 Triple 3-input NAND-Gate with N-Input
FZH 201/205 Hex Inverter with Strobe Inputs

Electrical characteristics
12 V-range
temperature ranges 1and 5

Supply voltage

H-input voltage Vin
L-input voltage ViL
H-output voltage Vau
output voltage Var

DC noise margin

H-signal Vam
L-signal Vam
H-input current

at strobe 1 Iy
at strobe 2 IH
remaining inputs except N Jiy
L-input current, -I
each input except N

Short circuit output -l
current, each output

H-supply current, IsH
each gate

L-supply current, Is|.
each gate

Power consumption, P
each gate

Delay times, Vs=12V, Fa=1, To=25 °C

Propagation delay tpHL
tPHL
Transition time tTLH
trHL

test condition zi‘:t :mf% typ. ll:r"on’?te; unit
11.4) 12.0| 135 |V
VSZVSB 1 7.5 \%
VS:VSB and VSA 2 45 |V
Vs=Vsg and Vs 2 10.0 | 11.3 v
V||_=4-.5 v,
- lon=0.1 mA
Vs=Vsg 1 09| 1.7|v
Viu=7.5V, Ip=15mA
25 5.0 \Y
2.8 5.0 \%
4.0 [uA
VSZVSA 3 2.0 LLA
Vi=ViHa 1.0 [uA
Vs=Vsa 4 0.8 1.5 |mA
Vii=1.7V
Vs=VeaVi=Vo=0V| 5 9 | 15 25 |mA
VS=VSA 6 0.9 1.6 | mA
Vi=0V
Vs=Vsa 7 1.7 3.0 [mA
Vi=Vipa
VS=V5A 15 31 mw
duty cycle 1:1
C =10pFat4.5V 90 175 310 ns
above ground 26 90 175 310 ns
C|_=1ODF 200 340 570 ns
70 120 210 ns
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FZH 191

Electrical characteristics

15 V-range

temperature ranges 1 and 5

Supply voltage
H-input voltage
L-input voltage
H-output voltage

L-output voltage

DC noise margin
H-signal
L-signal

H-input current
at strobe 1

at strobe 2

remaining inputs except N

L-input current

each input except N
Short circuit output
current, each output
H-Supply current,
each gate

L-supply current,
each gate

Power consumption,
each gate

Vs
ViH
ViL
Vin

ViL
Vam
Vam
Iy
In
In
-
-Ia
Isn

IsL

Delay times, Vs=15V, Fo=1,Ta=25°C

Propagation delay

Propagation delay

60

410 tpn

tPHL
triH
trHL

FZH 195
FZH 201
FZH 205
test condition ::ecstt ll:)n:\ﬁrB typ. ;—:fnr:;e; unit
13.6 15.0| 17.0 |V
VS=VSB 1 75 V
VS=VSB and Vga 2 45 |V
Vs=Vsg and Vsa 2 12.0 | 143 V
Vii=45YV,
— Ion=0.1TmA
Ve=Vsp 1 1.0 1.7 |V
Vu=7.5V, Ih=18mA
4.5 8.0 V
2.8 5.0 \Vj
Vs=Vsa 40 |uA
Vi=Vina 3 2.0 |pA
1.0 p,A
Vs=Vsa 4 1.0/ 1.8 |mA
Vii=1.7V
Ve=Vsa 5 9 15 | 256 |mA
Vi=Vp=0V
Vs=Vsa 6 12| 2.1 |mA
Vi=0V
Vs=Vsa 7 23 40 |mA
Vi=Vina
Vs=Vsa 27 | 46 |mw
duty cycle 1:1
C,=10pFat4.5V 410 ns
above ground 26 75 ns
= 95 ns
CL 10 pF 120 o



Triple 3-Input NAND-Gate with N-Input FZH 191

FZH 195

Type order numbers
FZH 191 Q67000-H 633
FZH 195 Q67000-H 634
FZH 201 Q67000-H 636
FZH 205 Q67000-H 637

g N

B 15 B 12 1m0

T4 9

O e e s Y s A s I

% Pin configuration
top view

B ey U [y AN NNy Yy N A
1 2 3 & 5 B 7
N A B C Q

7ol

S

Schematic (each gate) ‘ —o Vs
10k 9.0k

Ao—}é——
b ot
P WL

InN]
2|
{1
=]
(=}

N'h |/ .
I\\ /
68 k
2,2k
—o (g
Logical date, each gate Ilijﬂi)te'&
Output load factor H-signal Fan 100
L-signal FaL 10
Input load factor, each input F 1
Logic Q=ABC

1) gates 1and 3 only
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Hex Inverter with Strobe Inputs

FZH 201
FZH 205

Type | order numbers

FZH 191 Q67000-H633

FZH 195 Q67000-H 634

FZH 201 Q67000-H 636

FZH 205 Q67000-H637
Vg Strobe 1

Pin configuration

%DT [—j}| ) top view

Schematic (each gate)

next gate

Strobe 2

LI}TUK [ngk

N
=]
—
=}
[}

43[]3
. upper
Logical data, each gate limit A
Output load factor H-signal Fqn 100
L—signal FaL 10
Input load factor ~ A-inputs F 1
strobe 1 F 4
strobe 2 F 2
Logic Q = A strobe
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FZH 211/215, Quadruple 2-Input NAND-Gate with Open Collector Output and N-Input
FZH 231/235 Dual 5-Input NAND-Gate with Open Collector Output and N-Input
Calculation ofthe collectorresistance see FZH 161/165andFZH181/185

Electrical characteristics

1 2-V-range L test Ipw_er ] upper .

temperature ranges 1 and 5 test condition cot. limits | VP timitA | UM

Supply voltage Vs 1141 12.0 135 |V

H-input voltage Vin Vs=Vsg 1 7.5 \Y

L-input voltage ViL Vs=Vsg and Vga 2 45|V

L-output voltage Var Vs=Vspg 1 0.9 1.7 |V

Viu=7.5V, Lhi=15mA

DC noise margin

H-signal Vam 2.5 5.0 \Y

L-signal Vim 2.8 5.0 \'

H-input current, m Vs=Vsa 3 1.0 | A

each input except N Vi=Viua

L-input current, — L | Vs=Vsa 4 0.8 1.5 | mA

each input except N Vii=1.7V

H-output current, Ion Vs=Vsg 8 80 wA

each output ViL=4.5V,Vou=18V

H-supply-current, Isy Vs=Vsa 6 1.0 1.7 | mA

each gate Vi=0V

L-supply current, Is. Vs=Vsa 7 0.4 1.0 | mA

each gate Vi=Via

Power consumption, P Vs=Vsa 8.5 18 mwW

each gate duty cycle 1:1

Delay times, Vs=12V, Tp=25 °C

Propagation delay tpLH Vec=12V 30 70 1»50 ns
o tpHL C.=15pF 28 90 175 310 ns

Transition time tiw [ R =7600 120 | 230 | 450 |ns

tae ) 70 1120 | 210 Ins
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FZH 211

Electrical characteristics

15-V-range

temperature ranges 1 and 5

Supply voltage
H-input voltage
L-input voltage
L-output voltage
DC noise margin
H-signal

L-signal

H-input current,
each input except N
L-input current,
each input except N
H-output current,
each output
H-supply-current,
each gate

L-supply current,
each gate

Power consumption,
each gate

Vs
Vi
ViL
Vav

lon
Isy

Ist

Delay times, Vs=15V, Tpo=25

Propagation delay

Transition time

64

tpLH
tpHL
trim
tTHL

FZH 215
FZH 231
FZH 235
test condition test | lower | yyp | uPPEL | it
13.6 15.0 17.0 |V
Vs=Vsp 1 75 vV
Vs=Vsg and Vsa 2 45 |v
Vs=Vsp 1 1.0 1.7 |V
Vin=7.5V, Lhi18 mA|
4.5 8.0 Vv
28 | 50 v
Ve=Vsa 3 1.0 |pA
Vi=Viua
Vs=Vsa 4 1.0 1.8 | mA
Vii=1.7V
Vs=Vsp 8 80 uA
ViL.=4.5V,Vou=18V
Vs=Vsa 6 13| 21 |[mA
Vi=0V
Vs=Vsa 7 07| 14 |mA
Vi=Vina
Vs=Vsa 15 | 30 |mw
duty cycie 1:1
Vsc=15V :z
CL=15pF 28 ns
Rc=760Q o



Quadruple 2-Input NAND-Gate
with Open Collector Output and N-Input

FZH 211
FZH 215

Type | order numbers

FZH 211 Q67000-H 639

FZH 215 Q67000-H 640

FZH 231 Q67000-H 642

FZH 235 Q67000-H 643
Vg N

® B % W 7 N 0 9
CArCArAargrarar

LN S [ G S [y O S S
1 2 8 K 5 8 7
N A B Q

8
Os
. —oVs
Schematic (each gate)
1k
A o—F——K]
B o—f— YN .
N
7,5k
2,5
—o (g
Logical data, each gate l ILi]r‘:\ii)te,;
L-Output load factor FaL l 10
Input load factor, each input F 1
Logic Q=AB

1) gates 1and 4 only

]
;-| )—, Pin configuration
top view
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Dual 5-Input NAND-Gate FZH 231

with Open Collector Output and N-Input FZH 235
Type | order numbers
FZH 211 Q67000-H 639
FZH 215 Q67000-H 640
FZH 231 Q67000-H 642
FZH 235 Q67000-H 643
L"S N
® % % 1B 12 om0 9

1
% % Pin configuration
: ; i top view

i S ) S U S I W
3 4 b 6 7 8
B ¢ D G @

1 2
N oA 0g
Schematic (each gate)
A —ig ol
B o—fJ— ﬁnk
R R
R
6 o—t— 0
N o
7,5k
25k
o[]S
. upper
Logical data, each gate ‘ limit A
L-Output load factor FaL ‘ 10
Input load factor, each input  F 1
Logic Q=ABCDG
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Dual 4-Input NAND-Schmitt-Trigger FZH 241

with N-Input and Expander Nodes FZH 245
Type ] order numbers

FZH 241 Q67000-H 645

FZH 245 Q67000-H 646

The number of inputs can be expanded as required by means of additionalinputdiodes BAW 76
attheexpanderinputN;. Theanodes ofthe diodes mustbe connectedin paralleltoN;.

If the supply is unregulated, it is recommended to use a decoupling capacitor of 1uF directly
between pins 8 and 16.

Electrical characteristics

12 V_range " test Iower upper .
temperature ranges 1 and 5 estcondition cot. imits | VP timita | U
Supply voltage Vs 114 | 12.0{ 135 |V
H-input voltage Vi Vs=Vsg 1 7.5 \Y
L-input voltage ViL Vs=Vsp and Vga 2 45 |V
Upper threshold voltage Vi, Vs=12.0V 2 6.5 \Y
Lower threshold voltage V4, Vs=12.0V 2 5.6 \
Hysteresis 7% Vs=12.0V 2 0.9 \Y
H-output voltage Van Vs=Vsg and Vs 2 10.0 | 11.3 \%
ViL=4.5V
—Ioy=0.1T mA
L-output voltage Var Vs=Vsp 1 0.9 1.7 |V
Vih=8.0V, hi=15mA
DC noise margin
H-signal Vam 2.5 5.0 \Y
L-signal Vom 2.8 5.0 \
H-input current, Im Vs=Vsa 3 1.0 | A
each input except N Vi=Viha
L-input current, =L | Vs=Vsa 4 1.5 | mA
each input except N Vil=1.7V
Short circuit output ~Io | Vs=Vsa 5 9 15 25 mA
current, each output Vi=Vp=0V
H-supply current, Isy Vs=Vsa 6 4.0 6.3 | mA
each gate Vi=0V
L-supply current, Is. Vs=Vsa 7 4.0 6.3 | mA
each gate Vi=ViHa
Power consumption, P Vs=Vsa 48 85 mW
each gate duty cycle 1:1 )
Delay times, Vs=12V, Fa=1, TA=25 °C
Propagation delay tpLH C.=10pFat4.5V 90 175 310 ns
tpyL  Jabove ground 26 90 175 310 ns
Transition time trLH CL=10pF 200 340 570 ns
trHL L 70 {120 | 210 |ns
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FZH 241

FZH 245
Electrical characteristics
15'V-range iti test lower tvp. upper ;
temperature ranges 1 and 5 testcondition eet: fimit 8 ® timita | U
Supply voltage Vs 135 | 156.0| 170 |V
H-input voltage ViH Vs=Vsp 1 7.5 \Y]
L-input voltage ViL Vs=Vsg and Vsa 2 45 |V
Upper threshold voltage V7, Vs=16.0V 2 6.4 \%
Lower threshold voltage V7 Vs=15.0V 2 5.5 \
Hysteresis Vhy Vs=15.0V 2 0.9 \YJ
H-output voltage Von | Vs=Vsgand Vga 2 12.0 | 143 vV
Vii=4.5V
— Iop=0.1 mA
L-output voltage VoL Vs=Vsp 1 11 1.7 |V
Viu=7.5V, hi=18mA
DC noise margin
H-signal Vam 4.5 8.0 \
L-signal Vam 2.8 5.0 \Y
H-input current, IH Vs=Vsa 3 1.0 |vA
each input except N Vi=Vina
L-input current, - | Vs=Vsa 4 1.8 |mA
each input except N Vi=1.7V
Short circuit output -lo | Vs=Vsa 5 9 15 25 mA
current, each output Vi=Va=0V
H-supply current, Isy Vs =Vsa 6 4.5 7.3 mA
each gate V=0V
L-supply current, Isy Vs=Vsa 7 5.0 8.0 |mA
each gate Vi=Vina
Power consumption, P Vs=Vsa 72 {105 mw
each gate duty cycle 1:1
Delay times, Vs=15V, Fo=1, TA=256°C
Propagation delay tpLH C,=10pFat4.bV ns
tpy. [ above ground 26 ns
Transition time triH _ ns
C.=10pF
tTHL ns
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FZH 241
FZH 245

,—ﬂ_‘ Pin configuration
top view

Schematic (each gate)

Schmitt — Trigger 2
A

o Vg
10k Tk 9k
A o—g—
16,2k
Bo—ki—
L o—g <
D o—l<t—o
Nyo— 2%
yiy
7k
. upper
Logical data, each gate , limit A
Output load factor  H-signal Fgy 100
L-signal FaL 10
Input load factor, each input  F 1
Logic Q = ABCDN;
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FZH 251/255 Quadruple 2-Input AND-Gate with N-Input

FZH 261/265 Dual 2-Input NAND-Gate and Quadruple Inverter

FZH 271/275 Quadruple 2-Input Exclusive-OR-Gate with N-Input
FZH 281/285 Quadruple 2-Input NOR-Gate with N-Input
FZH 291/295 Quadruple 2-Input OR-Gate with N-Input

Electrical Characteristics

12 V-range

temperature ran

Supply voltage
H-input voltage
L-input voltage
H-output voltage

L-output voltage

DC noise margin
H-signal

L-signal

H-input current,
each input except N
| -input current,
each input except N

Short circuit output current,

each output
Supply currents
FZH 251/255
H-supply current
L-supply current
FZH 261/265
H-supply current
L-supply current
FZH 271/275
H-supply current
L-supply current
FZH 281/285
H-supply current
L-supply current
FZH 291/295
H-supply current
L-supply current

70

ges1andb

Vs
Vin
ViL
Vau

Vau

Isn
Is.

Isn
I

Isn
Is.

Iy
IsL

Lsn
k.

test

lower

upper

test condition cet. limit B typ. limit A unit
11.4 | 12.0| 1356 |V
\45:=\433 1 7.5 V
VSZVSA and Vg 2 45 |V
\43:=\433 and \45;\ 2 10.0 11.3 \Y
—Iop=0.1T mA
\/S :=\433 1 0.9 1.7 \Y
I, =15 mA
2.5 5.0 V
2.8 5.0 \Y
Vs=Vsa 3 1.0 |uA
Vi=Vina
Vs=Vsa 4 0.8 1.5 | mA
Vii=1.7V
\45==\43A 5 9 15 25 mA
V=0V
\4=\4HA‘ Y 6 64| 125 |mA
vi=ov | 'STYSA L7 96| 18.0 |mA
V=0V | _y, 6 62| 125 |mA
Vi=Viga | 'S 7SA 7 10.2| 18.0 |mA
VieVina Vig=0V|Vs=| 6 13.8| 215 |mA
V=0V Vsal 7 156.2 | 24.0 |mA
V=0V . _v. 6 13.2 | 215 |mA
Vi=Viga | S SA L 7 14.8 | 24.0 |mA
Vi=Viua . iy 6 9.0| 14.0 |mA
vi=ov | STYSAL 7 1441 24.0 ImA



Electrical Characteristics
15 V-range
temperature ranges 1 and 5

Supply voltage Vs
H-input voltage Vi
L-input voltage ViL
H-output voltage Van
L-output voltage VaL

DC noise margin

H-signal Vam
L-signal Vam
H-input current, ym
each input except N

L-input current, =1L

each input except N
Short circuit output current, — I
each output

Supply currents

FZH 251/255

H-supply current Isy
L-supply current Is.
FZH 261/265

H-supply current IsH
L-supply current Is.
FZH 271/275

H-supply current Isy
L-supply current Is.
FZH 281/285

H-supply current IsH
L-supply current Is.
FZH 291/295

H-supply current Isy
L-supply current Is.

test

lower

upper

test condition cot. limit B typ. limit A unit
13.56 15.0 170 |v
VS=VSB 1 7.5 \Y
Vs=Vsaand vgg 2 45 |V
Vs=Vgg and Vaa 2 12.0 | 143 v
—Ioan=0.1T mA
Vs=Vsp 1 1.0 1.7 |V
Ior=18 mA
4.6 8.0 \
2.8 5.0 \Y
Vs=Vsa 3 1.0 [pA
Vi=ViHa
Vs=Vsa 4 1.0 1.8 | mA
Vii=1.7V
Vs=Vsa 5 9 15 25 mA
Vo=0V
Vi=Vina ’ Ve=V. 6 8.7 15.5 | mA
vi=ov | STYSA | 7 13.8| 24.0 |mA
Vi=oV |, _, 6 82| 145 |mA
VisViga | S SA 7 14.4| 240 |mA
VirYina Vie=ovVs=| 6 16.4| 24.0 |mA
V=0V Vsal 7 19.2| 30.0 |mA
V=0V V. 6 15.1| 240 |mA
Vi=Viga | S SA L 7 18.8| 30.0 |mA
Vi=Viua ’ Ve=V. 6 105 185 |mA
vi=ov | "STYSA L 7 18.4| 30.5 ImA
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Delay times, Vs=12V, Fp=1, TA=25°C

FZH 261/265

Propagation delay

Transition time

FZH 251/255,FZH271/275, FZH 291/295

Propagation delay

Transition time

FZH 281/285
Propagation delay

Transition time

teLH
tPHL
triH
tTHL

tpLH
tPHL
trLH
tTHL

tpLH
tPHL
triH
tTHL

Delay times, Ve=15 V, Fa=1, TA=25 °C

FZH 261/265
Propagation delay

Transition time

tpiH
tpHL
trem
trHL

FZH 251/255,FZH 271/275, FZH 291/295

Propagation delay

Transition time

FZH 281/285
Propagation delay

Transition time

72

tpLH
teyL
trLH
trHL

tpLH
tpHL
trLH
trHL

test condition iiit :?n‘z:f% typ. ll:gﬁf’/& unit
C,=10pFat4.5V 90 175 310 |ns
above ground 26 90 175 310 |ns
C =10 pF 200 | 340 | 570 |ns
=P 70 | 120 | 210 |ns
CL=10pFat4.5V 200 | 340 | 570 |ns
above ground 26 90 175 310 |ns
Ci =10 bF 200 | 340 | 570 |ns
L=10P 70 | 120 | 210 |ns
C.=10pFat4.5V 90 175 310 |ns
above ground 26 200 | 340 | 570 |ns
C =10 oF 200 | 340 | 570 |ns
| I 70 | 120 | 210 |ns
C,=10pFat4.5V ns
above ground ns
- ns
CL—1 [0} pF ns
C,=10pFat4.5V ns
above ground ns
= ns
C =10pF ns
C,=10pFat4.5V ns
.above ground ns
- ns
C =10pF ns




Quadruple 2-Input AND-Gate with N-Input

FZH 251
FZH 255

Type | order numbers
FZH 251 ‘ Q67000-H817
FZH 255 Q67000-H818

vﬁ ’—ED_‘ Pin configuration
top view

Hkm 10k 9k

||

g

. upper
Logical data, each gate limit A
Output load factor  H-signal Fgy 100

L-signal Fq_ 10
Input load factor, each input  F 1

Logic Q=AB
1)gates 1 and 4 only
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Dual 2-Input NAND-Gate and Quadruple Inverter

FZH 261
FZH 265

Type | order numbers
FZH 261 ‘ Q67000-H819
FZH 265 Q67000-H 820

Vs
16 15 14 9
r—1r~1r—\|—||——lr—\|—|r1

CTT T BT
e

Pin configuration
top view

—J
8

::E}
iE}

o w

Os

Schematic (each gate)

10kﬁ gkﬁ
A o—K}——9
g o~
300
Z
4 100
$— -0
\4

Z,Zk[’j W
‘ o0

%]

S

upper

Logicaldata,eachgate ‘ Iirz'i)t A
Output load factor H-signal Fgou 100
L—signal Far 10

Inputloadfactor, eachinput F

Logic gates 1 and 6 Q=
gates 2, 3,4,and 5 Q=

1) gates 1 and 6 only
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Quadruple 2-Input Exclusive-OR-Gate with N-Input

FZH 271
FZH 275

Type | order numbers
FZH 271 ' Q67000-H 821
FZH 275 Q67000-H 822
Vs N
B % % 13 12 1 19

rﬁ’ ,ﬁ@ﬂl Pin configuration
top view

LI T T T T L JC T 1
1 23 4k 5 6 7 8

NCoA B Og
gates 2,3,4
4

o

9k 9k 9k VN 300

Schematic (each gate)

Os

N

. upper
Logicaldata,each gate l limit A
Output load factor  H-signal Fqoy 100

L-signal FO.L 10
Input load factor, each input  F 1
Logic Q=AB +AB

1)gates 1 and 4 only
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Quadruple 2-Input NOR-Gate with N-Input

FZH 281
FZH 285

Type | order numbers
FZH 281 ’ Q.67000-H 823
FZH 285 Q67000-H824

Vq N
B 15 1% 13 12m 10
T s s s N |

| M
il
ﬁ ‘——FD_' Pin configuration
top view

gates 2,3,k

= —
=]

Schematic (each gate)

ﬂ’le 1Zki 6k [T]Qk

9k 9k N

L/

i

. upper

Logical data, each gate limit A
Output load factor, H-signal Fqp 100
L-signal FoL 10
Input load factor, each input A 1

Logic Q=A+B

1) gates 1and 4 only
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Qudruple 2-Input OR-Gate with N-Input

FZH 291
FZH 295

Type | order numbers
FZH 291 I Q67000-H 825
FZH 295 Q67000-H 826

VS N
® 15 1% 13 12 1 19
I I s O s Y e Y s Y s I s Y s |

ﬁ '_FD_' Pin configuration
top view

gates 2,3,4

[ﬁﬁk | 1Zk[IJ f]ﬁk

it

300

100

}

N

upper

Logical data, each gate limit A
Output load factor, H-signal Foy 100
L-signal Fqo_ 10
Input load factor, each input  F 1

Logic Q=A+B

1) gates 1and 4 only
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FZJ 101/105 JK-Master-Slave-Flipflop with two J and K-Inputs
FZJ 111/115 JK-Master-Slave Flipflop with N-Inputs

Type | order numbers
FZJ 101 Q67000-J 95
FZJ 105 Q67000-J 124
FzJ 111 Q67000-J 96
FzZJ 115 | Q67000-J 125

Electrical characteristics
12 V-range
temperature ranges 1and 5

Supply voltage Vs
H-input voltage ViH
L-input voltage ViL
at any input except C

L-input voltage ViL
atC

H-output voltage VaH
L-output voltage Var
DC noise margin

H-signal Vam
L-signal Vam
H-input current m
at any input except Cand N
H-input current at C Im

L-input current
at any input except Cand N
L-input current at C

— AL

— AL

Short circuit output -Io
current, each output
Supply current Is

1) V| applied to R and Sresp.
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test condition

test

lower

-

yp.

upper

unit

cct. limit B limit A
114 | 12.0f 135 |V

VS=VSB 22 7.5 \Y
V3=VSB and VSA 22 45 |V
V3=VSB and VSA 22 40 |V
V3=VSB and VSA 22 10.0 11.3 \%
ViL=4.5V1)
—VQH:O.1 mA
Vs=Vsg 22 1.0] 1.7 |V
Vin=75V1")
Io.=15 mA

25 5.0 \

2.8 5.0 \%
Vs=Vsa 23 1.0 [pA
Vi=Viha
Vs=Vsa, Vi=Vina 23 3.0 [pA
VS=VSA 24 0.8 1.5 |mA
ViL=1.7V
V3=V3A 24 1.6 3.0 |mA
V=17V
Vs=Vsa 25 10.0 | 30.0/ 50.0 |mA
Vo=0V
V5=VSA 23 8.0 14.0 |[mA



FZJ 101

FZJ 105
FZJ 111
FZJ 115
Delay times, Vs=12V, Fo=1, ToA= 25 °C
test condition tci? :?n\:v:rs typ. ::gﬁf; unit
Maximum clock frequency f duty cycle 1:1 0.2 0.6 MHz
Clock pulse duration toc 0.6 us
Reset pulse duration tor 1.0 us
Set pulse duration tos at50% 1.0 us
Setup time ts 0 ns
Hold time ty 0] ns
Propagation delay
from Cto Q trLH 31 160 290 520 ns
tpy. | CL=10pFat4.5V| 31 270 450 770 ns
from RorSto Q tp.y [ above ground 30 70 |165 | 330 |ns
tpHL 30 180 330 580 ns
Transition time trLH } CL=10pF 31 | 200 |340 | 570 |ns
atQ tTHL L 31 70 120 | 210 |ns

1)V, applied to Rand S resp.
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FZJ 101

Electrical characteristics
15 V-range
temperature ranges 1and 5

Supply voltage Vs
H-input voltage ViH
L-input voltage ViL
at any input except C

L-input votage ViL
atC

H-output voltage Van
L-output voltage Var
DC noise margin

H-signal Vom
L-signal Vam
H-input current m
at any input except Cand N
H-input current at C m

I innut curreant N
e ANPUT CUTCnt i

atany input exceptCand N

L-input current at C -l
Short circuit output -Ia
current, each output

Supply current Is

Delay times, Vs=15V, Fo=1, Tp=

Propagation delay

from Cto Q tPLH
o tPHL
fromRorStoQ tpLH
tPHL

Transition time triy
atQ trHL

1)V, applied to Rand S resp.
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FZJ 105
FZJ 111
FZJ 115
test condition ::e;t :?n\flvlf% typ. IL:&FI’:’L unit
135 | 16.0| 17.0 |V
Vs=Vsp 22 75 v
VSZVSB and VSA 22 4.5 \%
VS:VSB and VSA 22 40 |V
Vs=Vspg and Vga 22 12.0 14.3 \Y
ViL=4.5V1)
—VQH:O.1 mA
VS =VSB 22 1.1 1.7 \Y
Vig=7.5V1)
[QL:1 8 mA
4.5 8.0 \Y
2.8 5.0 Vv
VS:VSA 23 1.0 y.A
Vi=Vina
Vs=Vsa, Vi=Vina | 23 3.0 JuA
Vs=Vsa 24 1.0 1.8 ImA
V|L=1 WA
Vs=Vsa 24 2.0 3.6 mA
Vii=1.7V
Va=0V
VS:VSA 23 11.0 20.0 mA
25°C
31 330 ns
C.=10pFat45V| 31 470 ns
above ground 30 195 ns
30 340 ns
_ 31 410 ns
}CL‘1 OpF 31 75 ns



FZJ 101

FZJ 105
FZJ 111
FZJ 115
Pin configurations, top view
FZJ101/105 FZJ111/115
Vs c K K § Ngp @ Vg Ng Ng € K § Ng Q@
B K B 1 " 10 9 ® B % W © M 10 9
i s I s B e s W B e O o O s e e i Y |
L — = L
] 1 il
_'j)‘":r'
r L — [ — =
S S S S | CITLCJCJC T JC T T
1 2 3 & 5 8 7 8B 1 2 3 & 5 § T B
i J R Ng Q@ Os Ng N3} Jp R Ng Q Og
Logical data ILilr?:i)te;\
Output load factor H-signal Fan 100
each output L-signal FqL 10
Input load factorat C  H-signal Fiy 3
L-signal Fi 2
remaining inputs F 1

Note: R and S are approx. 1.5 normalized loads dynamically.

Truth table
tn tn +1
J K Q
L L Q,
L H L
H L H
H H Q,

J=JdJ2

K = KiKo FZJ 101/115 only

t, = bit time before clock pulse
ta+1 = bit time after clock pulse

L-level at Rsets Qto L
L-level at SsetsQtoH
R and S operate independently of C.
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FZJ 101

FZJ 105
FZJ 111
FzZJ 115
clock pulse
@ ® 1 isolate slave from master
2 enter signal from J and K into master
(m@ 3 disable inputs J and K
4 transfer information from master to slave
Schematic
Vo Ny Mo
S
390 | 97k 10k 10k 91k | |39
- X .
b e
68k 68k -
Qe > ~ 22k 22k K a
K } :T—E \1
So K+ S— e Pt R
9.1k v /-
10k 9 ]
1k | |68k ~
AV ><
AVARR Y/ N N 7
C
)
10k | [Tk | |10k g]m ﬂgjk 10k HTk —[Igmk
1 B K
N Vi V4 >< V4 N N N2
Nydg, o'NK
N.2 2)
3? o k414 T K I) Eg A }_%JP,%} B o ﬁOKK]
ol 68k 68k ’ K,V
L i< 29k 22k o t
VA V4
(.o
S
X

C =clock, J, K =inputs, Q, Q = outputs, R = reset, S = set

1)FZJ 101/105 only
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Dual JK-Master-Slave Flipflop with Set and Reset FZJ 121

FZJ 125
Type | order numbers
FZJ 121 Q67000-J 385
FZJ 125 Q67000-J 386
Electrical characteristics
- . lower u r .
:eiw\:)éf:tﬂ?e range 1and 5 fost condition oo imite [P [imita |on
Supply voltage Vs 11.4| 1204 135}V
H-input voltage at C Vi Vs=Vsg 22 8.0 \Y
L-input voltage at C ViL Vs=Vsgand Vsa | 22 40|V
H-input voltage at ViH Vs=Vsp 22 8.0 \Y
Jand K .
L-input voltage at ViL Vs=Vggand Vsa |22 bb|V
Jand K
H-input voltage at VIH Vs=Vsg 22 7.5 \Y
Rand S
L-input voltage at ViL Vs=Vsgand Vsa |22 45|V
RandS
H-output voltage Vau Vs=Vsgand Vsa |22 10.0 11.3 \%
Vii=4.5V1")
- IQL=0.1 mA
L-output voltage VoL Vs=Vsp 22 1.0 1.7 |V
Vih=7.5V1) |
Io.=15mA
DC noise margin
H-signal Voam 2.0 5.0 \Y
L-signal Vom 2.3 5.0 \Y
H-input currentat C In Vs=Vsa 23 3.0 | uA
Vi=Vina
H-input current at In Vs=Vsa 23 1.0 | A
J, K,RandS Vi=ViHa
L-input currentat C - |Vs=Vsa 24 1.6 3.0 mA
Vii=1.7V
L-input current at - |Vs=Vsa 24 0.8 1.6 [ mA
J,K,Rand S Vii=1.7V
Short circuit output -Io |Vs=Vsa 25 90| 15.0/ 25.0| mA
current, each output Vo=0V
Supply current Is Vs=Vsa 23 15.0 24.0| mA
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FZJ 121

FzJ 125
Delay times, Vs=12V, Fu=1, To=25°C
test condition ::istt :?r:'nN:rB typ. Il:fn?f,& unit

Maximum clock frequency f duty cycle 1:1 0.2 0.5 MHz
Clock pulse duration toc 0.6 s
Reset pulse duration toR 1.0 s
Set pulse duration tos at 50% 1.0 5
Setup time ts 0 ns
Hold time ty (0] ns
Propagation delay
from Cto Q tpLH 31 160 290 520 ns

tpue | CL=10pFat4.5Vv| 31 270 |450 770 ns
fromRorSto Q tpry [ above ground 30 70 165 330 ns

tPHL 30 | 180 |330 |580 |ns
Transition time trim } Cl=100F 31 | 200 (340 | 570 |ns
atQ tr, J "5 OP 31 | 70 [120 | 210 |ns

1)V, applied to Rand § resp.
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FZJ 121

FZJ 125
Electrical characteristics
- e lowe|
lee’m\:aer?z;c%?e range 1and 5 ot condition Eiit l?mitrB s m?te; B
Supply voltage Vs 1356 15.0| 170 |V
H-input voltage at C Vi Vs=VsB 22 8.0 V
L-input voltage at C ViL Vs=Vsg and Vsa 22 40 |V
H-input voltage at Vi Vs=Vsp 22 8.0 V
Jand K
L-input voltage at ViL Vs =Vsg and Vsa 22 55 |V
Jand K
H-input voltage at ViH Vs=Vsp 22 75 \Y/
Rand S
L-input voltage at ViL Vs=Vspg and Vsa 22 45 |V
RandS
H-output voltage Van Vs=Vgp and Vsa 22 12.0 14.3 \Y]
Vi =4.5V1)
- IQ|_=0.1 mA
L-output voltage Var Vs=Vsp 22 1.1 1.7 |V
Vin=7.5V")
I =18 mA
DC noise margin
H-signal Vam 4.0 8.0 \Y
L-signal Vom 23 5.0 Vv
H-input current at C In Vs=Vsa 23 3.0 |pA
Vi=Vina
H-input current at In Vs=Vsa 23 1.0 |pA
J. K, Rand S V|=V||.|A
L-input current at C —-IL |Vs=Vsa 24 2.0 36 | mA
V|L=1 WA
L-input current at -h |Vs=Vsa 24 1.0 1.8 | mA
J,K,Rand S V=17V
Short circuit output -In [Vs=Vsa 25 9.0 156.0 | 25.0 | mA
current, each output Vo=0V
Supply current Is Vs=Vsa 23 20.0 | 320 |mA
Delay times, Vs=1bV, Fo=1, To=25°C
Propagation delay
fromCto Q tPLH 31 330 ns
o tpHL (CL=10pFat4.5V| 31 470 ns
fromRorStoQ tein [above ground 30 195 ns
teHL 30 340 ns
Transition time trLH -~ 31 410 ns
atQ tryL }CL_1OpF 31 75 ns
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FZJ 121
FZJ 125

b C k J 5§ R @ a
BoBw B 12 om 109
| e e N s Y s Y |
L T N

]

N Sy e s
1 2 3 L 5 B 7 8
C K J s R @ a o0g

Truth table
tn tn+1
J K Q
L L Q,
L H L
H L H
H H Q,

Logical data, each flipflop

Pin configuration
top view

t, = bit time before clock pulse
th+1 = bit time after clock pulse
L-level at Rsets Qto L.
L-level at Ssets Q to H.
Rand S operate independently of C.

upper
limit A

H-signal Fgn
L-signal Fq_

Output load factor
each output
Input load factor

atC H-signal Fy
atRand S H-signal Fy
atC,Rand S L-signal F
remaining inputs A

100
10

= N-=-Ww

Note: R and S are approx. 1.5 normalized loads dynamically
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FZJ 121

FZJ 125
Clock pulse
® ® 1 isolate slave from master
2 enter signal from J and Kinto master
W 3 disable inputs J and K
4 transfer information from master to slave
Schematic
Vs
o .
9,1k lI]Hk ﬁ}ﬁk E]ﬂk w
S Bt S
VAR 300
100 N
Q i
© p————————— O
N (e
\i
Og
700 R
o< S —— Bt—o
S . .
N 10k 15kb 15k 15k hﬁk [T]ﬁk ﬁmk PN
I~ [l ~i [P ] ~
K 700 ™= LS} =] ~ ™ LSt 700 ]
o1  +eoBt—o
Py r~
v
N
6,3k
N
7
2,2k H
; .
—

C = clock, J, K = inputs, Q, @ = outputs, R = reset, S = set
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Quadruple D-Flipflop FZJ 131

FZJ 135
Type | order numbers
FzJ 131 Q67000-J 388
FZJ 135 Q67000-J 389

The FZJ 131/135 contain four D-flipflops. Information present at the D-input is transferred
to the Q-output while the clock input Cis at H. The D-inputisdisabledatC= L.
Application: 4 bit scratch pad memory

Electrical characteristics

12 V-range ition lower ) upper ;
temperature ranges 1 and 5 et conditio limitg | P limita | "™
Supply voltage Vs 11.4 12 135 |V
H-input voltage ViH Vs=Vsp 7.5 \%
L-input voltage ViL Vs=Vspg and Vgp 45 |V
H-output voltage VaH Vs=Veg, —h=0.1TmA| 10.0 11.3 \
V|H=7.5 \%
L-output voltage Var Vs=Vsg, hn=15mA 0.9 1.7 |V
Vib=4.5V, Vic=75V
DC noise margin
H-signal Vom 2.5 5 Vv
L-signal Vom 2.8 5 \
H-input current, each input  j Vi=Viga Vs=Vsa 1 wA
L-input current at D -1 Vs=Vsg, Vi=1.7V 3 mA
L-input current at C -1 Vs=Vsa, Vi=1.7V 6 mA
Short circuit output current, — I Vs=Vsa, Vi=Vo=0V 9 15 25 mA
each output
Supply current Is Vs=Vsa Vi=0V 22 32 mA
Power consumption P Vs=Vsa, Vi=0V 264 432 mW
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FZJ 131

FZJ 135
Delay times, Vs=12V, Fp=1, Ta=25°C
test condition :?"\:\:frB typ. ﬁfn?teL unit
Maximum clock frequency f | duty cycle 1:1 0.5 MHz
Clock pulse duration toc 0.5 s
Setup time at D
H-signal ts 300 ns
L-signal ts 4.5V above ground | 500 ns
Hold time at D
H-signal tH 150 ns
L-signal ty 50 ns
Propagation delay
fromDto Q tpLH 90 175 310 ns
tpHL 30 70 150 ns
fromDto Q tPLH 30 70 150 |ns
tpHL C,=10pFat45V 70 130 290 ns
from Cto Q tpLH above ground 90 160 310 ns
tPHL 70 120 210 ns
from Cto Q tpLH 90 1560 | 310 |ns
tpHL 70 120 210 ns
Transition time trLH _ 50 90 170 ns
tTHL I CL=10pF 15 35 60 ns
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FZJ 131

FZJ 135
Electrical characteristics
156 V-range test condition :?n\:\llfrB typ ll:sw’?te; unit
temperature ranges 1 and 5
Supply voltage Vs 13.6 150 17 \Y
H-input voltage ViH Vs=Vsp 7.5 \%
L-input voltage ViL Vs=Vsg and Vgp 45 |V
H-output voltage Vo Vg=Vgg, — Ia=0.1TmA| 12.0 14.3 V
V|H= 75V
L-output voitage 7 Vg=Vgg, ig= 18 mA 1.0 17 v
Vip=4.5V, Vic=75V
DC noise margin
H-signal Vam 4.5 8 \Y
L-signal Vom 2.8 5 \
H-input current, each input  J Vi=Vina, Vs=Vsa 1 wA
L-input current at D ] Vs=Vsg, Vi=1.7V 3.6 |mA
L-input current at C =1 Vs=Vgpa, VIi=1.7V 7.2 |mA
Short circuit output current, — I Vs=Vsa, Vi=Vo=0V 9 15 25 mA
each output
Supply current Is Vs=Vsa, V=0V 28 42 mA
Power consumption P Vs=Vga, Vi=0V 420 | 720 mw
Delay times, Vs=15V, Fp=1, Tpo=25 °C
Propagation delay
from Dto Q tPLH ns
tpHL ns
fromDto Q tpLH ns
tpHL C,=10pFat4.5V ns
from Cto Q tpLH above ground ns
tPHL ns
from Cto Q tpLH ns
tPHL ns
Transition time trLH CL=10pF ns
trHL ns
Logical data, each flipflop
Output load factor, H-signal Fqy 100
each output L-signal Fq_ 10
InputloadfactoratD F 2
Input load factor at C F for 2 flipflops 4
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FZJ 131
FZJ 135

b T4 04 Dy Czy D3 03 O3
B B W B N 109

il
Ij‘j_’ m Pin configuration
top view

N S [y SN O [ S [y Ny S
2 L 8

3 6 7
0y Dy Cqp Do Qp G O

L
w

Schematic (each flipflop)

. . ol
[[Jmk [T]mk ﬁmk [T]Bk im g}mk E]mk
P 2k 2k
S {—: B
300 6 . 300
100 & ZS 100
Q » \I —~—oﬂ
v Bhe—i<t Pt K \V4
A V4 V4 V4
8k N 3k
3k [JW 3k
. OUS
O
0 » to second flipflop
C = clock, D = data, Q, Q, = outputs °*
Truth table (each flipflop)
inputs output
C Dy Qn+1 .
n: bit time before clock pulse
L L Q, n+ 1: bit time after clock pulse
L H Q,
H L L
H H H
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Synchronous Counters

FZJ 141/145 Synchronous Decimal Counter
FZJ 141A/145A Synchronous Decimal Counter with N-input
FZJ 151/155 Synchronous 4-Bit-Binary Counter
FZJ 151A/155A Synchronous 4-Bit-Binary Counter with N-input

Type order numbers
FzJ 141 Q67000-J 391
FZJ 145 Q67000-J 392
FZJ 141 A Q67000-J642
FZJ 145 A Q67000-J 647
FZJ 151 Q67000-J 394
FZJ 155 Q67000-J 395
FZJ 151 A Q67000-J 684
FZJ 155 A Q67000-J 685

The FZJ 141/145 and FZJ 151/155 are synchronous counters with set inputs for each bit,
a common reset input, clock and carry gating. The information is stored in JK-flipflops.The
information is transferred to the Q-outputs at the trailing edge of the clock pulse. The A-version
is intended for application where the dynamic noise immunity must be increased. A delay
capacitor may be added between N-input and ground in these cases. A synchronouscounter
chain is formed by connecting Cq to E and E¢.

Electrical characteristics

12 V-range

temperature ranges 1 and 5

Supply voltage
H-input voltage
L-input voltage
H-output voltage
L-output voltage

Vs
Vin
ViL
Van
Van

DC noise margin, H-signal V,,
L-signal Vym

H-input current,
each input except N
L-input current,
each input except N

y(¥

— 4L

Short circuit output current— I

each output
H-supply current
L-supply current
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Isy
Is.

test condition

test

lower

3

V.

upper

unit

cct. limit B limit A
114 12 13.5|V

VS=VSB 7.5 \'%
Vs=Vsg and Vsa 45|V
Vs=Vsg,—Io=0.1 mA 10.0| 11.3 \%
Vs=Vsg, h=15mA 0.9 1.7V

2.5 5 \%

2.8 5 \%
Vs=Vsa, i=Vipa 1 |pA
Vs=Vsa V=17V 0.8 1.5 | mA
Vs=Vsa, V=0V 9 15 25 |mA
Vs=Vsa, Vi=Vsa 12 17 |mA
Vs=Vsa 20 | 29 |mA
input R: =0V
remaining
inputs: V|=Vga



Delay times, Vs=12 V, Fo=1, Ta=25 °C

Capacitance Cn
Maximum clock frequency f

Clock pulse duration tpc
Reset pulse duration R
Reset recovery time tR

referred to the HL

clock pulse transition

Reset pulse duration tpR
during set operation
SetuptimeatA,B,C,D s
Holdtime atA, B, C,D ty
Propagation delay

from Cto Q tpLH
tpHL
from Cto Cq tpLH
tPHL
from Ec to Cq tpLH
_ tPHL
fromRto Q tPHL
from Ato Qa, Bto Qg, tPLH
CtoQc, Dto Qp tpHL
Transition times
atC t1
atQ tTLH
tTHL
at Cq trLH
tTHL

test condition

test

lower

-

yp-

upper

unit

cct. limit B limit A
0 1 nF
duty cycle 1:1 0.5 1.5 MHz
0.5 us
0.5 us
53 2 |ps
4.5V above ground
54 1 us
54 1 us
54 1 us
90 200 450 |ns
50 90 200 450 |ns
200 | 400 700 |ns
150 | 300 500 |ns
C_L=10pFat 52 90 200 450 |ns
4.5V above ground| 52 25 60 200 |ns
53 70 150 310 |ns
51 30 120 210 |ns
51 30 120 210 |ns
1 V/us
90 250 450 |ns
C_L=10pF 50 5 20 60 |ns
70 140 310 |ns
30 60 210 Ins
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Electrical characteristics
15 V-range
temperature ranges 1 and 5

Supply voltage Vs
H-input voltage VIH
L-input voltage ViL
H-output voltage VaH
L-output voltage Van
DC noise margin, H-signal Vom
L-signal V,m

H-input current,
each input except N m
L-input current,

each input except N — I
Short circuit output current— I
each output
H-supply current
L-supply current

Isy
s,

test

lower

upper

Delay times, Vs=15V, Fo=1, Tp=25 °C

Propagation delay

from CtoQ tPLH
tpHL
from Cto CQ tpLH
teHL
from Ec to Cq tpLH
tPHL
fromRtoQ tpHL
from A to Qp, B to Qg, tpLy
Cto Qc, Dto Qp teHL
Transition times
atC tT
atQ trLH
tTHL
at Cq trLn
trHL
Logical data

Output load factor H-signal Fqy
each output L-signal Fq.
Inputloadfactor, eachinput F
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test condition cet. limit B typ. limit A unit
1356 15 17.0 |V
Vs=Vsp 7.5 V
VS=VSB and VSA 45 |V
Vs=Vsg,~lo=0.1 mA 12 14.3 \Y;
Vs=Vsp, Ip=18 mA 1 1.7 |V
4.5 3 vV
2.8 5 \Y
Vs=Vsa, Vi=Vina 1 ©A
Vs=Vsa, Vi=1.7V 1 1.8 | mA
Vs=Vsp, Vo=0V 9 15 25 mA
VSZVSAr V| =VSA 15 23 mA
Vs=Vsa 23 36.5 |mA
inputRR: V=0V
remaining
inputs: V|=Vga
ns
50 ns
ns
ns
CL=10pFat 52 ns
4.5V above ground| 52 ns
53 ns
51 ns
51 ns
V/us
ns
C_.=10pF 50 ns
ns
ns
100
10



FZJ 141

FZJ 141A
FZJ 145
s E B 03 B @ A C FZJ 145A
TBS 15 1‘? TSB 12 Tf 10 EQ FZJ 151
= r—l_1 ‘I_| [ r|——l 'T‘ ']_l Pin configuration, top view FZJ 151A
J A, B, C, D =setinputs FZJ 155
1 C = clock input FZJ 155A
Cq = carry output
l_‘ [ I E = enable input
[fo"?"T"?'LB—"—f‘?' R =resetinput
Roc N C Qg D 09y Og Q,Q = outputs

Block diagram of FZJ 141/145, FZJ 141A/145A
Nc-terminal FZJ 141A/145 A only

—e—0 .5
0%

;-
i | i
1308

L
*—|
(=
=]

N
-

Wl O-
=1 O-
O

[mile;

©
A

Block diagram of FZJ 151/151, FZJ 1561A/165A
Nc-terminal FZJ 151A/155 A only

0, iR
i

3 o RElE

e—o%’

)
D
b

>

o —

—
> |
> |

o1 M
L
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Truth table: Decimal counter Truth table: Binary counter

FZJ 141/145,FZJ 141A/145A FZJ 151/155, FZJ 151 A/155 A
count condition: A=B=C=D=E=Fc=R=H count condition: A=B=C=D=E=F.=R=H
outputs outputs
sequence Co Qo Qc Qs Qa sequence Ca Qp Qc Qg Qa
0 L L L L L 0 L L L L L
i L L L L H 1 L L L L H
2 L L L H L 2 L L L H L
3 L L L H H 3 L L L H H
4 L L H L L 4 L L H L L
5 L L H L H 5 L L H L H
6 L L H H L 6 L L H H L
7 L L H H H 7 L L H H H
8 L H L L L 8 L H L L L
9 H H L L H 9 L H L L H
10 L H L H L
11 L H L H H
12 L H H L L
13 L H H L H
14 L H H H L
15 H H H H H
Enable conditions
enable E | operating mode enable E¢ |Carryoutput Ca
L inhibit L L
H count H LorH
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Set and reset conditions

Set and reset inputs operate independently of the clock input C and the enable input E.
If these inputs are not used, they must be connected to Vs. To store the information properly R
must return to H-level before the inputs A through D.

inputs outputs

R A B C D Qa Qs Qc Qp
L H H H H L L L L
L L X X X H X X X
L X L X X X H X X
L X X L X X X H X
L X X X L X X X H
X = Lor H-signal

Pulse diagram for set operation

iy

Input R N L5V
V

\ Vi

Inputs  A,B,C orD ___4_;_4_ 45V

' an

Vo
Outputs Oy, Ogs0gor Oy /
12

97



Pulse Diagram for the Decimal Counter with the following Sequence

1. ResettoQ=1L
2. Setto binary 6
3. Count from binary 6 to 2 with carry pulse

4. Inhibit
Rosot R _‘ I
| |
"
7 |
B
L
nputs _ [
C
m
I
R

__l_....Jl.-
Clock C
--J.-_J._]JUUUUUULILILI
Enabte E | I
01 ' I | I | | | !
— e
a 7
. E | I__.I l
utputs - i |
6@} B I
| +
1L
1
|
|
T
[

DD _! ;
-— |
] | i
Carry  (E=H) Oy { ! 1 | I
reset slet I[ count inhibit

o lslsl7lslalol112]2]
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Pulse Diagram for the Binary Counter with the following Sequence

1. ResettoQ =1L

2. Setto binary 12

3. Countfrom binary 12 to 2 with carry pulse
4. Inhibit

Reset R ' I

|
Carry (= W) Cp | |

|
i |
|
5o
Set B |
inputs _ }
C |
I
o
|
PR . .
Clock C | l””l””””””
- o o
| |
| |
Enable E i |
| I | I
| |
- | | |
Uy | |
- | |
Og | I I
Outputs ]
- |
O | I .
| +
- |
I | L
|

|
!
count ——+— inhibit

ol lajwlislolrlz] 2l

99



4-Bit-Shiftregister with N-Input FZJ 161

FZJ 165
Type ’ order numbers
FzJ 161 Q67000-J 507
FZJ 165 Q67000-J 562

The FZJ 161/165 are 4-bit-shiftregisters with serial and parallel inputs and outputs for right
shift operation. The flipflops are set to their initial states by means of the set input S.
A, B, C,and D areenabled at S = H. S and the reset input R operate independently of the clock
puise. To increase the noise immunity of the serial input and the clock input respectively,
a delay capacitor each can be connected between the respective N-inputs and ground.
Applications: Serial register, parallel register, parallel-serial converter and serial-parallel
converter.

Electrical characteristics

12 V-range t dition lower . upper i

temperature ranges 1 and 5 et eondio limitg | P limita | "™

Supply voltage Vs 11.4 | 12 135 |V

H-input voltage Vin Vs=Vsg 7.5 Y

L-input voltage ViL Vs=Vsg and Vsp 45 |V

H-output voltage Vanx Vs=Vsg, —Io=0.1 mA 10.0| 113 \Y
Vii=4.7V

L-output voltage Var Vs=Vsg, Io=15 mA 0.9 1.7 |V

DC noise margin

H-signal Vom 2.5 5 \Y

L-signal Vom 2.8 5 \%

H-input current,

each input except N 1 Vi=Vina, Vs=Vsa 1 pA

L-input current,

each inputexceptNandS - Vs=Vsg, Vi=1.7V 1.5 [mA

L-input current at S -1 Vs=Vsa, Vi=1.7V 6 mA

Short circuit output current, — Iy Vs=Vsa, Vi=Vo=0v 9 15 25 mA

each output

Supply current Is Vs=Vsa, V=0V 21 33 mA

Power consumption P Vg=Vga, VIS0V 180 340 mw
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FZJ 161

FZJ 165
Delay times, Vs=12V, Fo=1, TA=25 °C
test condition :ﬁ:]v:% typ. :&‘Tﬁ& unit
Capacitance Cn 0] 1 nF
Maximum clock frequency f duty cycle 1:1 0.5 1.5 MHz
Clock pulse duration toc 0.5 us
Reset pulse duration oR 0.5 ws
Reset pulse duration tor [ 4.5Vaboveground 1 us
during set operation
Setup time ty 1 us
atA,B,C,D,S
at Sl th (0] us
Hold time ty 1 s
atAB,C,D,S
at SI ty 0,5 us
Propagation delay L
from Clto Q tPLH 90 140 450 ns
tpHL 90 140 450 ns
from Rto Q tey. \ C=10pFat 0.6 0.85 1.3 |us
from Sto Q, Ato Qa, Bto Qg, tpH 4.5V above ground 100 240 500 |ns
Cto Q¢, Dto Qp tPHL 90 140 450 ns
Transition times
at Cl tr 1 V/us
atQ trLH C.=10pF 70 150 290 ns
tTHL 5 20 60 ns
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FZJ 161

FZJ 165
Electrical characteristics
15 V-range test condition :?n‘?'::i; typ ;J's,rl)f; unit
temperature ranges 1 and 5
Supply voltage Vs 13.5 15 17 Y
H-input voltage Vi Vs=Vsg 7.5 \Y
L-input voltage ViL Vs=Vsg and Vga 45 |V
H-output voltage VoH Vs=Vsg, —Ip=0.1TmA | 12.0 14.3 \
V|L:4.7 \%
L-output voltage Vai Vs=Vsg, Inp=18 mA 1.0 1.7 |V
DC noise margin
H-signal Viom 45 8 V
L-signal Vam 2.8 5 \%
H-input current,
each input except N 1 Vi=Viua, Vs=Vsa 1 wA
L-input current,
each inputexceptNand S -} Vs=Vsg, Vi=1.7V 1.8 |mA
L-input current at S -1 Vs=Vsa, V=17V 7.2 | mA
Short circuit output current, — I Vs=Vsa, Vi=Vo=0V 9 15 25 mA
each output
Supply current Is Vs=Vsa, V=0V 26 42 mA
Power consumption P Vs=Vsa, Vi=0V 390 715 mw
Delay times, Vs=15V, Fqa=1, Tp=25 °C
Propagation delay
from Clto Q tpLH ns
tPHL - ns
from ﬁ toQ tpHL CL_ 10 pF at us
from Sto Q, Ato Qa, Bto Qg, tpy 4,5 V above ground ns
Cto Qc, Dto Qp tpHL ns
Transition times
at Cl tt } V/[J.s
atQ trLH C.=10pF ns
trHL ns
Logical data
Output load factor, H-signal Foy 100
each output L-signal Fqp 10
Inputloadfactor
atS F 4
remaining inputs F 1
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FZJ 161
FZJ 165

Pin cinfiguration, top view
A, B, C, D =inputs

N Cl = clock input
Q = outputs
R =reset input
CIJrJC T 1T T T T = H
T 7 3 1 5 5§ 7 8 gl_setllnp'ut
S sl Ny O0n A O B O = serial input

Block diagram
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Set and reset conditions

Set and reset inputs operate independent of the clock input CL. To store the parallel infor-
mation properly R must return to H-level before S is switched to L-level.

inputs outputs

S R A B C D Qr O Q¢
L i X X X X | L L L L
H L H L H H H L H H
L H X X X X shift

X = L or H-signal

Puise diagram for set operation

input R

toR

Input S

Inputs A,B,Cor D

—— e aw VﬂH
Outputs QA,DB,O[ OFQU /
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Pulse Diagram with the following sequence

1.ResettoQ =1L
2. Set to binary 13
3. Shift

4. Serial operation
5. Shift

ook 0 LU
P |
parallel s |
set input |
||
[y N

l
|
| |
! |
| |
resetinput | |
| | } &
serial --‘ m
input o -I li |l %
| | |
S s [
! |
parallel ’ I : = :
|
setmputs 7 _ ‘ 1! |
Il | [
| | |
D h | |
L
623
Pl .
(s B | N
outputs I | = =
0 :"T' | l 1
P |
N L1 i I
- e shift - shift
reset set® serial
operation

* Afalling clock transistion must not occur during parallel set operation
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Timing Circuit with N-Input FZK 101

FZK 105

Type order numbers

FZK 101 Q67000-K 6
FZK 105 Q67000-K 7

The

GO WN =

(el o))

9.
10.

FZK 101/105 feature the following operating modes:

- Monostable multivibrator. L, J, and M connected.

. Pulse delay. L and K connected.

- Pulse reduction. J and M connected.

. Delay switch, L-K and M-Og connected.

- Pulse delay is retriggerable if the retrigger pulse returns before the recovery time is

elapsed.

. An electrolytic capacitor can be used as timing component C;.
.- Qremains at L only if R is supplied with an L-level after the supply voltage Vs is applied.
. No voltages and currents may be applied to the function inputs J, K, L, M. The required

connection between J, K, L, M may not exceed 5 mm.
Inputs A or B must be supplied with an L-level, if C and D are used as trigger inputs.
The delay capacitor is connected between N-input and ground.

Electrical characteristics

12 V-range . lower upper )
temperature ranges 1and 5 st condition timit | P limita | 4"
Supply voltage Vs 1.4 12.0 13,5 |V
H-input voltage Viu Vs=Vsp 7.5 \%
L-input voltage ViL Vs=Vsg and Vsa 45 |V
H-output voltage VaH Vs=Vsg and vga 10.0 11.3 \%
ViL=4.5V,
- Ioy=0.1T mA
L-output voltage Var Vs=Vsg 1.0 1.7 |V
Vin=7.5V, I5;=15mA
DC noise margin
H-signal Vom 2.5 5.0 \
L-signal Vom 2.8 5.0 \Y
H-input current, Iy Vs=Vsa, Vi=Viua 1.0 |pA
each input
L-input current, -l Vs=Vga, VILI=1.7V 0.8 1.5 |mA
each input
Short circuit output current — o Vs=Vsa, Vo=0 9 15 25 mA
L-supply current Is. 13 19 mA
H-supply current Isy 12 19 mA
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FZK 101

FZK 105
Electrical characteristics
15V-range lower upper
temperature ranges 1and 5 tostondrhion it | P timita | 4"
Supply voltage Vs 13.5 15.0 170 |V
H-input voltage Vin Vs=Vsp 7.5 \%
L-input voltage ViL Vs=Vsg and Vsa 45 |V
H-output voltage Van Vs=Vsg and vsa 12.0 14.3 \Y
Vi =45V,
- Igp=0.1TmA
L-output voltage Var Vs=Vsp 1.1 1.7 |V
V|H:7.5 V, o= 18 mA
DC noise margin
H-signal Vom 4.5 8.0 \Y
L-signal Vam 2.8 5.0 \Y
H-input current, ym Vs=Vsa, Vi=Vina 1.0 [pA
each input
L-input current, - Vg=Vsa, ViL=1.7V 1.0 1.8 | mA
each input
Short circuit output current - o Vs=Vsa, Vo=0 9 15 25 mA
L-supply current Is. 14 22 mA
H-supply current IsH 15 23 mA
Delay times, V=12V, Fo=1,Tp=25°C
Input pulse duration tol 0.5 us
Reset pulse duration [ 0.5 us
Setup time at A, B ts 0 us
Setup time at C, D ts 0.5 ws
Recovery time t, (Cot+Cy) x 103 s/F
Min. output pulse duration t, 400 ns
Output pulse duration to Vs=11.4V 650 700 780 ns
R;=0.5 kQ
Ci=2nF
Propagation delay
fromA, B,C,DtoQ tpey  |CL=10pFat4.5V 220 270 740 ns
tpHL above ground 110 180 450 ns
fromRto Q tPHL 150 300 550 ns
Transition times
atA B trLH 0.1 V/(J.S
atC,D tTHL 1 V/y.S
atQ trHL }CL=1OpF 50 100 200 ns
trHL 30 80 150 ns
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FZK 101
FZK 105

Vg

N

D C

A

16 15 1% 1312 N 0 9
0 s O e s s Y s Y |

Pin configuration

Logical data
Output load factor  H-signal
L-signal
Input load factor,
sach input
Logic
Truth table
inputs output

A B C D Q

L X H H L

X L HH L

H H X X L

X X L X L

X X X L L

I HHH i

H I H H o

L X T H I

L X H L au

X L L H o

X L H L i

108

top view
upper
limit A
Fan 100
Far 10
F 1
Q= (AB) + (CD)

see pulse diagram

notes

X =LorH-signal

.. = H-pulse with adjustable duration

I = L-H-transition

1T = H-L-Transition

Output Qrefers to operation as monostable
multivibrator. It applies accordingly for the
remaining operating modes.



FZK 101
FZK 105

Pulse diagrams for:

+ reset mode (applies for

input R
_\“ fa { every operating mode)
L
- K

output 0

4§ monostable multivibrator

inputs —— -
Asnd B F > 500ns —X (L, J, and M connected)
L
H
de D %
- _l_gfgﬁll S —

|

output toLn s — L
_j:(# B&E—_ t=0.7 - Ry - (Co + C1)
by =ty

toL

t

H Pulse delay

—
fﬁfg F st ___’_’k ) (Land K connected)
C and D —-\, f

output @ [ . o

|. gy -

_’1 &EVL td:0.7 : Rt . (Co + Ct)
‘_"fTLH iy
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FZK 101
FZK 105

inputs f
Aand B 1

or '
C and D x F’
reset R

inputs

Aqand B —L‘
or

Cand D x

output Q@ ity {

i ———

inputs
Aand B
or
Cand B
output @ oLk

tn2

Pulse diagrams for:

Delay switch
(L-K'and M-Og
connected)

Reset to Q=L by means
of R=Lonly

t4=0.7 - Ry - (Co + Cy)

Pulse reduction
(J and M connected)
a) t,>0.7 - Ry - (CO + Cy)

t01=0.7 - Ry - (Co + Cy)

b)4=0.7 - R - (Co + Cy)

ta2 =t



FZK 101
FZK 105

Schematic

Vs
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|
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2

100
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15k
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BCD-Decimal-Decoder-Driver for Indicator Tubes FZL 101

Type | order numbers

FZL 101 ‘ Q67000-L 68

The FZL 101 decodes binary coded decimal numbers. Direct control of indicator tubes is
possible by means of output transistors with high breakdown voltages. The FZJ 141 is the
corresponding decimal counter. The following connections have to be made from the
Q-outputs of the FZJ 141 to the inputs of the FZL 101:Qa to A, Qg to B, Q¢ to C, and Qp to D.
Binary input information of the decimal numbers 10 through 15 are suppressed.

In addition the following maximum ratings apply:

In addition the following maximum ratings apply: |lowerlimitB | upperfimitA | unit
Output voltage (output transistor blocked) Va 0 65 Y
Output current (output transistor blocked), In 0] 2 mA
each output
Output current (output transistor conducting), I 0 20 mA
each output
Electrical characteristics N lower |, o upper |
12 V-range test condition limit B limit A
temperature range 1
Supply voltage Vs 11.4 12.0( 135|V
H-input voltage ViH Vs=Vsp 8.0 V
L-input voltage ViL Vs=Vsg and vga 50|V
L-output voltage Var Vs=Vsg, Iot=9 mA 25|V
DC noise margin, H-signal Vam 2.0 45 V
L-signal Vam 3.3 5.5 \%
H-output current, each output Io Vs=Vga, Vo=65V 100 |uA
In Vs=Vgp, V=60V 5 wA
H-input current, each input  Jiy Vs=V|=Vsa 1 wA
L-input current, each input  — 4. | Vs=Vga, V=0V 0.8 1.5 |mA
Supply current Is Vs=Vsa 17 25 |mA
inputA,C,D: V=0V
Power consumption P input B: V|=Vgp 205 340 |mW
Delay times, Vs=12V, Tpo=25 °C
Propagation delay
from B to dec 2 tpLH Ver=12v 30 70 210 |ns
it | g2 ko 60 | 150 |280 |ns
from B to dec O i [ & =10 pF 60 | 150 |280 |ns
o, |5 OP 30 70 [210 |ns



FZL 101

Electrical characteristics - lower | o upper |
15 V-range test condition limit B imit A .
temperature range 1
Supply voltage Vs 135 | 156.0 | 17.0 |V
H-input voltage ViH Vs=Vsp 8.0 \Y,
L-input voltage ViL Vs=Vsg and vgp 50 |V
L-output voltage Var Vs=Vsg, Io.= 9 mA 25 |V
DC noise margin, H-signal ~ Vi,m 4.0 7.5 \Y;
L-signal Vi 3.3 5.5 \Y;
H-output current, each output In Vs=Vga, Vq=65V 100 wA
In Vs=Vsa, Vo=60V 5 wA
H-input current, each input 4 Vs=V|=Vsa 1 wA
L-input current, each input  — [ Vs=Vgp, V=0V 1 1.8 | mA
Supply current Is Vs=Vsa 18 27 mA
inputA, C,D:V,=0V
Power consumption P input B: V{=Vga 270 460 mw

Delay times, Vs=15V, Tp=25 °C
Propagation delay

from B to dec 2 tpLH Vee=12v ns
tPHL ~ ns
from B to dec O tpLH gcz 1 (I)(QF ns
tpHL t P ns
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FZL 101

% % 1 13 1’ N 1w 9
I —

!—VJ—J.—J ‘ I—.l——l?—l—l— Pin configuration, top view

Os

Truth table

BCD-inputs decimal outputs

D C B A 0 1 2 3 4 b5 6 7 8 9

L L L L L H H H H H H H H H

L L L H H L H H H H H H H H

L L H L H H L H H H H H H H

L L H H H H H L H H H H H H

L H L L H H H H L H H H H H

L H L H H H H H H L H H H H

L H H L H H H H H H L H H H

L H H H H H H H H H H L H H

H L L L H H H H H H H H L H

H L L H H H H H H H H H H L

H L H L H H H H H H H H H H

H L H H H H H H H H H H H H

H H L L H H H H H H H H H H

H H L H H H H H H H H H H H

H H H L H H H H H H H H H H

H H H H H H H H H H H H H H

Application with indicator tube

y
R Notes:
Recommended supply voltage for the
1180 indicator tube Vs=200V

CO o o o > or equivalent Resistance RLdepequqntheIighting
voltage Vg and the lighting current Ig
of the indicator tube.
as follows:

0 1 2 3 4 5 6 7 8 ¢ R=_Y"V8 o
Decoder-Driver FZL10 I
A B L )
0, 0y 0 0,
Decimal Eourm;r F7) 141

lcoum input ©
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BCD-7-segment decoder-driver FZL 111

with open collector outputs with 16.5/20 mA FZL 115
Type I ordernumbers
FZL111 Q67000-L 156
FZL115 Q67000-L 161

The FZL 111/115 transform BCD-words with 4 bits present at the inputs A, B, C, D into the
7-segment code. Control functions are provided by means of three auxiliary inputs, Bl, RBI, LT.
An L-signal at the ripple-blanking-input RBI suppresses the decimal O-signal at the outputs.
The ripple-blanking-output RBQ (internally connected with Bl) provides an automatic
O-suppression over several decades. When the blanking input Bl is supplied with an L-signal,
all outputs are blocked. An L-signal atthe lamp-test-input LT forces all outputsinto conduction.
In addition the following maximum ratings apply:

Maximum ratings l test condition lower limit B | upperlimit A | unit
Output voltage for the Va | o] 16.5 V
outputsatog Ta blocked
Output current I 0] 25 wA
Output current for the I 0 20 mA
outputsatog Ta conducting
outputsatog, dutycycle 1:1 I 0 40 mA
Electrical characteristics
12-V-range iti lower : upper ;
temperature ranges 1 and 5 testcondition timit | VP imita | "
Supply voltage Vs 11.4| 120 | 135 |V
H-input voltage ViH Vs=Vsp 7.5 \Y
L-output voltage ViL Vs=Vsg and Vsa 45 |V
L-output voltage for the
outputsatog VoL Io.=20mA 0.4 0.7 |V
VoL Io.=40mA Vs=Vgp 0.7 1.0 |V
Output BI/RBQ VaL Io.=7.5mA 1.7 |V
Output voltage for the
outputsatog Va Vs=Vsg, Io=25 pA 165 |V
H-output voltage at BI/RBQ Van Vs=Vsa, —Ion=0.1TmA| 10.0 | 11.3 \%
DC-noise margin
H-signal Vom 25 5.0 \Y
L-signal Vam 2.8 5.0 Y
H-input current
atA, B, C, D, RBI Vin 10 pA
at BI/RBQ I Vs=Vsa, Vi=Vina 20 |eA
atLT m 30 A
L-input current
atA, B, C, D, RBI n 1.0 2.1 |mA
at BI/RBQ n VsVsa, ViL=1.7V 2.0 4.2 |mA
atLT Iy 3.0 5.3 |mA
supply current k Vs=Vsa, outputs open 40 mA
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FZL 111

FZL 115

Electrical characteristics
15-V-range test condition :?n‘?/l?% typ. ﬁ&?tex unit
temperature ranges 1 and 5
Supply voltage Vs 13.5 | 15.0 165 |V
H-input voltage Viu Vs=Vss 7.5 \%
L-onput voltage ViL Vs=Vsg and Vsp 45 |V
L-output voltage for the
outputsatog Var Iot=20mA 04 0.7 |V

Vau Io,=40mA  Vs=Vsg 0.7 1.0 |V
Output BI/RBQ Var Int=9 mA 1.7 |V
Output voltage for the
outputsatog Va Vs=Vsg, Inp=25pA 165 |v
H-output voltage at BI/RBQ Vgu Vs=Vsa, —Ion=0.1mA| 12.0 | 14.3 \
DC-noise margin
H-signal Vam 4.5 8.0 \
L-signal Vim 2.8 5.0 \%
H-input current
atA, B, C, D, RBI ViH 10 |pA
at BI/RBQ In Vs=Vsa Vi=Viha 20 |pA
atLT ym 30 vA
L-input current
at A, B, C, D, RBI m 26 |mA
at BI/RBQ M VsVsa ViL=1.7V 5.2 |mA
atLT I 7.8 |mA
supply current Is Vs=Vsa, outputs open 44 mA




FZL 111

FZL 115
Vs f g a b c d ’
® 15 14 13 12 1 10 9 — e e
A arac, 4 1 |_|_||_||_| |
R | [ o e
N f I_g_l b .D_ 1 2 3 L 5 6 7
T T T A o
T T T JC T T I T _—
12 3 4 5 6 1 8 8 9 10 1 12 0B 1 15
B C LT BI/RBARBI D A Os
Pin configuration Segment Output
top view identification patterns
Truth table
function | LT |[RBI| D | C | B | A Bi/RBQ a b|c|d]|e f g
01) H H L L L L H L L L L L L H
1 H X L L L H H H L L H H H H
2 H X L L H L H L L H L L H L
3 H X L L H H H L L L L H H L
4 H X L H L L H H L L H H L L
5 H X L H L H H L H L L H L L
6 H X L H H L H H H L L L L L
7 H X L H H H H L L L H H H H
8 H X H L L L H L L L L L L L
9 H X H L L H H L L L H H L L
10 H X H L H L H H H H L L H L
11 H X H L H H H H H L L H H L
12 H X H H L L H H L H H H L L
13 H X H H L H H L H H L H L L
14 H| X H H H L H H H H L L L L
15 H X H H H H H H H H H H H H
BI2) X | X X X X X L H H H H H H H
RBI3) H L L L L L L H H H H H H H
LT4) | X X X X X H L L L L L L L
Notes:

X =HorL-signal

1) IF O-indication is disired, RBI must be supplied with an H-signal.

2) An L-signal at Bl forces all segment outputs into H-state independent of the other input
conditions.

3) If an L-signal is supplied to RBl and A, B, C, D, H-signals result at all outputs and L-signal
at RBQ (zerocondition).

4) An L-signal at LT switches all outputs to L only if BI/RBQ is supplied with an H-signal
regardless of the input condition at A, B, C, D, and RBI.
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FZL 111
FZL 115

Block diagram

inputs

{ o—

outputs

blanking input or

ripple olanking Bl/RB0 o——|
output

lamptest LT o—r

ripple blarking  RBI o——
nput
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Short-circuit-proof Power Stage with Open Collector FZL 121

Tentative Data

Type | order numbers

FzL 121 \ Q67000-L 168

The FZL 121 is a power stage for output currents up to 400 mA. The FZL 121 has 3 NOR gate
inputs with Schmitt Trigger characteristics. The load is connected between the output Q
{open collector) and Vs. If a short circuit occurs the current is turned off. The circuit checks

periodically whether the short circuit is still present.

g;c;;:(;?: ;hrzaagcet?"sucs test condition :?r:':'é typ. :&‘:f; unit
Supply voltage Vs 11.4 15.0 20 \%
H-input voltage Vi 8 \
L-input voltage ViL 6
Hysteresis VH 0.4 Y
L-output voltage VaL Vi=Vs; In=0,4 A 1,6 2.6
Input current 1 2V<V<Vs 0.1 0.2 | mA
Output current In 400 mA
Supply current Is Ih=0 5 mA
Capacitance at Cl Cq clock frequency 39 nF
0,5 kHz
Capacitance at N Cn1 500 pF
Cn2 1.8 nF
Nominal lamp current Io 150 mA
Capacitive loads CL each Cyl nF
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FZL 121

A Q
16 15 1% 0 9 . . .
T T —T e Pin configuration
] | top view
inputs: Iy, b, Kk
i output: Q

pins 4to 6 and 11 to 13 are connected
to provide a heat sink

Logic diagram for normal operation
N
110——‘

I2°'—'S Q
I3°‘—

Logic diagram for short-circuit operation

sensor

To avoid oscillations during a short circuit it is necessary to connect two capacitors to the
N-terminal (Cn1, Cn2). By means of Cy1 the transition at the output Q can be varied.

A capacitor Cc| between the C-terminal and ground is required for the clock generator.
Up to 8 clock terminals Cl of the types FZL 121, FZL 131 may be combined in parallel so
that only one capacitor Cg is required. The C-terminals of the remaining circuits must be
connected to Vs.

Inductive loads must be provided with a quench diode.
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Short-circuit-proof Power Stage with Open Emitter FZL 131

Tentative Data

Type | order numbers

FZL 131 \ Q67000-L 169

The FZL 131 is a power stage for output currents up to 400 mA and for nominal lamp currents
of up to 150mA_The FZL 131 has four OR gate inputs with Schmitt Trigger characteristics.
The load is connected between the output Q (open emitter) and Os. !f a short circuit occurs

the current is turned off. The circuit checks periodically whether the short circuit is still
present.

E;cp'ter:gz: :eh;:]agcet?"s“cs test condition :?rx(terB typ. :;ﬁte; unit
Supply voltage Vs 11.4 15.0 20 \'%
H-input voltage VIH 8 \
L-input voltage ViL 6 \
Hysteresis VH 0.4 \
H-output voltage Vau —L=0.4A Vs—3V|Vs—1.8V \
Input current 1 2V <Vi<Vs 0.1 0.2 | mA
QOutput current —IaH 400 mA
Supply current Is =0 5 mA
Capacitance at Cl Cq 39 pF
Capacitance at N Cn1 500 pF

Cn2 1.8 nF
Nominal lamp I 150 mA
current
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FZL 131

koo N L ¢
B 15 % 0 9 . .
O r——— 1 Pin configuration
top view
inputs: Iy, b, B, In
u output: Q
| pins 4to 6 and 11 to 13 are connected
—— Ll_l — to provide a heat sink
7 8

Logic diagram for normal operation
N

11 oO—
Izo—-
I3 00—
Iy o—

S a

Logic diagram for short-circuit operation

%
c Y,
N
| I
1 o '
Io— '
[30—- 5 Q
Lo [ Y current }
| sensor | P
| ; L
|
i 1 h
| S[ R I
! I
{ clock I
|| gen. }
l___i_____ —_—

To avoid oscillations during a short circuit it is necessary to connect two capacitors to the
N-terminal (Cy1,Cnz2). By means of Cy the transition time at the outputQcanbevaried.

A capacitor Cc) between the C-terminal and ground is required for the clock generator.
Up to 8 clock terminals Cl of the types FZL 121, FZL 131 may be combined in parallel so that
only capacitor Cg; is required. The C-terminals of the remaining circuits must be connected
to Vs.

Inductive loads mustbe provided with a quench diode.
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Short-circuit-proof Power Driver for Transistor Stages FZL 141

Tentative Data

Type | order numbers

FZL 141 l Q67000-L 170

The FZL 141 is a driver for transistor power stages with output currents up to 3 A.
The output of the controlled power stage is short-circuit proof. If a short circuit occurs the
current is turned off. The circuit checks periodically whether the short circuit is still present.
The load is connected between the output Q1 (i. e. Qs of the power stage) and Os. The FZL 141
has a Schmitt Trigger input.

tEelrencpt:rg:: ;hraa:‘agcet?"sucs test condition :?m':rB typ. :.:m::te;\ unit

Supply voltage Vs 11.4 | 150 20 |V

H-input voltage Vi 8 V

L-input voltage ViL 6 \%

Hysteresis WH 0.4 \%

Input current I 2V<V<Vs 0.1 0.2 | mA

Output voltage Va1 In1=0.5 Awith Vs—1.8V| Vs—1V Vv
BD 138

Output voltage Va2 Iao=3 A with Vs—3.2V| Ve—2V Vv
BCW 76, 2N3055

Turn off voltage Vi Vs—0.8V \Y

for overload

Input current at X K 25 mA

Output current at Q -l 25 mA

Output current at Qq In1 Rx=1.6Q BD 138 500 mA

Output current at Q2 In2 Rx=0.33Q,BCW 76 3 A
2N3055

Resistance Ry Vs—1V kG

IQ mA

Recommended transistors for the following amplifier stage:

Use of one stage (output current 0.5 A) : Ty = BD 138-10
Operation of two stages (output current 3A): T =BCW 76-16,
T, =2N3055
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FZL 141

ioooxoow
8 7 6 5
A
[ ] Pin configuration
top view
i Input: 1
input for short circuit protection: W, X
o LI_I L[l output: Q
1 2 3 b
L ¢ 1 0

Logic diagram for normal operation
I »—@—o 0,bzw0,

Logic diagram for short-circuit operation

T T =
: i—vys
| v | A
| I
| YNy
| W
| 4 I
|
| T
|
| L
L
|
| I U1 0Z
; S‘R I (0.5A) (3A)
'clock l
| gen |
L"f ______ ]
cL -
#CCL
4

To avoid oscillations short circuit during it is necessary to connect a capacitor between
the base and collector of transistor T 1. A capacitor Cc| between the C-terminal and ground
is required for the clock generator. Up to 8 clock terminals Cl of the types FZL 121, FZL 131,
FZL 141 maybe combinedin parallel so that only one capacitor Cg is required. The C-terminals
of the remaining circuits must be connected to Vs.
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FZ 100

Test circuits

The test circuits are shown for NAND-gates. They apply similarly for gates with otherfunctions

open

test circuit 1 test circuit 2 test circuit 3

E' o open

test circuit 6

test circuit 4 test circuit 5

test circuit 7 test circuit 8
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FZ 100

2\
. {
oty 1
OT @ ’
\ O \l
! Tu o D—O”
Ho
‘ ot
test circuit 9
Vs
N N
open
Ity open
"y ()
L
test circuit 11
Vs
Ist
N N
open
apen
VIH o— 4 P
L

test circuit 13

2

HIY

Z\]
u— M
o
Lo
Y |
oV
test circuit 10
Y
N
.
45V 0—4

test circuit 12

Wi

test circuit 14

open

open

open

open

127



FZ 100

MP -1

=
]__

Y ]—j a

| ]

MEL: S

-

| JE{ . }Tl

test circuit 15

test circuit 17
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TTTTT

Vgo—

~
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test circuit 16

— B
iR
— —
open §———] L O
— —
—] T
— —
vso—l < ¢t

test circuit 18

—]
2

L
L L
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FZ 100

— ol oo
o [ B
- i
H -
T F—
T -
- -
o]

test circuit 19

each output in tested seperately

open

open

I

i

@

b

T7

IsL — —
se—@——4 |
l

test circuit 21

open

open

PSR Sy spgn e i

test circuit 20

open

Ll
>

open

ITTTTTTITT
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FZ 100

@
n
7

V] truth |- {K

=5

N

9

test circuit 22

v, AIH

H see =
°—<: >~ table [ open

[ =T

test circuit 23

-
=11

1L see 17
“—@> table [~ oPen

7]

test circuit 24

test circuit 25

130

each output is tested seperately

In:each input is tested seperately
Is: Vi is applied to all inputs

Vin at | ground at
Jiords T,S, JiorJ,
K1 or K2 T, R, K1, or K2
R T, J5,and Jo
S T, Ky, and Ky
T JJKKRS

each input is tested seperately

)

Vi at 4.5V at 17V at

Jy, orJo R T, Ji, ordy
K1, or Ko S T, Ky, or Ko
R J1 and J2

S Kiand Ko

T Ji, J2, Ky, Ko



FZ 100

pulse
generator

L

test circuit 26

pulse diagram

Notes:

75V Y

circuit under test load FZH 141

output

‘ Th
90%
50%
4.5\§
10 9 0
"y
i ‘
> foy ,
9% O
L5V
10%
an

generator: tr.y = 350 ns, tty. = 120 ns, t, =1us, amplitude: +10 V.
the load consits of stray and jig capacitance and one gate FZH 141.
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FZ 100

Vs
input output
5]
r ch
pulse ) 2 FZH151 7 4 p FZH151
generator b
= ;
50 i n 10pF ==
|
N A |
circuit under test load

test circuit 27

pulse diagram

nput  Z2and 15,

L5V
10%

output 7 45V 45y
i
= feuan [ Rl
| 4
oM
output g 48V L5V
un
Notes:

generator: tr y = 350 ns, try. = 240 ns; amplitude: +10 V.

When measuring t, between input 2 and output 7, two tests must be made. During the first test
input 4 mustbe grounded. During the second testinput 1 mustbe grounded. When measuringty
between input15and output 9, allinputs mustremain open. tr 4 and tryare measured atoutput’.
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FZ 100

75v Vs 12115

v
SC
760 320
input output

= | |

generator

circuit under test load

test circuit 28

pulse diagram

input pulse

output pulse

at V=12V _,,VUL
g
output pulse
1.5V
at VSK=5V
——=Vy
Notes:

generator: try = 350 ns, try. = 120 ns; amplitude: +10 V.
levels: input pulse 4.5 V above ground, output pulse 1.5 V for Vsc =5 Vand 4.5V for Vgc=12V

above ground.
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FZ 100

V=5V Vse=12/15V
Input output
l i 760
pulse -
generator
50 ¢ =
1 il L.L
circuit under test load
test circuit 29
pulse diagram
Vv
input 80% 80% TH
15V 15V
20% & | | N 20%
—1 ’ J | :_VIL
fiy I -
= fpLy
Vi
L5V
Vg

Notes:

generator:ty y = 10 ns, try. = 5 ns; amplitude: +3 V.

levels:input pulse 1.5 V above ground, output pulse 4.5 V above ground.
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FZ 100

input S Vs
pulse - T
generator
50 [
0—:—— S a l
—ﬁ—I—oout ut
Co——|—~]>———-- | I[L p
ot “_;{‘ Tﬂ output
| ’/R | gl
L_fL J:_J T
pulse
generator
50
input R
tpg —
v,
Fgo% H
50% 50% 45
J}rm% 0%/ )
I
: “HLT Lfru«’ tos
input S ps v
0% 50
50% L5V
10% 10%/ v
L
ey ghn LfTLH’{
output @ toLns VllH
— P
90%
I A ——
10% 10% v
at
-—f_
TLA
=y fows
2
0% 0% o
_ L5V
output 0 10%[ 10% Y,
[
f Ban

test circuit 30

pulse diagram

Notes:

generator: tty. = 350 ns,

triy =120 ns,

tor = tps = 700 ns

amplitude: +10V

unused

inputs remain open C| includes
jig and stray capacitance

tpHLR and tp s are referred

to 4.5 V above ground.
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FZ 100

Vs
= 1
' |
l D L c output
pulse — & | L
generator o=\ Q| T output
50 o——/ | c
| T 5 T
b \___,I _ e
test circuit 31
pulse diagram
tor ——
nput € 0% 90% in
50% L 50% sy

0% z ,\ 10% "
+”‘PHLT

T
il

output Qor

L5V
an
THL
—lt

PLHT Va
output 0 or 0 45V

Vv
Lf aL

TLH
Notes:

generator:tt g = 350 ns, try. = 120ns, tp1 =400ns
amplitude = +9 V, +1 V offset

unused inputs remain open

Cp includes jig and stray capaditance.

tpHiT @nd tp yt are referred to 4.5 V above ground.

136



FZ 100

Vs
? 0pF

I

pulse- FZJ 141 | Q4. Qg-0¢-0y-Cq
generator cmjrm sutput

509 l T 10 pF

~

nput t 45V / 45y

|
Lo
Lo
output 0y, 0p0c,0g = !
or C
. | Sy

|
i
*’i’PLHr_ _’f out

test circuit 50
connect unused inputs to Vs

Vs
10pF
putse-| B.B.E.D [F2l wi] 0,0, ot
f— -9 ——0
generator szorm el 0p P
509 -f ImpF
t R, 5,0 o
input A, B
orp i) ’ L5V L5V
i Vi

|
|
output  Qy,0p,0¢ |
or Gy |

an

i

Vaw
L5V

\I i
lg—

test circuit 51
connect unused inputs to Vg
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FZ 100

Vs
0pF . Vi
) L5V 45V
input E¢ | ! A
_ P20 [
Pulset kg FZér output | Vo
generator Fz71 151 | 45V | L5
504 10pF output Cg ! | | VL
I |
L | |
- - - —{ (LY e el
inputs _ _ _ output
A B C D R C Ca
FZJ141/5 ViL Vil Vin ViL Vin ViL Van
FzJ151/5 Vi Vi W Wi Viw Vi Van
test circuit 52
Vs
T 0k I 1 Yy
I I __/ L5V
] input € | i
pulse- R FZJO;‘H Uy ) _ Vi
output input R
generator Clrzyms 4,5V 45V :
| ' ‘ 40
10pF output Oy |
uise~ 509 | 509 ety o "
generator | ‘
| 45V
Yo
test circuit 53 —4[PHL [

connect usued inputs to Vg
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FZ 100

Vs
10pF

=
FZ1 141

p=S)
==11
(=]l
(=T

e 500 | (509

generator

pulse— 8,C, U
or output
generator R F70151 [ °
¢ I 10pF

input R )
1y
45V 45V
. i
input ABC !‘ tpg :
or D | Vin
\A,SV | A5
T gt
an
output Q /
Vo

test circuit 54
connect unused inputs to Vs
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Package outline drawings FZ 100

Plastic dual-in-linie package 14 pins 20 A 14 DIN 41866 (TO-116)

: =7 6:02->
E*jg :
51 &
045x025 ‘ ﬂé?’ |
TRREE s R
Rl 203 Y

ke 7605 o
1 8
:,I 1.ri.m m F}g&
) weight approx. 1.1 g
dimensions in mm

e e s e
i 7

bl

re ’19,2.[]‘3 —

Plastic dual-in-line package 16 pins 20 A 16 DIN 41866

045x025

) weight approx. 1.2 g
dimensions in mm
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Application Notes







5. Application Notes

The slow, noise-immune logic-series FZ 100 is designed for all applications that require
high static and dynamic noise immunity. For especially critical applications the delay time of
the series FZ 100 can be extended by using additional capacitors. In this way the dynamic
noise immunity can be adjusted to suit the given conditions. In most cases the addition of
capacitors only to the input gates of a system is sufficient. The delay capability is especially
important when the transmission line between signal source and receiver is extremely long.
The choice of suitable additional capacitors on the receiving gate makes it possible to
efficiently suppress external interference.

The requirements on the power supply are not severe. A regulation accuracy from 10 to 156%
is sufficient. The internal resistance of the power supply is not critical, because the LSL-
components exhibit no switching spikes. On the other hand it is important that the minimum
limit of the supply voltage (Vs) in the 12 V range be fixed at 11,4 V and that the maximum
limitinthe 15 Vrangeis 17 V. Outside these voltage values, the logic functionis notguaranteed
and the destruction of components can occur for voltages above 18 V.

In LSL circuits crosstalk is practically non-existent. Therefore there are no rules relating to
the distances, lengths or layout of the conductors on a printed circuit board.

A selection of various applications examples for the LSL-series FZ 100 will now be considered.
Most circuits are shown without supply voltage connections. The recommended supply
voltagesare Vs=12Vand V=15 V.
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5.1 System Concepts Using Noise-immune LSL Elements of the
FZ 100 Series

In digital control systems, noise immunity is a factor of the greatest importance. The
technical features of the FZ 100 series of noise-immune low-speed logic elements allow
far more favorable circuit design than other types of logic. The features of importance in
connection with the noise immunity of an LSL system are primarily the voltage
supply, the PC board, the wiring frame, the cabinet design and the signal transmission
path.

Unlike with 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 unfavorable inter-
connection 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 problems first
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.

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 noise interfering
with other parts of the systems for example when a rise in current in the power section causes
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 lessthan 1Q.

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 Vs of 11.4t0 17 V;
the AND-OR gate FZH 151 still functions at a voltage Vs 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%. Referenced to
Vs=14.5V, a lower supply voltage of 12.3 V and an upper value of 16 V result. This leaves
amargin of A V 1 Vfrom the associated limit which can be used as a voltage drop in the case
of changes in the load current A/ If A I is known, the required dynamic internal resistance R;
of the power supply calculates at A V:A I In the case of an unregulated supply, the resistance
Ri 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, Rj=~5Q for a transformer core M65 with a bridge rectifier
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rated for 14.5 V and 1 A. The permissible change in load current is in this case

AV t1v
Al= R 50 =+0.2A
Typical guideline values for the change in load current AT relative to the average operating
current I 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 flipflops or a corresponding combination of both. The charging capacitor should have
a capacitance of about 2 to 3 mF. A 1 nF ceramic capacitor should be connected in shunt
with the charging capacitor for suppressing RF noise pulses. If the M65 core is replaced
by an M85A coreand all other conditionsare the same, the stated values willbe doubled.
Circuits with the FZH 241 Schmitt trigger need, if an unregulated power supply is used,
a 1 wF capacitor, which should be mounted as close to the terminals of the package as
possible.

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 avoidance of coupling noise and mode excitation, the leads to the N
terminals 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 terminals
should be kept as short as possible.

The layout of the leads to points Vs and Os is not critical if only LSL elements have to be fed.
A capacitor with a capacitance C 210 uF willimprove 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 common ground plane with
a mesh structure will be necessary. Owing to its favorable constructional design and low
cost, the use of this system is generally recommendable.

Rack Wiring

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

In the cabinet the signal transmission lines must be protected according to their length and
location 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. 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 well as 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.

Signal Transmission and Noise Immunity

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

Since the possible length of a signal transmission line is limited by 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 interference fields.

For n mutually interfering gates without a wired N-terminal, the following transmission line
lengths | have been empirically determined

n= 2 |~30m

n= 5 1~10m

n—10 i~ 5m

With the N terminal wired, transmission lines of over 100 m 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, contactors operated and differentiating pulses
transmitted over one pair of a multicore shielded cable, 20 m long. LSL signals were
simultaneously transmitted over another pair of the cable. The insertion ofa 1 nF capacitor Cy,,
was sufficient to provide noise immunity. The appropriate circuit configurations are shown
in Fig. 5.1a, b. The configuration shown in Fig. 5.1c¢ 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 with capacitor Cy.

The following capacitances are sufficient to suppress noise pulses up to a pulse duration t
t= 10ms Cv= 1uF

t= 1ms Cy =100nF
t=100us Cy= 10nF
t= 10pus Cv= 1nF
t= 1us Cn = 100 pF.

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. 5.1d shows the noise immunity behaviour.
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Storage elements need careful consideration because RF noise at the inputs and also via
the supply is liable to produce permanent misinformation. Here again wiring the N-terminal
assures effective protection from inductive or capacitive noise. (See also section 5.2)
Fig. 5.1b shows a suitable configuration for flipflops. With flipflops, which consist of
crosscoupled NAND-gates, the insertion 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 1561, FZJ 161 and FZK 101) can be additionally
protected by shunting the terminals Vs and Os 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 k€ to the supply voltage.
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 = 1kQ
between logic elements and the supply voltage Vs. (Fig. 5.1c¢)
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Proposal for System Configuration

Fig. 5.1 shows a digital machine control system configuration consisting of 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 generation and control logic as well as at the control logic and power interface.
Since noise in the input lines is particularly critical when storage 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
capacitors 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. 5.1). 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 useful guideline value for such
transmission lines is Cy >100 nF.

The transmission of clock signals over a long line is basically possible as described in the
previous section. 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 Cy = 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 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.

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. 5.1e shows a suitable protective circuit. Noise pickup
is removed by way of diodes. The series resistors provide adequate current limitation.

The various sections of the system are fed over separate power leads, so avoiding powerline
couplings as already noted in the power supply section.
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5.2 Noise Immunity and External Components

The noise-immune low speed logic series FZ 100 is favoured for applications requiring a
high static as well as dynamic noise immunity. Forextremely 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 especially important in those
applications where very long transmission lines are required between the signal source and the
receiver. The choice of a suitable capacitor added to the receiving circuit allows the effective
suppression of external noise sources. In most cases functional units are protected sufficiently,
if the capacitor is added only at the input circiuts.

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

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

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

a) at the master using a capacitor each between N; an N as well as between Ny and Nk,
b) attheslave witha capacitoreach between Ngand Qaswellasbetween Ngand Q,

c) common at master and slave

In the following table the different wiring modes as well as their advantages are summarized.

Inputconditionsat noise voltage at recommended wiring
T RorS JorK as described under
H H X RorS¥ b
L H X RorSv a
H H X T V¥ c
L H X T 4 a
H H X JorK a
L H X JorK not required
H X X Vs not required
L X X Vs a
X X X QorQ not required
X=LorH

A = positive noise voltage
¥ = negative noise voltage

As well as methods a to ¢ a non-symmetrical wiring of master and slave is possible. For

approximately the same effect the capacitance has to be 2 to b times greater than with
symmetrical wiring. In this case however the unequal transition times are disadvantageous.
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The table above shows that wiring mode b is suitable for applications of RS-flipflops. The best
noise immunity is obtained by mode c. The logic state is maintained at T = L by the slave
capacitors and at T = H by the master capacitors. For less critical applications method a is
generally sufficient.

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

capacitance Cy [pF] clockfrequencyf[kHz]
3000 i
300 10
20 100
0 500

The capacitance Cy is practically unlimited.

Depending on the application of delayed flip-flops, it has to be considered that the following
circuits connected to the Q-outputs also operate with delay. This is particularly important if
delayed counter circuits are decoded. Overlapping output pulses (spikes) at different decoder
outputs are avoidable only if the relevant decoder circuit is also delayed. The recommended
ratio of the capacitors at the flip-flop slave Cyr to the capacitors at the decoder gate Cy is:
CNF ZCN =1:4.
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5.3 Dynamic Noise Immunity Considerations

The special feature of the LSL-series FZ 100 is the possible addition of capacitors at the
N-terminal. This capacitor acts as a Miller integrator and extends the delay times. In this way
the dynamic noise immunity can be easily and quickly matched to the requirements of the
installation site. In most cases it is sufficient to add delay capacitors only at the input gates
ofasystemasshowninfig. 5.3a. The control system remains withoutdelay capacitors.

The main task of the input logic is the separation of the noise and the input signals as well as
the protection of the system from noise. A slow switching characteristic as shown in fig. 5.3d
is a prerequisite for this task. The active duration of any noise is much shorter than the
propagation delay. Any reaction is thus excluded.

The task of the control system is the information processing. The timing of the input signals
at I and b determines the required operating speed. In general the system must operate
much faster than the input logic.

Interfacing slow input circuits with fast systems can cause problems unless the transition
time of the control pulses is sufficiently short. The critical point is the threshoid in the vicinity
of which the noise immunity is greatly reduced. The probability of an interfering noise pulse
is the greater, the slower the threshold is passed. Fig.5.3 e to f show the possible reaction of
various circuits to such noise pulses in the vicinity of the threshold voltage Vs. Fig. d shows a
slow input pulse with interfering noise spikes. Fig. e shows that a noise spike during the
threshold transition only causes a negligible dip with gates. Any other noise is eliminated.
The Schmitt-Trigger does not react to this kind of noise due to different on and off thresholds
Vsoand Vg,. Fig. f shows the reaction of circuits such as flipflops, counters and registers.
If the input signal shown in fig. d is used as a clock pulse, a noise spike during the transition
of the threshold Vg may lead to a premature termination of the clock pulse. If the same
conditions happen to exist during the threshold transition at the trailing edge of the input
signal, the result will be in the case of a counter 3 increments according to three clock pulses
instead of only 1 increment according to one input pulse. Fig. g shows an additional triggering
of the timing circuit due to noise spikes at the threshold transition of the trailing edge of the
inputpulseifthe selected output pulse durationtqislessthantheinput pulse duration.

The problems deseribed here apply basically to any system interface. Thus it can be postulated
that any interface circuit must also match the transition time adequately. The probability of
errors caused by noise is small if the threshold transition is accomplished rapidly. In particular
for the LSL-series the following conclusions may be drawn:

1. The additional capacitance Cy must always be of the same value within any system.

2. If circuits with and without capacitance are combined, the capacitance of the interface
gate should not be above Cy = 1 to 2 nF. This value is sufficient to suppress noise pulses up
to a duration of 10 to 20ups (fig. 5.3a).

3. Applications with greater additional capacitances require a pulse former. The Schmitt-
Trigger FZH 241 is particularly suited for these cases. Arbitrary capacitances may be applied
to circuits in front of the Schmitt-Trigger (fig. 5.3b).

4. Fig. 5.3 ¢ shows another possibility to eliminate noise by means of additional capacitors.
Noise during the threshold transition can pass the 1. stage only. The propagation delay
of the 1. stage causes a delay of the threshold transition of the 2. stage so that any such
noise is safely eliminated.
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5.4. Interface Circuits for the LSL-Series FZ 100

The broad application possibilities of the LSL-Series for industrial controls often demand
adaptions of the input and output signal levels. The following is a compilation of the most
frequently used interface circuits for the LSL-Series FZ 100.

5.4.1 Circuitto Suppress Contact Bouncing

Mechanical contacts normally produce bounce frequencies which, depending upon the
structure, lie between 10 Hz and 1 kHz. The operating frequencies of digital integrated circuits
lie between 500 kHz and 50 MHz. For this reason contact bouncing must be positively avoided
if digital circuits are to be mechanically controlled. Otherwise the circuit registers the bouncing
as an information change. A simple circuit which supresses contact bouncing is shown in
fig. 5.4.1. The cross coupled NAND-gates FZH 101 operate as an RS-flipflop, which is set
by the initial key contact.The cross coupling provides a defined input level and therefore a
stable output, if the contact bounces.

K

.

%FZH 101 Fig. 5.4.1

5.4.2 Light Barrier Input

Light barriers are extensively used in production lines for the piece by piece counting of goods.
For the subsequent treatment of the pulses in an LSL-counter, a suitable interface circuit is
shown in Fig. 5.4.2. With the aid of a lightbeam the phototransistor BPY 62 drives the following
transistor BC 107 A into saturation. The input of the inverter FZH 201 is at an L-potential and
the output Q is at an H-level. In the unexposed condition the phototransistor BPY 62 and the
transistor BC 107 A are blocked. The inverter input is now at an H-level by means of the resistor
10 kQ, whilst the output Q is at an L-level. Q is thus in phase with the light barrier pulse.
Additional LSL-inputs can be directly connected to the resistor R=10kQ.
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5.4.3 Interfacing with the Optocoupler CNY 17

Optocouplers offer many important features not feasible with other sensors, for instance
chatter free operation, no maintenance, high operating life, electrical separation at insulating
voltages of up to 2.5 kV and low noise immunity.

Operation of the optocoupler CNY 17 requires only a few additional components. It is driven
by a NAND-gate with open collector, FZH 211. The resistor R = 1 k(3 determines the diode
currentof Lo ~10mAatVs=12andof [, ~13mAatVs=15V.

Depending on the supply voltages used the collector current of the receiver transistor is
Ic =6to 8 mA.Thisensuresareliable operation of couplers with an efficiency of 60%according
to group Il.The capacitor of 1 nF is used for noise suppression. This is of greatimportance 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 provides a sufficiently steep edge for operation of dynamic inputs,
e.g.clockinputs offlipflopsand counters. The 1wF capacitorsmoothes powersupply variations.
It is generally required only if unregulated supplies are used. If the transition time of the
output pulse is uncritical, the Schmitt-trigger may be replaced by an inverter FZH 201. In this
case the 1 uF capacitor is no longer necessary.

Vs1=12/15V Vs2=1215V

.05 Fig.5.4.3

1 1ern
4FZH211 2FZH 241

or

1
gFZH 201
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5.4.4 Interface for Negative Input Voltage

Fig. 5.4.4 shows an interface circuit for negative input voltages up to a =50 V maximum.
At V, = 0V a current flows from Vg through the 5.6 kQ resistor and Z-diode BZX97C5V6,
which drives the transistor BC 108 A into saturation. The input of the inverter FZH 201 is
thereby grounded over the collector-emitter-region of the transistor BC 108 A and an H-level
appears at the output Q.

The diode BAY 44 conducts when the input voltage at I is negative. The center of the divider
2 x5.6kQ now lies ata potential of about —0.7 V. The Z-diode is forward biased and the voltage
at the anode of the BZX 97 settles to about O V. Thus the transistor BC 108 A is blocked. An
H-potential (Vs) is supplied to the input of the FZH 201 via the 10k resistor and the output Q
changes to L. The maximum value of the H-input current to the FZH 201 is 1 pA, so that the
voltage drop across the 10 kQ resistor can be neglected. It is therefore possible to connect
additional LSI-inputs at this resistor.

The R-C time constant (10 kQ, 2.2 nF) increases the delay time of the interface stage thus
providing a sufficient dynamic signal to noise ratio. However, for more stringent demands on
the noise immunity the capacitance C can be increased.

H 201

0 Fig.5.4.4
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5.4.5 Interface for Positive Input Voltages

Positive input voltages up to 150 V maximum can be applied at the input I of the interface
stage shown in fig. 5.4.3. The diode BAY 45 with its high breakdown voltage protects the
input of the inverter FZH 201 against overloading. When the BAY 45 diode is blocked, the
resistor R = 10 kQ supplies the required H-level (Vs) to the inverter input. The L-input voltage
at I lies between Oto 3,5 V. The diode BAY 45 between the gate input and ground is provided
as a protection against negative voltages spikes.

Vs

10k

BAY 45 Lezn 2o

5
a

BAY 45 /2

—1

0, Fig.5.4.5

5.4.6 LevelInterface between LSLand TTL

ThelevelconvertersFZH 16 1andFZH 181 with open collector outputs were especially designed
forthese applications. The value of the collector resistor Rrt and R | is determined asfollows:

5-0.4 5-2.4
20-16N ¢ <Fme o rson M@

12(15) -1 12(15)-10(12) where n = number of AND-connections
L i R M
50-15 (18N & <Pst<opopen MO N= number of attatched inputs

Theselectedresistance musthave avaluein between the upperand lowerlimits.

| Vorn, =5V
Vs = 121 15V

RTTL RLSL

LSt ] 7L 1 LSt
I 7| FZH6! T 7[FZHI8I T

0; Fig.5.4.6.
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5.4.7 Level Interface between LSL and MOS including CMOS

Because of their compatible supply voltage levels, LSL and high voltage MOS circuits can
easily be coupled if the usually negative MOS supply voltage is displaced as shown in fig. 5.4.7.
LSL output and MOS input interface directly. The level interface LI between the MOS output
and the LSL input depends on the MOS output structure. Push-pull-stages with an output
resistance Ro< 3 k Q (relative to Vpp) can drive one LSL input directly. Open drain stages
with an output resistance Raon<3kQ require a resistor connected to Vg according to
fig 5.4.7a. For high impedance MOS output a level interface as shown in fig. 5.4.7b must be
provided. In both cases only one LSL input can be driven.

— 1 1 Vssp= 12115V
Vs Vss I af %
LSt MOS — HV  f—o— LI | LSL
o Voo Voo Vg
1 T .0

| Vewos=—15/12v  Fig. 6.4.7
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In cases where a supply voltage displacement is impossible, an interface as shown in
fig. 5.4.7¢ can be used for high voltage MOS circuits. A transistor stage must be used at
the input as well as the output to shift the level correspondingly.

" Vs, 212115V
10k BZY97C12
—
i - 50k s
LSt MOS —HY BCY58 L LSL
Yo Y5 Voo Vo Y
10k
95
 Vowos1 =13V Fig. 5.4.7¢
— — Vomgs=-27V 9

Low voltage MOS circuits are mostly TTL compatible. This means that the level converters
FZH 161 and FZH 181 can be used as shown in fig. 5.4.7c. The dashed resistance R is
required only for open drain outputs. The resistance R g is dimensioned in accordance
with the formula given in section 5.4.6.

[ Vorrp =5V
Vsisy =12/15V
10k

Vs

LSL

17 L

1] i FZH161

O )
Vsmos=—5/10V F|g. 54.7d
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LSL and CMOS interface directly if the same supply voltage range is used as shown in
fig. 5.4.7e. Any number of CMOS inputs may be driven by an LSL output. The current
capability of the CMOS output determines how many LSL inputs may be connected. In
general CMOS outputs supply enough current for one LSL input load, however the pertinent
data sheet should always be consulted as CMOS output current capabilities vary to a large
extent. For safe operation a CMOS buffer stage is recommended as an interface for LSL.

’ ' o ¥ =12/15V
LSL = ¢tM0S —— LSL
l : : o, Fig.5.4.7¢

5.4.8 Interface for Triacs

Industrial control circuits often require the operation of triacs to control lamps and contactors.
Fig. 5.4.8 shows the interface for the triac TXC O1. The circuit is suitable for control of load
currents up to 6 A with an LSL gate. When the output of the FZH 201 is at an H-level, the
transistor BC 108 conducts. The triac gate is thus supplied with a positive voltage and the
triac starts conducting when the next positive halve wave arrives at the terminal V ~. As soon
as the output of the FZH 201 switches to an L-level, the triac is turned off by the subsequent
negative halve wave.

The triacs TXC 01 C 10 and TXC 01 E 10 are suitable for alternating voltages up to 100 V
maximum. It is possible however to substitute the types TXC01 C20to C60and TXCO1E 20
to E 60. The maximum admissable alternating voltages then range from 200 to 600 V.

TXC01C10
oder E10

Fig. 5.4.8

161



5.4.9 Output Power Stage

Fig. 5.4.9 shows an output stage for load currents up to 6 A using a power darlington. The
output transistor conducts when the input | of the inverter is supplied with an L-level.
The output current of the FZH 201 is adjusted by a 1.5 kQ series resistor to approximately
5to 6 mA so that the output voltage falls hardly below the H-limit. The serial diode BA 127
protects the output of the inverter FZH 201 from possible voltage transients. The 4.7 kQ
resistor ensures a defined switching threshold of the darlington stage.

The transistor BD 643 has a breakdown voltage of 45 V. For voltages of 60 or 80 V the

e oA oae

finai stage can be substituted by the types BD 645 and BD 647.

Recommended operating conditions:
Supply voltage: Vs 12V 15V
Maximum output current: I 5A 6 A
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5.4.10 Output Power Stage with Short-Circuit-Protection

Fig. 5.4.10 shows an output stage for commercial solenoid valves (V =24V, I= 0.5 A,
R ~56Q , L ~50 mH) using a power darlington. The solenoid is operated when an L-level is
supplied to the input I of the inverter FZH 201.

If a short-circuit occurs between the supply voltage terminal V| and the collector of the BD
675 the transistor BC 237 protects the power darlington against overloading. A voltage
drop is generated at the emitter resistor Rg by the short-circuit current Is¢, which turns the
transistor BC 237 on as soon as the base-emitter-voltage is attained.

The short-circuit-current is determined as follows:

VBE
Isc Re [A]

The transistor BC 237 turns on at a base-emitter-voltage Vgg~ 0.55 V. Therefore the
resistance Rg must be chosen in such a way that the short-circuit-current generates this
voltage drop. Care must be taken to ensure that the voltage drop caused by the rated current
I does not approach this value. An approximate value is given by the relation:
Ic=11X1
Thus the resistor Rg is calculated as follows:

VBE 0.55
Re™ 9ax7 ~ 1axos @

The size of the heat sink and the short-circuit power dissipation determine the short-circuit
duration. The power dissipation is approximately evaluated as follows:

Ve 0.55
Psc ~Iscx VL ~ v = 24=13W
Re 1
The thermal resistance of the heat sind required for continuous short-circuit is approximately:
K
=10 —.
Rin [0} W
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The circuit in Fig. 5.4.10 is applicable for rated currents up to approx. 2 A. In this case the
short-circuit power dissipation rises to a value of Psc = 53 W and a heat sink with a thermal
resistance of 2 K/W would be required for a continuous short-circuit.

Provided that the short-circuit is not repetitive and does not last more than 10 s, it has been
found in practice that the thermal resistance can be 2 to 3 times higher than that calculated
above. A trial run is however suggested in these cases.

The 2.2 kQ resistor limits the output current of the inverter FZH 201 to a safe value. The
serial diode BA 127 protects the output of the inverter from possible voltage transients.

V=24V

Vs solenoid K BA)

e.g.

1
g Pz a0

2.2k

1008

BC 237
Rel]19/05W  Fig.5.4.10
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5.4.11 Output Stage for 100 to 300 V

The output stage shown in fig. 5.4.11 is suitable for output voltages of V| =100 to 300 V
at load currents up to I, = 0.5 A. The load is turned on by the power transistor BUY 35,
when an H-level is applied to the input I of the inverter FZH 201. The dashed quenchdiode
should be used for protection with inductive loads.

The load current is determined by the value of the resistor R which should be matched to
the required load in order to keep its power dissipation low. The values of R = 8.2 kQ and
P = 2 W as specified in fig. 5.4.11 permit a load current of I, = 0.3 A. The safe limit is
Lmax. = 0.5 A. A resistor with R = 3.3 kQ and P = 5 W has to be used in this case.
The voltage drop across the transistor BUY 35 when conducting is approximately V=3 to 4 V.
The power dissipation limits the output current to values below 7| = 0.3 A in cases where no
heat sink is used. A heat sink with a thermal resistance of Ry, = 30 K/W is required for load

curentsupto [, = 0.5 A.
B2kQ| | R
2W
_—€iz>BF458

Y =100-130"

Vs BUY35

e.q.
1
FZH201 !
6 33kQ SSi |
I BF458 BOoeZx LIA
20 !
i Fig. 5.4.11

O
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5.5 Counter and Register Circuits

5.5.1 Synchronous Counter with a 3:1 Division Ratio

Fig. 5.5.1 shows a synchronous divide-by-3-counter with the flipflop FZJ 121. The state
of the counter is controlled by the Q and Q outputs and the J inputs. The connection between
Q of FF1 and J of FF2 inhibits FF2 during every other clock pulse. The connection between
Q of FF2 and J of FF1 blocks FF1 after the third pulse. The function table results as follows:

clock pulse output state* corresp. decimal
Qq Q)
1 L L 0
2 H L 1
3 L H 2
4 L L 0

* output state before
the clock pulse

The clock frequency of the synchronous counter is equal to the clock frequency of the flipflops
as the clock inputs are connected in parallel.

[11 Gz
) , o
Q 1 u' ‘G
F70 21 FF1 FF2
J C J C
clock Fig. 5.5.1
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5.5.2 Synchronous Counter with a 4:1 Division Ratio

A synchronous divide-by-4-counter with the flipflop FZJ 121 is shown in fig. 5.56.2. The
connection between Q of FF1 and J and K of FF2 inhibits FF2 during every otherpulse.
The following function table results:

clock pulse output state” corresp. decimal
(e} Qy
1 L L 0
2 H L 1
3 L H 2
4 H H 3
5 L L 0

* output state before
the clock pulse

The clock frequency of the connter is equal to the clock frequency of the flipflops.

0 0,

FE1 FF2

Fziz

clock
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5.5.3 Programmable Counter and Divider

Fig. 5.5.3 shows a counter the division ratio of which can be set to any decimal number
between 1 and 15. The desired ratio is selected by means of the X-connections to the
NAND-gate FZH 121. If, for example, X3 and Q3 as well as X4 and Qq are tied and X; and X»
are open, a reset signal is generated at R as soon as Qz3Q4 = HH, i.e. after the 12th pulse at
the clock input C of the counter FZJ 141.

Due to signal delay in the reset loop, output spikes may occur during reset mode. The counter
output remains in its original state as long as the reset pulse propagates through the gate
and the counter. This means that the counter returns to Q = L only shortly after the desired
division ratio has been reached. These spikes may generate false information in stages
operated by the counter outputs.

The following table gives the required X-connections with respect to the division ratio:

X1 Xo Xz Xa division ratio
0O O O o -
Cc (0] 0} 0 1
O C (0} (0] 2
(6] C (¢} (0] 3
0] 0O C (0] 4
C (6] C 0 5
(0] C C (0] 6
C C C (0] 7
(0] o O ¢C 8
Cc (0] O C 9
(0] C O C 10
C C (0] C 11
O O C ¢C 12 C = connected
C O C C 13 O = open
(6] C C C 14
C C C C 15
C i
counter o— -y counter
input outputs
Ug
oﬂz
FZ1 141
0 .
Fig. 5.5.3 0
o Q4
R
o I} 4)
XoXs Xy X

1
i / ZFZH121
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5.5.4 Reversible Decimal Counter with Preset

Fig. 5.5.4 shows a synchronous reversible counter which has been devised for a minimum
number of components. The additional JK inputs that are required for the FZJ 121 flipflops
are obtained by a combination of diodes BAW 76.

The operating mode is selected by the input mode control MC. At MIC = Hthe counter counts up.
The NAND-gates connected with Q4, Q2, and Q3 are enabled and control the JK inputs of
the following flipflops FZJ 121. The NAND-gates operated by the inverter FZH 201 are
simultaneously inhibited. The counter counts down at MC = L; the JK conditions now being
derived from the Q outputs.

The truth table is as follows:

up
pulsesat mode carry outputs corresp.
count control C Q Q3 Q2 Oy decimal
input MC
1 H L L L L L H L 11 0
2 H L L L L H L L 10 1
3 H L L L H L L 9 2
4 H L L L H H L L 8 3
5 H L L H L L L L 7 4
6 H L L H L H L L 6 5
7 H L L H H L L L 5 6
8 H L L H H H L L 4 7
9 H L H L L L L L 3 8
10 H H H L L H H L 2 9
11 H L L L L L H L 1 (0]
Qs Q3 Q2 C McC pulses at
outputs carry mode count
control input
down

The carry pulse is generated by the gate FZH 231. This pulse controls not only the counting
input of the following decade but inhibits also with J = L the second and third stage being
in state Q2 Q3 = LL. This is necessary during up-counting, since due to conditions Q1 = JK
= H a state change of the second stage in possible, when the counter changes from
Q4 Q3 Q2 Q1 = HLLH to LLLL (decimal 9 to 0O). During counting down the same happens
for the second and third stage, when the outputs change from Q4 Q3 Q2 Q1 = HHHH to
LHHL, which corresponds to a change from decimal O to 9.

Counter preset is possible by the gate FZH 201 via the RS-inputs of the flip-flop FZJ 121.
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5.5.5 Reversible Decimal Counter with High Noise Immunity

The circuit shown in fig. 5.5.4 was devised with special regard to extreme noise conditions.
Capacitors may be added to the flipflop FZJ 111 to increase the dynamic noise immunity
to match existing conditions. Storage of false information and thereby false functions is
safely avoided. For practical applications the additional capacitors may have a value of up
to 3 nF. If greater values are used the operating speed of the counter becomes very slow.
Theoretically the capacitance is not limited.

The truth table corresponds to the table given in 5.5.4.

Counter preset is possible by an additional gate FZH 201 via the RS inputs of the flipflops
FzJ 111 as described in 5.5.4.

171



Fig. 5.5.5
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5.5.6 Reversible Binary Counter with Preset

Fig. 5.5.6. shows a synchronous reversible counter with binary coded preset obtained at
inputs Aq to A4. By opening the set button the respective gate inputs are enabled with an
H-signal. The input condition A = Lresults in R = L at the reset input due to the dual inversion
and in S = H at the set input on account of the single inversion. Thus the flipflop FZJ 121
is setto Q = L. Under the condition A = H the flipflops are presetto Q = H. The preset operation
is independent of any other input condition of the counter since the R and S inputs of the
FZJ 121 have priority.

The operating mode is selected by the mode control input MC. For counting up MC = H.
Thus the NAND-gates connected to outputs Q1, Q2 and Qg 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 Q1. At the third stage it is JK = Q1 Q2 etc. Down counting occurs
at MC = L; the JK-conditions now being derived from the Q outputs.

The truth table of the counter is as follows

up
pulses at mode outputs corresp.
count control Qs Q3 Q Q@ decimal
input MC
1 H L L L L L 17 0
2 H L L L H L 16 1
3 H L L H L L 15 2
4 H L L H H L 14 3
5 H L H L L L 13 4
6 H L H L H L 12 5
7 H L H H L L 11 6
8 H L H H H L 10 7
9 H H L L L L 9 8
10 H H L L H L 8 9
11 H H L H L L 7 10
12 H H L H H L 6 11
13 H H H L L L 5 12
14 H H H L H L 4 13
15 H H H H L L 3 14
16 H H H H H L 2 15
17 H L L L L L 1 0
Qs Q3 Q Q MC pulses at
outputs mode count
control input
down

An extension of the counter is easily possible by using the following rule for JK-conditions:
up counting:

JK,=Q1Q2Q3 Qgz...Qpq

down counting:

JK, = Qq Qs Q3 Q4...Qn
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5.5.7 Synchronous Decimal and Binary Counter with 3 Stages

Fig. 5.5.7 shows a counter chain with preset which operates as a decimal counter if the
FZJ 141 is used and as a binary counter if the FZJ 151 is used. The preset inputs A, B, C, D
and the resetinput R operate directly and have to be supplied with an H-signal during counting.
This is achieved by connecting a hexinverter FZH 201 between the thumb-wheel-switches
and the preset inputs. The strobe inputs of the FZH 201 are connected and controlled by
an RS-flipflop with the circuit FZH 101. The RS-flipflop suppresses contact bounce of the set
pushbutton. During steady state the inverters are inhibited by an L-signal at the strobe inputs.
The strobe inputs change to an H-signal as soon as the set pushbutton is operated. The
information selected by the thumb-wheel-switches is transferred to A, B, C, D. At the
same time the pushbutton triggers the monostable multivibrator FZK 101 which resets the
counters to Q = L. This is necessary since the preset inputs can be operated by L-signal only
to switch the outputs Q to H-level.

The counter outputs are reset to Q = Lby R = L. A correct storage of the information is assured
only if set and reset inputs are simultaneously supplied with an L-signal for t = 1 us and after-
wards the reset input is returned to an H-signal at least 1us before the set inputs. These
conditions are established by means of the monostable multivibrator. The adjusted delay
timeisty =0.7xRxC=0.7x 15x 103 x 0.1 x 10-9 = 1 ys. After this time has elapsed, the
reset input returns to an H-signal whereas the BCD-information is present at A, B, C, D as long
as the set pushbutton remains depressed.

The succeeding stages are controlled by the connection of the carry output Cq to the enable
input E and the carry enable input Ec.

The counter chain can be extended as desired in accordance with the pattern shown.
However, the load factors of the RS-flipflop with the NAND-gate FZH 101 and the inverter
connected to the output Q of the FZK 101 have to be observed. Any input of the counters
FZJ 141 or FZJ 151 has to be supplied with a defined signal level; otherwise the correct
function of the counter is not guaranteed. In fig. 5.5.7 this applies for the carry enable input
E¢ of the first stage.

The clock inputs of the counter stages are operated in parallel or synchronously. The typical
operating frequency of the countersis 1.6 MHz.
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5.5.8 Decimal Counter with Direct Display

Fig. 5.5.8a shows a decimal counter with scratch-pad memory, decoder, and display. The
contents of the counter FZJ 141 are transferred to the scratch-pad memory FZJ 131 as soon
as the strobe input is supplied with an H-signal. The decoder FZL 101. transforms the
BCD-information into the decimal numbers and drives an indicator tube ZM 1180 or
equivalent. The scratch-pad memory suppresses flicker of the indicator tube if strobed with a
low frequency. Thus the display can be read easily.

V=200V
R=33k
I
o o © [e) [}
0 1 2 3 4 5 6 7 8
decoder
A B ¢ D
4 0y Oy 0
C scratch - pad memory
—
b 0y 0y D,
Oy U O )
decimal counter
‘|
strobe clock
input input

I I

IM 1180
or equivalent

FZL01

FzJ 131

Fz) 141

Fig. 5.5.8a
connect unused inputs to Vs
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Fig. 5.5.8b shows the same circuit as before except that a 7-segment display is used. Tubes
as well aslightemitting diode arrays such as the CQY 22 may be driven by the decoderFzL 111.
The series resistance has to be calculated in such a way that the maximum continuous output
current Iop = 20 mA per output of the FZL 111 is not exceeded.

T[/: 12/ 15V

>

n

—I cay 22

TR
iwww e

decoder FZLm
Al B| C| D
al ol of a

scratch - pad

memory Frias Fig. 5.5.8b
connect unused input to Vg

(=)

D 0] D D
Ua| O] Q¢ | Gy
decimal
counter FZJ

s
strobe  clock igipipl

input input
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5.5.9 Bidirectional Binary Counter for Control of Synchronization

The counter shown in fig. 5.5.9 can be used for automatic synchronization of two parallel
processes. For example, two projectors can be kept running synchronously. Thereby both
projectors must produce a sequence of pulses with the same pulse width, the frequency being
in proportion to the running speed. Regulation can be done on the basis of a reference pulse
train. If a separate reference pulse train is not available, one of the two pulse sequences may
be used as such. The deviation of the two pulse-trains can come up to 7 pulses. A deviation
in running-speed produces the following error-signals:

f<foorm. A1 =L, A2 =H
f>frorm A1 =H, A2 =L

In the case of equal frequencies
f=frorm A1 =L A2=L

If one pulse train should disappear, the second train must be stopped. The pulses still
produced up to standstill (max. 7) are stored. Upon reappearance, this control is maintained
until the preset number of the up down counter has been reached. An equivalent method is
used in the reverse case. The total circuit comprises the up down counter, an input logic which
prevents overlapping of the two pulse trains for comparison, furthermore a circuit performing
preset of the updown counter to the number 8 = LLLH when the supply voltage is turned on,
and the evaluation logic. The total circuit can be realized with 8 packages.

When the supply voltage is turned on, the up down counter is set to the decimal number 8.
At first the output of the preset circuit is at logical L. The supply voltage applied to the integrat-
ing network Ry Cy changes this output level to H, after the threshold voltage of the first gate
has been exceeded, and maintains this level. Only when the circuit is turned off and on again,
this function will be repeated. The reference pulse train, or a pulse train which will be used
as a reference, is present at input I; the pulse-sequence to be compared is at input b.
If, for example, 3 pulses arrive at input /; during a certain time interval, whereas only 2 pulses
appear at b, the counter will step to decimal 9. This decimal 9 acts upon the evaluation logic
in such a way that output Ay assumes an L-level and output A an H-level. Consequently a
two point control can be performed, correcting the source of the two pulses. In the reverse
case the correction would be opposite.
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5.5.10 Ring Counter with RC-Coupled NAND-Gates

The control of manufacturing processes is often accomplished with ring counters or shift
registers. Ring counters can be used as sequential controllers for work cycles which must
be continually repeated. Shift register control is used for work programs that stop after
completion. A circuit that accomplishes both functions is shown in fig. 5.5.10. The dotted
connections indicate the circuit configuration for use as a ring counter (circulation register)
and if these are not used the circuit operates as a shift register.

In the quiescent state the clock input must be at an L-potential. The outputs Qs to Q4 are
switched to H by momentarily closing the key R. Upon the closure of the key Rall of the inputs
of the gates | and I receive an H-signal and an L-level (maximum 1.7 V) appears at the R-C
components R = 3.3 kQ, C= 100 nF.

The particular program is selected with the keys A to C. For example, when key A is closed the
output of the FZH 121/ changes from Lto H, the 100 nF capacitor is charged and Q1 switches
to L. The feedback from Qq to NAND-gate | ensures that this condition is maintained, when
key A returns to its rest position.

The center point of the R-C time constant is connected to the input gate FZH 101/Il. As soon
as the capacitor is charged to an H-potential, the second stage can be triggered by an incoming
clock pulse. The potential on the second R-Ctime constant changes from L to H and the output
Qy switches to L. This signal change resets the first stage to Q1 = H via the connection Q2 and
the Gate FZH 121/1Il. This process is repeated at every clock pulse. When the ring is closed
(dotted connection) the information Q = L is conveyed to the first stage at every 4th, 8th
and 12th pulse at C. This signal rotation can at any time be interrupted by key R. If the dotted
connections are not made the information flow stops as soon as the condition Q4 = L is
obtained.

The R-C time constant determines the required clock pause tp approximatly as follows:

t, =0.7RC=0.7x3.3x103x 100x 10-9 = 230 10-6 =230 ps.
The minimum clock period T should be about 11—Otp thatis T ~23 us.

The operation of the register with an arbitrary clock pause is possible provided T remains
unchanged. Othervalues forT require a corresponding adaption of the capacitance C.

Aring counteras shown in fig. 5.5.9 isalso suitable for applications without clock pulse control.
As long as the input C remains open stored information flows automatically. At the same
time the input keys A to B initiate the signal circulation. The operating frequency can be
varied with the capacitance C. The delay times of the NAND-gates FZH 101 and FZH 191
determine the minimum possible switching frequency. This limitis obtained with a capacitance
of approximately C = 1 nF. The following calculation refers to the duration of the L-signal
at the Q output of the particular stage under consideration.

ta=07RC=0.7x33x103x1x10-3=23x10-6=23us.

A realistic capacitance C determines the maximum switching frequency since the required
L-input current to the clock gate limits the resistor value in the typical case to R = 3.3 kQ and
in the worst case to Rnax< 1.8 kQ

A shift register which switches on automatically can also be achieved using the circuit in
fig. 5.5.10. For this particular application the terminal C is not used and the clock gate
FZH 101/IV and the dotted connection are also not required. The input belonging to the
NAND-gate | remains open.

Any number of desired stages can be included in the shift register. It is possible to set Q=L
for each second stage and shift the information simultaneously.
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5.5.11 Bidirectional Shiftregister

The shiftregister shown next consists of 6 JK flipflops. Each clock pulse shifts the information
loaded into the register by one bit to the right or to the left from its initial position. This kind
of recirculation register is frequently used for the control of tooling machines.

When the supply voltage is turned on, the integrating network R1/Cq causes the first and the
last flipflop to be set to an H-level and the remaining flipflop to an L-level.

The register shifts to the right if the input MC is supplied with an H-level. In this case one
input each of the odd numbered gates is supplied with an H-signal. The output of the preceding
flipflops are connected to the second input of these gates. When the output of the preceding
flipflop is at an H-level, the output of gate 1, for example, will assume an L-level. By means
of the succeeding NAND-gate and the inverter, the input conditions of the first flipflop will
beJ=HandK=L.

The flipflop will remain at Qa = H at the following clock pulse due to this input condition. If
the information at the second input of gate 1 changes to an L-level, an H-level will result at
its output. Because there will also be on H-level at the output of the second gate, the input
conditions of the first flipflop will now be J = L and K = H. The flipflop will change to Qa =L
at the next clock pulse due to this condition. The operation of the other flipflops can be
determined in a similar way.

Left shift operation is achieved by an L-signal at MC. During left shift operation the information
from the outputs is transferred to the inputs of the preceding flipflop by means of the even
numbered gates. The odd numbered gates are blocked by an L-level.

Truth table for right shift operation:

mode control outputs of the flipflops
McC Qn Qs Qc Qb Qe G
Initial state H H L L L L H
1st clock H H H L L L L
2nd clock H L H H L L L
3rd clock H L L H H L L
4th clock H L L L H H L
5th clock H L L L L H H
Truth table for left shift operation:
mode control outputs of the flipflops
MC Qrn Qg Qc Qp Qe Qf
Initial state L H L L L L H
1st clock L L L L L H H
2nd clock L L L L H H L
3rd clock L L L H H L L
4th clock L L H H L L L
5th clock L H H L L L L
Any desired program can be realised if the set and reset inputs Sand Rofthe flipflops FZJ 121

are wired correspondingly.
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Fig. 5.5.11
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5.5.12 Input Register

Fig. 5.5.12 shows an input register with the shift register FZJ 161 with 16 stages. As soon
as the start key is activated, the monostable multivibrator FZK 101 is triggered. The resulting
output pulse resets the shift registers FZJ 161, the control counter FZJ 151, and the control
flipflop FZJ 101 to Q = L. The set inputs of the shiftregisters FZJ 161 are enabled after a
short delay caused by the capacitively delayed NAND-gate FZH 111. This is necessary as a
proper information storage is assured only if set and reset inputs are simultaneously supplied
with an L signal for t = 1 us and afterwards the reset input is returned to an H-signal at least
1 us before the set input. Thus the information from the select switches S to S1¢ at the preset
inputs A, B, C, D is stored in the register flipflops. The Q outputs serve as a status indicator
by means of light emitting diodes LD 468. When the start key is released, the input gate
FZH 191 is activated and clock pulses are supplied to the clock inputs of the register and the
counter. The binary counter FZJ 151 clocks the control flipflop FZJ 101 via the carry
output Cq. The control flipflop changes to Q = H after the 16th clock pulse and blocks the
input gate FZH 191. The end of the sequence is indicated by another light emitting diode.
The information stored in the register is retained as the register is retained as the register
the serial output SQ and the serial input Sl. The control circuit can be disabled by the
repetition switch S. The register circulates the information as long as the switch is in the
position ground (L-signal).
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5.6 Arithmetic Circuits

5.6.1 Halfadder

Fig. 5.6.1 shows a halfadder which is simply realised by an exclusiv-OR-gate FZH 271.
The truth table is as follows:

inputs output
A B Q
L L L
L H H
H L H
H H L

1
TFIH 271

A o—P .
BQ Fig. 5.6.1

5.6.2 Halfadder with Carry Output

If an AND-gate is added to the circuit of fig. 5.6.1, a carry signal is generated at the output Cq.
The truth table is now as follows:

inputs sum output | carry output 1
A B p) Ca 7 FZH 271

A

>3
L L L L B
L H H L o
H L H L e
H H L H TFH st Fig.5.6.2
5.6.3 Fullader

A fulladder can be realised by means of two halfadders according to fig. 5.6.3a. An additional
gate is required for the generation of the final carry signal. The circuit is simplified if NAND-
gates are used instead of AND-gates for this purpose.

inputs sum output | carry output
A B (G = Ca
L L L L L i
L H L H L —Z-FZH 271 N
H L L H L
H H L L H
L L H H L
L H H L H
H L H L H
H H H H H 3r10 Fig.5.6.3a
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An adder network of n bits is formed by cascading the carry inputs and outputs as shown
in fig. 5.6.3b

C; o— 3
A Ad?er
By o—rf — 3,
- Adder
oo |2
B, ] 33
Ao Adder
Bj o 3 :

N 3,
A Adder
n
3, " oy Fig.5.6.3b
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5.6.4 Comparator for n Bits

A comparator which supplies the information A = B and A * B is shown in fig. 5.6.4. No
indication is given whether A is greater or smaller than B. The actual comparison is performed
by the exclusive-OR-gate FZH 271. After having been inverted, the information is combined
by the NAND-gate FZH 171. Thus output Qindicates the relation between A and B as follows:

Q=L A=8B
Q=H A<BorA>B

The circuit can be expanded to n bits by means of additional diodes, excluive-OR-gates,
and inverters at the expander input N1 of the FZH 171.

Ago BAW 76
D ||

1F2H271 4F24201 n-n Fig. 5.6.4

5.6.5 4-Bit-Comparator with Strobe

A 4-bit-comparator which supplies the information A = B, A < B, and A> B is shown in
fig. 5.6.5. Strobe inputs and outputs permit an expansion to n bits. The comparison is
performed serially in such a way that the outputs of the gates for the comparison of A5 and B,
also control the inputs of the gates for the comparison of Az and B3 and so on. In this way a
minimum number of components is needed. However, the speed of the comparator is reduced
by this method.

The outputs Q¢ and Q2 indicate the comparison as follows:

inputs strobe outputs strobe

A B in Qq Qy out

A < B H H L L

A >B H L H L

A =B H L L H

X X L H H L
X = L or H-signal
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5.7 Pulse Circuits

5.7.1 Delay Circuits

The delay capability of LSL-gates can be used to design simple delay circuits for delay
times up to approximately 1 s. Two basic variations are possible. Fig. 5.7.1 shows a delay
circuit with the AND-gate FZH 25 1. The length of the delay is determined by the capacitance
added to first gate. The action on a positive pulse at the input I is shown in fig. 5.7.1a. It can
be seen that leading edge of the output pulse is delayed while the trailing edge coincides
with the input pulse. The case of a negative pulse is shown in fig. 5.7.1b. Here the leading
edges of input and output pulse coincide while the trailing edge of the output pulse lags.

[N
D—"Q 1 _/_\_ e N
|
—pififa—
Lrznas 0 === S BT
Fig.5.7.1 Fig.5.7.1a Fig.5.7.1b

A delay circuit with the OR-gate FZH 291 is shown in fig. 5.7.1¢c. The action of this circuit is
exactly opposite to the circuit shown above. The trailing edge of a positive pulse lags
whereas the leading edge of a negative pulse is delayed. The corresponding pulse diagrams
are given in fig. 5.7.1d and e.

Cx
I I — | I
1 —
e e
%FZHZEH o __1 —=ib— )
Fig.5.7.1c Fig.5.7.1d Fig.5.7.1e

Circuits which produce a lag of the leading and the trailing edges can be realised by aserial
connection of the circuits shown above.

191



5.7.2 Delay Circuits

Delay times with a wide variation and a great accuracy can be generated by the timing
circuit FZK 101. The delay time is determined by the timing components R; and C;. The
resistance R; should be kept within the limit of 40 to 200 kQ for great accuracy. The leakage
current of large capacitors on the timing may also be of adverse influence. Fig.5.7.2 shows a
delay circuit for the leading edge of positive input pulse. A circuit for negative pulses is given
in fig. 5.7.2a. The additional inverter FZH 201 establishes the correct phase relation between
input and output.

K L I
fo] 0 —

AB FZK 101 Q a ___,:fm
G H I{Js
R Gy Fig. 5.7.2
- K L
) ! _
! F7K 101 ] g R —
+FLH 201 a
G H JUS 6 —
= St
A § ===
Ry Ly Fig. 5.7.2a

Additional logic is required for the delay of the trailing edge. Fig. 5.7.2b shows a circuit for
positive pulses and fig. 5.7.2 ¢ for negative pulses.

BJ[_—I__"lL it
A, .
1o fT0 FzK 101 0 L N
FLH 201 ¢ M
(N pr S
Fig.5.7.2b

1

]
ST 'GFZHZ['?] ZFZHZS]

| o AB d
FZK 101 Q D/ —
ul “L
E/?' I3 a
a l lf]
Fig. 5.7.2¢
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A circuit the delay of which can be independently adjusted for the leading and the trailing
edge is formed by combining the above mentioned circuits as shown in fig. 5.7.2d.The upper
FZK 101 is triggered by the L-H transition of the input signal and the lower FZK 101 by the
H-L transition. Both outputs are connected by an OR-gate. The delay circuit is intended for
positive input pulses. A corresponding combination can be made for negative pulses.

KL
A,8] 0
FZK 101
G o 10s 1
i L FIH 291 —
Lo b t t 0 0 1
b T
|
J‘____r_jL M 0 _—'.I:ﬁ.l‘_‘-:lfdl‘—-'
L0 0z
FZK 101
i
6 [ I{)s
Ry Gy Fig. 5.7.2d

5.7.3 Pulse Doubling Circuit

If an exclusive-OR-gate is used in conjunction with a delayed gate, a circuit which generates
one output pulse for every input transition results. In this way a simple circuit which doubles
the input frequency can be realised.

N 1’ 1 I 1
1 :
- T
Lruast ezwom o _JL M.

5.7.4 Monostable Multivibrator

The timing circuit FZK 101 can be used as a monostable multivibrator, as a pulse delay and
pulse reduction circuit. The desired function is selected by connections between the terminals
J, K, L, M. Fig. 5.7.4 shows as an example the application as a monostable multivibrator with
J, L, and M connected. The FZK 101 is triggered by closing the key K. K has to be free of chatter
to ensure a proper release.

The time delay is determined by the time constant at the terminals G, H, and Os. Normally
a fixed resistor is used for coarse adjustment and a trimmer with a value of 10% of the fixed
resistor for fine adjustment. The timing resistance may vary between 5 and 500 k(2, however,
for greater accuracy a value between 40 and 200 k¢ is recommended. The accuracy is
generally better for a smaller timing resistance. The capacitance is arbitrary and permits the
delay time to be adjusted over a wide range. The leakage current of the capacitor must be
inversely proportional to the resistance R;, i.e. below 0.5 pA at Ry = 500 kQ and below 5 pA
atR; = 5 k.

The delay time is determined by:

t=0.7xRxC=0.7x105x103x5x 106 =367.5ms
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The trimmer enables an adjustment in the time t of about * 5%. This corresponds to about
the same deviation which can be expected in the production, when the timing components
have a tolerance of + 1%.

A 470 pF capacitor at the N-terminal increases the dynamic noise immunity.

Vs

‘I’ -T—470p
- Tk

N-I_JI_TI,—IM

ol
kK &0 Fzk 101 a;ﬂ-_—
A, B fja—

6 H O
100k | | A Ly
10k

5p

5.7.5 Functional Extension of the Timing Circuit FZK 101

The upper value of the timing resistor of the FZK 101 is restricted to 500 kQ . This means
that large capacitors are needed if the time delay becomes rather great. This disadvantage
can be avoided with an additional circuit as shown in fig. 5.7.5. It can be used with any
operating mods,

The permissible resistance range is extended to a lower limit of R, = 1 k) and to a higher
one of Ry = TOMQ. In fig. 5.7.5a the resulting output pulse duration at monostable operation
tq = f (Ry) is shown. The parameter is C; with values between 1 nF and 10 wF. The relation
ta = 0.7 x Ry x C; s for calculating the output pulse duration is not effected by this additional
circuit.

If the resistor R; is replaced by a constant voltage source V; with a low internal impedance,
then the output pulse duration tq is variable with this voltage. The equivalent resistance
R{ = 0.7 x Ry as a function of a certain voltage V is shown in fig. 6.7.5b. If the voltage is
for instance V; = 3t0 4V, R/ = 0.7 x R; = 1.6 to 3.2 k() follows. Assumed that Ciis 1 nF
output pulse duration may be varied as follows:

a1 =0.7xRxC;=16x103x10-2=1.6us

ta2 =0.7xRxC;=3.2x103x 109 =3.2yus

and g2 :tq1 =2 :1

The additional circuit operates as a constant current source in such a 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 Ry which can be any resistive component, e.g. NTC-resistor,
PTC-resistor, magneto resistor or optovoltaic cell, does not fall below a value of R, =1kQ.

This means that a positive voltage V; = 2.5 V is allowed as a minimum value for operation with
a constant voltage source. Below these limits the output of FZK 101 assumes the state Q = H.
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Operation of the FZK 101, however, is admissible to values of V; = 0 Vand Ry = 0 (2. Only
negative values of V; destroy the FZK 101. The upper limit of the capacitance is determined
by the amount of the capacitor leakage current. Electrolytic capacitors with a capacitance of
100 pF may have leakage currents in the order of the charging current of this circuit. Therefore
the correct function is only guaranteeed at values of C; <100 uF.

Two 100 O series resistors reduce the influence of temperature variations.

trigger pulse L 3 M
at Aand B I L oq :i_t:
at € and D—L_,_ FZK101 ta
' 5 i
1009 100Q
2 BC177B

v, T 3 T‘ft
Fig.5.7.5

L
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5.7.6 Pulse Sequence Monitor with the Timing Circuit FZK 101

Fig. 5.7.6 shows a simple pulse sequence monitor with the FZK 101 as a monostable
multivibrator. As long as the pulses arriving at input | have an approximately uniform duty
cycle, an H-signal will be present at output Q. The output changes to an L-signal if one of the
pulses is missing. The first monostage is blocked via the connection from output Q to input C.
Another monitoring process is initiated by the operation of the breakkey K.

The function of this circuit is as follows: The first leading edge of a pulse at | triggers the first
FZK 101. Output Q4 switches to an H-level and produces via the gate FZH 111/l an H-signal
at the output Q. When the delay time of this monostable multivibrator has expired, Q1
changes from an H to an L-level and releases the second FZK 101. The signal change at Q2
causes Q to remain at an H-level by means of the gate FZH 111/Il. The 15 pF integrating
capacitor lengthens the propagation delay times of the NAND-gate | to such an extent that
the turn-on delay of the second FZK 101 is effectively cancelled. An L-spike is thus safely
avioded at output Q.

The R;C; time constant determines the delay time t of the monostable multivibrator such
that:

t=0.7xRxC

Consideration of the pulse pause t, and the pulse width t,, at the input /yields the following

conditions for the delay time t:
tmin = 1/2 (tp +ty) and tmax =tp +tw

L M L M EZHm
0, C
FZK 101 — FZK101

Fig. 5.7.6
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5.7.7 Pulse Generator

Fig. 5.7.7 shows a self starting pulse generator with an LSL-NAND-gate FZH 101. The
function of the generator is based on a steady polarity inversion of the capacitor voltage
caused by the negator II. The change occurs when the capacitor voltage reaches the threshold
voltage of the inputs of the gates | and II.

The oscillating frequency f of the generator depends on the RC time constant. A frequency
variation with a ratio of approximately 1:3 is possible by means of the trimmer P. The
frequency is determined by

1
2RC
The following variation results for the endpositions:
frnin = !
8,3:103-0,1-10-6

f=

=~1,2kHzand fyax ~3 kHz

The maximum possible frequency is about 0.5 MHz. It is given by the propagation delay of the
gates. The input [is provided for interruptions of the generator. An L-level at Iensures a
constant L-signal at the output Q.

Lezn
I Fig.5.7.7
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5.7.8 Pulse Generator

An inexpensive selfstarting oscillator can be realised with the Schmitt-Trigger FZH 241
according to fig. 5.7.8. A feedback resistor Rand a capacitor C to ground roughly determine
the pulse duration as follows:

t=kxRxCs

The factor k depends on the resistance R and can be derived from the typical curve of
fig. 5.7.8. The recommended resistance variation is 0.2 to 10 k(. Values below 0.2 kQ
exceed the output load factor of the FZH 241. Values above 10 kQ reduce the charging
and discharging currents to such an extent that frequency stability of the oscillator is no
longer guaranteed. Any capacitor of an arbitrary value may be used.

The lowest possible pulse duration is approximately t = 1 us due to the propagation delay
of the FZH 241.

A supply voltage variation from 11 to 17 V will increase the pulse duration by approximately
10%. A temperature variation from 20 °C to —30 °C will reduce the pulse duration by
approximately 5%. A temperature variation from 20°C to 70 °C will increase the pulse
duration by 10%.

A 1 uF capacitor should be connected directly to the supply voltage terminals to suppress
possible overshooting.

The second Schmitt-Trigger is used as a pulse shaper. Generally itis required only for feedback
resistors below R = 4 k).

F7H 241
b n
f)
‘T Fig.5.7.8
1.0
. .
0.8
PN |
0.6 | | —
0.4 — ‘
|
0.2
NN

0 1 23 b 5 6 7 8 9 10k Fig. 5.7.8a
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5.8 Control Circuits

The LSL-series FZ 100 is ideally suited for applications in control circuits. In the following
several practical circuits are given as an example. Due to its high static and dynamic noise
margin, the LSL-series has been used successfully in such circuits as elevator controls,
process controls, in any kind of machine controls for grinding machines, tooling machines,
stamps, and presses, to name just a few examples.

5.8.1 Welder Timing Control

Electronic time limiters with electronic power switches have found universal application in
the fiela of resistance weiding. The power switch at the transformer primary winding has a
combined resistive-inductive load. If the welding transformer is not turned-on in a fixed and
proper phase condition, a high switching peak current may initially occur and reduce to a
normal level not before several cycles have passed. It is therefore advantageous to limit the
welding time-periods to an accurate number of few cycles, and to control the welding current
through turn-on phase timing. The circuit shown by fig. 5.8.1 permits a fixed-phase
synchronous switching with adjustable turn-on phase timing. The triac interrupts the current
during the zero-transition at the end of each half-cycle, this way preventing dangerous in-
ductive turn-off voltages. To avoid transformer-remanence, the welding process must always
end with a half-cycle opposite the starting one, i. e. for example that a welding process
starting with a positive half-cycle must end with a negative half-cycle. Therefore, the control
always extends through an even number of half-cycles. If this were not ensured, high turn-on
switching currents were liable to occur.

Functional sequence

When the supply voltage is turned on with switch Sy, the integration at network C; Ry
causes the RS-flip-flop, made up of two gates of an FZH 191 package, to assume an H-level
at its output a. By means of a full-wave rectifier circuit Gl1 a 100 Hz signal is obtained from
the 50 Hz line supply. This signal controls one input of gate 1 through rectifier Gl,. The
second input is already at H. Consequently the output assumes an L-level with each half-
cycle, and the counter FZJ 151 as well as the mono-flop FZK 101 are reset and kept at
zero.

When the pushbutton is activated, the RS-flip-flop changes state; at its output b an H-signal
appears. With each zero-crossing of the line voltage the output of NAN D-gate 2 will therefore
become L. With the following rise-edge the monoflop FZK 101 is operatad. The inverter in
front of gate 2 serves to produce the sharp required. The monoflop output-pulse is differen-
tiated by the C3 Rz network and produces with its falling edge a positive control pulse at the
output of NAND-gate FZH 201. This pulse is amplified by transistor BCY 58 and fires the
triac through a pulse-transformer. The timing of the firing depends on the setting of potentio-
meter P, which in connection with capacitor C, determines the length of the monoflop
output-pulse. As firing takes place at the back-edge of the pulse, a long pulse means late
firing and therefore a low welding current. It should be observed that the timeconstant P, C,
is not made too large, as otherwise the firing pulses might extend into the following half-
cycle. The number of firing-pulses supplied is counted by counter FZJ 151. Switch S,
selects, whether the RS flip-flop is reset after 2, 3, 6,... or 14 firing pulses. Resetting ends the
welding cycles. In this way the welding process is always stopped after an even number of
cycles, the condition necessary to avoid transformer-remenance problems is met.
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Fig. 5.8.1
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5.8.2 Motor Control for Touch and Continous Operation

The motor control circuit to be discussed permits the following modes of operation,
initiated by the pushing of keys:

1. continuous right rotation
2. continuous left rotation
3. stop for both directions
4. touch-operation right

5. touch-operation left

During touch-operation the motor will turn only as long as the key is pushed down. This
kind of control is used in connection with various tooling-machines, such as adjustment
tables, planers etc.

The circuit shown in fig. 5.8.2 has been designed to permit a considerable freedom in the
use of the keys. A locking circuit ensures that only one of the two relays for right rotation and
left rotation can be activated. It is permissible to immendiately reverse direction. When a
change from continuous running to touch-operation is to be made, stop-key 5 must be used
first. Even a simultaneous pushing of several keys will not cause any damage. A locking
mechanism ensures that the motor can follow one command at a time only.

Functional sequence:

With turn-on of the line voltage both flip-flops are reset by the integrated network R;/Cy
through the two following gates. If. for example, key 3 for right rotation is depressed next,
flip-flop 1 will be set; its output becomes L and therefore the gate output H. A buffer-stage
using the Darlington-transistor BDY 88 controls the power relay. To turn it off, the flip-flop is
reset. This may be done either by use of the stop-key 5 or key 4 for left rotation. Depressing
this key causes relatively quickly, i.e. after two gate propagation delays, the output of gate 1
to change to logic L, whereby the relay starts to become de-energized.

Only then flip-flop 2 will be set with a delay of approx. 20 ms, and gate 2 assumes the output
level H. Through the buffer-stage the relay for left rotation begins to pull-in. The delay prevents
reliably that both relays might be energized simultaneously, enabling a short-circuit. A reali-
zation in such a simple way, with only two additional capacitors, has become possible only
through application of the LSL-technique.

When using stop-key 5 both flip-flops are reset, independent of the previous direction of
rotation. Consequently gates 3 and 4 are no longer blocked by the output signals of the flip-
flops and key 1 or 2 may be used, as desired. The inputs of gates 3 and 4 are H with the
exception of one connected to gate 5 or 6, respectively. If this last input becomes H as well,
by the use of key 1 or 2, the gate outputs assume an L-level and determine the corresponding
direction of rotation through gates 1 and 2 functioning as inverters.
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5.8.3 Clocked Rotating Switch Function

At inputs A, B, C and D logic signals are present which can be switched to the output S
sequentially, as would be the case with a rotating switch. Fig. 5.8.3 shows the circuit used.
By pushing the key S, the circuit may be reset to its initial state (input A connected to S) any
time. In the initial state the gate 1 inputs are made up of the signal A and the logic levels of
outputs Qq and Qa, both being H. Therefore the output of this NAND-gate depends on signal
A.Ifthissignalis L, the gate 1 output will be H and the gate 5 output an L. If the A-signalisan H,
the gate 5 output will be H also. The input-information has thus been transferred. When key Sy
is depressed the first fiip-flop FZJ 121 will switch with the falling pulse-edge. The two H levels
enable the NAND-gate forwarding the information at input B to the output S. Depressing
key S1 once again causes the flip-flops to switch. Gate 3 with Information C becomes enabled.
When S; is closed again and the first flip-flop has switched, information D is transferred to
the output. A further activation of the switch returns the circuit to state A. By using the reset
key the initial condition can be restored at any time.

Truth table
Q. @ Q2 @ A B C D S
| L H L H L - - - L
L H L H H - - - H
I H L L H - L - - L
H L L H - H - - H
m L H H L - - L - L
L H H L - H - H
Y, H L H L - - - L L
H L H L - - H H
‘s 1L FTH 191
FZJ 121 D —e—o
Ky o 0 10, 81:4}—
2
0,
C —— i
T — fFZH 171
0, D -
E —————0 -
; B oo S
[]1 ] A B
Gz_
AR 437 Fig. 5.8.3
0,
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5.8.4 Timelock for Two-hand Control

Safety circuits of this type are frequently used in tooling machines. For example, they will
prevent punch presses from starting operation as long as the hands of the operator are within
the danger zone instead of holding on to safety bars outside this zone.

The circuit shown in fig. 5.8.4 produces an output signal when both switches are closed
within a certain time limit. It does not matter which switch is closed first or whether they are
depressed simultaneously.

Gates 1 and 2 are used as inverters and slowed-down with two externally connected
capacitors of 47 nF to make this circuit extremely immune to noise signals. In its resting state
the output of gate 5 is at an L level.

When a switch is depressed, one of the two inputs of gate 5 assumes an L-level after the noise-
suppression delay has run out, either through path gate 1 gate 2 orthrough path gate 2 gate 4;
the output will switch to a logic H. This triggers the mono-flop FZK 101 and causes it to
produce a pulse with a width of 0.28 s. to 3.8 s., depending on the setting of P;. Therefore one
input of gate 6 receives an H. During this time the second input must also be at an H-level
for the NAND-requirement to be satisfied. However, the upper input will receive one H-signal
only, even if both switches are depressed in any sequence.

Of course, one of the two switches may be a machine-operated contact or a set of logical
gates; in these cases it would be required, for example, that within a given time interval after
a lamp has lit up, the second switch is closed manually.

b

T FZH101
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EFZHZU] FZH M [
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FZH M
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L
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Fig. 5.8.4
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Lindenplatz 2
(Siemenshaus)

Telephone (040) 282-1
Telex 2162721

Siemens Aktiengesellschaft
3000 Hannover 1

Am Maschpark 1
(Siemenshaus)

Telephone (0511) 199-1
Telex 922333

Siemens Aktiengesellschaft
5000 Koln 30
Franz-Geuer-Stral3e 10
Telephone (0221) 5676-1
Telex 8881005, 8881006

Siemens Aktiengesellschaft
6800 Mannheim 1
N7.18

(Siemenshaus)

Telephone (0621) 296-1
Telex 462261

Siemens Companies and Representatives

EUROPE

Austria
Siemens Aktiengesellschaft
Osterreich
A-1030 Wien
Apostelgasse 12
[A-1031 Wien, P.O.B. 326]
Telephone (0222) 72930
Telex 11598, 11866

Belgium
Siemens Société Anonyme
B-1060 Bruxelles
Chaussée de Charleroi 116
Telephone (02) 373100,
380020, 386080, 386180
Telex 21437, 23587

Bulgaria
RUEN
Technisches Beratungsbiiro
der Siemens Aktiengesellschaft
Sofia
uliza Zar Boris 1, No. 130
Telephone 873455, 875901
Telex 22736

Czechoslovakia
EFEKTIM
Technisches Beratungsbliro
Siemens AG
Praha 1
Vaclavské mamésti 1
Telephone 244632, 247234
Telex 1-2289

Denmark
Siemens Aktieselskab
DK-2100 Kgbenhavn
Blegdamsvej 124
Telephone (01) 261122
Telex 22313

Finland
Suomen Siemens Osakeyhtio
SF-00101 Helsinki 10
Mikonkatu 8, [Postilokero 8]
Telephone 10714, 16261
Telex 12465

France
Siemens Société Anonyme
F-93 Saint-Denis
39, Boulevard Ornano
Telephone (16-1) 2433020
Telex 62835

Siemens Aktiengesellschaft
8000 Miinchen 80
Richard-Strauss-StraRe 76
(Siemenshaus)

Telephone (089) 9221-1
Telex 529421

Siemens Aktiengesellschaft
8500 Nirnberg 1
Von-der-Tann-StraBe 30
Telephone (0911) 654-1
Telex 622251

Siemens Aktiengesellschaft
6600 Saarbriicken 3
Martin-Luther-StralRe 25
Telephone (0681) 3008-1
Telex 4421431

Siemens Aktiengesellschaft
7000 Stuttgart 1
Geschwister-Scholl-StraRe 24
(Siemenshaus)

Telephone (0711) 2076-1
Telex 723941

Great Britain
Siemens Ltd. London Office
Brentfort TW 8 9 DG,
Middlesex
Great West House,
Great West Road
Telephone (01) 5688281,
5689133
Telex 23176

Greece
Siemens Hellas E.AE.
Athenai 125
Voulis 7, [P.0.B. 601]
Telephone (6021) 3243211/19
Telex 216291, 216292

Hungary
Intercooperation AG,
Siemens Kooperationsbiro
Budapest XII
Bdszérményi ut 9-11
[P.O.B. 11, Budapest 114]
Telephone 154970
Telex 22-4133
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Iceland

Shmith & Norland H/F
Reykjavik

Sudurlandsbraut 4, [P.0.B. 519]
Telephone 38320, 38321
Telex 2055

Ireland

Siemens Ltd.
Dublin 4

8, Raglan Road
Telephone 684727
Telex 5341

Italy

Siemens Elettra S.p.A.
1-20124 Milano

Via Fabio Filzi, 29
[Casella Postale 4183]
Telephone (02) 6992
Telex 31571, 31585

Luxemburg
Siemens Société Anonyme
Luxembourg
17, Rue Glesener, [B.P. 1701]
Telephone 49711-1
Telex 430

Netherlands
Siemens Nederland N.V.
‘s-Gravenhage
Prinses Beatrixlaan 26,
[Postbus 1068]
Telephone (070) 782782
Teiex 31370, 31373

Norway
Siemens Aksjeselskap
Oslo 5
Dstre Aker Vei 90, Linderud
[Postbox 10, Veitvet]
Telephone (02) 153090
Telex 18477

Poland
PHZ Transactor S.A.
Warszawa 12
Olszewska 8,
[P.O.B. 176, Warszawa 1]
Telephone 452211, 455201
Telex 81328

Potugal
Siemens S.A.R.L.
Lisboa 1
Avenida Almirante Reis, 65
[Apartado 1380]
Telephone 538805
Telex 1663

Rumania
Siemens birou
de consulatii tehnice
Bucuresti
Str. Jules Michelet Nr. 15-17 ap. 5
Telephone 151825
Telex 473
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Spain
Siemens S.A.
Madrid 20
Orense 2, [Apartado 155]
Telephone (01) 4582500,
4586500
Telex 27769

Sweden
Siemens Aktiebolag
Stockholm
Norra Stationsgatan 63-65
[Fack, S-10435 Stockholm 23]
Telephone (08) 2296 80
Telex 1880, 1881

Switzerland
Siemens-Albis AG
CH-8021 Ziirich
Lowenstraide 35
Telephone (01) 230352,
253600
Telex 52131

Turkey
Simko Ticaret ve Sanayi A.S.
Istanbul
Meclisi Mebusan Cad. 55,
Findikli, [P.K. 64 Tophane]
Telephone 452090
Telex 290

U.S.S.R.
Siemens Office
Moskwa
Hotel “Leningradskaja”,
Room 301
Telephone 2235257,
2255301
Telephone 2235257, 2255301
Telex 7-413

Yugoslavia
Generalexport
YU-11000 Beograd
Djure Djakovica 31,
[Postanski fah 223]
Telephone (011) 664622
Telex 11287

AFRICA

Algeria
Siemens Algérie S.AR.L.
Alger
3, Viaduc du Duc des Cars,
[B.P.51]
Telephone 639547/51
Telex 91817

Egypt
Siemens Resident Engineers
Cairo, Egypt
Immobilia Building, Flat 644,
Chérif Street No. 26b
[P.O.B. 775]
Telephone 549 32

Ethiopia
Siemens Ethiopia Ltd.
Addis Abeba
Ras Bitwoded Makonen Building
[P.0.B. 5505]
Telephone 43447
Telex 21052

Libya
Zeidan & Sons Organisation
Tripoli
8, Sh. Gumhureya,
[P.0.B. 2505]
Telephone 30101, 30102,
31787

Morocco
Siemens Maroc S.A.R.L.
Casablanca
Rue Lafuenta,
Immeuble Siemens
Telephone 613-82, 613-83,
613-84, 689-31
Telex 21914

South African Republic
Siemens (Proprietary) Limited
Johannesburg
Siemens House
Corner Wolmarans and
Biccard Streets, Braamfontein
[P.O.B. 4583]

Telephone 7252500
Telex 543-7721

Sudan
Electric & General
Contracting Co.
Khartoum
Contomichalos Building,
Barlament St. [P.0.B. 1202]
Telephone 80576, 80818

Tunisia
Sitelic S.A., Sociéte
d’'Importation
et de Iravaux d'Electricité
Tunis
26, Avenue Farhat Hached
Telephone 242860, 243003
Telex 326

Zaire
Siemens Zaire S.P.R.L.
Kinshasa 1
1222, Avenue Tombalbaye,
Angle Avenue Kasavubu
[B.P. 9897]
Telephone 22608, 237 39
Telex 377

AMERICA

Argentina
Siemens S.A.

Buenos Aires
Avenida Pte. Julio A. Roca 530
[Casilla Correro Central 1232]
Telephone 300411
Telex 0121812, 0121850

Bolivia
Sociedad Comercial &
Industrial Hansa Ltda.
La Paz
Calle Mercado esq. Yanacocha
[Cajon Postal 1402]
Telephone 54425
Telex BX 5261



Brasil
Siemens S.A.
Séo Paulo 10, SP
Rua Felix Guilhem, 1360
[Caixa Postal 1375,
Séo Paulo 1, SP)
Telephone 6251 11
Telex 021332, 021636

Canada
Siemens Canada Limited
Pointe Claire 730, P.Q.
7300 Trans-Canada Highway
[P.0.B. 7300]
Telephone (514) 695-7300
Telex 05-26 7300

Chile
Gildemeister S.A.C.
Santiago de Chile
Aminategui 178 [Casilla 99-D]
Telephone 82523
Telex SGO 392
(Transradio Chilena),
40588 (Correos y Telégrafos)

Columbia
Siemens S.A.
Bogota 6
Carrera 65, No. 11-83
[Apartado Aéreo 6829]
Telephone 603300
Telex 044750

Mexico
Siemens S.A.
México 15, D.F.
Calle Poniente 116 No. 590
Col. Industrial Vallejo
[Apartado Postal 15064]
Telephone 5670722
Telex 1772700, 1773903

Uruguay
Conatel S.A.
Montevideo
Ejido 1690,
[Casilla de Correro 1371}
Telephone 917331, 917332
Telex 398134 UY

U.S.A.
Siemens Corporation
Iselin, New Jersey 08830
186 Wood Avenue South
Telephone (201) 494-1000
Telex WU 84-4491, 84-4492

Venezuela
Siemens Venezolana S.A.
Caracas
Avenida Principal,
Urbanizacién Los Ruices
[Apartado 3616]
Telephone 348531
Telex 22831

ASIA

Afghanistan
Siemens Afghanistan Ltd.
Kabul
Alaudin, Karte 3, [P.0.B. 7]
Telephone 41460, 40447

Bangla Desh
Siemens Dacca
Dacca
74, Dikusha Commercial Area
[P.O0.B. 33]
Telephone 244381, 245965,
251864, 251865
Telex 824

Burma
Siemens Resident Engineer
Rangoon
185-187, Maha Bandoola Street
[P.O.B. 1247]
Telephone 10522, 10624
Telex 2009

Hong Kong
Jebsen & Co.
Hong Kong
Prince’s Building, 23rd floor,
[P.0.B. 97]
Telephone 225111
Telex HX 3221, HX 3769

India
Siemens India Ltd.
Head Office
Bombay 18 WB
134 A, Dr. Annie Besant Road,
Worli, [P.0.B. 6597]
Telephone 379981
Telex 0112373

Indonesia
Siemens Indonesia
Djakarta
Kebon Sirih 4, [P.0.B. 2469]
Telephone 51051
Telex 011-4111

Iran
Siemens Sherkate
Sahami (Khass)
Kh. Takhte Djamshid No. 32,
Siemens House
Telephone 6141
Telex 2351, 2647

Israel
Inverko Ltd.
Tel-Aviv
72/76, Harakevet Street
[P.0.B. 2385]
Telephone 31844, 39640
Telex 033-513

Japan
Nippon Siemens K.K.
Tokyo 100
Furukawa Sogo Building
6-1, Marunouchi 2-chome,
Chiyoda-ku
[Central P.O.B. 1144,
Tokyo 100-91]
Telephone (03) 214-0211,
215-3768,211-1754
Telex J 22808

Korea (Republic)

Siemens Electrical
Engineering Co. Ltd.

Seoul

Daehan Building, Room 8086,
75, Susomun-dong,
Sudeamun-ku

[1.P.0.B. 3001]

Telephone 24-1558

Telex 2329 S

Kuwait
Abdul Aziz M.T. Alghanim
Kuwait, Arabia
Abdulla Fahad
Al-Mishan Building,
Al-Sour Street
[P.O.B. 3204]
Telephone 420452
Telex AAA 2131 KT

Lebanon
Ets. F.A. Kettaneh S.A.
(Kettaneh Freres)
Beyrouth
Rue de Port, [P.0.B. 242]
Telephone 221180
Telex 614

Malaysia

Guthrie Waugh (Malaysia)
Sdn. Bhd.

Petaling Jaya

19, Jalan Semangat,
[P.O.B. 30]

Telephone

Kuala Lumpur 564523
Telex Kuala Lumpur 346

Pakistan

Siemens Pakistan
Engineering C. Ltd.
Karachi

llaco House,

Abdullah Haroon Road
[P.O.B. 7158]
Telephone 516061
Telex 820

Philippines
Engineering Equipment, Inc.
Manila
391 J. Rizal Street,
Bo. Namayan,
Mandaluyong, Rizal
[P.0.B. 1386]
Telephone 701851, 707546,
707551
Telex PN 3658

Saudi Arabia
E. A. Juffali & Bros.
Head Office
Jeddah
King Abdul-Aziz-Street
[P.0.B. 1049]
Telephone 2166, 2167, 2168

211



Singapore
Guthrie Waugh (Singapore)
Pte. Ltd.
Singapore 10
41, Sixth Avenue,
Bukit Timah Road
[P.O.B. 495, Singapore 1]
Telephone 662555
Telex Dirgaw RS 21681

Syria
Syrian Import
Export & Distribution Co.
S.A.S. SIEDCO
Damas
Port Said Street, [P.0.B. 363)
Telephone 13431, 13432,
13433

212

Taiwan

Delta Engineering Ltd.

Taipei

42, Hsu Chang Street, 8th floor
[P.0.B. 58497]

Telephone 362126

Telex 826

Thailand

B. Grimm & Co. R.O.P.
Bangkok

1643/4, Petchburi Road
(Extension)

[P.O.B. 66]

Telephone 54081

Telex 214

Yemen

Tihama Tract

& Engineering Co. Ltd.
Sana’a
[P.0.B.]

AUSTRALIA AND
OCEANIA

Australia
Siemens Industries Limited
Melbourne, Vic. 3121
544 Church Street, Richmond
Telephone 420291
Telex AA 30425

New Zealand
Frederick Barker Ltd.,
Liaison Representative
Wellington
2 Cable Car Lane,
[P.O.B. 74]
Telephone 40415
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