































































































































































































TELETYPE SEND MODULE (8-11 CODE)

The LT50 is a special purpose logic module which performs
a timed parallel-to-serial conversion. It accepts one 8-bit
character (8 bits in parallel) and serially transmits the char-
acter, together with start and stop signals, to a keyboard-
printer (such as a Teletype). LT50 contains an 8-bit shift re-
gister, a 5-bit control counter, 3 control flip-flops and other
control logic, all on one compact circuit card. Operating
speed is determined by the input rate of the keyboard-print-
er or other character-oriented terminal device. The LT50
performs no code conversion.

LT50

Complete design data is given in Application Bulletin 64~
51-09. The LT50 can be combined with LT54, NT19, OT14,
CT16, and FT12 modules to form an economical character-
orienfed keyboard-printer interface.

+4v, 650 ma; +8v, 400 ma
5.8 watts max.

Power requirements:
Dissipation:

Parcllel B-bit Input

r N
Bit 8 Bit7 Bité BitS5 Bit4 Bit3 Bit2 Bitl

AANANSE,

Transmit 023_
SClock (110 Hz) o
High Speed Clock O-~——r

Qutlock O~—— LT50

Control
lnputs

Send Module
(8-11 Code Format)

n Serial
———0 Choaracter
Qutput

19 NSSRM
p————0 Service Request
Qutput

b ol

NFLSP  NFRON  NC4FF

Status Outputs

+8v+dy

5143 483216 0

LOGIC DIAGRAM, LT50

TELETYPE RECEIVE MODULE (8-11 CODE)

The LT54 is a special purpose logic module which performs
a timed serial-to-parallel conversion. It accepts one 8-bit
serial character at atime, togetherwith start and stop pulses.
It places the eight data bits in a register, for parallel out-
put. LT54 contains an 8-bit shift register, a clock down-
counter, 4 control flip-flops and other control logic, all on
one compact circuit card, Operating speed is determined
by the output rafe of the keyboard-printer or other char-
acter-oriented terminal device. The LT54 performs no code
conversion.

LTo4

Complete design data is given in Application Bulletin 64-
51-09. The LT54 can be combined with LT50, NTi19, OT14,
CT16, and FT12 modules to form an economical character—
oriented keyboard-printer interface.

+4v, 650 mo; +8v, 400 ma
5.8 watts max.

Power requirements:
Dissipation:

Serial Character Input

Tw

r 45 3.
0———-35 —o‘ Bit 8
059-— Module Select ———|o Bit 7
[o S om— (Cutput Enable) P——0 Bit 6
o | ‘;o bis | ool
-bi
Control L154 ——=0 sit 4 Outpot
oputs ok RECEIVE "
e feodht Og MODULE 6o bl
Relock 00— (8-11 Code Format) 0 Bir2
FRON O=—rof "0 &it1
Infock o—:?’ 34 NRSRAG
NReset O cic CLB CLA [0 Service Request
~ Output
Laa l&a ll! ‘Lls lzz 1 lzs lzo
| S Lad - NLSP RLSPM +8v +dy
I — L
M !
Internal Status
Clock Jumpers Outputs S143 483216 0

LOGIC DIAGRAM, LT54
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LT66

The LTé6 contains an array of exclusive-OR logic circuits
connected as a comparafor. The comparator determines the
equality of two twelve-bit words. It compares the two groups
designated A and B in the diagram below. The comparator
output is False when the two 12-bit patterns are congruent,
or True when any two corresponding bits are not equal. The
comparator circuit thus solves the equation:

Q=A1B1 +B1 Al + A2 B2 + B2 A2 + A3 B3 +B3 A3 +...

To compare two words, of the same length but less than 12-
bits, merely leave unused input pairs open.

12-.BIT COMPARATOR

The module also contains two 12-bit buffered ANDs. One
of these two outputs is True when the group A bits are all
True. The other output is True when the group A bits are
all False.

Power requirements:
+8v, 140 ma av., 180 ma max.

Dissipation: 3.06 watts max.
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FAST FULL-ADDERS

The LT67 module contains four independent fast-full adder
circuits. Each is capable of adding two bits plus carry from
a previous stage, and producing sum, carry; sum, and carry
outputs. This circuit is afast adderbecause only one buffer/
inverter delay time (18 nsec typical) is required to add the
three input bits and provide output. Most other adder de-
signs require at least two layers of buffers or inverters in

series, with consequent longer delay.

400 46

45 4
B|B|C|C

4_3
AlA

Ckt, 1
4710

Full Adder

C
35

420

wni

c S(L
33

380

180 38

k]|
19,

Ckt. 2
60O

o |29
B[B|C|C

Maximum Operating Frequency:

Circuit delay (per stage):
Fan-out (each output):
Load imposed by inputs:

Power Requirements:

Dissipation:

Ckt. 3
17? 1"

MO |130 |15
AlA|BIB]C|{C

120

Full Adder Full Adder
c-(L cr S<L S c'(L c S(L 5
30 28 24 26

3710 410 80 100

LOGIC DIAGRAM, LT67

LT67

10 Mhz, for 3 stages
in series
18 nsec typ., 30 nsec max.
14-unit loads
True inputs: 8 unit loads
False inputs: 4 unit loads
+4v, 78 maav.,

100 ma max.
+8v, 182 ma av.,

312 ma max.

2. 26 watts max.

4¢
9,

890 1 2(?

Ckt. 4

30 | 3
BTB cic

Full Adder

c'g
19

c S<L§
21

> 0O |>

N (AC+AB-BC)
) —0

—0

Single Full-adder Circuit (four per module)




NT10

NT10 contains 2 BANDs and a 4 x 4 matrix of 3-input
BANDs. All use standard T Series Ov/+4v input levels.
Qutput levels are Ov and +8v. This module serves as inter-
face from T Series to many other Positive True logic systems
which use a high level of about +8v. Input tolerance is
often sufficient to permit interfacing with Ov/+6v logic.
Standard logic wiring may be used for interfacing provided

33
o

8-VOLT INTERFACE BUFFERS

wire length is under 5 feet.

drivers,

Qutput Current:
Power Requirements:

Dissipation:

5B Qo
[——4
o
o
]

50

4
O~y

53 ma per driver

Otherwise use AT14 cable

+4v, 132 ma av., 175 ma max.

+8v, 176 ma
2. 11 watts max.

£ >4 At Eder L §
! LM 4 LM 2 Lw $ L}i .
! 22
; L}:é 8 L}Jg i Lw : LM

034

oll

ob

LOGIC DIAGRAM, NTIO

+8v ~=—0 §]
+4v -0 49

48
32
16
0

NT11

NT11 contains 2 NANDs and a 4 x 4 matrix of 3=input
NANDs. All use standard T Series Ov/+4v input levels .
Output levels are Ov and +8v. This module serves as inter-
face from T Series to many other Positive True Logic systems
which use a high level of about +8v. Input tolerance is
often sufficient to permit interfacing with Ov/+6v logic.

8-VOLT INTERFACE

wire length is under 5 feet.

drivers.

Output Current:
Power Requirements:

Otherwise

53 ma per driver
+4v, 88 ma av.,
+8v, 176 ma

INVERTERS
use AT14 cable

175 ma max.

Standard logic wiring may be used for interfacing provided Dissipation: 2. 11 watts max.
33
o
L L L L g
> )@—"3 0 >>®—’«1 g »9—‘3 Y >9-<‘7 2]
o——| o— o—] o— %
44
O
L | L L k
40 W 37 )@—33 13 19 g ) 2 u
[e) o o N [ 22
10
T L L L
41 47 36 29 14 20 8 4
L oet e B R == ves
+4v =0 {9
3 3
T T ¥ ., Bt
S >>e—53 > W 2 »e—zi ’ >>®37 o
o o oS o~ -

o4l

ol]

of

LOGIC DIAGRAM, NTI1
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NEGATIVE LOGIC TO T SERIES INTERFACE

The NT18 contains eight 2-input AND gates which accept
Ov/-v inputand convert to standard T Series Ov/+4v output.

Input Current:
Power Requirements:

Maximum negative input voltage is =12 volts. Either of two
switching values may be used, as determined by a jumper
wire:=1.5v or =3v. When input logic level exceeds-4.5v ,
the -3v switching value should be used.

Dissipation:

=3v to =12v, 4 ma
+4v, 120 ma av., 130 ma max.
-8v, 65 ma av., 100 ma max.

1.0 watts av., 1.3 watts max.

NT18

Jumper Jumper Jumper Jumper
45 4 42 40 28 30 n 29 Electrical
43 39 35 33 Truth Tabl
= 5, % a % 5 %] % wh e
. oL o3t o o3 Input A | Input B| Output
= Ov Ov Ov
5049483216 0 o3 » o3 ” ol i o3 3 Ov -v Ov
ol | ol o3 7 -v Ov Ov
. -v -v +4v
19 17 2 18 2 4 5 6
Jumper Jumper Jumper Jumper
Note: Add jumper wire to obtain -1, 5v switching point.
LOGIC DIAGRAM, NTI18
KEYBOARD INTERFACE NT19
The NT19 is a special purpose module meant to provide a
proper electrical match between T Series logic (LT50 and Al
LT54 modules) and a keyboard-printer (such as a Teletype), 1o 20
using 500 feet or less of ET12 cable. In addition the NT19 £ et
. . . . . T > 1O TELETYPE SELECTOR
contains special logic required when the module is used as IN4154 [Ey S MAGNET DRIVER 120 mo)

10—

part of a Sigma 2 Computer. The presence of the special
logic, when not used, affects only the loading of some in-
puts and outputs.

Special Logic
for use with
Sigma Computer
Interface

20—

For complete design data refer to Application Bulletin 64~
51-09, which describes an economical character-oriented
data inferface unit.

+4v, 64 ma; +8v, 325 ma
?.86 watts max.

Power requirements:
Dissipation:
“Bv

[ S
I S

4
10 .4(‘ FILTER > i
6
= T
50 (‘ FILTER . ;
180

i2)

i)e—t;2>
5>

By

5149 48 3215 0

8v

1
>
155

$0

36 0-

LOGIC DIAGRAM, NT19

TO OPTIONAL GE328
LAMP AT TELETYPE

FROM NORMALLY CLOSED
CONTACT TO GROUND
{Keyboerd Signol Generator)

FROM NORMALLY CLOSED
CONTACT TO GROUND
(Teb Contact)

LAMP RETURN

KEYBOARD CONTACT
RETURN

TAB CONTACT
RETURN

RELAY CONTACT
SUPPLY

SPARE

CABLE SHIELD

SPARE
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NT33 T SERIES TO NEGATIVE LOGIC INTERFACE

The NT33 module contains eight 2~input gates which accept Other variations to NT33 output impedance and rise/fall
standard T Series logic levels as input and furnish Ov and -v time can be made on special order.

logic levels as output. A negative voltage as low as -30
volts can be used as a negative logic level. It must be
supplied from an external source and wired to pin 17.

Switching threshold: 2.0 volts typ.
The NT33 is similar to the discontinued model NT17. The Output current (sinking)
. . (From =3v to -30v): 140 ma max.
important differences between the two modules are: P .
ropagation delay, to
1. The NT33 will accept -v down to =30 volts; 90% of -v (at no load): 500 ns max.
the NT17 will accept -12 volis. +4 volt supply (Vee): ma 48%*% 56**
2. NT33 max. output sinking current is 140 ma +8 volt supply: ma 20%* 25%%*
over its output voltage range; max. NT17 -8 volt supply: ma 70%* 80**
current is 20 ma. -v supply: ma depends on -v supply
3. NT33 rise and fall times are controlled with voltage
a capacitor (C4). Dissipation, per module
4. NT33 provides a high output impedance to (using example of —-20v):  watts:  2.02** 2,39**

the line (>200K ohms) when power is off. *  Maximum data rate depends on value of rise time

control capacitor (C4) and length of cable driven.

The NT33 provides an excellent match with Univac and Data rates range from 100 Khz to better than 1 Mhz.

CDC equipment, meeting all specifications. NT33 can

. . A . *% £09, .
be paired with AT69 At 50% duty cycle Electrical
] - " 37 “ Truth Table
wed !l 3 30 2 n Input 1| Input 2 |Output
+hy =0 48 38 38 36 42 P P P
;«g ' Ov Ov Ov
16 1 9 12 5 +v Ov Ov
lang 15 19 2 2 Ov | +v ov
; 1 10 13 6 dy |y v

0T14 ADJUSTABLE ONE-SHOTS (MEDIUM DELAY)

OT14 contains four one-shots having output pulsewidth ad- Pow. CONNECTION
justable from 50 psec to 2.2 sec. Minimum input enable S0 350 SEC NONE
. . gl e 0.3 - 3.5 MILLISEC A-E
time is 30 nsec True. Q output goes True within 75 nsec or TTSeWILLISEC e
less after enabling trailing edge reaches +2v. Do not re- 25 - 300 MILLISEC c-E
trigger during recovery time. gg: 122 zi(c: =
Delay is determined by connecting internal capacitors with I—WC—‘ l—wﬁ
jumpers (Table 1) and adjusting pot within the range obtain- o
jump ( ) justing p 9 5 . 1 o
ed. b ) “ k] ) 38
o1 cki1  QpF—o o ckt2 QF—=o
Pulsewidth range: 50psec to 2.2 sec. el ol <] o] ] o ol ek ol ]
Pulsewidth tolerance: +10% 434 4 3 2 2 35 3%
. IMING JUMPERS TIMING JUMPERS
Fan-out: 14 unit loads/Q output
12 unit loads/Q output o o
Power requirements: +4v, 185 ma; +8v, 120 ma - n U s o ol2
Dissipation: 1.7 watts max. = B | | = 3 D n
5149 48 3216 0 ckt3  QF—=o © ckr4 G0
REPE! pEpe!
N5 B2 w19 2
TIMING JUMPERS TIMING JUMPERS
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ADJUSTABLE ONE-SHOTS (SHORT DELAY)
Pulsewidth = 1.3C (C in pf, P. W, in millisec).

OT18 contains 4 circuits having continuously adjustable
pulsewidth of 100 nsec to 20 psec, Minimum input pulse is
50 nsec True. Leading output edge starts typically 45 nsec

Pulsewidth range:

0T18

100 nsec to 20 psec

after input trailing edge reaches +2 volts, Duty cycle is II:UISeWidfh folerance: ::110%, l
50%,; circuit may not be retriggered before end of cycle, Pan—out: . ] 4 Um;éOOQdS per output
External capacitance may be placed on the module (stand- ower requirements: +8V, 65 ma
offs E1, E2) to extend the pulsewidth to 20 milliseconds. .. Vi ma
Dissipation: 2 watts
Circuit 1 Circuit 3
o 2, R
Inputs ) oS Outputs Inputs ) 0s _| Outputs
44 Q 40 Jumpers 18 Q ]2
b I_%_' 4 P.W. (psec) Connect ] ; l )
-[ I I I Fine 1 .10t0.25 None _I_ l I. l. Fine ]_
143 1-45 139 141 035 Adj. 037 147 2510 .35 & IZ1 123 II'I 119 013 Adj. 318 IZZ +8v —=—0 5]
. 0. c-f v
@ b < d € f 9 2(5):022 c-d-f a b ¢ d € f g ) ﬂzg
Circuit 2 0t0 1.5 b-g Circuit 4 ?g
28 Q 30 1.5102,3 b-f 6 Q 8 t 0
Inputs ) oS Outputs i‘j:":'z ‘Hj Inputs > os _| Outputs ~
o,_— _o . 0 0. a=| 0— _O
6 Q 34 8.0t 10.0 a-b-f 4 Q 10
| % ] 10 to 20 a-f, g-e I A ?&, _] ,_J
'[ I I I Fine 1 J‘ l -[ J— Fine
o Jo o Jos fos i [o [ J U EI ER A AP S T U
a b ¢ d o f g LOGIC DIAGRAM, OT18 b e d . p g

LAMP DRIVERS

The QT14 has 12 circuits, each capable of switching an ex=
ternally supplied current of 200 ma at voltage up to +28v.
Driver outputs go to front-edge contacts on the module for
use with ET11 cable connectors. The keep-warm resistors
and overload protection diodes connect fo common ground.
Output rise and fall are slowed to minimize noise. Oper-

Q114

ating frequency is limited by lamp response. Refer to RT14
for similar circuit.
Power Requirements: +4v, 268 ma av., 535 ma max.
+8v, 41 ma

Dissipation: 2.47 watts max.

+8v —=—0 §1

Note: c,r. is common return

LOGIC DIAGRAM, QT14
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QT16

The QT16 module contains ten high-current drivers, suit -
able fordriving lamps or relays. The drivers are controlled
by a BCD-to~decimal decoding network; this makes it poss=
ible to drive a ten-lamp display directly from any BCD out-
put without the need for intervening gating. Both logic
phases, non-inverted and complementary, must be provided.
Each AND gate in the decoding network also has an inde-
pendent AND input which can be used to inhibit the driver,
or drive it independently (with all BCD input lines True).

Outputs are supplied to circuit etch contacts at the front
edge of the module for connection to cables via a pairof
ET11 cable connectors. In addition, back-panel pins, 1, 2,
and 3 are connected straight through via etch to correspon -
ding front-edge contacts.

common lamp ground return
17272 44 5
283973073

=, ol

>8

'—[: 1'\; 0
.——E> 13

‘ . jﬂ( 2
>14

8

k 4

p 4

> M 3

—E> n

03
. . s
25 ) b ’

e :

) D-: —[: an ‘

vV

—[: : ’
8
R v T
8 +By +dv
17 12 18 "

LOGIC DIAGRAM, QT16

S1 49 483216 0

» —»H common relay
22]48 } positive return

BCD-DECODER/DRIVERS

Max. operating frequency: 250 Khz

Circuit delay: 0.5 psec

Output switching capability: 28v max., 200 ma max.

Load imposed by each 4 Unit Loads on pins 30, 38,

input term: 22, 46; 5 Unit Loads on pins
28, 39; all others 1 Unit Load

Power Requirements: +4v, 220 ma av., 369 ma max.

+8v, 33.6 ma av., 43.2 ma max.

Dissipation: 2.0 watts max.

Individual lamp connecﬁon\

5
>) + Jl
»‘ Lamp Supply

Common lamp ground return

Lamp Connection

Front edge H or 8 (common relay positive return)

\

_’H>—__

e 71

.
1

Front edge

Relay Suppt
Individual relay connection lay Supply

Relay Connection

OT17 BCD-DECODER/INDICATORS

QT17 contains 12 white indicator lamps mounted near the
front edge of the module. This module is pin-compatible
with QT16 and may be used for local checkout of logic
prior to installation of that Decoder-Driver Module.

A BCD -to-decimal decoding network controls 10 lamps;
each of the other two lamps are preceded by a 2-input
AND. All [amps can be operated independently by leaving
the decoding network input lines open (True), and control-
ing each lamp using the independent input provided.

This indicator module operates from standard T Series logic
level inputs. The lamp turns On when all inputs at its con-
trolling gate are True.

For pin number assignments and basic overall logic arrange-
ment, see QT16 logic diagram.

4 Unit Loads on pins 30, 38, 22,
46; 5 Unit Loads on pins 28, 39;
all others 1 Unit Load.

+4v, 404 ma av., 504 ma max.,
plus 45 ma for each On lamp
+8v, 33.6 ma av., 43.2 ma max.
2.6 watts max. w/bulbs off

Load imposed by each
input term:

Power Requirements:
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RELAY DRIVERS

The RT14 has 12 circuits, each capable of switching an ex-
ternally supplied current of 200 ma at voltage up to +28v.
Driver outputs go to front-edge contacts on the module for
use with ET11 cable connectors. The peak inverse voltage
protection diodes are connected across the relay coils by
connecting common return to +v. Output rise and fall are

RT14

Operating frequency is limited
Refer to QT14 for similar circuit.

slowed to minimize noise.
by relay response.

Power Requirements: +4v, 268 ma av., 535 ma max.

+8v, 40.8 ma.

Dissipation: 2.47 watts max.

e
kst
D>

+8v +dv

51494832160

yv

A4

sz~o  [plelgE]e=|x
N

0
32

Note: c.r. is common return

LOGIC DIAGRAM, RT14

MANUAL TOGGLE SWITCHES

The ST14 module has fifteen SPDT toggle switches for man-
vally setting logic levels into gating circuits, or other use.
Contacts are rated for 5 amp. at 115v. In the diagram be-
low, switch is shown in the "1" position of the handle .

ST14

Pin Connections
Ckt. | C2 | €3 | C1 | Ckt. | C2 | C3 | CY | Ckt. | C2 | 3|
1 46 | 45 | 47 6 43 | 42 | 44 1 39 | 38 | 40 C2
2 34 | 29 | 35 7 37 | 36 | 41 12 | 31 | 30 | 33 c3 c
3 21 | 20 | 22 8 27 | 26 | 28 13 | 24 | 23| 25
4 11 7 |12 9 14 | 13|19 14 | 17| 15| 18
5 2 1 3 10 5 41 6 15 91 81 10
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ST41* /ST44

The ST44 stores sixteen 8-bit bytes in a diode matrix. When
one of sixteen input lines is energized (fogether with its
strobe line) an 8-bit pattern appecrs at the outputs. The 8-
bit pattern that results from a given input isalways the same,
and is determined by the pattern of diodes connected be-
tween the input line and the output lines. Presence ofa
diode between an input line and a particular output line
produces a 1 in the particular output whenever the input

READ-ONLY MEMORY

If two input lines are raised simultaneously, then each out-
put line will contain the logical OR of the bit-pairs which
were energized. For example, if input 1 normally provides
10010001 and input 2 normally provides 01010011, then the
output wi't be 11010011 when both input 1 and input 2 are
raised together.

. s Input 1 Input 2 Output
goes True; absence produces a 0 (see examples on logic dia- i P bl
gram). 1 + 0 =
] + 1 = 1
The ST44 acts as a memory: when one address {one of six- 0 + 0 - 0
teen input lines) is made True, a predetermined 8-bit byte 1 + 1 -
appears at the output. Outputs are normally 0 (low) when 0 + 0 - 0
input is 0 (low). Each ST44 module is supplied with a diode 0 + 0 - 0
in place ot every crossover, initially providing a memory 0 + -
whose output is all 1's. Zeros are entered where desired by 1 + =
clipping out diodes with a wire cutter (shown in the example
below by the diagram xe——---),
kil ENABLE (STROBE) A ENABLE (STROBE) B 12
o ol
ol | o “ £ a u n Tzs Tn Tzs n | on | of
\ \'" Y \
49 50 51 54 55 56 57 58 59 60 61 62
' : H ! L i ! ' ' ' ! Q1
See ‘Note
T, CRé9-1
B @2
1, CR52-2 Iz
0 CRé9-2 4 TT
e CR64-3
o 0 crsz-3 *
9 creg-3 ¢
El1 crusa 8 e g
[ 1 [
3 s, s @
5o 219, CRs2-5 K]
E “a CR49-5 £ hind £
3 | e & 3
0 0 crs2-6 @
o CR49-6 ¢
1 CR52-7 e
O crag-7 H——
Qs
1, CR52-8
1 CR49-8 ¢ -
” Note:
Typical output equation: R
Q1 = (A)(CR49-1) +. ...+ (D)}CR52-1) +. ...+ (P)(CR64-1)

Where CR49-1 indicates diode CR49-1 is connected and term
CR52-1 indicates diode CR52-1 is disconnected, etc.

LOGIC DIAGRAM, ST44
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The ORing characteristic makes it possible to store more than
sixteen 8-bit bytesper module, providing that more than one
input is raised at once, and providing the resulting pattern
is not already present on the module.

A 4-bit binary addressing control for the sixteen input lines
can be created with a BT12 module, which accepts a 4-bit
input and decodes in straight binary fashion to 1-of-16 out -
puts. Input to the BT12 can be derived from a 4-bit counter.
Thus, the combination of 4~bit counter, BT12 decoder, and
ST44 memory creates an economical 16word program control .

Word length can be expanded in increments of 8-bitsby par-
alleling the input lines of additional ST44 modules, Each
time an input on one ST44 is raised, resulting in 8-bits of
output, a corresponding input on another $T44 is also raised,
resulting in 8 more bits of output.

The number of words stored can also be expanded, by OR-
ing outputs of additional 5T44 modules to maintain the same
number of output buses.

An example of how these two techniques can be combined
to create a read only memory containing thirty-two 16-bit
words is shown in the diagram below.

10 MHz

50 nsec maximum

1 unit load/input

8 unit loads/enable (strobe)

Maximum operating frequency:
Circuit delay:
Input loading:

Power requirements:

+4v, 262 ma av., 468 ma max.

+8v, 67.2 ma av., 86.2 ma mo>

Module dissipation: 2.8 watts max.

* ' This module is also available with diodes not inserted. A package of 100 loose diodes is included. The user programs

the module by inserting diodes instead of removing them.

Request Model ST41.

32 inputs
(One True at a time)
A
4 N\
J---—-—16 17— — 32
o---—--—0 —--—---0
: N
B | ro
ST44 | ST44 | | N
-—o———| -—o———o—;_db_(lﬂlg
16-Bit
———m ——--0 \- OUTPUT
———— e — WORD
i |
ST44 ST44 '

i

oN—--—--— 0

|
Y

Expansion to thirty-two 16-bit Words (512 bits)
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WT49

The WT49 module contains two electrically independent

precision 35 volt regulators. The regulators have remote
sensing capability and are short circuit proof for a period
of 30 seconds.

Each of the regulators may be used for either plus or minus
polarity, much like a battery, by grounding the appropri-
ate side. One WT49 module can supply both +35v and
-35v reference voltages for use with digital-to-analog
converter modules such as the DT24. One WT49 module
can supply twenty=four DT24 modules.

All pins shown below on one input or output should be
bussed together on the connector, or on long runs should
be wired in parallel to reduce the current per wire. Where
IR drop is expected to be a problem, wire the sense inputs
to a representative point in the load. Otherwise wire
sense inpufs to outputs on the WT49. The WT49 requires
one card slot. Because of the high dissipation it is advis-

g_" >

I
| I Analog
| I Regulator
} |
| Ground
| |
j} |
| ]
I : I Analog
I : | Regulator
: | |
I : 4 I O O -35
I iy 1 DG Y

L 50 vde Raw Supply 1

CONNECTION AS 35 vdc SUPPLY

REFERENCE VOLTAGE REGULATOR

able to either leave an empty card slot beside the compo-
nent side of a WT49, or place a cable-plug or other passive
module beside the component side.

Output voltage: 35 vde, +or -, adjustable
to within 3 mv

Output current: 0 to 250 ma., each regu-

lator

Load regulation: 0.03%

Ripple rejection: 400:1 min.

Temperature coefficient: <O.c())03%/OC from 0°C to
+55°C

Operating temperature range:  0°C to +55°C
Power Requirements:
(each regulator) at 300 ma max., isolated
from ground. May be ob-
tained from PT23 supply.
Module dissipation:

(both regulators) 12.5 watts max.

6
1
4 + Input + Qutput | 8
O
+ Sense 10
Anclog
+10% Regulator - Sense 36
—— 9
50 vde o0/
Raw Power 38
39
C“ - Input - Output : 4%
18
18
19 + Input + Output | 20
+Sense 22
Analog ————0
+10% Regulator - Sense 30
|~ - 0
50 vde ~15%
Raw Power 3
33
025 - Input - Output | 340

INPUT-OUTPUT DIAGRAM, WT49
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25V REFERENCE VOLTAGE REGULATOR WT53
15V REFERENCE VOLTAGE REGULATOR WT54

The WT53 and WT54 each contain two electrically inde- Characteristic Units  Min.  Typ. Max.

pendeni precision regulators, which are short circuit proof .

for a period of 30 seconds. The WT53 delivers 25 volts, W,T5_4 m,pr current amp- 1.2
Dissipafion, per module watts 24

while the WT54 delivers £15 volts.

t

Each regulator circuit may be used for either plus or minus Output voltage can be adjusted over a range of +2.5

polarity, much like a battery, by grounding the appropri- volts on WT53, and 2 volts on WT54.

ate side. Thus one module with its two independent reg- * Isolated from ground. May be obtained from PT23 or
ulator circuits can supply both + and - reference voltages PT26 supply.

(see connection diagram). ** Do not use this value of maximum input voltage under

All pins that are shown on one input or output should be maximum current lood.

bussed together on the backplane connector. On long
runs use parallel wires from the regulator to the destination

to reduce IR drop. (40 42
One regulator module requires two card slots. However, 41 | +Input + Output | 43
because of the high dissipation it is advisable to either & °
leave an empty slot beside the component side, or place 45 6
a ccbl.e-p|ug or other passive module beside the compo- Row Power 1 | - topur  Output 7
nent side. 50 vae +1g:§, Circuit 1
(WT53) p,
Characteristic Units Min.  Typ. Max. 0%
0 Bvde 50 28 30
utputs © l |
WT54) 29 + Input + Output 31
WT53 nominal output o o
voltage! vde 25 35 10
WT53 voltage adjust
resolution my +40 o38 [ - Input Cirevit 2 - Output l "
WT53 output current, _
each ckt. (I out) amp. 0.4
WT54 nominal output
voltage! vde 15 WT54 CONNECTION DIAGRAM
WT54 voltage adjust
resolution mv +20
WT54 output current, f_ ______ 1
each ckt. (I out) amp. 1.0 | |
Load regulation % 1 ﬁ l—o +15v
Ripple rejection 50:1 l ~ °
Temperature coefficient I I
(from 0°C to 455°C) %/°C 0.05 |
Operating temperature o | é | Analog | z “15¢
range C 0 +55 | I Regulator
l !
Inputs ?
WT53 input voltage range* ﬁ I_Z oy
(for nominal outputs) vdc 29 49 55%* I |
WT53 input current amp. 0.55 ! |
H *
et oo™ e 19 s e | L oo | [0
| Raw Supply I Regulator
- J

INPUT-OUTPUT DIAGRAM




XT10

The XT10 module has forty=six 220 ohm resistors returned to
+4v. They are used as line terminations for back panel wir-
ing. Each terminator uses 5 unit loads of the driving cir-
cuit's fan-out. A maximum of 2 terminators may be used
with one driver output, connected to the ends of two driven
lines. No more than 1 terminator may be connected to one
driven line. The terminators are required to achieve high
propagation speeds and minimize signal reflections when
logic lines are long. They need not be used when lines are
short or when lower propagation speeds are acceptable.

Detailed wiring rules, and delay formulas, are given in
Application Bulletin No. 64-51-04B.

Power Requirements:
Dissipation:

+4v

LINE TERMINATORS

+4v, 414 ma av., 828 ma max.
1.65 watts av., 3.30 watts max.

Of the 52 pins on the module, all
are individually connected to ter-
minators except 16, 32, 48, 49,
51 and 0. :

T-SERIES

T-SERES

TSERES

T-SERIES:: -

|_T-SERIES

T-SERIES'

T-SERIES
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ll. ACCESSORIES AND SERVICES

OTHER ESSENTIAL COMPONENTS
OF A MODULE FAMILY

SDS offers a full line of T Series accessories, mounting hard-
ware, and fools. They eliminate mechanical design cost,
reduce procurement lead time, and reduce assembly time.
SDS also offers a full range of services and documentation
that save your engineering time.

Accessories include:

1. Cabinets with doors, optional side panels, ac power
connectors, and optional swing-out mounting case
containers (swing frames).

2, Individual 32-module mounting cases, and 3-case
90-module drawer; with hinged doors or fixed panels
to cover mounting cases or to fill blank spaces.

3. Blower assembly for cooling.
4. Both compact and high-output power supplies.

5. Cadble connectors and cables, and cable-plug modules.
Both ribbon and coaxial cables are offered.

6. Spooled wire, cut-wire jumper kits, wiring tools, and
individual module connectors.

7. Accessory modules for breadboarding and trouble-
shooting.

8. Indicator lamp.

These cost~reducing services and documents are provided:
1. Consulting engineering by experienced application
engineers and by technically oriented sales engineers.

2. SDS designed and built special~order modules, made to
your specifications at reasonable cost.

3. Application bulletins which give detailed, step-by-step
instructions to help you design and build your system,
all the way from system planning through logic design,
assembly, wiring and documentation.

4, Data sheets on all products, which provide all techni-
cal details.

5. Logic sheets, on vellum, for all modules, to reduce
logic design time, wire listing time, documentation
time, and troubleshooting time.

6. Fast, off-the-shelf delivery of new modules or spares.
7. Module repair facility.

8. One-year warranty on all SDS producis.

ACCESSORIES

Full specifications and detailed drawings of accessories are
given in SDS catalog 64-51-15.

YT14, YT19 and YT24 CABINETS

Three types of cabinets are available, all with outside
dimensions 63-3/8 inches high (including casters), 29-1/2
inches wide {without side panels) and 31-5/8 inches deep
(with back door).

One cabinet, Model YT19, is made for mounting of indi-
vidual 19-inch wide, 32-module mounting cases, power
supplies and blowers. A vertical control panel is included.
The cabinet also contains ac power outlets, a circuit break-
er, a local/remote switch, dc wiring junctions and a power
cord. Top and bottom have protective grills. Side panels
(Model YT30) are optional. An insulated, soundproof hing-
ed back door is standard.

A 24-inch version of this versatile system cabinet is avail-
able as Model YT24. The YT24 is ideal for use with 3-high
and 7-high swing frames. '

A third type, Model YT14, shown below, is designed to
mount one or two swing frames which can each hold three,
seven, or nine individual mounting cases, plus blowers. The
swing frames contain the blowers, and also have front panel
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covers in place for unused mounting case spaces. Double
doors (shown open) completely enclose the mounting cases.
Hinged back door, ac power sockets, and ac power cord are
included in the YT14 cabinet. Side panels (Model YT30)
are optional. Swing frame model numbers are YT43 (3-high),
YT47 (7-high), and YT49 (9-high).

MT SERIES MOUNTING CASES
MT10, MT12, MT30, and MT32 Cases

Standard cases accommodate 32 modules, are 5.25 inches
high, 7.90 inches deep, and fit into a standard 19-inch
width rack. Wiring terminals are either solder tail or wire
wrap. Each case comes with connectors, +4v and +8v
power wiring, and ground plane installed.

Four combinations of fixed or hinged mounting, and the
two pin types are available:

1. Solder terminals, fixed mount: MT10

2. Solder terminals, vertical hinge, right or left: MT30
3. Wire~wrap terminals, fixed mount: MT12

4. Wire-wrap, vertical hinge, right or left: MT32

All cases can be mounted with pins toward either front or
back of cabinet. All brackets and hinges are adjustable
and reversible, front-to-back and lefi-to-right. Cable
troughs and pin protectors are standard on all mounting
cases.

MT32 Hinged-Mount Case, Showing Ground Plane

MTI13 and MT33 Cases

The MT13 (fixed mount) and MT33 (hinged mount) cases are
similar to MT10/MT12 and MT30/MT32 cases, but are with-
out the backplane/connector assembly. These cases facil-
itate combination of special equipment with T Series modules
in the same assembly. The user provides his own connectors,
ground and power bussing, etc.

MT42 Two-High Case

The latest addition to the SDS line of mounting cases is
model MT42, designed to hold both double-height socket
boards (ZJ14) and standard size modules, as well as the
compact PT10 power supply.
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MT42 Two-high Mounting Case
MTD1 and MTD2 High Density Cases

The MTD1 and MTD2 high density drawer-type mounting
cases each contain three basic card cages with power and
ground planes, identical to those used in the mounting
cases described above, mounted in a drawer with tiltable
slides which use ball-bearing rollers. Each case holds up
to 90 modules, is 8.73 inches high, 22.03 inches deep,
and fits into a standard 19-inch rack.

The slides allow the drawer to extend full depth frog\ the
cabinet and to be tilted in 45° increments over 180° from
drawer-front point up, to pointing down.

A ZT20 blower with washable air filter is included. All
power and ground connections to the three card cages are
brought out to a terminal board. A module locking bar is
provided for each card cage, and both top and bottom pro-
tective covers are furnished.

Panel mounted indicators and switches can be mounted
behind the 1.09 inch deep front panel, which comes with
two folding handles and captive fastening screws. The
MTD1 case has solder-tail terminals while the MTD2 has
wire-wrap terminals.

MTD1 High-Density Drawer Mounting Case



ZT SERIES DOORS

Three 19-inch wide hinged doors, reversible left or right,
are available. Each door has a spring loaded latch at the
end opposite the hinge. Indicator lamps, switches, meters,
and connectors can be mounted in the doors.

Model ZT17 5-1/4 inches high

(covers one MT series case®)
Model ZT18 10-1/2 inches high

(covers two MT series cases®)
Model ZT19 15-3/4 inches high

(covers three MT series cases*)

*except MTD1, MTD2, which have built-in front panels

Four 19-inch wide cover panels are also offered:

Model ZT40-1 1-3/4 inches high
Model ZT40-2 3-1/2 inches high
Model ZT40-3 5-1/4 inches high
Model ZT40-4 7 inches high

ZT20 BLOWER ASSEMBLY

The Model ZT20 Blower Assembly includes a housing which
contains three 100 cfm muffin fans mounted side-by-side,
three finger guards, a washable air filter, and mounting
brackets. The entire assembly is 19~inches wide, 3-1/2 in-

ches high, and 7-inches deep, and mounts with the fan blades

turning in a horizontal plane. One ZT20 assembly delivers

300 cfm.
POWER SUPPLIES

Model PT10 Compact Supply

Model PTI0 fits into any MT mounting case, occupying 15
slots. It can power from 20 to 40 modules depending on
load. Included are output voltage adjustments and protec-
tion against short circuits and overvoltage. Retainers are
provided to lock the supply into the mounting case. The
supply may be mounted in any position.

Input: 47 to 66 Hz, 1¢, 100 vac to 230 vac

Outputs: +4vde, 10 amp.
+8vde, 2 amp. Regulation:
-8VC|C, 0.6 amp. +5%
22 vac, 1/2 amp.

Weight: 12 Ib.

R

PT10 Compact Power Supply Installed Beside Logic Modules

Model PT12 High OQutput Supply

Model PT12 handles higher power applications. It occupies
the full 19-inch rack width, is 5=1/4 inches high and 22-
inches deep. Front panel has a cooling fan, a removable

and washable air filter, an on-off switch, a multi-range
switched voltmeter, and a pilot light, Included are output
voltage adjustments, short circuit and overvoltage protection,
and remote sensing. PT12 can power from 125 to 200 modules.

Input: 47 to 63 Hz, 1¢, 115 vac, 127 vac,
208 vac, or 220 vac
Outputs: +4vde, 60 amp.
+8vdc, 12 amp,
-8vdc, 4 amp,
25 vac, 4 amp.
(Regulation: £5% on all outputs)
Weight: 100 lb.

PT12 High Power Supply

Models PT16, PT18, PT19 Large System Supplies

The PT16 supply provides logic power (+4v, +8v, =8v) in
sufficient quantity to operate about 200 T Series modules.
The PT18 provides higher voltages for use in peripheral or
analog equipment: +25v, -25v, and +50v, as well as addi-
tional +8v. Both supplies draw their input, which is at
2,000 Hz, from the PT19 Inverter. The PT19 converts 60 Hz,
120 vac to 2,000 Hz, 120 vac. Use of the higher frequency
permits lighter weight supplies at point of use and higher
efficiency of distribution. The PT16 and PT18 both mount
on the side of a swing frame. All supplies have overcurrent
and overvoltage protection.

PT16 Specifications

Input: 2,000 Hz (200 Hz), 1¢,

120 vac £10% rms, regulated,
modified square wave, at 10
ClmpS. max.

+4.0 vdc (£0.2v) at 75 amp.
+8.0 vdc (£0.4 v) at 40 amp.
-8.0 vdc (#0.5v) at 5 amp.
600 watts

Outputs:

Output load max:
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Margin switches for +10% and
-10% steps, and +£10% output
voltage control with potentio~

Qutput controls:

meter

Weight: 33 lbs.

PT18 Specifications

Input: 2,000 Hz (+200Hz), 1¢, 120
vac, +10 rms regulated, mod-
ified square wave, at 5 amps.
max.

Outputs: +8.0 vdc, (£0.4v) at 8 amps.

+25 vdc at 6 amps
=25 vdc at 1 amp.
+50 vdc af 1 amp.
290 watts

+15% overall

Output load max:
Output regulation:

Weight: 16 lbs.
PT19 Specifications
Input: 45 to 66 Hz, 1¢, 120 vac or

127 vac or 208 vac or 220
vac; 2,760 watts max.

2,000 Hz (=100 Hz) modified
square wave, 120 vac, £10%
rms, regulated

Output load max: 1,200 va

Weight: 101 lbs.

PT23 and PT24 Digital/Analog Power Supplies

Output:

The PT23 and PT24 Supplies provide power for a typical 32-
module analog chassis, such as the SDS MD51 Multiplexer-
Digitizer, or the DA40 D-to-A Converter. Each consists
of a PT10 logic voltage supply and a separate analog volt-
age supply, designed for compact 19-inch mounting.

of the PT23. Specifications of the PT26 are:

Input: 47-66 Hz, 1 , 115 vac £10%, 125 watts

Outputs:

50 vde, 0.45 amp. (floating)

50 vdc, 0.45 amp. (floating) V"9

25 vde, 1.2 amp. (floating)  unreg.
25 vde, 1.2 amp. (floating)

Weight: 25 lbs. I Panel Height: 3-1/2 inches

PT23 [ PT24

Input (47-66Hz, 1¢)
115 vac £10%, 225 watts 115 vac £10%, 570 watts

Outputs
+4 vdc, 8 amp ! 15% +4 vde, 10 amp' 5%
+8 vdc, 3 amp o +8 vde, 2 amp reg.
-8 vdc, 0.6 amp) 9" -8 vde, 0.6 amp

*50 vde, 0.45 amp } unre

*50 vdc, 0.45 amp 9
+15 vde, 1 amp | =1% '
=15 vde, 1 amp } reg. Adjustable to 5 Volts for

+25 vde, 2.5 amp }d:0.5%
=25 vde, 2.5 amp | reg.

* floating J Series Operation
Weight
50 lbs. | 50 Ibs.
Panel Height
5-1/4 inches | 5-1/4 inches

PT26 Analog Power ‘Supply

The PT26 Supply consists of the analog supply portion of the
PT23, but does not include the logic voltage supply section

78

CABLING COMPONENTS

ET Series Coaxial Cabling Components

These coaxial cabling components minimize noise pickup
and signal distortion, and simplify the mechanical aspects
of cabling. *The mechanical arrangement is shown in the
diagram below. Each MT series mounting case has a cable
trough attached fo its bottom edge. Several fourteen-
conductor 33 ohm coaxial cables (Model ET12) may be
placed side by side in the trough. The shields and inner
conductors of each cable are individually soldered to
fourteen common ground points and fourteen independent
signal points on a front-edge cable connector (Model ETI11).
Another ET11 Cable Connector is tied to the end of another
cable and the two ET11's are bolted together, through holes
in the front edge of an appropriately etched module. A
pressure contact is made between the contacts on the ET11's
and the module etch.

A preassembled cable-with-connectors assembly, using
ET12 Cable and an ET11 Cable Connector at each end, is
available as Model ET10-XX, where XX specifies the
length of cable in feet.

A preassembled cable-with-connector assembly with an
ET11 at only one end, using ET12 Cable, is available as
Model ETT4-XX-Y. Here, XX specifies length in feet
and Y defines whether the ET11 is to be mounted on the
etch side (normally left side) of a module or on the com-
ponent side. Y =E for etch, C for component.

i

Etched
Contacts

Module
Cable
(Model ET12)

Connector
(Model ETIT)
Cable Trough

Cable Component Details



A Mode! ET13 Dummy Load must be placed at the end of a
cable run to properly terminate the run. This item consists
of an ET11 Connector which has fourteen 33 ohm resistors
soldered between the fourteen ground and fourteen signal
connection points.

Modules which are designed to accept ET11 connectors have
front~edge contacts, twenty-eight on each side, fourteen
connected together to ground and fourteen independent for
signal connections. On most module types the ground and
signal connections on one side are connected to correspond-
ing efch connectors on the other side by plated-through
holes. On some modules they are independent. Modules
which have the front-edge contacts are: AT10, ATIT,
AT12, QT14, QT16, RT14, and ZT23 (described below).
When ET11 Cable Connectors are attached, these modules
cannot be located in adjacent module spaces, but a module
of another type may be placed in the infervening slot.

ET32-XXXX Long Line Cable Assembly

The ET32-XXXX Long Line Cable Assembly is designed to
be used in conjunction with a pair of AT52 Long Line
Cable Driver modules and a pair of AT53 Long Line Cable
Receiver modules to transmit 14 differential digital signals
over lines up to 2000 feet long. For distances less than
200 feet use of AT10, AT11, and AT12 modules with
ET12-XX Cable Assemblies is recommended.

The ET32-XXXX Long Line Cable Assembly consists of the
following three sub-assemblies:

1) A center section of customer specified length of
15 twisted pair cable with a 32 pin male con-
nector on one end and a 32 pin female connector
on the other end.

2) A terminal section consisting of 35 feet of 15
twisted pair cable with a mating 32 pin female
connector on one end and a pair of ET11 type
connectors on the other end, and

3) A terminal section consisting of 35 feet of 15
twisted pair cable with a mating 32 pin male
connector on one end and a pair of ET11 type
connectors on the other end.

The ET11 type connectors are designed to mate the
ET32-XXXX Long Line Cable Assembly to the etched con-
nector on the outside edge of each of the AT52 and AT53
modules.

The ET32-XXXX Long Line Cable Assembly in conjunction
with a pair of AT52 and a pair of AT53 modules provides

a low cost transmission system with +7 volts common mode
rejection, capable of transmitting 1 Mhz bandwidth signals
up to 1000 feet or 500 Khz bandwidth signals up to 2000
feet. The system has good immunity to crosstalk and ex-
ternally injected noise. The pair of AT52 drivers send 14
complementary signals, having a starting differential ampli-
tude of about 6 volts, along the twisted pair cables. Peak-
ing filters following the drivers enhance the high frequency
’componenfs which experience greater attenuation along the
line. Signals received at the pair of AT53 receivers have

differential amplitudes exceeding 2 volis after 2000 feet
of travel. Terminating resistors on the AT53's prevent
signal reflections.

Thg system operates over the temperature range 5°C to

50°C. Electrical characteristics of the cable itself at
o

25°C are as follows:

Surge Impedance: 110 ohms -0%, +10%

25 nominal ohms per 1000
feet. (Single wire) wire
size: 24 gauge.

D. C. Resistance:

1.6 +.025 nanoseconds
per foof, each pair of wires.

Delay Time:

115 + 15 nanoseconds per
1000 feet, measured at the
10% and 90% amplitude
points of the waveform.

Signal Rise Time:

Signal Fall Time: 190 + 15 nanoseconds per
1000 feet, measured at the
10% and 90% amplitude

points of the waveform.

Crosstalk: With all but one pair of
lines driven by a pulse
having a 10 nanosecond
rise time, the noise on the
undriven pair shall not
exceed 0.25 volt peak to
peak at 1000 feet.

5000 VDC, from wire

to wire.

Dielectric Withstanding
Voltage:

Insulation Resistance: 100 Megohm minimum per
1000 feet, measured at

500 volts DC.

Maximum Dispersion: 400 nanoseconds at 2000 feet.
The center section of the long line cable assembly is man-
ufactured to customer specified length. Each end section
automatically includes 35 feet of cable. When ordering,
the cable assembly should be designated as ET32-XXXX
where XXXX specifies the required length of the center
portion of the assembly in feet. Example: A long line
cable assembly with a cenfer section 240 feet long would
be ordered as ET32-0240, and would reach drivers and
receivers separated by a maximum distance of 240 feet

+ 70 feet = 310 feet.

ZT45 and ZT46 Ribbon Cable Assemblies

The ZT45 and ZT46 Ribbon Cable Assemblies use a flexible
cable containing fifty-two copper foil conductors embedded
in a durable ribbon of Teflon approximately 3 inches wide.
Twenty-seven of the conductors are designated as ground
conductors while twenty-five can carry signals, (although
some are normally used as ground connectors also). The
signal and ground conductors alternate across the width of
the ribbon, with ground conductors at both outside edges.
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ZT145 Ribbon Cable

3121110

ZT46 Ribbon Cable

CABLE "8"

——————

\ CABLE "A"

NOTES:

1. Cable conductor to be terminated point to point.
Pins 0, 16, 32, 48 Com, ond tied to ground con-
ductors, Pins 49 and 51 not used.

DIM. “A" —/\[—— 2. Electrical Chorocteristics:
. Characteristic impedance:
95 ohm < Zo €110 ohm
PRINTED CIRCUIT 73N b, Trctosion res
PATTERN DELETED « Insulation resistonce:
1000 megohms minimum between contacts
FOR CLARITY (TYP) —
\ 1 ——— c. Dielectric withstanding voltage:
500 vde
i
|
MODULE
) COMPONENT
SIDE
[mﬂ 1 f
A A
.82
MIN 52-CONDUCTOR { ’
CABLE (2 LAYERS)

MODULE COMPONENT
SIDE SHOWN

TAPE (BOTH ENDS)

INSULATED CONDUCTOR (REF)Z

FLAT RIBBON CONDUCTOR

SOLDER CONNECTION (TYP 104 PLACES)

T ZZ

CABLE "A"
/ (REF)
PN

| 1

\\\\ N

/ [
<=
AN

1

X
\— ADHESIVE

VIEW A- A
NO SCALE

MAX,

\ PRINTED WIRING

BOARD (REF)

EPOXY ADHESIVE

Assembly Drawing, ZT45
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RIBBON CABLE STANDARD LENGTHS, ZT45 (VERTICAL) RIBBON CABLE STANDARD LENGTHS, ZT46 (HORIZONTAL)
Length "A" Tolerance, Maximum dc resistance, Length "A" Tolerance, Maximum dc resistance,
in Inches * in inches in ohms in Inches * in inches in ohms
1.80 0.05 1.0 36 +1.0 1.4
7.00 +0.20 1.0 -0
-0.00 44 +1.0 1.6
12.70 40.20 1.0 - .0
-0.00 85 +1.0 2.7
18.40 +0.20 1.0 -0
-0.00 100 +1.0 3.2
23.70 10.20 1.0 -0
-0.00 15 +1.0 3.5
28.90 +0.20 1.2 - .0
-0.00 Refer to Assembly Drawing, ZT46
erer 1o Assem raw
29.90 40.20 1.2 Y ner
-0.00
39.50 +0.20 1.5
-0.00

Refer to Assembly Drawing, ZT45

CABLE "B"

CABLE "A"

PRINTED CIRCUIT DIM. "An
PATTERN DELETED
FOR CLARITY (TYP)
— .75 MIN E—
0 0 o ivp P —
N o o

MODULE ETCH
SIDE SHOWN

MODULE
,/— COMPONENT

SIDE SHOWN

TR

91z

52-CONDUCTOR .
CABLE (2 LAYERS) NOTES:

1. Cable conductor to be terminated point
to point. Pins 0, 16, 32, 48 common
and tied to ground conductors.

Pins 49 and 51 not used.

FLAT RIBBON 2. Electrical Choracteristics:

CONDUCTOR a. Characteristic impedance:
9. < Zo 511

SOLDER 5 ohms © 0 ohms

CONNECTION

C ABLE "A"

(REF)
c. Dielectric withstonding voltage:

Z rorcessrsensarmmn NN D)
| h 500
-< N - .062 ReF vde
777 A’\[[[‘II IS S FETIIRISNINENE \ W \'
MODULE ETCH

TAPE (BOTH ENDS)

LAMINATED -
MODULE

Insulation resistance:
1000 megohms minimum between
between contacts

00 b SIDE (REF)
—-
MAX. ADHESIVE EPOXY ADHESIVE
VIEW A-A
NO SCALE

Assembly Drawing, ZT46
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Two ribbons are always run in parallel; their edges are
sewn together with nylon thread for handling convenience.
This provides a total of 104 conductors per cable: Fifty-
four ground conductors and fifty signal conductors.

The advantages of ribbon cable over coaxial are threefold.
First, impedance is 100 ohms rather than 33 ohms, elimi-
nating the need for special cable drivers and receivers for
chassis interconnections up to 115 inches. Second, it re-
sults in a more compact installation with neater inter~ and
intra-cabinet wiring connections. Third, user can wire and
test his mounting cases individually, then interconnect
them with ribbon cable, rather than wiring across several
adjacent mounting case back panels with logic wire.

Each cable assembly has a plug at both ends. The signal
and ground conductors are soldered to the plug at appropri-
ate points. The plugs are etched-circuit cards with lami-
nated ground planes, identical in size and shape to SDS

T Series and J Series modules. They plug into a slot in
any SDS MT model mounting case.

In the ZT45 assembly the cable is connected to the plug

at right angles to the plug's long axis, so that when plugged
into a mounting case, the cable enters the case vertically,
through a ventilating slot between modules. The ZT45 is
designed for connecting signals between mounting cases
stacked vertically in the same cabinet.

In the ZT46 assembly the cable is connected to the plug
parallel to the plug's long axis, so that when plugged into
a mounting case, the cable enters the case from the front.
This assembly is most useful for routing signals between
mounting cases at front and rear of the same cabinet, or
between cabinets.

The cable may be folded for installation convenience. A
great advantage of ribbon cable is that it may be clamped
flat against the side of a cabinet and folded at 45 degrees
to form a right-angle turn.

The ZT45 and ZT46 assemblies are offered only in standard
lengths given in the tables on page 81. Lengths are mea-
sured from the edge of one plug to the edge of the other
(identified as dimension "A" in the figure on page 81).

When ordering specify length in inches. For example, a
ZT46 with an "A" dimension of 44 inches should be ordered
as ZT46-44.

ZT15 and ZT23 Cable Plug Modules

Two cable-plug modules are available, the ZT15 and ZT23.
The ZT23 Cable Plug Module accepts either one or two 14~

conductor ET12 cables, connecting through ET11 connectors.

The contacts on the two sides of the module are indepen-
dent. Each side has a straight-through etched circuit pat-
tern to take the signals from the cables straight to back
panel pins.

The ZT15 Cable Plug Module performs the same function
but does not have front~edge contacts. Instead, up to 44-
shielded conductors can be soldered directly to the module.
An etch pattern for adding passive decoupling components
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is also present on the board. The ZT15 is most useful for
low frequency work (under 1 Mhz) where the effects of
parasitics are not important.

+918%1 ON ASSY

N
-
»
w

ZTI5 Cable Plug Module (Soldered Connections)

WIRING COMPONENTS AND TOOLS
ZT52 Logic Wire

The wire required for connection to back panel wrap termi-
nals is a special type, with high tensile strength solid cop-
per wire and a cut-proof insulation. The usual insulation,
made from polyethylene or teflon, tends to cold flow over
a period of time when placed under pressure such as exists
when a wire is pulled tight against a wrap post. Eventually
this causes intermittent short circuits which are extremely
hard fo find. SDS provides a 1,000 foot spool of wire,
Model ZT52, for making wrapped connections. The same
wire is suitable for soldered connections. In this case,
however, a softer copper can be used since the wire need
not grip the post.



VT10 Jumper Kit

Model VT10 jumper kit contains an assortment of 500 slide-
on jumper wires, primarily for use in systems whose wiring
requires frequent change. This new approach offers signi-
ficant improvements in reliability and convenience over
taper pin techniques. The terminals at the ends of each
wire slide on wire-wrap pins. Terminals may be stacked
two high on each pin. Wire is No. 24 AWG insulated
stranded copper. Wire lengths within each kit are:

Length Quantity Length Quantity
1.0" 80 8.0" 20
2.0 80 10.0" 20
3.0" 80 12.0" 15
4.0" 80 15.0" 10
5.0" 60 18.0" 10
6.5" 40 27.0" 5

VTI1 and VT12 Back-panel Connectors

Model VT11 Connector with wire-wrap pins and Model VT12
Connector with solder-tails are provided for special module
installations. They are identical to those used in the MT
mounting cases.

VT12 (Solder tail) and VT11 (Wire-wrap) Connectors

ZT65 Module Extractor

The ZT65 is a small plastic lever that mounts on any SDS
module. It provides the mechanical leverage and bearing
surface needed to make module removal simple and con-
venient.

Mounting

case (ref)\‘— ———

Top front corner of module

ZT165
Module
Extractor

ZT165 Module Extractor

TT11 and TT13 Wire Wrapping Tools

The Model TT11 Cordless Power Wire Wrap Gun, with bit,
sleeve, and rechargeable battery is available, together
with the Model TT13 hand-operated unwrapping tool, which
is needed fo remove improper wraps.

Models TT11 and TT13 Wire Wrapping Tools

ZT11, Z737, ZT53 and ZT60 Accessory Modules

The ZT11 Blank Module has etched-circuit back-panel con-
nectors. The remainder of the card is blank, for building
circuits as desired.

R oA c e

Model ZT11 Blank Module

The ZT37 Breadboard Module (illustrated on next page) has
a versatile etch circuit pattern arranged for convenient
mounting of all standard components, including diodes,
capacitors, resistors, transistors or IC's in TO-5 cans, flat
packs, or the 14-lead dual inline package. This module
permits custom building of special circuits while retaining
the advantages and mechanical compatibility of T Series
etch circuit construction.

The ZT53 Extender Module (illustrated on next page) has a
straight-through etched circuit pattern and a VT12 connec-
tor mounted on its front edge. It permits the user fo extend
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any module in front of the rack so that circuit operation
may be investigated while the module is plugged into the
rack. Contacts are Rhodium plated for long life.

Model ZT53 Extender Module

The ZT60 Blank Module is similar to the ZT11, but has
copper foil on both sides, for the production of custom
etched circuits. Connector contacts are provided, already
etched.

ZT39 INDICATOR LAMP

Model ZT39 miniature incandescent lamp mounts on a panel
through a 9/32 inch hole with mounting clip provided.
Wires can be soldered or wire-wrapped to the lamp. Any

T Series standard Ov/+4v logic level output can drive the
lamp, using the keep-alive circuit shown below to reduce
turn—on current, protecting both driver and lamp.

@ O +H4y

139
Buffer, Inverter, __ _ o ° Keep-alive
or F, F. Output 14 Unit Loads resistor
- 100 ohms
1
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SERVICES

AUTOMATED WIRING SERVICES

SDS utilizes in-house computer programs to generate fully
documented wire lists from standard logic sheets completed
by the customer according to his logic design. Digitally
controlled machines wire the customer's mounting case back
panel according to the computer generated wire list. Ask
for Application Bulletin No. 8 for details.

APPLICATION ENGINEERING

Application Engineers and technically oriented Sales En-
gineers are available at regional offices to aid in specifi-
cation writing, system planning, and preliminary logic
design. These SDS engineers have considerable experience
in the design of both small and large scale digital and an-
alog systems. Typical recent applications include: special-
ized data processors to compensate for earth curvature,
telemetry data converters, missile test sequencers, a digital
phase meter, a digital control for a large data display,
typesetting machine controllers, industrial process controls,
data reduction from linear accelerators, medical research
data processors, and interfacing units for SDS Sigma Com-
puters.

APPLICATION BULLETINS

The detailed design work is necessarily performed by the
module user. To familiarize the user and his assistants with
T Series design rules, and to provide specific product in-
formation, SDS has prepared a series of fast-reading, self-
teaching Application Bulletins, covering these topics:

No. 1:  Back Panel Wiring Design
(Pub. No. 64-51-04)

No. 2:  Multifunction IC Logic Module, Mode!
FT19
(Pub. No. 64-51-05)

No. 3:  Logic Design
(Pub. No. 64-51-06)

No. 4:  Final Assembly and Wiring
(Pub. No. 64-51-07)

No. 5: Wire Lists and Documentation

(Pub. No. 64-51-08)

No. 6:  Keyboard-Printer (Teletype) Interface
(Pub. No. 64-51-09)

No. 7: T Series Module Testers
(Pub. No. 64-51-10)

No. 8:  Automated Wiring Service
(Pub. No. 64-51-11)

These bulletins contain tutorial information, step-by-step
instructions, quantitative data, part numbers, pin numbers,
and all other information that is necessary to get the job
done quickly. The series is being continuously extended
and other topics will be covered in future issues.



DATA SHEETS

Each customer is also given a full set of up-to-date data
sheets covering all modules and accessories. Each sheet
describes a product in detail. For example, the following
data is given on each module:

1. Functional description, and theory of operation
when necessary for a full understanding of the
module.

Complete electrical specifications.

3. Application data (circuit connections, etc.)
when necessary to fully utilize the module.
4. Llogic diagram (input-output diagram).
5. Parts location diagram, with polarizing pins shown.
6. Replacement parts list.
7. Complete circuit schematic.
8. Other data if required.

LOGIC SHEETS

For a nominal charge the user is provided with pads of logic
sheets for each module he buys. These sheets, which are
described in Application Bulletin No. 5, can eliminate
many hours of drudgery and also make it possible for the

design engineer to delegate much of the wire-listing and
checking activity to other technical or clerical personnel.
Each logic sheet contains a logic diagram of the module,
printed on vellum, and annotated where necessary with
specific wiring hints.

SPECIAL MODULE DESIGN

The SDS Engineering Department will design and build mod-
ules with special configurations of standard T Series circuits,
or special supportfing circuits, to customer specifications.
Sometimes this approach leads to lower total cost, particu-
larly when a large number of similar modules are required.

WARRANTY
SDS provides a one year warranty from date of sale.

OTHER REFERENCES:

1. "The Case For The Mixed Approach",
Computer Design magazine, Sept. 1966

2.  "The ldeal Logic Module Set",
EDN magazine, March 1968

w

"Medicine For The Do-it-yourself Syndrome:
Digital Modules", EEE magazine, April 1968




T SERIES PRODUCT INDEX AND PRICE LIST

Effective: 1 July 1969

QUANTITY DISCOUNTS

Order Exceeding
$ 5,000
10, 000
20, 000

Discount

Order Exceeding

$ 50,000

100, 000
200, 000
500, 000

Discount
10%
13%
16%
20%

Discounts apply to single purchase orders placed and not subsequently altered in
any manner by one customer specifying delivery and billing to single addresses.

SDS System Products Department
701 South Aviation Boulevard
El Segundo, California 90245

Model Page Description Price Model Page Description Price
ATIO 24 Cable Receivers $150 DT12-1 38 4-bit D/A converters with buffers and reference S 60
AT 24 Cable receivers/drivers 200 DT12-2 38 4-bit D/A converters 45
ATI2 25 Cable drivers 100 DTI3-1 38 6-bit D/A converters with buffers and reference 70
AT22 25 Schmitt triggers 100 DT13-2 38 6-bit D/A converters 55
AT23 26 High current clock driver 120 DT24 39 9-bit and sign D/A converter 160
AT24 27 Medium current clock driver 1o ET10-XX 78 14 conductor cable with connectors 462
AT47 28 8-volt interface cable drivers 165 ETIT 78 Front-edge cable connectors 7
AT48 28 8-volt interface cable receivers 165 ET12-XX 78 14 conductor cable (per foot) 2
AT52 29 Long line drivers 100 ETI3 79 Cable dummy load 20
AT53 30 Long line receivers 150 ET14-XX-Y | 78 Cable assembly, single connector 30®
AT69 31 General purpose differential receivers 120 ET32-XXXX | 79 Long line cable assembly 10009
BTI10 33 Buffered AND/OR gates 72 ETIO 40 Basic flip-flops 92
BTI11 33 Buffered AND gates 80 FT1 4 4-bit high speed covnter 76
BT12 34 Binary - to - octal decoders 97 ET12 40 Gated flip-flops 95
BT13 34 Buffered matrix 100 FT19 42 Multipurpose counters/registers 140
BTI8 35 Buffered AND gates 70 F120 43 8-bit buffered latch registers 100
BT27 35 Buffered OR gates 75 FT26 44 Buffered latch multiplexing matrix 80
BT31 36 Buffered AND gates 48 FT27 45 Buffered latches 99
BT33 36 Dual-input 12-bit multiplexer 60 FT40 46 Fast access memory (128 bits) 480
CTo 37 High frequency clock oscillator (1MHz to 10 MHz) 30® FT43 47 Standard flip-flops )
CT16 37 Medium frequency clock oscillator (7.8 KHz to 2 MHz) ]2({’D FT56 47 Clocked flip-flops 120
0}

Add $25 for each crystal. Specify frequency.

$40 for basic assembly +$2 per foot of cable. XX defines cable length in feet.

$30 for basic assembly +52 per foot of cable. XX defines cable length in feet. Define Y as C or E for connector mount on Component or Etch side of module.
$1000 for basic assembly +$1.50 per foot of cable. XXXX defines cable length in feet up to 2000 feet.
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Model Page Description Price
FT57, 18 DC (RS) flip-flops $ 55
FT58 48 10-bit buffered latch registers 125
HT58 49 Universal operational amplifier 170
HT72 51 Voltage comparators 79
HT73 52 Voltage comparators 120
1110 54 Inverted AND/OR gates (AND,/NORs) 72
1 54 Inverted AND gates (NAND gates) 80
m3 55 Inverter matrix 100
T4 56 Inverted AND/OR matrix (AND/NOR matrix) 70
T8 57 Inverted AND gates (NAND gates) 70
1727 57 Inverted OR gates (NOR gates) 75
1731 58 Inverted AND gates (NAND gates) 48
KT10 58 Mercury-wetted relays 115
LT10 59 Logic elements (ANDs, ORs, NANDs) 80
LTI 59 Logic elements (AND/ORs, AND/NORs) 80
LT26 60 Switch comparators 120
LT50 61 Teletype send module (8-11 code) 350
LT54 61 Teletype receive module (8-11 code) 350
LT66 62 12-bit comparator 150
LT67 63 Fast full-adder 75
MT10 76 Fixed mount 32-module case, solder-tail 220
MT12 76 Fixed mount 32-module case, wire-wrap 150
MT13 76 Fixed mount 32-module case, w/o backplane, connectors 30
MT30 76 Hinge mount 32-module case, solder-tail 240
MT32 76 Hinge mount 32-module case, wire-wrap 160
MT33 76 Hinge mount 32-module case, w/c backplane, connectors 40
MT42 76 Two~high mounting case 300
MTD-1 76 Drawer type 90~module case, solder-tail 700
MTD-2 76 Drawer type 90-module case, wire-wrap 700
NTIO 64 8v interface buffers 100
NTI1 64 8v interface inverters 100
NTI18 65 Negative logic to T Series interface (NORs) 55
NT19 65 Keyboard interface 100
NT33 66 T Series to negative logic interface 55
OT14 66 Adjustable one-shots (medium delay) 190
OoT18 67 Adjustable one-shots (short delay) 120
PTI0 77 Compact power supply 280
PT12 77 High output power supply 980
PT16 77 Large system logic power supply 1350
PT18 77 Large system peripheral and reference power supply 1000
PT19 77 60 Hz/2,000 Hz inverter 2500
PT23 78 Logic and analog power supply (50v and +15v analog) 830
PT24 78 Logic and analog power supply (£25v analog) 830
PT26 78 Analog power supply 48

Model Page Description Price
QT14 67 Lamp drivers $100
QT1é 68 BCD-decoder/drivers 90
Q117 68 BCD-decoder/indicators 120
RT14 69 Relay drivers 100
ST14 69 Manual toggle switches 120
ST41 71 Read only memory 150
ST44 70 Read only memory (diodes in place) 160
i 83 Cordless power wire-wrap gun 130
ma3 83 Manual wire-unwrapping tool 15
VT10 83 Jumper kit (500 wire) 125
VT 83 Individual module connector, wire-wrap 5
VT12 83 Individual module connector, solder-tail 5
WT49 72 35v reference voltage regulator 190
WT53 73 25v reference voltage regulator 80
WT54 73 15v reference voltage regulator 80
XT10 74 Line terminators 30
YT14 75 24-inch computer add-on cabinet 750
Y119 75 19~inch system cabinet 1200
Y124 75 24-inch system cabinet 900
YT30 75 Side panel 100
YT31 76 Front door, blank 170
Y132 76 Front door with control panel 400
YT43 76 3-high swing frame 500
Y147 76 7-high swing frame 650
Y149 76 9-high swing frame 700
zm 83 Blank module 20
ZT15 82 Cable plug module (solder connection) 30
zn7 77 19" wide hinged door, 5-1/4 inches high 40
Z118 77 19" wide hinged door, 10-1/2 inches high 50
Z19 77 19" wide hinged door, 15-3/4 inches high 60
7720 77 Blower assembly 80
Z723 82 Cable plug module (pressure contacts) 25
Z137 83 Breadboard module 20
ZT739 84 Indicator lamp 1.50
ZT40-1 77 Push-on panel, 1-3/4 inches 35
ZT40-2 77 Push-on panel, 3-1/2 inches 35
ZT40-3 77 Push-on panel, 5-1/4 inches 35
ZT40-4 77 Push-on panel, 7 inches 45
ZT45 79 Ribbon cable assemblies (vertical) 100
ZT46 79 Ribbon cable assemblies (horizontal) 100
Z752 82 Logic wire (1,000 ft.) 460
ZT583 83 Extender module 40
2760 83 Copper-clad blank module 20
ZT65 83 Module extractor 25
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Xerox Data Systems
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SYSTEM PRODUCTS DEPT.
**701 South Aviation Blvd.

E! Segundo, Calif. 90245

(213) 772-4511

SALES OFFICES

Western Region

Building Arts Bldg.
Suite G100

5045 N. 12th St.
Phoenix, Arizona 85014
(602) 264-9324

*1360 So. Anaheim Blvd.
Anaheim, Calif. 92805
(714) 774-0461

*5250 West Century Blvd.
Los Angeles, Calif. 90045
(213) 772-4511

*Vista Del Lago Office Center
122 Saratoga Avenue
Santa Clara, Calif. 95050
(408) 246-8330

3333 South Bannock
Suite 400

Englewood, Colo. 80110
(303) 761-2645

Fountain Professional Building
9004 Menaul Blvd., N.E.
Albuquerque, New Mexico 87112
(505) 298-7683

El Paso Natural Gas Bldg.
Suite 201

315 E. 2nd South Street
Salt Lake City, Utah 84111
(801) 322-0501

Dravo Bldg., Suite 501

225 108th Street N.E.
Bellevue, Washington 98004
(206) 454-3991

Representatives:

*The Thorson Company .
2505 East Thomas Road
Phoenix, Arizona 85016
(602) 956-5300

*The Thorson Company
300 East Hampden Avenue
Englewood, Colorado 80110
(303) 789-1841

Representatives:

*The Thorson Company
5921 Lomas Place Blvd., N.E.
Albuquerque, New Mexico 87110
(505) 265-5655

*The Thorson Company
909 N.E. 43rd Street
Seattle, Washington 98105
(206) 632-0710

Midwestern Region

*2720 Des Plaines Avenue
Des Plaines, !llinois 60018
(312) 824-8147

*Clausen Bldg., Suite 310
16000 W. Nine Mile Road
Southfield, Michigan 48075
(313) 353-7360

4410 Woodson Road
Suite 111

St. Louis, Missouri 63134
(314) 423-6200

Seven Parkway Center

Suite 238

Pittsburgh, Pennsylvania 15220
(412) 921-3640

Southern Region

State National Bank Bldg.
Suite 620

200 W. Court Square
Huntsville, Alabama 35801
(205) 539-5131

Orlando Executive Center
1080 Woodcock Road
Orlando, Florida 32803
(305) 841-6371

7000 North Atlantic Avenue
Cape Canaveral, Florida 32920
(305) 784-2181

2964 Peachtree Road, N.W.
Suite 350

Atlanta, Georgia 30305
(404) 261-5323

Jefferson Bank Bldg.
Suite 720

3525 N. Causeway Blvd.
Metairie, Louisiana 70002
(504) 837-1515

4920 S. Lewis Avenue
Suite 103

Tulsa, Oklahoma 74105
(918) 743-7753

*System products applications staff personnel are stationed at these offices.
**Please address purchase orders to this office.

*8383 Stemmons Freeway
Suite 233
Dallas, Texas 75247
(214) 637-4340

2300 West Loop South
Suite 150

Houston, Texas 77027
(713) 623-0510

Eastern Region

10227 Wincopin Circle
Suite 716

Columbia, Marytand 21043
(301) 730-4900

*20 Walnut St.
Wellesley Hills, Mass. 02181
(617) 237-2300

*Brearley Office Building
190 Moore Street
Hackensack, New Jersey 07601
(201) 489-0100

*The Fortune Building
280 North Central Avenue
Hartsdale, New York 10530
(914) 948-2929

1301 Avenue of the Americas
New York City, New York 10019
(212) 765-1230

673 Panorama Trail West
Rochester, New York 14625
(716) 586-1500

*P.0. Box 168
535 Pennsylvania Ave.
Fort Washington Industrial Park
Fort Washington, Pa. 19034
(215) 643-4250

Kogerama Building

Suite 212

No. 1 Tidewater Executive Center
Norfolk, Virginia 23502

(703) 497-6811

Washington (D.C.) Operations

*2351 Research Blvd.
Rockville, Maryland 20850
(301) 948-8190

Canada

*864 Lady Ellen Place
Ottawa 3, Ontario
(613) 722-8387

Oil Exchange Building
1009 7th Avenue, S.W.
Calgary 2, Alberta
(403) 265-8134

Printed in U.S.A.

280 Belfield Road
Rexdale 605, Ontario
(416) 677-8422

INTERNATIONAL OFFICES
& REPRESENTATIVES

European/African Headquarters

Scientific Data Systems
I.L.I. House, Olympic Way
Wembley Park (London)
Middlesex, England

(01) 903-2511, Telex 27992

Sweden

Nordisk Elektronik AB
Stureplan 3
Stockholm 7

(08) 24 83 40

Denmark

A/S Nordisk Elektronik
Danasvej 2
Copenhagen V

EVA 8285/EVA 8238

Norway

Nordisk Elektronik (Norge) A/S
Middelthunsgt. 27

Oslo 3

(2) 60 25 90

France

Compagnie Internationale
pour I'Informatique, C.1.I.

Executive and
Sales Offices

66, Route de Versailles

78-Louveciennes
Yvelines
951 86 00 (Paris area)

Manufacturing

and Engineering

Rue Jean Jaures

78-Les Clayes-sous-Bois
Yvelines

Israel

Elbit Computers Ltd.
Subsidiary of Elron
Electronic Industries Ltd.
88 Hagiborim Street
Haifa
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