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FOREWORD

This seventh edition of the LOGIC HANDBOOK is your guide to the most
extensive line of products offered by Digital Equipment Corporation for
implementing electronic logic designs for instrumentation, computer inter-
facing, data gathering ar control. This handbook is a basic reference for
anyone invalved in specifying, manufacturing or using solid state logic.

Cur M Series TTL integrated circuit modules are featured in this edition.
The M Series line consists of more than 9% modules ranging from basic
and functional logic modules to self contained computer interfacing modules.
In addition to the new M Series modules, we are now offering a new M Series
Logic Lab for use in brgadboarding M Series logic designs. This new lab
is discussed in the ‘““Lab Series’” section,

This handbook also discusses an expanded line of special purpose logic
hoards, W Series, which can be used for a variety of purposes including
prototype construction, limited production runs and for configuring a col-
laction of logic functions from a series of modules. Our expanded line of
A Series analog modules is also fully discussed. More than two dozen modules
are now in this line.

The K Series line of control logic modules is presented here in summary form
but is fully described, along with other control products, in our CONTROL
HANDBOOK. As with our other logic lines, K Series has been expanded
again and now features some 90 units.

The R, B, and W Series negative logic madules are covered in previous edi-
tions of the LOGIC HANDBOOK.

As the cost of the basic logic itself decreases, it becomes increasingly im-
portant that efficient, reliable, and inexpensive hardware be available to keep
total system costs down. Digital provides this hardware, Now, from a few to
thousands of modules can be connected, wired, mounted, powered, and
enclosed efficiently at the lowest cost per function in the industry.

Digital's complete tine of power and hardware accessories provides everything
needed to put your designs into action, from connector blocks to mounting
cabinets. Power supplies, connector block variations, mounting panels, blank
module configurations, connector cards and a compiete line of computer-
grade cabinetry are among the well over 100 different hardware, power, and
accessory items described in this edition of the LOGIC HANDBQOK.
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The production of a publication of this size and complexity can be achieved
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engineers, writers, artists, and production personnel. While it is impossible
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and assembled most of the technical material for this Handbook; Elliott
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M Series
Logic Modules

The developrment of monolithic integrated circuits has had an impact on the
design of digital module systems. Advantages of small size and high oper-
ating speeds made these circuits initially attractive. However, a lower price/
performance ratic campared to hybrid or discrete compenent modules offset
the advantages. Recently, significant price reductions in both TTL (transistor-
transistor logic) and DTL {diode-transistor logic) integrated circuits indicated
a re-evaluation was needed.

DIGITAL EQUIPMENT CORPORATION undertook a study of both types of
logic, their performance in large and small systems, and their ease of use in
systern design. The result of this study is the M Series Integrated Circuit
FLIP CHIFTM Module.

M Series modules contain high speed TTL logic in both general purpose and
functional logic arrays. TTL was chosen for its high speed, capacitance drive
capability, high noise immunity and choice of logical elements. High pet-
formance integrated circuit modules are now available at approximately one
haif the price of their discrete or hybrid counterparts.

In addition to the reduced cost of integrated circuits, Digital's advanced
manufacturing methods and computer confrofled module testing have re-
sulted in considerable production cost savings, reflected in the low price of
all M Series Modules.




STANDARD MODULE DIMENSIONS

SINGLE WIOTH FLIP CHIF MODULE

CONDUCTIVE COMPONENT LIMIT T3,
v NONCONDUCTIVE COMPONENTS /g max.

| — A

é = =
I”iG MAXIMUM HEIGHT GOLE-PLATED CONTACTS

OF SOLDERED
COMPONENT LEADS ETCHED WIRING SURFACE

0.056"

SINGLE HEIGHT FLIP CHIF MODULE

1
My o i
32 2
BBT
v r
—T
— " O
——:
——0
——¢
———— 1 F
——+

—— 1.
K

2_1216 2.240 —
— Y

050 — o012 1

i

1
075 e

sl



ODOUBLE WIDTH FLIP CHIP MOGULE
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EXTENDED MODULE DIMENSIONS
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DEC Module assembly lines combine automated manufacturing
steps with visual inspection and computer controlled testing.



GENERAL CHARACTERISTICS

M Series high-speed, monolithic integrated circuit logic modules employ TTL
{transistor-transistor logic) integrated circuits which provide high speed,
high fan out, large capacitance drive capability and excellent noise margins.
The M Series includes a full digital system complement of basic modules
which are designed with sufficient margin for reliable system operation at
frequencies up to 6 MHz. Specific modules may be operated at frequencies
up to 10 MHz. The integratad circuits are dual in-line packages.

The M Series printed circuit boards are identical in size to the standard
FLIF CHIPTM modules. The printed circuit board material is double-sided pro-
viding 36-pins in a single height module. Mounting panels {H910 and H911)
and 36-pin sockets (H803 and HB808) are available for use with M Series
modules. Additional information concerning applicable hardware may be
found in the Power Supply & Hardware and Accessories section of this
handbook,

M Series modules are compatible with Digital’s K Series and, through the
use of level converters, are compatible with all of Digital's other standard
negative voltage logic FLIP CHIP™ medules.

TTL NAND GATE

The basic gate of the M Series is a TTL NAND GATE. Figura 1 is the basic two
input NAND gate schematic diagram. The circuit is divided intoe 3 major
sections, the muftiple emitter input, the phase splitter and the totem pole
output circuit. The two diode model of a transistor shown in Figure 2 will be
used in the analysis of the circuit. A forward biased silicon junction (i.e. diode)
gives a voltage drop of about 0.75 volts and a saturated silicon transistor has
a collector emitter voltage of 0.4 volts average. These two figures wilt be used
throughout the following discussion.

With either input at the LO logic level (0.0V-0.8V) the multiple emitter input
transistor will be ON with its base residing at about 0.75 4+ 0.4 —— 1.15 volts.
The three diode string consisting of Q.'s base collector diode, Q.'s base emit-
tar dicde, and Q.'s base emitter diode will have only 1.15 volts across it and
will therefore be conducting only leakage currents (0.75 + 0.75 + 0.75 =
2.25 volts required for forward bias). With no current flowing into the base
emitter junction of Q. the transistor will be OFF and its collector emitter
voltage is alowed to rise. Similarly with no current flowing in the base emitter
diode of Q. the transistor is OFF and its collector emitter voltage is allowed
to rise. When hoth @, and Q, are OFF, Q, is freed to pult the output voltage to
a Hl leval. The voltage levels present in the circuit with one or mere LO in-
puts is shown in Figure 4.

if both inputs are HI {(2.4-3.6 volts) the head of the three diode string will re-
side at about 2.25 volts and there will be a current path from the 4K base
resistor on the input transistor through the diode string to ground as shown
in Figure 5. With current flowing in the base emitter junctions of both Q: and
Q., both transistors wil! be turned ON. Q. is held OFF whenever Q, is ON. The
output is driven LO (0.0V-0.4V) by transistor Q.. The voltage levels present in
the circuit with hoth inputs Hl and are shown in Figure &.

g
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OPERATING CHARACTERISTICS
Power Supply Voltage: 5 Volts £ 5%
Operating Temperature Range: 0° to 70°C

Speed: M Series integrated circuit modules are rated for operation in a sys-
tem environment at frequencies up to 6 MHz. Specific modules may be oper-
ated at higher frequencies as indicated by the individual module specifica-
tions.

LOGIC LEVELS AND NOISE MARGIN

A gate input will recognize 0.0 volts to 0.8 voits as logical LC and 2.0 volis
to 3.6 volts will be recognized as a logical HI. An output is between 0.0 voils
and 0.4 volts in the logical LO condition. The logical H! output condition is
between 2.4 volts and 3.6 volts. Figure 7 shows diagrammatically the accept-
ahle transistor-transistor logic levels. The worst case noise margin is 400
millivelts that is, an output would have to make at least a 400 millivolt excur-
sion to cause an input which is connected to it to go into the indetermined
voltage region. For instance if an output were at 0.4 volts (worst case logical
LOY there would have to be a + 400 mv swing in voltage to cause inputs
connected to it to go into their indetermined region.

Input and Output Loading: The input loading and output drive capability of
M Series modules are specified in terms of a specific number of unif lpads.
Typically the input loading is one unit, however certain modules may contain
inputs which will present greater than one unit load. The typical M Series
module output will supply 10 unit loads of input loading, However, certain
module outpuis will deviate from a 10 unit load capability and provide more
or iess drive. Always refer tc the individual module specifications to ascer-
tain actual loading figures.

Unit Load: 'n the logic O state, ane unit ioad requires that the driver be able
to sink 1.6 milliamps (maximum) from the load’s input circwit while main-
taining an output voltage of equal to or less than +0.4 volts. In the logic 1
state, one unit Joad requires that the driver supply & leakage current 40
microamps (maximum) while ntaintaining an output voltage of squal to or
greater than +2.4 volts,

Timing: M Series pulse sources provide sufficient pulse duration to trigger
any M Series flip-flop operating within maximum propagation deiay specifi-
cations, Detailed timing information appears later in this section and in the
module specifications.

11
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Figure 7 Logic Levels

NAND Logic Symbaol: togic symbelogy used to describe M Series modules is
hased on widely accepted standards. Logic symbols and a truth takble for the
NAMND gate are shown in Figure &,

4 A B MTPUT
—— GUTPUT
g 2B L L M
A - H L H
QUTPUT
] E+B H H L

Figure 8 NAND Gate Logic Symbol and Truth Table

The first symbol is visually more effective in applications where two high in-
puts are ANDed to produce a low output. The second symbol better repre-
sents an application where low inputs are ORed to produce a high output.

TTL AND/NOR GATE

With a few modifications, the bhasic TTL NAND gate can perform an AND/
MNOR function useful in exclusive OR, coincidence, line selection and NOR
gating operations. The modified circuit is shown in simplified form in Figure 9,

12
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Figure 9 TTL AND/NOR Gate Simplified Schematic

Circuit Operation: The basic elements of the TTL NAND gate are used with-
out modification. The phase-splitter (Q2) is paralleled with an identical
transistar (Q6), also controlled by muitiple-emitter input transistor which
receives twa additional inputs, C and D. When either of the input pairs are
high, the phase inverter operates to switch the output voltage low. Circuit
performance is essentiatly identical to the TTL NAND circuit.

AND/NOR Logic Symbol: The logic symbaols for the AND/NOR gate are shown
and defined in Figure 10.

B
B QUTPT
& TPUT
. A slc|efoutru
H aNTY L
4] AT H H
[ H [ H
A:g:> Llrw]|H]L -
B H L H L
QUTPUT
— - e . H L L H
c:gj (R+BHE +5)

Figure 10 AND/NOR Gate Logic Symbols and Truth Table

MNOR Configuration: The AND/NOR gate can perform a straight NOR function
if the AND gate inputs are tied together as shown in Figure 11.
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Figure 11 NOR Connection of AND/NOR Gate

NAND GATE FLIP-FLOPS
RS Flip-Flop: A basic Reset/Set flip-flop can be constructed by connecting
two NAND gates as shown in Figure 12,

PREVIOUS INFUT RESULT
SET STATE CaMDITION
— 1 1 o] SET  RESET 1 o
L H L H H L
H L H L L H
. L H H H MG CHAMNGE
/ H L H H NG CHANGE
H L L H NO CHANGE
-Q L H H L NO CHANGE
RESET L H L L H H¥
H L L L H H*

Ambiguous state. In practice the input that stays low longest will assume
control.

Figure 12 RESET/SET NMAND Gate Flip-Flop
CLOCKED NAND GATE FLIP-FLOPS
The Reset-Set flip-flop can be clock-synchronized by the addition of a two-

input NAND gate to both the set and the reset inputs. (See Figure 13.) One
of the inputs of each NAND is tied to a commaon clock or trigger line.

SET

CLOCK

RESET

Figure 13 Clocked NAND Gate Flip-Flop
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A change ef state is inhibited dntil a poesitive clock pulse is applied. The
ambiguous case will result if both the set and reset inputs are high when the
cloch pilse GCCuFs,

M SERIES GENERAL-PURFPOSE FLIP-FLOPS
Two types of general-purpose flip-ftops are available in the M Series, both of
which bave built-in protection against the ambiguous state characteristic of

MNAND gate flip-flops.

FLIP-FLOP CLOCK INPUT S¥MBOLS

The D type flipflop is a true leading {positive going voltage) edge triggered
flip-fiop-and the D input is locked out until the clock input returns to low. The
symbol to indicate this function will be as follows;

J

O TYPE FLIP FLOP CLOCK

The operation of the J-K type flip-flop is to transfer the information present
at the J and K inputs just prior to and during the clock pulse to the master
flip-flop when the threshold is passed on the leading (positive going voltage)
edge of the clock pulse. The information stored in the master flip-flop is
transfered to the slave flip-flop, and consequentially to the ouiputs, when
the threshold is passed on the trailing (negative going voitage) edge of the
clock pulse. The symbo! to indicate this function will be as follows;

o

JK TTFE FLIP FLOP CLOCK

D Type Fiip-Flop: The first of these is the D type fiip-flop shown in Figure 14
In this element, a single-ended data input {D} is connected directly to the
set gate input. An inverter is provided between the input tine (D) and the
reset input. This ensures that the set and resef levels cannot be high at the
same timne.

_J
ad
B

R

T

LOGIC SYMBOL
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e
D ED -

R {DC RESET)

NAND Ga¥E EQUIVALENT

SIMPLIFIED NAND GATE EQUIVALENT

Figure 14, D Type General Purpose Flip-Flop

The flip-flop proper employs three-input MAND gates to provide for dc set
and reset inputs.

D type flip-flops are especially suited -to buffer register, shift register and-
hinary ripple counter applicaticns. Note that D type devices trigger on the
leading (or positive going) edge of tha clock pulse, Once the clock has passed
threshold, changes on the D input will not affect the state of the flip-flop due
to a lockout circuit (not shown).

A characteristic of the D type flipflop which is not illustrated in the
NAND gate equivalent circuit is the fact that the D input is locked out after
the clock input threshold voltage on the leading (puesitive going voltage)
edge of the clock has been passed. The D input is not unlocked until the
clock input threshold voltage of the trailing {negative geing voltage) edge
has been passed.
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“MASTER-SLAVE J-K FLIP-FLOP”

The two unique features of a J-K flip-flop are: A} a clock pulse will not cause
any transition in the flip-flop if neither the J nor the K inputs are enabled
during the clock pulse, and B} if both the J and the K inputs are enabled
during the clock pulse, the flip-flop will complement (change states). There
is no indeterminate condition in the operation of a J-K flip-flop.

A word of caution is in order concerning the clock input. The J and K inputs
must not be allowed fo change states when the clock line is high, the output
will complement on the negative going voltage transition of the clock. It is
for this reason that the clock line must be kept low until it is desired to
transfer information into the flip-flop and no change in the states of the J
and K inputs should be allowed when the clock line is high.

The J-K flip-flops used are master-slave devices which transfer information
to the outputs an the trailing {negative going voMage) edge of the clack
pulse. The J-K flip-flop consists of two flip-flop circuits, a master flip-flop
and a slave flip-flop. The information which is present at the J and K inputs
when the leading edge threshold is passed and during the clock high will be
passed to the master flip-flop (The J and K inputs must not change after the
leading edge threshold has been passed). At the end of the clock pulse when
the threshold of the clock is passed during the trailing {negative going
voltage) edge, the information present in the master flip-flop is passed to
the slave flip-flop. If the J input is enabled and the K input is disabled prior
to and during the clock pulse, the flip-flop will go to the *'17" condition when
the trailing edge of the clock occurs. If the K input is enabled and the J input
is disabled prior to and during the clock pulse, the flip-flop will go to the
“0" condition when the trailing edge of the clock pulse occurs. If both the
J and X inputs are enabled prior to and during the clock pulse, the flip-flop
will complement when the trailing edge of the clock pulse occurs. if both the
J and K inputs are dizabled prior to and during the clock pulse, the flip-flop
will remain in whatever condition existed prior to the clock pulse when the
trailing edge of the clock pulse occeurs.

cLoce - : |- (:D L

[
|

— O OUTRUT

Figure 15. Master-Slave J-K Flip-Flop
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Figure 16 shows a functional block diagram of a master slave J-K flip-fiop
using NAND gates, Gates C and D are the master flip-fiop. Gates G and H are
the slave flip-flop. Gates A and B are the steering network of the master
flip-fiop and the steering network for the slave flip-flop is comprised of gates
E, F, and 1. The 1 output of the master flip-flop is paint X, The operation of the
flip-fiop will be studied by exarnining the 17 to “0" transition of the flip-
flops, with both the t and the K inputs esnabled with a HI level before the
cloek pulse. When the leading edge of a HI clock pulse occurs, gate B will be
enabled with three HI inputs. This will provide @ RESET signal for the master
flip-flop which will then go to the 0" condition. The slave flip-flop remains
in the "1" condition while the clock pulse is HI because gate | is providing
a LO signal 1o both gates E and F, thereby blocking inputs to the stave flip-flop.
When the trailing edge of the clock pulse occurs, gate F will be enabled with
a Hl level at both its inputs and a RESET signal will be provided to the slave
flip-flop, which will then go to the "0 condition. The next clock pulse, with
both the J-and K enabled, would cause the master flip-flop to go to the "1
condition on the |sading edge of the clock puise and cause the slave flip-flap
to go to the “1" condition on the trailing edge of the pulse. Figure 16 is a
truth table for the J-K fiip-flop showing all eight possible initial conditions.

INITIAL CONDITIONS FINAL CONDITIONS

OUTPUTS INPUTS OUTPUTS

1 0 J K 1 0
LO HI LO LO - LO Hi
LO HI |- LO Hi LQ Hi
LO HI Hl LO Hl LO
Lo Hl HIl Hl HI LO
HI LO LO LO HI LO
HI LO LO HI Lo Hl
HI LG Hi LO HI LO
Hi Lo HI HI 1O HI

Figure 16, Master-Siave J-K Flip-Flop Truth Table
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UNUSED INPUTS (GATES AND FLIP-FLOPS)

Since the input of a TTL device is an emitter of a multiple-emitter transistor,
care must be exercised when an input is not to be used for logic signals.
These emitters provide excellent coupling into the driving portions of the
circuit when left unconnected, To insure maximum noise immunity, it is
necessary to connect these inputs to a source of Logic 1 (High). Two methods
are recornmended to accomplish this:

1. Connect these inputs to a well filtered and regulated source of 13 volis.
Pins Ul and ¥1 are provided on the M113, M117, M119, M12]1, M&17, and
M627 for this purpose.

2. Connect these inputs to one of the active inputs on the same gate. This
results in a higher leakage current due to the parallel emitters and
stiould be considered as an additional unit load when calculating the
loading of the driving gate.

Connection of unused inputs to the supply voltage, Vee, is not advisable,
since power supplies are subject to transients and voltage excursions which
could damage the input transistor.

TIMING CONSIDERATIONS

Standard Timing Pulse: In digital system - design, a reference for system
timing is usually required. The M Series modules M401 or M405 produces a
standard pulse which provides. such a reference. The standard pulse derived
from each of these two modules is shown in Figure 17,

Te=T,=15nsac, NOM.
Tp=50nsec, NOM {MA01,M602]
=110nsec, NOM. [MBOZ OPTION}

+3.0 x06V — —
| 1
I I
i - cr - - -
! 1
| | YLV NOMINaAL
0.4 I \ THRESHOLD
[s R s] - — (o]
-n0ov - R POINT

Figure 17. Standard Pulse
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NAND Gate and Power Amplifier Propagation Delays: The standard pulse
(Figure 17) is distributed throughout a systern in negative form to maintain
the leading edge integrity. (Since the TTL gate drives current in the logic
0 state, the falling edge is more predictable for timing purposes.) However,
the standard puise is of the wrong polarity for use as a clocking input to
the type D and J-K flip-flops, requiring the use of a local inverter. Ordinarily,
a NAND inverter is adequate. Where high fan-out is necessary, a M&17
Power NAMND is preferred.

For applications requiring hoth high fan-out and critical timing the M627
Power Amplifier is available. This module contains extremely high-speed
gates which exhibit turn-on times differing by only a few nanoseconds.

Simultaneity is desirable in clock or shift pulses distributed to extended
shift registers or synchronous counters.

Delays introduced by inverting gates and power amplifiers are illustrated
in Figure 18. (Delays are measured between threshold points.}

| I
STANDARD
FULSE

b

I
| b
fb—ton—wt

pe—tots—
]
! |
NAND QR FOWER ' ]
NAND GATE | |
’ I i |
| ba-tatse
_“4 |"_'an | 1

1
|
POWER |
AMPLIFIER | |
MEZT |

DELAY (NAMOSECTNDS]

tan Yot f
TYFR MAX. TY¥FP KA.
18 29 :| 13
7 — 5 —

Figure 18. NAND Gate and Power Amplifier Delays
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Flip-Flop Propagation Delays: D type flip-flops trigger on the leading or rising
edge of a positive clock pulse; the propagation delay is measured from the
threshold point of this edge. The set-up time of the D flop is also measured
from this threshold point. Data on the D input must be sattied at least 20
nanoseconds prior to the clock transition. The advantage of the D-flip-flop,
however, is that the leading edge triggering aliows the flip-flop AND gates to
propagate while the clock pulse is stilf high, Figure 19 illustrates this situa-
ticn.

L-zo-i+——50~——.-1
(NSEC | NSEC
) SET i
ue |

CLOCK

o TYPE
FLIF FLOP
ouTPUT

Figure 19. D Type Flip-Flop Timing

4K type fiip-flops are, in effect, trailing edge triggering devices as explained
previously. The oaly restriction on the J and K inputs is that they must be
settled by the time that the rising edge occurs. Timing is shown in Figure 20.

| 3 __J AND K OINPUTS MUST BE
STABLE BY THIS TIME

TRIGGER
PULSE I

}q— 35 nsec (TYPICAL)

Y

FLIP-FLOF OUTPUT

Figure 20. J-K Flip-Fiop Timing
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When using the dc Set or Reset inputs of either flip-flop type, propagation
delays are referenced to the falling edge of the pulse. This is dug to the
inverted sense of these inputs. When resetting ripple type counters (where
the eutput of one flip-flop is used as the trigger input to the next stage) the
reset pulse must be longer than the maximum propagation delay of a single
stage. This will ensure that a siow flip-flop does not introeduce a false transi-
tion, which could ripple through and result in an erroneous count.

One-Shot Pelay: Calibrated time delays of adjustable duration are generated
by the M302 Delay Multivibrator. When triggered by a level change from a
logical one to a logical zerp, this module produces a positive output pulse
that is adjustable in duration from 50 to 75C nsec with no added capacitance.
Delays up to 7.5 milliseconds are possible without external capacitance.
{See WM302 specification.) Basic timing and the logic symbol are shown in
Figure 21. The 100 picofarad internal capacitance produces 2 recovery time
of 30 nsec, Recovery time with additional capacitance can be calculated
using the formula;

t. Manoseconds == 30 C Total (Picofarads)

1

1
-—— 50 TO 750 ntec ——i

| : 1

QUTPUT | 1

{T¥PICAL) I
! TIMING

100
B
[} o0s. QUTRUT
c
_ 1
L — [
LOGIC SYMBOL \
|
|
| 'r *|
| | | |
X | | '
INPUT —— @ 50 nsec MIN. |
\ |
|
! |
— g—— 50 nzac TYPICAL :
|
|

Figure 21. One-Shot Delay Timing and Logic Symboi

SYSTEM OPERATING FREQUENCY

Although individual propagation delays are significant in the design of digital
logic, even more important is the maximum operating frequency of a system
which is composed of these individual modules. Specifically designed sys-
tems mmay be operated at 10 MHz, but a more conservative design may result
in a somewhat lower operating speed. M Series modules can be designed
into a system with a 6 MHz clock rate with relative ease. This system fre-
quency is derived by summing the delays in a simple legic chain:
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1. A standard clock pulse width of 50 nsec is assumed. This period is
measurad from the threshold point of the leading edge to the threshold
point of the trailing edge.

2. One flip-flap propagation delay of 35 nsec from the trailing edge of the
clock pulse to the threshold point of the final state of the flip-flop is
allowed.

3. Two gate-pair delays of 30 nsec each are assumed. {A gate-pair consists
of two inverting gates in series.) Two gate-pair delays are usualiy re-
quired to perform a significant legic function with a minimum of parallel
operations. The two gate-pair delays total 60 nsec.

The time necessary to perform these operations before the next occurrence of
the clock pulse is the sum of the delays; 50 4+ 35 4+ 60, or 145 nsec. Allow-
ing 20 nsec for wvariations within the system, the resulting period is 165
nsec, corresponding to a 6 MHz clock rate. This timing is demonstrated in
Figure 22.

GATE  GATE

CLOCK FfF FAIR PAIR
WIDTH DELAY DELAY DELAY DLE

= Bl g 33 e 30 30 20
nsec nsec nsec - nsec *r‘nse:_.:
i |

| | |
1 1 |
CLOCK

|
|
|
|
O 1
i ' !
1 |
|
|
|
|
|

JE FLIF -FLOP

a
1

GAYE PAIR §

¥]
|

GATE PAIR ¢

0

Figure 22. Delays Determining System Operating Frequency

Substitution of a D type flip-flop results in a similar timing situation. In a
system using both D and J-K flip-flops, note that the D flip-flop triggers on
the feading edge of the clock pulse and the J-K Hlip-flop triggers on the trailing
edge. When calculating system timing using D flip-flops, remember that the
flip-flop inputs must be settled at ieast 20 nsec prior to the occurrence of the
clock pulse.

Preparation of a timing diagram that considers delays introduced. by all logic
elements will aid the designer in achieving predictable system performance.
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LOGIC APPLIQUES

M
SERIES

For convenient drawing of neat block diagrams, to supplement the DEC
drawing template, self sticking matte-surface appliques [ift from backing with
a sharp knife.

DIAGRAMS MODULES APPLIQUE TYPE

12 2-input NOR, ) M101, M113 DRT-1-47 }
12 2-input NAND K113, M141
10  2-input MAND, M112 DRT-1-03
10  Z-input NOR

§ 4-input NOR, M117, M617, DRT-1-35

8 4-input NAND M&627
10 8-input NOR, M119 DRT-1-51
I  8-input NAND

9 4-input AMD/NOR M121, M160 DRT-1-25

9 4-input NOR/AND

3 Binary to Octal/ Decimal Decoder M161 DRT-1-20
24 JK Flip-flops M203, M206, DRT-1-23

M207

16 J¥ Flip-flops with gates M204 DRT-1-22
3 8bit Buffer/Shift Register M208 DRT-1-41
18 Level Converters M502, MBh2 DRT-1-3%
10 NOR Level Converters M506 DRT-1-52
10 NAND Level Converters

7  MOR Pulse Amplifiers Me02, M50 DRT-1-34 -

7 AMD Pulse Amplifiers

2 12-input AND/NOR M160, M302 DRT-1-21

2 1Z2-input NORfAND M40

2 Timers, 2 clocks
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Twenty module boards are drilled simultaneously from a computer-
generated coordinate tape. Other pantograph-controlled machines
drill up to 200 boards simultaneously from a computer-generated

template.
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LOGIC 1 SOURCE M
Moo2 SERIES

D2
E2
F2
H2
J2
K2
Lz
MOG2 M2
N2
F2
R2
52
T2
uz
V2

HEREREERREEEEE

FOWER
“«— A2 —— +5Y
“«— C2 —GRD

Ta hold unused M-Series TTL gate inputs high, the MO0O2 provides 15 outputs
at +3 Volts (Logic 1), on pins D2 through V2. Up to 10 unused M-Series gate
inputs may be connected to any one gutput. If a MOO2 circuit is driven by a
gate, it appears as two TTL unit loads or 3.2 mA. at ground.

Power: 45 ¥ at 16 mA. (max)
Size: Standard, single height, single width FLIP CHIP module.

MO02 — $10
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SOLENGID DRIVER M
M04s SERIES

o2 "
£z SOLENO D
Fe— DRIVER [ f———RZ
Ho———1 S/
ve
92 |
K2 ] SOLENDID .
L2 DRIVER
Mz ——
POWER

- A2 +5Y

- 87 ~i8y

- 02 GND

MOQ40Q Solencid Driver

These high current drivers can drive relays, solenoids, stepping motor wind-
ings, or other similar loads. The output levels are —2 Volts and a more
negative voltage determined by an extermal power sipply. One terminal of
the load device should be connected to the external power source, the other
to the driver output. There are two drivers per module,

Fin ¥2 of the driver module must be connected to the external supply so that
the drivers will be protected from the back voltage generated by inductive
lpads. If the wire to the power supply is more than 3 feet long it may have
to be by-passed at the module with an electrolytic capacitor to reduce the
short over-shoot caused by the inductance of the wire. If pin ¥2 is connected
to the supply through a resistor, the recovery time of inductive loads can
be decreased at a sacrifice in maximum drive voltage capability. Maximum
rated supply voltage less actuzl supply voltage should be divided by load
current to find the maximum safe resistance. When both circuits on a
module are used, the load current for the above calculation is the sum of the
currents.
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Inputs: Each input presents ane unit load,

Qutputs: The MO40 has maximum ratings of —70 Volts and 0.6 amp, Typical
delay for the circuit is 5 usec. No more than two circuits should be paralleled
to drive loads beyond the current capabilities of single circuits.

Grounding: High current foads should be grounded at pin C2 of the MO40.
—15 Volts at 9 mA. (max)

Power: 45 Volts at 47 mA. {(max)

The external voltage supply must provide the output current of the two
drivers, (1.2 amps. imax.)

Size: Standard, single height, single width FLIP CHIP module.

Note:
Refer to K Series driver modules for increased current drive, increased voltage
breakdown or AC current drive capability.

M0O40 — $39
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50 MA. INDICATOR DRIVER M

MO50 SERIES
+3 = +3 - +3 -v
D2 —» - D1 L2 —i = L1 E2 —i — E1
8] o o} o} o] Q
+3 W +3 - +3 -V
M2 —is = 1 F2 — = F1 N2 —i [ N
4] o] 4] G o] o]
+3 - +3 -y +3 -V
H2 —im] | H1 P2 -—im e F1 J2 —i - J1
s} Q o] o} Q o
+3 -V +3 v +3 v
R2 -~ = R1 KZ —im i K1 52— i 51
O 0 Q 0 v} 2]
POWER '
+—A2 +5V
+——B2——1I3V
-2 GRD

MO50 INDICATOR DRIVER

The MOS0 contains twelve transistor inverters that can drive miniature in-
candescent bulbs such as those on an indicator panel. It is used to provide
drive current for a remote indicatar, such as Drake 11-504, Dialco 39-28-375,
or Digital Indicator type 4208, or level conversion to drive 4917 and 4918
indicator boards (See the Hardware Section.) A low level on the input of the
driver causes current to flow in the output.

Inputs: Each input presents two unit loads.

Qutputs: Each output is capable of driving 50 ma. into an external load con-
nected to any voltage between ground and —30 Volis.

Power: 45 Volits at 47 mA. (max)
—15 Volts at 16 mA. (max.)

Size: Standard, single height, single width FLIP CHIP module.

Note: For those appiications requiring the sinking of current, refer to K Series.
MO50-—$31
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POSITIVE TO NEGATIVE LOGIC M
LEVEL CONVERTER

M051 SERIES
+3 — +3 - +3 -y
D —Wm - 01 L2 —im = 1 E2 —i — E1
G [#] o o] o] o]
+3 -V +3 -V +3 =V
M2 —i] [—= M1 FZ2 —i - F1 NZ — | N1
0 0 o o) o] 0
+3 =¥ +3 =V +3 =Y
HZ — = H1 F2 — - P1 J2 — - 1
0 0 0 ] Q 4]
+3 ¥ +3 43 v
RZ —w — R1 K2 — = K1 52 —ie - 31
Ja] 8] o] o 0 Q
POWER
*-—h2 +5V
+—B2——15v
+—C2 GRD

The MOS51 contzins twelve level converters that can be used to shift' M and K
Series logic levels to negative logic levels of ground and —3 Volts. A grounded
input an the driver causes the cutput to be grounded.

Inputs: Each input presents two TTL unit loads.

Outputs: The output consists of an open collector PNP transistor and can
drive 20 mA. to ground —6&V maximum may be applied to the output.

Power: |5V at 47 mA. (max.}; —15V at 16 mA. (max.}
Size: Standard, single height, single width FLIP CHIP module.

MO51-—$31
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BUS DATA INTERFACE

M100
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The M100C Bus Data Interface contains fifteen circuits for convenient recep-
tion of data from the PDP-8, PDP-8/1 negative voltage bus. i is pin com-
patible with the M101 Positive Bus Data Interface.
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The loading presented to the negative voltage bus differs from that loading
using the standard negative bus modules (i.e., R107, R111) in that the data
lines are loaded only if the appropriate device is selected. The option select
output of the M102 must be connected to the strobe input pin, C1, of
the M100.

The enabling line of the M100 cannot be used as a strobe line, The output
signals are indeterminant for a period of 200 nsec after the enabling line has
hecame true.

Inputs: All outputs will drive 10 TTL unit loads.

Conversion: Logic Diagram: An active voltage is a True State, i.e., =3V or
+3V — “1”_ .

A ground is a True State.

A data input of —3V will yield an output of +4-3¥ when C1 is gated by a pos-
itive voltage logic 1" of +2.4 Volts,

Threshold switching level: —1.5V. typ.
Propagation delay: 40 nsec typ.
Power: +5 Volis at 60 ma. (max.); —15 Volts at 10 mA. {max.)

Size: Standard, single height, single width FLIP CHIP module.

M100 — 50
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BUS DATA INTERFACE

M

SERIES

Yy Y PPV

M101
C1
-— 1?—4
B1
a1 EZ
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— —
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b M2
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R uz
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POWER
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The M101 contains fifteen, two-input NAND gates arranged for convenient
data strobing off of the PDP8/I| or PDP8/L positive bus. One input of each
gate is tied to a common line so that all data signals on the second input of
each gate can be enabled simultaneously. The M101 can alsc bhe used as
inverters or a data multiplexer. All data inputs are protected from a negative
of more than --0.8 Volts.

Inputs: Each data signal input presents one TTL unit load. The common line
input presents fifteen unit loads.

Outputs: Each output can drive ten unit loads.
Power: +5Y at 82 mA. (max.)
Size: Standard, single height, single width FLIP CHIP module.

M101—$24
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DEVICE SELECTOR

Mio2 SERIES
HY ._V
K1
—
[ ‘-D—
OPTION SELECT N
ENASLE M ——————
QPTION
SELECT
P1— p— V2
A1 —
$1 — .
(VT— \
»—ci p — Y|
Mz — \\
P2 IOP :
T2 — |~ s
[ oy
N ct
Rz 10P2 —
/ L,
»——GD— Ef
sz 10P4 — _
Fi
+—— a2 +5V
P— R GRD
+3 VIi—# LOBIC 1
«— B2 -5V

The M102 is used to decode the six device address bits transmitted in comple-
mentary pairs on the negative bus of the PDP-8, PDP-8/1. The outputs of the
M102 are compatible with M Series TTL logic. The M102 is pin compatible
with the M103 Positive bus device selaector with the exception of the address
inputs. The true state of the BM8 outputs of the PDP-8 and PDP-8/1 are
defined as ground where the true states of the PDP-8/1 positive bus and
POP-8/L are defined as an active voltage state. This fact requires that the
complement of the address bits used for an M103 must be connected to

the M102,

38




As the address compfement is tied to the pins D2, E2, F2, H2, J2, K2, an
M103 may be directly substituted for an M102 when changing from a negative
to a positive bus.

Inputs: U2 represents 1.25 TTL unit loads, J1, M1 represents 1 TTL, P1, R1,
51, U1, M2 and T2 standard levels of —3Volts and ground. Input {oad is 1 mA.
shared among the inputs that are at ground.

P2, R2, $2, H1 and L1
0.2 mA.whenVin= 0¥
0.0 mA. when Vin —— —3¥
Propagation Delay 40 nsec typ.

Qutputs: K1 and N1 can drive 10 TTL unit loads. Al, B1, C1, D1, EI, F1 can
each drive 37 TTL unit loads. V2 can drive 16 TTL unit loads.

Conversion: Logic Diagram. An active voftage is a True State, ie, —3V or
+3¥ = “1", A ground is a False State.

Power: +5 Volts at 130 mA. (max.); —15 Volts at 40 mA. {max.)
$Size: Standard, single height, single width FEIP CH!P module.

M102 — $60
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DFVICE SELECTOR [\'5

HI —
K1
Ji -
L —
CPTION SELECT
vz Nt
ENABLE
M1 —]
o}
2
R (b2 —
53 EZ2 — OPTION
9 H2 —
o |42
2 (K2 —
E te —
5 Nz —
L
*—
10P 1 Af
p2
a1
»—
Cl1
apP 2
RZ !
D1
S
E1l
OpP
2 0P 4
Fi1
POWER
«——— A2 +5v
“— 2, T == GRD
+ 3y W1 UNUSED INFUTS

The M103 is used to decode the six device bits transmitted in complement
pairs on the positive bus of the PDP8/1 and PDP8&/L. Selection codes are
obtained by selective wiring of the bus signals to the code select inputs
D2, E2, F2, H2, 12, and K2. This module also includes pulse buffering gates
for the IOP signals found on the positive bus of the above computers. Two
two-input NAND gates are also provided for any additional buffering that is
required.
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Inputs: All inputs which receive positive bus signals are protected from
negative voltage undershoot of more than —0.8V.

The following inputs each present one TTL unit load D2, £2, F2, H2, 42, K2
H1, 11, L1, and M1. Inputs P2, R2, and S2 present 2.5 TTL unit loads. inputs
U2, L2 and N2 each present 1.25 unit loads. These inputs need not be tied to a
source of logic 1 when not used.

Dutputs:; Gate outputs K1 and N1 can each drive ten TTL unit loads,

Puise buffering outputs Al, B1, C1, D1, E1 and F1 can each drive 37 TTL unit
loads.

The Option Select cutput can drive 16 TTL unit loads.
Power: +5Volts at 110 mA. {max.}
Size: Standard, single height, single width FLIP CHIiP module.

M103 — $45
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ADDRESS SELECTOR M
Mi05 SERIES
YN
p{__SSYN INHiBIT
BUS MSYN BUS BUSSSYNL_
Et » CONTROL
| TESTPONT .,
p—2US A7 L
pp—BUS AIBL el SELECTOH_ .,
pp—BUS AIS L _ o
kq—BUS Af4 L >
Ko—DUS ABBL "
oy-BUS A2 L o120 g SELECT 2H_ .
L--BUS A1 L > ' a
py_ BUS AlOL ,_”OCC a
BUS ADS L o
R o g0
N BUS ° 3 ° @ SELECT 4 H oo
BUS_AOT L =
P2 © 7o =
BUS A06 L ; g
[ o6
v1—BUS A05 L o050
yp_BUS 204 L 040 SELECT 6H_ .,
VEM-.O—‘—O 3 O—d
£y BUSAOZ L
HA !
1o BUS A00L QUT HIGH H,,»
o GATING OUT LOW H_\y
J2 —BUS CO CONTROL iN H =M1
Ta
= EXT.GNO
POWER
AZ + 5V, 338mg
-2, T GND

The M105 is used in PDP-11 device interfaces to control the flow of data
between the device registers and the UNIBUS. It provides gating signals for
up to four device registers that indicate a register is being referenced and
three control signals that indicate the path for data flow.

The selector decodes the 18-bit address A </ 17:00>> as follows: A <I17:13>
defines the memory “page’” assigned to peripheral devices (external bank}
and must all be asserted. & =12:03>> is determined by jumpers on the card.
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When the jumper is “in"’ the selector will look for a zero on that address line.
AQ2 and ADQ1 provide a coding array for the four SELECTED addresses, ADD
is for byte control.

Signals for gating control are determined by decoding A00, C1, and CO. The
signals obtained are: IN, OUT LOW, and OUT HIGH,

IN = DATI + DATIP
OUT LOW = DATO 4 (DATOB » A00)
QUT HIGH = DATO 4 (DATOB = ACO)

IN is used to gate data from a device register onto the bus. OUT LOW is
used to gate D <07:00> into the low byte of a device register. OUT HIGH
is used to gate D < 15:08>> into the high byte of a device register,

In relation to bus control, the M105 is actually the “slave” in the relation-

ship when data transfer accurs on the Unibus.

SSYM is asserted whenever it sees its address being referenced and MSYN
is asserted. S3YN is negated when MSYN is negated. There is an approximate
100 nsec. delay between receiving MSYN and the assertion of SSYN to allow
for decoding.

One UNIBUS receiver load*®
(each)

BUS A <17:00>
BUS C < 1.0 =

Input Loading:

Output Drive:

Powey:

Size:

BUS MSYN
—8.2 mA (max.) S8YN INHIBIT
—66 mA {max.) EXT GND
*A UMIBUS receiver is characterized at:
< 1.4¥ at  25p4 (max.) LOW LEVEL
2.8V at 160uA (max.) HIGH LEVEL

Ten TTL units loads {each)

Eight TTL unit loads
One Unibus driver load®

SELECT 0,2,4,6
CUT HIGH, LOW
IN

BUS SSYN

*A UNIBUS driver load is characterized at:

=0.8Y at S0mA (max.)
25uA (max.)

+5 Volts at 338 mA (max.)

LOW LEVEL
Open coilector leakage

EXT GMND is used for testing purposes and should be tied to

ground in normal operation.

SSYN INHIBIT can be left open when not used.

Extended
module.

length,
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DEVICE SELECTOR M
M107 SERIES

The M107 is a device selector which, by the use of extended decoding of the
BMB fines 9 through 11, will provide seven discrete 1OT puises. Five additional
10T pulse outputs are provided to allow the user to reduce software reguire-
ments by the combining of 10T codes. The 10T instruction and the |OP times
at which the various |0T pulses occur at the module pins are outlined in the
following chart:

Module 107 AT 10P TIME
Pin 1 > a
BH2 1-1 X
BM2 2-2 X
BJ2 - T X
BNZ 3-2 X
BS2 4-4 ) X
BK2 51 X ]
BT2 5—4 X
BP2 62 X
BUZ 64 X
| BL2 71 X
BR2 7-2 X
BY2 7-4 X

Example: If an I0P-7 is issued, fOT pulses will exist only at output pins BL2
{7-1), BRZ2 (7-2) and BV2 (7-4). 10T pulses will not exist at any other
output pin.

The M107 also contains two flag flip-flops which may be directly cleared or sat.
The outputs of the flag flip-flops are connected to the skip and program inter-
rupt lines. interrogation of the flags is accomplished by 10T 1 -1 for fiag
1 and 10T 2 =2 for flag 2.

The M107 also provides two inputs to accomplish the "clear the accumulator”
function.

INPUTS: Pins — AD2, AEZ, AF2, AH2,

AJ2, AK2, AAL, AB1,
AC1, AL2, AVZ2, BF2,
Present one TTL load

Pins — BD2, BE2, AM2, AN2Z,
AP2, AUZ, AS2
Present 1.25 TTL load.

Pins — AR2, AT2 resent 2 TTL loads.
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Outputs: Option Select Fin AD1 can drive 13 TTL loads. Bus driver outpuis
pins BP1, BS1, and BR1 are open coilector NPN transistors and can sink
30 ma. at ground. The maximum voltage applied to these outputs must not
exceed 20 Voits and each output is diode protected against negative under-
shoot in excess of -0.9Volts.

All other outputs will drive up to 35 TTL Ioads.
Power: +-5Vat 245 mA. {(maximum).
Size: Standard, double height, single width FLIP CHIF module.
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FLAG MODULE

M

pp—CRABLE L, PROGRAM
INTERRUPT
8K 1
+ 3 B
FLAG w2
SET
K2 wl G =0
|21
J2 RESET —}
o TEST
WA
£ ENABLE
2 8K
+Ay < u] Ly
FLAG #R2
pa—T »C e
R
\ o RESET s
vz TEST
Fp—ENABLE
5 8K
+3y +o -
FLAG =2
vz i *Q SKIP
: R Bl
75 RESET E 'Y —=(]
q
s TEST

i CLEA§| >
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The M1IO8 is a single height module and cantains three flag flip-flops. Each
flag flip-flop may be independently cleared or all flip-flops may be cleared
simultaneously.

The output of each flag flip-flop is gateable and are open collector "OR'"ed
to the Program Interrupt bus.

The output of each flag flip-flop is passed through a gate and open collector
to the skip bus. This facility allows the user to test for a flag.

The “0'" side of each flip-flop has been extended to module pins for periph-
eral control.

Eachr flip-flop may be independently set by the application of the leading
(positive going voltage) edge of a pulse or level to the clock inputs.

If use of the Program Interrupt feature is not desired, the ENABLE inputs
{D2, E2, F2) must be connected to ground. i Program Interrupt is desired,
no connections to the ENABLE inputs are required.

Inputs: K2, P2, U2, present 2 TTL |lpads. D2, E2, F2 present 1.25 TTL lcads.
All other inputs present 1 TTL load.

Outputs: L2, R2, V2 supply 9 TTL loads. R1 (F. I. Function) and 51 {Skip
Function} are open collector NPN Transistors and will sink 100mA to ground.
The voltage applied to these outputs must not exceed 420 Volts,

Power: -5 Volts at 137 mA. (max.)
Size: Standard, single height, single width FLIP CHIP module.

M108 — $45
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INVERTER M
M1il SERIES
At —Do—f B1 K2 4[>O—— L2
i -—>07 bF: N1 —% P1
D1———>0— E1 M2 4>)7 N2
F1 —>O— Hi Rt —>o— st
£2 —->O—— F2 P2 —>07 R2
T -——>o—— K1 v ——->o— U1
H2 —>07 Jz 52 ——>% T2
Lt ——— M1 u2 — Ve
FOWER
«— A2 +aY
2, TV — GRD
Sixteen Inverters with input/output connections as shown.
Input: Each input presents one unit load,
Qutput: Each output can drive up to ten unit loads.
Power: -5 Volts, 87 mA. (max.)
Size: Standard, single height, single width FLIP CHIP module,
M111 —$22
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NOR GATE

M112

M
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1
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52
R2
T2

¥e
Uz

«—— A2 —> 45V
<— ¢2,Tt—> GRD

+3V «— Ul yl —» UNUSED INPUTS

Power: 5V at 50 mA. {max.)

Input: Each input presents one unit load.

48

The M112 contains tep positive NOR gates, each performing the function
A 1 B. Pins Ul and V1 provide 13 Volts, each capable of holding High
(Logic 1) up to 40 unused M-Series inputs.

Qutput: Each cutput can drive up to ten unit loads.

Size: Standard, single height, single width FLIF CHIP module.

Mi12 — $35
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NAND GATES M
M113 M115 M117, M119 SERIES
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M113 2-INPUT NAND GATES

Al bz
B1 E2 H
o F&

o
r
ur

slss]e

Ty T m
L T
paf e |ma

ltﬂ ;Ui'U
w
= s
YRR N

FPOWER
- B 7 +5v
-— 2 T GRD

M115 3-INPUT NAND GATES
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M117 4-INPUT NAND GATES
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These modules provide general-purpose gating for the M Series, and are
most commonly used for decoding, comparison, and control. Each module
--------- N, depending upon the number

perfarms the MAND function &4 * B
of inputs,
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M113—Ten, two-input NAND gates that also may be used
as inverters.

M115—tight, three-input NAND gates.

MI17—Six, four-input NAND gates.

M119—Three, eight-input NAND gates.

Unused inputs on any gate must be returned to a source of logic 1, for
maximum ngise immunity. In the M113, M117, M119, M121, M617 and M&27
modules, two pins are provided (U1 and V1) as source of 43 volts far this
purpose. Each pin can suppliy up to 40 unit loads.

M103, M111 and MOO2 provide additional sources of logic 1 tevel.
Typical propagation delay of M Series gates is 15 nsec.

Inputs: Each input presents one unit {oad.

Outputs: Each cutput is capable of suppiying 10 unit loads.
Power:

M113: 71 mA.
M115: 41 mA.
MI17: 41 mA.
M119: 19 mA.

+Max. current at 5 Volts.

Size: Standard, single height, single width FLIP CHIP module.

M113 — $18
M115 — $18
M117 — $19
M119 — 18
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AND/NOR GATE M

M121 SERIES
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M121 AND/NOR GATES

The M121 module contains six'AND,f NOR gates which perform the function
AB 4 CD. By proper connection of signais to the AND inputs, the exclusive
OR, coincidence, and MCR functions can be performed.

Typical propagation delay of an M121 gate is 15 nsec.

Inputs: Each input presents one unit load to the driving module.
Qutputs: Each output is capable of driving up to 10 unit loads.
Power: +5Valts at 50mA.{max.}

Size: Standard, single height, single width FLIP CHIP module.

M121 — $23
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INFUT NAND GATES

M133

M
SERIES
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This module provides general purpose high speed gating for the M-Series.
Maximum output propagation delay to a logic 1 or 0 is 10 nsec. The high
speed characteristic of these gates frequently will solve tight timing prob-
lerns in complex systems. Unused inputs on any gate must be returned to a

source of logic 1 for maximum speed and noise immunity.

Inputs: Each input presents 1.25 unit loads.

Qutputs: Each output is capable of driving 12.5 unit loads.

Power: -5V at 160 mA. {max.)

Size: Standard, single height, single width FLIP CHIP module.
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All incoming components are 1009%, tested. Here, diodes are being /
tested automatically.
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NAND/OR GATES M
M141 SERIES
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M141 NAND/OR GATE

The M141 NAND/OR gate performs two levels of togic. The first is the NAND
function which is identical to the M113 NAND gate. The second level is that
of a wired OR for low logic levels. The two input NAND gate which is used in
the M141 does not have the standard TTL output circuit, but only the lower
half of the totem pole output. This allows the outputs of these gates to be
connected together and to share a comman pull-up resistor. Propagation
delay through these gates is 2 maximum of 70 nsec.

The NAND/OR gates are arranged in four groups consisting of 4, 4, 3, and 1
two input NAMD gates respectively. The outputs in each group are connected
together which provide a wired OR for low levels. The function of these gates
can be shown as:
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+5v

AR+ CD+EF

By using one of the two inverters provided, a true AND/CR function can be
realized. A& maximum of four groups of gates can be connected together.
Connection is made by merely connecting output pins together.

Inputs: £ach input presents one unit load.

Outputs; Four gate outputs, each capable of driving 7 unit loads. The |oad
resistor of each output presents 2 unit loads when connected to another
cutput. For example, four groups are connected together, therefore 3 groups
present twe unit loads each to the fourth group, tatalling 6 unit toads. This
leaves 1 unit load capability. Each inverter output is capable of driving up to
10 unit loads.

Power: +5 Volts at 117 mA. {(max.}
Size: Standard, single height, single width FLIP CHIP module.

M141 — $29
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ARITHMETIC/LOGIC UNIT M

M159 SERIES
sz RI BI M1 N MZ 1 Fi S1 L2 Ki Rl LA T2
MODE 33 52 S1 30 A3 A2 A1 AQ B3 B2 B! BO CARRY
AL FUNCTION MsB) L8 {MSB} (LSB) "

SELECTION MODE

ARITHMETIC/LOGIC UNIT

M15%
LSCAF{RY CARRY CARRY {M58) (LSB) {OPEN COLLECTOR)
ENERATE PROPAGATE QT F3 F2 F{ F& COMPARE
ol
KE F2 E2 JE NZ P2 R2 HZ
POWER

A2

+5Y 150 mA{ max)

-2 T GND

The M159 can perform 16 word-oriented arithmetic operations and 16 bit
ariented logic functions. Arithmetic operations are performed on two 4-bit
input words and an input carry to produce one 4-bit output word and a carry
out. In the fogic mode the MI159 looks like four 2-input functional gates.
Where N indicates one out of four, the output F. depends only on the inputs
Ay, B, and the logic function code selected.

The MI59 is fully cascadable. The CARRY QUT of the less significant M159
should be connected directly to the CARRY IN of the next more significant
M159. The CARRY PROPAGATE and CARRY GEMERATE output should be used
with a carry look-ahead modute or left unconnected.

The COMPARE output goes High whenever all the “'F" outputs go High. This
output is open-collector so that it can be wire-AND connected when M159
modules are cascaded. An exampie of how this output can be used is shown
in the table below.

When the arithmetic operation A minus B minus 1 is selected, the M155 can
he used as a comparator.
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Aand B |COMPARE | CARRY
Data Inputs| Output out
A 8B 0
A=B 1
A<B 1

The maximum propagation delay from the “AJ' or “By'" bit input to the
output bit “F."' in the logic mode is 48 nsec. which does not change as
M159's are cascaded. In the arithmetic mode, the maximum delay from the
“A” or “B” word input to the “F" word output, CARRY OUT, or COMPARE
is 50 nsec. which increases by 19 nsec. per additional cascaded M159 when
carry lpok-ahead is not used. When carry look-zhead is used, the maximum

additional delay is limited to 20 nsec. for up to three additional M159's.

Table of Logic Mode Operations
{MODE Input = 1)
(CARRY IN has no affect on Logic Mode Operations)

Function NOTE that F. is comple- Complemented
mented when the Function Function
_— Selection Code is comple-

SELECTION CODE mented ) SELECTION CODE

X] 52 s1 SO |Bit Fu Equals Bit Fu Equals &3 s2 Sl 50

0 0 0 0 Ay A 1 1 1 1

0 0 0 1 Ar AND By Ay OR By 1 1 1 o

0 0 1 0 | AuAND B, AORBy 11 1 Q 1

0 0 1 1 0 1 1 1 0 o

0 1 0 0 Au OR B, Ay AND By {1 0 1 i

0 1 4] 1 By Bu 1 0 1 0
(An AND Buw} (Aw AND BW)

¢ 1 i 0 |_ OR _ OR 1 0 G 1
(A AND Bu) (Ay AND B

0 1 1 1 A AND Bu An OR By 1 0 a 0

Inputs: MODE A/L input presents 1 TTL unit Icad.

Each A or B bit input presents 3 TTL unit loads.
Each FUNCTION SELECT input presents 4 TTL unit loads.
CARRY IN input presents 5 TTL unit loads.

Outputs:
Power:

Size:

Each output is capable of driving 13 TTL unit loads.

+5% at 150 mA {max.)
Standard, double height, single width FLIP CHIP module.



Table of Less Useful Arithmetic Mode Operations

(MODE Input = 0)

Function

Word F Equals

SELECTION CODE

CARRY IN = 1

CARRY IN = Q

33 32 81 30

0 0 D 0

0 0 8] 1 {|JAORB AORBplus 1

0 0 1 0 A OR B AORBplus 1

0 0 1 1

0 1 0 0 || A plus (A AND B) | A plus (A AND B) plus 1

o 1 0 1 {|(AOR B) plus (A AND B} | (A OR B) plus (A AND B)
plus 1

0 1 1 0

0 1 1 1 (A AND B) minus 1 A AND B

1 0 0 O ||A plus (A AND B) A plus (A AND B) plus 1

1 0 0 1

1 0 1 0 || (AOR B) plus {A AND B} | (A OR B) plus (A AND B}
plus 1

1 0 1 1 || (A AND B) minus 1 A AND B

1 1 0 0

1 1 8] 1 ||[{AOR B} pius A (A OR B) plus A plus 1

1 1 1 0 ||[(AOR B) plus A {A OR B} plus A plus 1

1 1 1 1

&0



Table of Most Useful Arithmetic Mode Operations
{MODE Input =0)

Function Word F Equals

SELECTION CODE CARRY IN = 1 CARRY IN = O
S3 52 s1 S0
0 o 8] 0 WORD A WORD A plus 1
¢ 0 0 1
8] 0 1 0
o] 0 1 1 Minus 1 {2's Comp.) | ZERO
0 1 0 0
0 1 O 1
0 i 1 0 A Minus B Minus 1 A Minus B
&) 1 1 1
1 a 0 0
1 8] 0 1 Aplus B A plus B plus 1
1 0 1 0
1 0 1 1
1 1 Q 0 A Times 2 A Times 2 plus 1
1 1 o] i
1 1 1 0
1 i 1 1 A Minus 1 A

M155—%35
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AND/NOR GATE M
M160 SERIES
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M160 AND/NOR GATES

The M160 module contains three general purpose AND/NOR gates which
perform functions similar to the M121, By connecting signals to the AND
inputs, these gates can be used to select and place on a single cutput any
of several input signals.

Typical propagation delay of an M160 gate is 20 nsec.
Inputs: Each input presénts one unit ipad

Outputs: Each output is capable of driving 10 unit loads
Power: 5 Volts at 30 mA. (max.)

Size: Standard, single height, single width FLIP CHIP module.

M160 — $33
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BINARY TO OCTAL/DECIMAL DECODER M
M161 SERIES
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M161 BINARY TC OCTAL/DECIMAL DECODER

The M161 is a functional decoding module which can be used as a binary-to-
octal or binary-coded decimal (8421 or 2421 codes} to decirmal decoder. In
the binary-to-octal configuration, up to eight M161's can be linked together to
provide decoding of up to six bits. Three ENABLE inputs are provided for
selective enabling of modules in decoders of more than one digit, 1n the octal
mode, the bit 2% input is connected to ground, which automaticatly inhibits
the 8 and 9 outputs. Connections for a 5-bit binary/octal decoder (4 mod-
ules) are shown below. The figure assumes that the inputs to the decoder
are the cutputs of flip-flops such as FF27 (1}, 1 output side; and FF2° (0}, O
cutput side.

The 2% input may be of decimal value 2, 4, 6, 8 as long as illegal combinations
are inhibited before connections to the inputs, and the 4-2-1 part of the code
is in binary.

The propagation delay through the decoder is typically 55 nsec in the binary-
to-octal mode, and 75 nsec in the BCD-to-decimal mode. The maximum delay
in the BCD-to-decimal mode is 120 nisec, frequency-limiting this module to
8HMz when used in this fashion. The enabie inputs can be used to strobe
output data providing inputs 2° — 2* have settled at least 50 nsec prior to
the input pulse.

Inputs: 2° through 2%, 1 unit foad each; ENABLE 1 through ENABLE 3, 2 unit
loads each.

Outputs: Each positive output is capable of driving 10 unit loads, and each
negative output, 9 unit loads.

Power: 5 Volts at 120 mA. (max.}

Size: Standard, single height, single width FUIP CHIP module.

M161 — $55
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PARITY CIRCUIT M

M162 SERIES
DATA IN
r ™y
E1 ‘ Fl ‘ H | N
1 2 4 8 — x1 PaRITY ODD
M162 _
1 2 4 8 [O— L1 PARITY Q0D
At ‘ B1 { ct | o
LY vy
DaTA |IN
DATA IN
' ™y

PZ‘ R2‘ sz' T?_[

1 2 4 8 —— U2 PARITY ODD
MIE2
1 ? 4 8 [D—— VZ PARITY QDD
K2| L2| M2’ N2]
N s
DATA IN
FOWER
€«— AZ —— +5V
«— 2,71 — GRD

The M162 is 2 parity detector and contains two Parity Circuits. Each circuit
indicates whether the Binary Data presented to it contains an CDD or EVEN
number of ONES, The DATA and its compiement are required as shown.

indication of QDD PARITY is given by a High level of pins K1 and U2 respec-
tively. Pins L1 and ¥2, when High, indicate EVEN PARITY or no input.

Input: Each input presents four unit loads.

Qutput: Pins L1 and V2 can each supply up to ten unit loads. Pin K1 and U2
can each supply up to six unit loads.

Power: -5 Volts at 102 mA. (max.)
Size: Standard, double height, single width FLIP CHIP module,

M162 — $63
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12-BIT MAGNITUDE COMPARATOR M
M168 SERIES
WORD A
- v
(WM3B) {56}
31 P M1 K1 Hi El
SRR NEN N
a axf Ax8 T2
INPUTS /1 A—=EI'- 12-BIT MAGNITUDE COMPARATOR A—='B—f U2 3 OUTPUTS
c1 A<B A<B v2
PTITITIT T
R2 N2 L2 Jz 3 D2
IM3R} {LsBet
WORD B
FOWER
——— a2 +5Y,250M A (mox.)
- tzm GND
INPUTS OUTPUTS
A B A—B A<B Data A>B|A—=8B A<B
I Q 0 A>B 1 0 4]
I 0 1] A= 1 0 0
1 o 0 A<B 1 a 0
l or 0 1 1l ord A>B 1 Q 0
1 ord 1 loro0 A=B 4] 1 0
laor0 1 1l or 0 A<B ) c 1
0 1 A>B 0] Q 1
0 1 A—=B Q Q 1
0 1 A< B G 0 1

66




The M168 12-Bit Magnitude Comparator performs magnitude comparison of
two 12-bit woards. When the comparison inputs are not connected to the
comparison outputs of another M168, the “A=B" input must be connected
to a logical 1. The A>-B and A< B inputs may individually be made a logic
“1'" or logic 0. However, connecting both these inputs to GND, a logic 0"
is recommended.

The M168 Comparator may be cascaded to compare longer words. The out-
puts T2, U2, and V2 should be connected to the corresponding inputs of the
next comparator which are AI, Bl, and C1 respectively. The inputs of the
first comparator must all be made a logical 1",

The propagation delay time from Data (A and B) to outputs is 48 nsec typical
and 72 nsec maximum for one unit.

when cascading the total typical time is 48 nsec plus 36 nsec per additional
unit. The total maximum time is 72 nsec plus 54 nsec per additional unit.

Inputs: A > B and A <C B {Al and C1) each present 1 unit load.
A = B, Word A, and Word B inputs each present 3 unit loads.

Outputs: Each output can drive 10 unit loads.
Power: -5 Volts, 250 mA. (max.)
Size: Standard, single height, single width FLIP CHIP module.

M168—$45
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GATING MODULE M
M169 SERIES
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M169 GATING MODULE

The M169 provides a general gating function, and may be used as a four-
output multipiexer. Raising High a BATA INPUT and selecting a corresponding
INPUT ENABLE line, generates a High at the appropriate ENABLED OUTPUT,
Al, K1, M1 or V2. Any of the ENABLED QUTPUTS may be enabled directly
through an M121 or M160 AND/NOR gate, used as an NOR Expander, Max-
imurn input to output propagation delay for any circuit is 45 nsec.

Inputs: Each DATA INPUT pin and EXPANSION INPUT pin presents one unit
load. Each INPUT ENABLE pin presents two unit loads.

Outputs; Each output can drive up to ten unit loads.
Power: 45 Volts at 50 mA. {max.)
Size: Standard, single height, single width FLIP CHIP module.

M169 — $33
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TRIPLE J-K FLIP-FLOP
M202

M
SERIES

E2
Fg2
H2

El —
B1
inl K 4]
on

= JZ

— ai

Lz —
M2 ——
Ha

J—
K1 —]
L —

-
-

P2

— HI

52 —

Te —

R —]

s —
Ut —

-
-

i— ue

H— M

Rz
5
J
aF:
K
R
Ve

AZ, +Bw
c2, T1, GROUND
B2, NOT USED

The M202 contains three J-K flip-flops augmented by multiple-input and
gates. For general use as gated control flip flops or huffers.

Logical operation of the J-K flip flops used in this module is identical to those
flip-fiops used in the M207 {described in detail) except clock, J-K inputs, in-
puts, direct clear, direct set and both output lines for each flip-flop are

independent.

Inputs: All gate inputs represent 1 unit load. The dc¢ set and clear input each
represent two unit loads. Clock inpuis represent two unit loads.

Outputs: Each output wifl drive 10 unit ioads,

Power: 4-5V at 57 mA. (imax.)
Size: Standard, single height, single width FLIP CHIP module.
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8-R/S FLIP-FLOPS M
M203 SERIES

Tz — 5 t—nrR2
E3
N —( R g p— 52
Ji——0 § {F—— H2 L2 — s t——r2
EY E2
g2 —O R ohb— uz uz — Q" ob— mz
At 5 11— vz — 5 11
E2 £4
] R 0 f—— H1 Mt — R op—m
Fv. —Ck s t b—— N1 — 5 1 Pl
£2 £4
81— R o1 55— R ofl— wn
POWER
T 45y
-—Cz, N GRO

M203 8-R/S FLIP-FLOPS
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The M203 is made up of 8 RfS type flip-fiops. Each flip-flop is made up of two
Z-input NAND gates whose outputs are cross coupled. R/S flip-flops provide
an inexpensive method of storage but care must be taken to inhibit placing
the Set and Reset inputs low at the same time. In this case, the last of the
inputs to be removed will control the final state of the flip-flop.

The propagation delay of the M203 is approximately 30 nsec.
Inputs: All inputs present 1 unit load.

Outputs: All cutputs are capable of driving 9 unit loads.
Power: 15 VYolts, 55 mA. {max.}

Size: Standard, single height, single width FLIP CHIP module.

M203 — $26
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GENERAL-PURPOSE M
BUFFER AND COUNTER SERIES
M204
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M204 GENERAL-PURPOSE BUFFER AND COUNTER

The M204 contains four J-K type flip-flops, augmented by multiple- input
AND gates, for general use as gated control flip-flops or buffers. The gatmg
scheme permits the formation of counters of most moduli up to 16, by sim-
ple connector wiring. Clock, trigger and input lines for each flip-flop are
independent. A common CLEAR input is provided.

input information is transferred to the outputs when the threshold point is
reached on the trailing (negative going voliage) edge of the clock pulse.

Logical operation of the J-K flip-flops used in this module is identical to the
M207 (described in detail) except for the addition of dc set inputs.
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Inputs: The “C" inputs present two unit loads each to the source. The dc
set (*8") inputs present two unit loads each. The common CLEAR line pre-
sents 8 unit loads. All other inputs present one unit load to the source.

Outpuets: Each output, before interconnection as a counter, is capable of
driving 10 unit loads.”

Power: +5Volts, 74 mA. {(max.)
Size: Standard, single height, single width FLIP CHIP module.

M204 — $34
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GENERAL-PURPOSE FLIP-FLOPS M
M206 SERIES
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M206 D TYPE FLIP-FLOPS

The M206 contains six separate D-Type flipflops. Each flip-flop has inde-
pendent gated data, clock, and dc set inpuis.

Provision is made on the printed circuit board for changing the configuration
of the two CLEAR lines to the flip-flops. All M206 modules are supplied with
the 3-3 configuration, but the grouping can be changed as follows:

CONFIGURATION CLEAR 1 (Al) CLEAR 2 {K2) DELETE JUMPER ADD JUMPER

3-3 FFO, 1, &2 FF3,4,&5
4-2 FFO &1 FFz, 3,4, &5 Al to FF2 K2 to FF2
5-1 FFO FF1,2, 3,4, &5 Al to FF2 K2 to FF2

Al to FF1 K2 1o FF1
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lnformation must be present on the D input 20 nsec (max} prior to a stan-
dard clock pulse and should remain at the input at least 5 nsec (max) after
the clock pulse leading edge ha$ passed the threshold voltage. Data trans-
ferred into the flip-flop will be stable at the output within 50 nsec, maximum.
Typical width requirement for the clock, de reset and dc set pulses is 30
nsec each,

Information present on the D input is transferred to the output when the
threshold is reached on the leading (positive going voltage) edge of the
clock pulse.

Inputs: D inputs present 1 unit load each. C inputs present 2 unit loads
each. CLEAR lines present 3 unit loads per connected flip-flop, S inputs
present 2 unit loads each.

Qutputs: Each output is capable of driving 10 unit loads.
Paower: +5 Volts, 87 mA. (max.)

Size: Standard, single height, single width FLIP CHIP module.

A common clear for all six flip-flops can be obtained by wiring pins Al and
K2 together externally. CAUTION: The loading of each clear line is calculated
on the basis of 3 unit loads per flip-flop. For example, the 4-2 configuration
results in 12 unit loads at input K2 and € unit joads at input Al.

M206 — $30
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GENERAL-PURPOSE FLIP-FLOP M
M207 SERIES
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M207 J-K FLIP FLOPS

The M207 contains six J-K type flip-flops which can be used as buffers, con-
trol flip-flops, shift registers, and counters. A truth table for clocked set
and reset conditions appears below, Note that when the J and K inputs are
both high, the flip-flop complements on each clock pulse.
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RESULT AT END OF
STARTING CONDITION STANDARD CLOCK PULSE
(OUTPUT) INPUT CONDITION (OUTPUT)
1 0 J K 1 o
L L L ~ Nochange
L H No change
H L H L
H H H L
TTH L L L No change
L H L
H L Mo change
H H L H

Application of a low level to an R input for at least 25 nsec resets the flip-
flop unconditionally. Two CLEAR inputs are provided, with jumper termi-
nals for opticnal clearing in groups of 3 and 3 {standard), 4 and 2, 5 and
1, or 6 and C.

I and K inputs must be stable during the leading-edge threshold of a stan-
dard clock input and must remain stable during the positive state of the
clock. Data transferred into the flip-flop wili be stable at the output within
30 nsec {typical) of the clock pulse trailing edge threshold (negative going
voltage).

Pravision is made on the printed circuit board for changing the configuration
of the two CLEAR lines to the flip-flop. Al M207 madules are supplied with
the 3-3 configuration, but the grouping can be changed as follows:

CONFIGURATION | CLEAR 1 (Al) | CLEAR 2 (K2} |DELETE JUMPER | ADD JUMPER

33 FFO, 1, &2 | FF3, 4, &5
42 | FFO&1 |FF2, 3,4, &5 Alto FF2 | K2to FF2
5-1 FFO FF1,2, 3,4, &5| AltoFF2 | K2toFF2

Al to FF1 K2 to FF1

Inputs: J or K inputs present 1 unit load each. C inputs present 2 unit loads
each. CLEAR lines present 2 unit loads per connected flip-flop.

Qutputs: Each output is capable of driving 10 unit loads.

Power: -.5 Volts, 6 mA. (max.)
Size: Standard, single height, single width FLIP CHIP module.

M207 — $33
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SERIES

8-BIT BUFFER/SHIFT REGISTER

M208
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The M208 is an internally connected 8-bit buffer/shift register. Provisions
are made for gated single-ended parallel load, bipclar parefllel output, and
serial input. The shift register is divided into three segments:

Bits O through 3: Serial input to bit 0, bipolar outputs from bits 0 through 3.
Bits 4 through 6: Serial input to bit 4, bipalar cutputs from bits 4 through &.
Bit 7: Serial input to 7, bipolar outputs from hit 7.

Each of these groups shares a common shift ling (the ORed CLOCK 1 and
CLOCK 2 inputs) and a comman parallel lcad line (LOAD ENABLE). To form
a 6-bit shift register, for example, the true output of bit 3 is connected to
the serial input of stage 4. A shift register of 8 hits may be constructed from
a single module. Modules may be cascaded to form shift registers of any
desired iength. A few additional stages may be formed more economically
from NAND and AND/NOR gates plus a D-type flip-flop. A representative
stage of this type is illustrated.

Two clack inputs are provided so that individual Load and Shift clock sources
may De used. Care must be taken that the clock inputs remain in the high
state in the off condition because either input going to the low state will pro-
duce a positive edge at the output of the NAND gate and trigger the D type
flip-flop. Data shifted or parallel loaded into the M208 will appear on the
outputs within 55 nsec (max) of the clock pulse leading edge threshold.
Load of Shift Enable levels and parallel data must be present at least 50
nsec prior to a clock pulse. Propagation delay from the leading edge of a
CLEAR pulse to the cutputs is 40 nsec max.

Inputs: Serial data, dc set, and enable inputs present one unit load each to
the source module. Each clock input presents 214 unit loads. The CLEAR
input presents two unit loads.

Outputs: Paralle! outputs are capabie of driving 10 unit loads each.
Power: 45 Volts, 184 mA. (max.}
Size: Standard, single height, single width FLIP CHIP module.

M208—%84
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BINARY UP/DOWN COUNTER M

M211 SERIES
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M211 BINARY UP/DOWN COUNTER

The M211 is a 6 bit binary UP/DOWN counter. It can switch counting mode
{UP or DOWN) without disturbing the contents of the counter. Maximum
count rate is 10 MHz. SET/RESET inputs are available for each bit. Maximum
carry propagation time is 80 ns per bit. '

Enable Line: The Enable input must be neégated 100 nsec, prior to an UP/
DOWN level command.

The Enable input must not be nepated earlier than 500 nsec. after the
leading edge (positive going voitage) of the clock pulse.

The Enable input must be asserted at least 60 nsec. prior to the frrst count,
UP/DOWN Control Line: A logical 1 on this line will yield an up count,

A logical O on this line will yield a down ¢ount,

Carry Out: The Carry Qut will yield a positive level change whenever a
carry or borrow occurs.

Inputs: Count In—positive transition or pulse with less than 400 nsec rise-
time. Count In presents 2 unit lpads. Reset-——Each reset input presents 3
unit loads. Set—FEach set input presents 2 units loads. All other inputs
present 1 unit lead,

Outputs: Each flip flop cutput (1 or O) can drive 8 unit loads. Carry Out can
drive 10 unit loads, Each inverter output can drive 30 unit loads.

Power: 5.0 Volts, 217 mA.(max.}
Size: Standard, single height, single width FLIP CHIP module.

M2]11 — $69
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BCD UP/DOWN COUNTER
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The M213 can he used to construct multi-digit synchronous counters for
up/down counting in binary coded decimal. The rmaximum counting rate is
5 MHz. The counting direction is controlled by enabling the up or down con-
tral gate inputs. For maximum noise Immunity, the up and down control
lines should be kept low until counting is desired. Clock pulses that cccur
while the up and down lines are both low will not change the contents of the
counter. Unpredictable operation will result if both the up and down lines
are high at the same time. Positive clock pulses should not occur sooner
than 58 ns after any change in the up or down control lines.

The “1' side of each flip-flop output is available directly- for controllmg
nearby logic or through an isclation resistor when decoding displays are
being driven at the end of long lines.

The counter may be preset by first resetting the counters and enabling
the preset line, The clock input should then be pulsed once with a positive
pulse to transfer data from the load inputs into the flip-flops. The up and
down control lines must both be low for correct preset operation.

Counter Construction: The up and down input gate wiring for cascading
M213 modules makes it possible to construct the hardware for fixed decimal
point counters so that additional digits to the left or right of the decimal
point can be added later as options. If the sockets are wired initially for a
farger counter than is thought to be required, the unused high order digits
may be left blank. Unused low order digit sockets should have pins AD2
and BD2 connected to 43 Voits, When it is found that additional counter
capacity or accuracy is needed, M213 modules can be plugged into the
blank sockets on either side of the decimal point as required,

The diagram below shows how to connect three M213 counters for upf
down counting. Notice that all the counters are clocked at the same time,
but that a counter will not count unless the counters of lower significant
digits all contain 9's for up counting or 0's for down counting. All unused
maodule inputs should be connécted to 43 Volts.
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tnputs: The input loads presented are:

CLOCK -— Eight unit loads
RESET — Eight unit loads
PRESET ENABLE - Four unit loads
All other inputs — Cne unit load

Pulse widths reguired:

CLOCK FOSITIVE = 20 nsec
RESET NEGATIVE = 25 nsec
Outputs: Output drive ability:
FLIP-FLOF 1 or O — Seven unit loads
FLIP-FLOP 1 (Resistor) — Five unit loads
(Total ioad on a 1 ocutput is 7 unit loads.) :
CARRY OUT — Eight unit loads
BORROW OUT — Eight unit loads
Cascade Outputs:
9(1),9(0)
o1, 0(3) Ten unit loads

Power: 45 Voits at 160 mA. (max.)
Size: Standard, double height, single width FLIP CHIP module.

M213 — %86




BINARY TO BCD AND M
BCD TO BINARY CONVERTER SERIES
M230
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The M230 converts a hinary number to its binary coded decimal equivalent
or & binary coded decimal number to ifs binary equivalent.

The maximum number that can be converted from either binary to BCD or
BCD to binary is 4095 which is 7777.. This converter utilizes a counting tech-
nique where the count frequency is typicailly 5 MHz. Therefore, the con-
version time for the maximurn number 7777, is typically 0.82 millisec.

The M230 1s fully cascadable. When using more than one M230 the Cour
BIN. must be connected to the Ciw BIN, and the Cour BCD must be connected
to the Cw BCD of the next higher significant unit. Ciw BIN. and C.w BCD of
the least significant unit must be made a logic “1". Ccur BIN. and Cour BCD
of the most significant unit may be left open.

CONVERSION CONTROL on pin AC1 will cause a Binary to BCD conversion
when connected to ground and a BCD to Binary conversion when connected
to 2 logic 1" source. When cascading M230's, connect all CONVERSION
CONTROL inputs in parallel.

LOAD/CONVERT on pin AAl reads the input data when connacted to a logic
“1" level and starts the conversion when this input is returned to a logic
“0" level. When cascading M230Q's, connect all LOAD/CONVERT inputs in
parallel,
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CONVERSION COMPLETE on pin BT2 goes High when the conversion process
is finished.

EXT. IN on pin AVl and £EXT. OUT on pin AV2 convey conversion finished
information between cascaded M230's. This information travels from the
most significant M230 to the least significant M230. Therefore, the EXT. IN
of the most significant M230 must be connected to a logic 17 source.
Each EXT. OUT is connected to the EXT. IN of the next less significant M230.
The EXT. OUT of the least significant M230 is left unconnected.

CLOCK CONTROL on pin AT2 of the least significant M230 should be enabled
by connecting it to a logic “1" saurce. All others should be connected to
ground.

The following is an ordered summary for operating a single M230:

1. Make the conversion contral {pin AC1} a logic Q" for converting Binary
to BCD or a logic 1" for converting BCD to Binary.

2. When converting Binary to BCD, connect the Binary number to the
BINARY INPUTS and ground the BCD INPUTS, Conversely, when con-
verting BCD to Binary, connect the BCD number to the BCD INPUTS and
ground the BINARY INPUTS.

3. Cw BIN., Ciy BCD, EXT. IN, and CLOCK CONTROL inputs should be tied
to a source of logic 1. The cutputs Cour BIN., Cour BCD, and EXT. OUT
should be left unconnected.

4. Puise the LOAD/CONVERT input with a positive pulse of 150 nsec. mini-
mum pulse width. There is ne limit on the maximum width of this pulse.
Conversion begins on the negative going edge of this pulse.

5. When converting Binary to BCD read the BCD OUTPUT for the BCD
equivalent. For converting BCD to Binary read the BINARY OUTPUT for
the Binary equivalent. The CONVERSION COMPLETE QUTPUT becomes
a logic 1" when the conversion is through.

Inputs: Each Binary Input bit, each BCD Input bit, LOAD{CONVERT, CON-
VERSION CONTROL, CLOCK CONTROL, and EXT. IN each present
1 TTL lecad. Cw BIN. and Ciw BCD each present 1.25 TTL loads.

Outputs: Each BINARY QUTPUT bit, each BCD OUTPUT bit, Cour BIN., Cour
BCD, and CONVERSION COMPLETE can supply 10 TTL loads.
Ext. Out can supply 9@ TTL loads.

Power: +5 Volts, 860 mA {max.}
Size: Standard length, double height, single width FLIP CHIP module.

M230—3$105
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16 WORD RAM 1 BIT/WORD M
M232 SERIES
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On a standard 214" 3 57 FLIP CHIP module, the M232 provides individually
addressable storage for 16 bits. Each bit is addressed by a 4-bit code on input
lines N2, R2, T2, and V2. Access to an addressed location occurs 25 nano-
seconds after the decode enable pin L2 goes High, If a “OQ" is stored at an
accessed address, the output sense pin E2 remains High. It a 1" is stored,
the cutput sense signal goes Low. Wriling with M Series signals, 25 nano-
second minimum pulse width, is achieved by causing pin U2 to go Low for a
1" or pin S2 to go Low for a "0 after a location has been accessed. Writing
with K Series signals, 5 microseconds minimum pulse width, is achieved by
causing pin F2 to go High for a 1" or pin K2 to go High for 2 “0'" after a
location has been accessed. Al locations can be accessed simuitaneously and
all bits cleared to 0" by a 5 microsecond Low signal on the general clear pin
J2. Pin B2 is a special purpose output sense cannection which is used when
module outputs are ORed or connected in parallel as is dope in some PDP-14
systems.

Input Loading: 1 unit on pins F2, K2, L2, N2, R2, T2, ¥2
2 units on pins J2, 52, U2

Output Drive: Pin E2 will supply 12 unit loads
Power: 15 Volts at 200 mA. (max.)
Size: Standard, singie height, single width FLIP CHIP module.

M232—$125
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12-BIT BINARY UP/DOWN COUNTER M

M236 SERIES
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The M236 is a 12-Bit synchronous Binary UP/DOWN COUNTER. It has a
single control input that can switch the counting made from up to down with-

out disturbing the contents of the counter. The maximum count frequency is
10 MHz.

The M236 has been designed to be cascadable and fully programmable. Cas-
cading simply involves paralleling the respective COUNT IN, LOAD DATA,
and UP/DOWN signals while each MAX-MIN signal drives the ENABLE input
of the next M236.

Caution: Cascading more than two units involves paraileling the respective
LOAD DATA, UP/DOWN, and ENABLE signals and connecting each CARRY
OUT to the CARRY IN of the next M236.

The programmability of the M236 makes it ideal for use as a modulo-N
divider. Modification of the count length is easily done by "Setting” the DATA
input lines to N and “Loading” each time the count down reaches zero. When
counting down the MAX-MIN gutput goes high when all twelve bits equal zero.
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COUNT IN on pin Al: The high going edge of this input signal causes count-
ing when the ENABLE input is in the logic "1 state. The minimum pulse
width for either the "1°" or "0Q" state is 50 nsec. There are no maximum
pulse width limitations.

ENABLE on pin B1l: A logic ““1' on this linre enables the counter. This input
must go High no later than 70 nsec. befare the first Low to High transition
of the signal {0 be counted. This input will disable the counter when held Low.
The ENABLE signal should not be changed from High to Low while the COUNT
IN is Low or during the 40 nsec. period before the COUNT IN signal goes Low.

LOAD DATA on pin Cl: The outpuis assume the same state as their associ-
ated data inputs independent of the count when the LOAD DATA is taken to a
logic Q" for at least 50 nsec. Loading data overrides all other input signals
and may be done at any time. The maximum propagation delay from LOAD
DATA input to any output is 50 nsec. The DATA inputs will have no affect
upan the cutputs immediately after the LOAD DATA line goes High.

UP/DOWN CONTROL .on pin V2: A logic 0" on this line will yvield an up
count. A logic "'1'" on this line will yield a down count. This control signal may
he changed when the COUNT IN signal is High. It must not be changed while
the COUNT IN is Low or during the 40 nsec. period before the COUNT (N
signal goes Low.

CARRY OUT on pin U2: When the counter has reached either the maximum
up-eount state (7777.) or the minimum down-count state (0000,) the CARRY
OUT signal follows the COUNT N signal. The maximum delay time from the
COUNT IN pulse to the CARRY OUT pulse is 60 nsec.

When cascading M236's the MAX-MIN should be connected to the ENABLE
of the next M23& if the COUNT iN’s are paralleled; or the CARRY OUT should

he connected to the COUNT IN of the next M236 if the ENABLE's are par-
alleled.

MAX-MIN on pin T2: This provides a logic ‘1" output when the counter has
reached either the maximum up-count state (?777.) or the minimum down-
count state (0000,). The maximum delay time for this output measured from
the positive going edge of the COUNT IN signal is 120 nsec. This signal is
also used to accomplish look-ahead for very high speed operations.

Inputs: The DATA INPUTS, COUNT IN and ENABLE present 1 unit load.
The UP/DOWN and LOAD DATA inputs present 3 unit loads.

OQutputs: Al outputs including MAX-MIN and CARRY OUT are capable of
driving 10 unit loads.

Power: -5 Volts, 330 mA. {(max.)
Size: Standard, single height, single width FLIF CHIP module.

M236-—550
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3-DIGIT BCD UP/DOWN COUNTER M

M237 SERIES
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The MZ37 is a 3-digit synchronous BCD UP/DOWN COUNTER. it has a single
control input that can switch the counting mode from up to down without
disturbing the contents of the counter. The maximum count frequency is 10
MHz:

The M237 has been designed to be cascadable and fully programmable. Cas-
cading simply involves paralleling and respective COUNT IN, LOAD DATA, and
UP/DOWN signals while each MAX-MIN signal drives the ENABLE input of the
next M237 in line.

Caution: Cascading more than two units involves paralfeling the respective
‘LOAD DATA, UP/DOWN, and ENABLE signals and connecting each CARRY
OUT to the CARRY IN of the next M237.

The programmability of the M237 makes it ideal for use as a modulo-N
divider. Modification of the count length is easily done by “Setting” the DATA
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input lines to N and *'Loading’" each time the count down reaches zero. When
counting down the MAX-MIN output goes high when all three digits equal
zero,

COUNT IN on pin Al: The high going edge of this input signal causes count-
ing when the ENABLE input is in the logic 1" state. The minimum pulse
width for either the "1 or 0" state is 50 nsec. There are no maximum
pufse width limitations.

ENABLE on pin B1: A logic ‘1" on this line enables the counter. This input
must go High no later than 70 nsec. before the first Low to High transition of
the signal to be counted. This input will disable the counter when held Low.
The ENABLE signal should not be changed from High to Low while the COUNT
IN is Low or during the 40 nsec. period before the COUNT IN signal goes Low.

LOAD DATA on pin Cl: The outputs assume the same state as their asso-
ciated data inputs independent of the count when the LOAD DATA is taken to
a logic "0 for at least 50 nsec. Loading data overrides all other input signals
and may be done at any time. The maximum propagation delay from LOAD
DATA input to any output is 50 nsec. The DATA inputs will have no affect
upon the outputs immediately after the LOAD DATA line goes High.

UP{DOWN CONTROL on pin V2. A logic "0 on this line will yield an up
count. A logic 1" on this line will yield 2 down count. This control signal may
be changed when the COUNT IN signal is High. It must not be changed while
the COUNT (N is Low or during the 40 nsec, period before the COUNT IN
signal goes Low.

CARRY OUT on pin U2: When the counter has reached either the maximum
up-count state (999) or the minimum down-count state {DOD} the CARRY
OUT signal follows the COUNT IN signal. The maximum delay time from the
COUNT IN pulse to the CARRY OUT pulse is 60 nsec.

When cascading M237's the MAX-MIN should be connected to the ENABLE
of the next M237 if the COUNT IN's are paralleled; or the CARRY OUT should
‘be cannected to the COUNT IN of the next M237 if the ENABLE's are par-
alleled.

MAX-MIN on pin T2: This provides a logical 1" output when the counter has
reached efther the maximum up-count state (999) or the minimum down-
caunt state (000). The maximum delay time for this output measured from .
the positive going edge of the COUNT IN signal is 120 nsec. This signal is
alsa used te accomplish look-ahead for very high speed operations.

Inputs: The DATA INPUTS, COUNT IN and ENABLE present 1 unit load.
The UP/DOWN and LOAD DATA inputs present 3 unit loads.

Outputs: All outputs including MAX-MIN and CARRY QUT are capable of
driving 10 unit loads.

Power: L5 Volts, 330 mA, (max.)
Size: Standard, single height, single width FLIP CHIP module.

M237—8%50
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4.-STATE MOTOR TRANSLATQOR M
M261 SERIES
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M261
BLOCK DIAGRAM

The M261 motor translator wili develop the sequence of patterns necessary
1o step a Sigma or Superior Electric type stepping motor (4 winding). It is a
2-bit switch-tail ring counter which, if initially cleared, would be in state 1.

(Fig. 1)

Flip
State Flop 0 1 State [Winding A B C D
1 0 a 1 1 1 0 0
2 a 1 2 o] 1 1 0
3 1 1 3 0 o 1 1
4 1 0 4 1 0 8] 1
1 = current supplied to winding
FIGURE 1 FIGURE 2
The state sequence (1, 2, 3,4, 1, . . .or 1, 4,3, 2 1, ... is determined

by the direction gating. The pattern for motor stepping (Fig. 2) is achieved
by assigning fip flop ocutputs to windings; A-FF1{1}, B-FFO(1}, C-FF1{0),
D-FFO{0}. These buffered flip flop outputs can enable K-series DC drivers to
energize the selected winding.

The translator is ¢locked by a High to Low transition on A CLOCK or B CLOCK.
The ORed clock signal must be jumpered externally to the counter (J2-K2).
DIRECTION is stored in an RS flip flop and can be loaded by asserting one
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of the direction inputs Low, This arrangement facilitates the use of M103 or
M107 device selectors; the first pulse of an 10T (input!output transfer instruc-
tinn) sets the direction, the second clocks the counter.

Far closed loop operation, the direction flip flop may be synchronized with
the motor shaft rotation. If there is a direction level available from the trans-
ducer, this leve! should be asserted high when the direction of rotation is
the same as that represented by the A DIRECTION L input to the flip flop.
This gating may be disabled by DEVICE SELECT H. The clack input for feed-
back operation is a Low to High transition and is ORed with the other clocks
after gating. The two gating signals are an enable, asserted High, and a pulse
or level asserted Low which truncates the clock pulse after it has made its
transition. This is necessary because the clock signal is from an asynchron-
ous device and is often a square wave which remains High a long time (20-
100 us) after the clocking transition. This High level at the clock input of the
counter will mask subsequent transitions on the other clock inputs.

This module may be used in conjunction with the 1/O skip facility on a com-
puter. An 10T at |/O SKIP PULSE L and both flip fiops in the zero state will
cause I/ QO SKIP L to be generated.

The unbuffered flip f.|0p outputs are available for additional gating. These lines
are electrically distinct from the buffered outputs,

Inputs: " H2 FEEDBACK CLOCK 2 unit loads
K2 CLOCKS IN a4 " "
N2 FEEDBACK DIRECTION A H 2 " "
All other inputs represent one unit load
Cutputs: K1 A ENABLE 7 units loads
L1 B ENABLE 7o "
Al FFL{D) 70" "
Bl FF1{1} 2 "
Cl FFO{H 7o "
D1 FFG(L) a8 " ”
Afl other outputs will drive ten unit toads
Power: =5V, 175 mA (max}
Size: Standard, single height, single width FLIP CHIP module

M261—5%40
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10-STATE MOTOR TRANSLATOR
M262
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The M262 motor translator will generate the sequence of patterns necessary
to step a Fujitsu type stepping motor (5 winding). It is a double height
module with a five bit switch-tail ring counter which may be truncated to four

or three bits by external jumpers. (Fig. 1)}

BM-BN BM-BN
BP-BR BP-BN
BR-BS BT-BS

10-state jumpers 8-state jumpers

Figure 1
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State{FLIP FLOP 0 1 2 3 4  State | Winding A B C D E
1 O 0 0 0 O 1 1 11 00
2 100 0 0 2 o110 0
3 11000 3 01110
4 1 1 1 0 0 4 0 0 1 1 0
5 1111 0 5 001 1 1
6 111 1 1 6 000 1 1
7 o1 1 1 1 7 1 0 0 1 1
8 00 1 1 1 8 1 060 0 i
) 000 1 1 9 1 10 0 1
10 900 0 1 10 1100 0
FIGURE 2 FIGURE 3

1 = current supplied {0 winding

FF2 is removed for the B-state counter and both FF1 and FF2 are bypassed
for the 6-state counter,

After the counter is cleared it will be in state 1. {Fig. 2) The state seguence
(1,2, 3,45 6,7,8 910, 1...0r1,10,9 8,7, 6,5, 4,32 1_..)
is determined by the direction gating. The pattern for motor stepping (Fig. 3}
is achieved by assigning flip flop outputs to windings; FFO{1}-A FF2(1)-B,
FF4{13-C, FF1{0)-D, FF3{0)-E. These buffered flip flop outputs can enable
K-series DC drivers to energize the selected windings.

The translator is clocked by a High to Low transition on A CLOCK or B CLOCK.
The ORed clock signal rnust be jumpered externzally to the counter (AJ-AK).
Direction is stored in an RS flip flop and can be |oaded by asserting one of the
direction inputs Low. This arrangement facilitates the use of M103 or M107
device sefectors; the first pulse of an 10T {input output transfer instruction)
set the direction, the second clocks the counter.

With a 5-bit counter there are 32 {2%) possible states, but the counter is
clocked through a ring of oniy 10 states (Fig. 2). Gating is available to detect
illegal states and clear the counter to state 1. This gating must be connected
by an external jumper (BD-BE).

For closed loop operation, the direction flip flap may be synchronized with
the motor shaft rotation. If there is a direction level available from the trans-
ducer, this teve! should he asserted High when the direction of rotation is the
same as that represented by the A DIRECTION L input to the flip flop. This
gating may be disabled by DEYICE SELECT H. The clock input for feedback
operation is a Low to High transition and is ORed with the other clocks after
gating. The two gating signals are an enable, asserted High, and a pulse or
level asserted Low which truncates the clock pulse after it has made its tran-
sition. This is necessary because the clock signal is from an asynchronous
device and is often a square wave which remains high 2 long time {20-100
us) after the clocking transition. This High level at the clock input of the
counter will mask subsequent transitions on the other clock inputs.

This moadule may be used n conjunction with 10 skip facility on a com-
puter. An 10T at I;0Q SKIP PULSE L and both flip flops in the zero state will
cause |/ O SKIP L to be generated.

The unbuffered flip flop outputs are available for additional gating. These
lines are electrically distinct from the buffered cutputs.
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Inputs: AD A CLEAR L
AH FEEDBACK CLOCK
AK CLOCKS N
AN FEEDBACK DIRECTION A H
AP |0 SKIP PULSE L
8E RESET IN
All other inputs represent one unit load

Outputs: BF A ENABLE
BH B ENABLE
BL FFO(1)
BN FFI(1)
8R FF2(1}
BT FF3(1)
BY FF4(l)
Ail other outputs will drive ten urit loads

Power: +5V, 350 mA {(max)

Size: Standard, double height, single width FLIP CHIP module.
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This subassembly process shows the placing of components
jumpers on a specially prepared terminal strip.




DUAL DELAY MULTIVIBRATOR M

DELAY 1
H2
TRIGGER | J2 M3oz F2 o ureuT
INPUTE Y k2 INT —— ouTrPy
FOT. EXT CAP INT CAPR
CAP COMM
. [DZ Lz Fidizlon lui Lo ey
~y
SEE TAHLE
DELAY 2
M2
Nz M302 12
P2 INT.
POT EXT CAP INT CAP
AP COMM et ———,
vz Rz IR1 152 TNt 15y T ‘Pll
e
POWER. SEE TABLE
-—az oy
—cz, T GRD

The M302 contains two delays (one-shot multivibrators) which are trig-
gered by a level change from high to low or a pulse to low whose duration
is equal to or greater than 50 nanoseconds. When the input is triggered, the
output changes from low to high for a predetermined length of time and
then returns to low. The basic DELAY RANGE is determined by an internal
capacitor. The delay range may be increased by selection of additional
capacitance which is available by connecting various module pins or by the
addition of external capacitance. An internal potentiometer can be con-
nected for fine delay adjustments within each range or an external resist-
ance may be used. If an external resistance is used, the combined re-
sistance of the internal potentiometer and the external resistance should be
limited of 10,000 chms.

The fall time of the input trigger should be less than 400 nonoseconds.

The delay time is adjustable from 50 nanoseconds te 7.5 milliseconds using
the internal capacitors and can be extended by adding an external capacitor.

Care should be exercised in the selection of external capacitors to assure
low |leakage as leakage will affect the time delay.

a8
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Recovery time is determined by the size of the capacitance used. The mimi-
mum recovery time of this module is 30 nanoseconds when not using any
additional capacitance. Recovery time with additional capacitance can he
calcuated using the formuia:

T.=300C
Where T. is in seconds
C is in farads

Recovery time is defined for this rodule as follows: Recovery time, T,, is the
minimum time interval which must exist before each trigger with all inputs
high and the output low. The figure shown below illustrates these conditions:

! T b
INPUT { _v|> QUTPUT

odﬂ -
Interconnections Required
Delay Range Capacitor Yalue
Delay 1 Delay 2
50 nsec — 750 nsec 100 pf (internal) None Nane
500 nsec — 7.5 usec 1000 pf (internal} Dl — L2 N1 — 32
5 usec — 75 usec 0.01 uf {internal) H1 — 2 81 —S2
50 usec — 750 usec 0.10 uf (internal) J1— L2 U1 -— 52
500 usec — 7.5 msec 1.0 uf (internal) El —1L2 Pl — 52
Abaove 7.5 msec Add external F1 — L2 R1 — 32
capacitors-between -
specified pins
Adjustable Delays: connect pins to add in- D2-—E2 V2 —R2

ternal adjustment potentiometer, Without a
potentiometer, the delay will not recover. An
external potentiometer of less than 10KD can
be used by connecting it between E2 or R2
and ground pin C2. Use of an external adjust-
ment resistor will cause some increase in
jitter. It is recommended that |eads to an ex-
ternal potentiometer be twisted pairs and as
short as possible.

Inputs: Each input presents 214 unit loads,

Outputs: Each output is capable of driving 25 unit loads.
Power: -5 Volts, 166 mA, (max.)

Size: Standard, single height, single width FLIP CHIP module.

M302 — $46
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INTEGRATING ONE SHOT M

M306 SERIES
H2 o— L — o T2
32 o——— O— 0 52
%EZ %» 074 % L2 % Mz
EXT TIMING EXT TIMING
RESISTOR CAPACITOR
FOWER
+— a2 +5v
+—C2 GND
+—— K2 UNUSED INPUTS

The M306 is a zero recovery time integrating monostable multivibrator with
complementary outputs. The M306 has the ability to respond to an input
even while in the active state, so that successive inputs above a preset fre-
quency can postpane the return to the inactive state indefinitely.

TIMING CAPACITORS

Course adjustment of the integration period is accomplished by customer
supplied capacitors which may be attached to module pins L2 and M2. When
using polarized capacitars, the positive terminat should be connected to pin
M2. Two split lugs are also provided on the module for those customers who
would like to permanently install the capacitor on the modnle itself. The
minimum equivalent parallel resistance of capacitor leakage should always
exceed 250K ohms, ’

TIMING RESISTANCE

Fine adjustment of the timing period may be accomplished by a multiturn
potentiometer provided on the module. Provision iz also made to allow tha
customer to connect an externpal timing resistor or potentiometer between
pins D2 and E2. When an external potentiometer is used, care sheuld be taken
to prevent the coupling of externally generated electrical noise into the
module. The maximum resistance of the timing resistance, including the
internally provided potentiometer, should not exceed 25,000 ohms. If an
external timing resistor is not used, pins D2 and E2 must he- connectad
together.
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TIMING PERIOD
The operation of the M306 is illustrated in the timing diagram shown below:

Input applied 4| &y A +1.5V
to pin HZ2 1

|
| I
ar JA | ] |
| 1 Tppy |
—| f— |
| i |
| | t '
II Yirsy | Mtsv
Output at le t Y
pin T2 i |

The integration period is measured from the trailing edge of the input pulse
to the trailing edge of the output pulse. The approximate integration time may
be calculated by the following:

t=RB7(R+7002)(C+ 175 x 107 F)
where R is in ohins and C is in farads. The width of the input pulse is inde-
pendent of the integration time. An input pulse of 30NS will trigger the M306.

STABILITY
The inherent temperature stability of the M306 is normally —.06% °C,
exclusive of the temperature coefficient of the timing capacitor.

Inputs: Each tnput represents 1.25 unit loads
QOutputs: Pin 32 will supply 12.5 unit loads. Pin T2 will supply 11 unit loads,

Pin K2 is a source of Logic 1" used to return unused inputs. It will supply
10 unit loads. The minimum pulse width is 225N3 and maximum pulse width
is limited only by capacitor leakage (40sec is a typical maximum)

TPD1 — 40NS Max.
POWER: {-5Volis at 120mA. (max.)
Size: Standard, single. height, single width FLIP CHIP module.

M306 — $27
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DELAY LINE M
M310 SERIES

Jz2 K2 L2 MZ HZ P2

R2 Sg Te U2 w2

Et Fi H1i gl
POWER
- A2 +5V, BBmAmar.)

SNk

-2 T

The M310 consists of a tapped delay line with associated circuitry and two
pulse amplifiers. The total delay is 500 nanoseconds with taps available at

50 nanosecond intervals.

The time delay is increased when the amplifier is connected 1o the delay
line taps in ascending order as follows: J2, K2, L2, M2, N2, P2, R2, 32,
T2, U2, and V2. The tap J2 yielding the minimum delay and the tap V2
yielding the maximum delay.

The pulse amplifiers are intended to be used to standardize the outputs of
the detay line. The output of the pulse amplifier is a positive pulse whose
duration is typically 50 to 200 nanoseconds. These amplifiers are not in-
tended to be driven by TTL IC logic.

Inputs: Pin HZ represents 2.5 TTL unit load.
Qutputs: Pin F1 and J1 outputs can drive 30 unit loads.

Power: +5 Volts at 89 mA. (max.}
Size: Standard, single height, single width FLIP CHIP maodule.

M310 — $58
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VARIABLE DELAY M
M360 SERIES

YARIABLE DELAY - M3ED
+5

a— |

FOWEFR
-— RZ + 5V
w— 02 =—— GRO-

The M360 contains an adjustable delay line with a standardizing amplifier.
The delay is adjustable between the limits of 50 nanoseconds to 300 nano-
seconds by means of a slotted screw which is accessible from the handle end
of the module. The resolution of the delay adiustment is approximately 1
nanosecond. The cutput consists of a positive pulse whose width is nominally
100 nanoseconds and the leading {positive going voltage) edge of which, is
delayed with respect to the leading (positive going voltage) edge of the input
by a length of time as determined by the setting of the delay line adjustment.

Inputs: Pins P and R represent one TTL unit load. Pin U represents two TTL
unit loads.

Qutputs: Pin S can drive 27 TTL unit leads. Pins T and V are outpuis con-
sisting of open collector NPN transistors and can sink 30 milliarmperes 1o
ground. Voltage applied to Pins T and ¥V must not exceed 4-20 volts.

Power: 45 Volts, 50 mA. {max.)
Size: Standard, single height, single width FLIP CHIP mecdule.

M360 — %68
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VARIABLE CLOCK M
M401 SERIES

K2 £2
ENABLING Mag
AUTPUTS
INT
tMPUTS 1 J2 CAP Cap. o2
COMM,  ——

r2 | T2

M2 'H sz P2
FOWER.

—az +5v

«—C2, T1 GRD

M401 VARIABLE CLOCK

The M401 Variable Clock is a stable RC-coupled multivibrator which pro-
duces standard timing puises at adjustable repetition rates.

The module is intended for use as the primary source of Himing signals in
a digital system. Repetition rate is adjustable from 175 HZ to 10 MHz in five
ranges. Internal capacitors, selected by jumper pin connections, provide
coarse frequency control. An internal potentiometer provides continuously
variable adjustment within each range.

A two-input OR gating input is provided for start-stop control of the pulse
train. A level change from high to low with fall time less than 400 nsec is
reqguired to enable the clock.

Enabling inputs to ouiput E2 is 50 nanoseconds.

Freguency Range interconnections Required
1.5 MHz to 10 MHz (100 pf) NONE
175 KHz to 1.75 MHz (1000 pf) N2 — R2
17.5 KHz to 175 KHz (.01 pfd) N2 — 82
1.75 KHz to 17.5 KHz (0.1 pfd} N2 —T2
175 Hz to 1.75 KHz (1.0 nfd) N2 — P2

Fine Frequency Adjustment:

Controlled by an internal External capacitor may be
potentiometer. No provision added by connection be-
is made for any external tweenr pin N2 and ground.

connections.
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The M401 may also be voltage cantrolled by applying a controf voltage to
pin M. This feature is available oniy in M40l modules using printed circuit
board revision “E" or later. The voltage applied to Pin M should be limited
to the range of 0 Volts to +10.0 Yoits. This voltage swing will aliow the fre-
guency to be shifted by approximately 30 percent in the frequency range
using the internal capacitors of 1.0, 0.1, 0.01 and 0,001 ufd. If the voltage
applied to Pin M is D.C. or low frequency (below 1 KHz), Pin M will appear
approximately as a -| 1.0 volt saurce with a Thevenin resistance of 800 shms.
Modulating the M401 with a 10V P-P signal about a center frequency, as de-
rived by the application of a mean voltage of 45 Volts to Pin M, will yield a
typical frequency excursion in excess of % 159%, about the center frequency.
Typical frequency excursions which miay be obtained are shown below:

Voltage CAPACITOR
applied to
Pin M 1.0 ufd. 0.1 ufd. 0.01 ufd. 001 ufd.
0 1.000 10.00 100.0 1000
+1 1.054 10.49 104.6 1036
42 1.101 10.94 109.2 1071
+3 1.147 11.39 113.6 1108
+4 1.193 11.83 118.0 1142
45 1.238 12.26 122.2 1181
+6 1.282 12.69 126.4 1271
17 1.325 13.10 130.4 1295
18 1.368 13.50 134.2 1312
+9 1.408 13.87 137.7 1322
+10 1.443 14.20 140.9 1323
Output frequency
in KHz

Inputs: Each enable input represents 1 unit load. Pin M, refer to text above.

Outputs: The output pulse width i5'50 nsec. The positive output can drive 10
unit loads; the negative cutput, 9 unit loads.

Power: 45 Volts, 80 mA. {max.) using printed circuit board revision “E”
or later.

Size: Standard, single height, single width FLIP CHIP maodule.

M401 — §55
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CRYSTAL CLOCK M

M405 SERIES
D2
M405
cLock |, €2
K2 H2
2,
¢
POWER
—A2 +5
—C2 GRD

The M405 clock. employs a series resonant crystal oscitlator to obtain a
frequency stability of .01%4 of specified value between 0°C and +55°C. The
clock frequency may be specified anywhere in the range of 5 KHz to 10
MHz by the customer.

Outputs: Outputs at pins D2 and E2 are respectively positive and negative
going 0-+3Volts 50 nsec pulses. Pin D2 can drive 10 unit loads while E2
can drive only 9 unit loads. Pulses at pins D2 and E2 are tirme shiftad by
one gate delay with negative pulse at pin E2 leading the positive puise at
D2 by a maximum of 20 nsec. The output pulse width can be modified by
the addition of an external capacitor between pins K2 and H2. This ca pacitor
will increase the output pulse width by approximately 1 nsec per 2.5 mmfd
of additional capacitance.

Power: +5 Yolts, 50 mA. (maximum}

Size: Standard, single height, single width FLIP CHIP module.

Ordering Information: When ordering the M405 always specify frequency.
Allow six weeks for deiivery.

Standard Stock Frequencies: 1.333 MHz, 2.000 MHz, 5.000 MHz.

M405 — $100

106



REED CLOCK M
M410 SERIES

>c“’2
fo Hz
K o Hz
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CLOCK

Lz M2 NZ
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POWER

-— 2 45V

~———C2——GND

The M410 is a free-running contactiess-resonant-reed-tuned clock which pro-
vides stable timing signals for a system using the M706 and M707 tefetype
converter modules, Overall frequency stability of the outputs is better than
.194 in the temperature range 0°C.-70°C. Avazilable clock frequencies are
listed below. A pulse amplifier is provided for the generation of norminal
150 nsec pulses,

Available Frequencies: (fo in HZ) = 400 {50 baud), 550, 600 (75 baud}, 750,
880 (110 baud), 1200 (150 baud), 1800, 2000, 2200, 2400 (300 baud).

Inputs: The puise amplifier input presents one unit load.

Outpuis: Pin J2 drives 30 unit loads at fo, Pins N2 and M2 drive S unit loads
at fo/2. Pin L2 drives 9 unit loads at fo/4. Pin K2 drives 30 unit loads at
fo/4. Pin R2 drives 10 unit loads with a nominal 150 nsec positive output
pulse. Under normal operating conditions, pins L2, M2, N2, are used as
test points.

Power: |5 Volts at 95 mA. (max.)
Size: Standard, single height, single width FLIP CHIP module.

M410 — $70
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All incoming integrated circuits undergo computer controlled test-
ing, with 40 dc and 16 ac tests performed in 1.1 seconds. This
1009, inspection speeds production by minimizing the diagnosis
of component failures in module test.
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All DEC modules are exhaustively inspected and tested, both
visually and electronically. A typical module undergoes a printed
circuit board inspection procedure that consists of over 70 indi-
vidual steps.




VARIABLE CLOCK M
M452 SERIES

) ————{:)K}igaBOHz
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The M452 is a free running clock which generates the necessary timing sig-
nals for the PDP 8/ teletype control. Frequency adjustment of this module
is limited to less than 5% and the overall clock stability with respect 1o
supply voltage and temperature variations is about 19%. The available out-
put frequencies are 880Hz, and 220Hz. A puise amplifier is provided for the
generation of nominal 150 nsec pulses.

Inputs: The pulse amplifier input presents one unit load.

Outputs: Pin J2 drives 30 unit loads at 880Hz. Pins N2 and M2 drive 9 unit
loads at 440Hz. Pin L2 drives 9 unit loads at 220Hz. Pin K2 drives 30
unit loads at 220Hz. Pin R2 drives 10 unit loads with a nominal 150 nsec
positive ocutput pulse. Under normal operating conditions, pins L2, M2,
N2, are used as test points,

Power; 45 Volts, 77 mA, {max.)
Size: Standard, single height, single width FLIF CHIP maduie.

M452 — §40
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NEGATIVE INPUT POSITIVE M
OUTPUT RECEIVER SERIES
M500
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The M500 module is used to convert negative input signals to positive output
signals. Each card contains 8 converters and is pin compatible with the M510
positive receivar card.

A ground input at D2 will yield 2 +3 at D1 and ground at C1. The propagation
delay is 40 nsec. Do not connect to pin E2 (used for manuf. test only},

Inputs: 1 mA. at ground; 0 mA. at —3 Volts

Input switching level is normally —1.5 Volts. The maximurn input voltage is
—3Volts.

Output: Each output is capable of driving 13 unit loads.
Power: —5Volts at 160 mA. (max.}; —15VYolts at 64 mA. (max.}

Size: Standard, single height, single width FLIP CHIP module.

MBOQ — $55




SCHMITT TRIGGER M

+5v
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EXPAND 680 120 230
= L2 Mz
POWER 1
+—B2—— +5V +IV =
4—C2——GRD UPPER LOWER

THRESHOLD *

Basically a Schmitt Trigger with variable thresholds, the M301 is used as a
Switch Filter, Pulse Shaper and Threshold Detector. Complementary posi-
tive logic levels are provided as outputs.

The INPUT cn PIN R2 is compared with the thresholds set on PINS L2 and
M2, Upper and Lower respectively. AND and OR EXPANSION may be per-
formed on PINS P2 and N2. Module ROQ1 and RCOQ2 provide the diodes re-
quired. An integrator is provided on the input, allowing SWITCHES to be
connected to the Schmitt Trigger with contact bounce effects eliminated.
Two switch TIME CONSTANTS are provided. Inputs to PIN 52 result in a
7 m sec TIME CONSTANT, to PIN U2, 3.5 m sec.

The Upper and Lower threshald are preset at 1.7 Volts and 1.1 Volts. They may
he modified by the addition of resistor combination in parallel with the
internal network. However, the upper threshold must not exceed 2.0 Volts or
the lower threshold fall below 0.8 V.

Rx FARALLEL R2 — THRESHOLD CLOSER
Ry PARALLEL R1 — UPPER RISES
Rx PARALLEL R3 — LOWER FALLS
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+ 5V

N2
R2 M301

F 3
b 4

Connecting a resistor from OUTPUT PIN F TO INPUT PIN R with PIN T tied
to PIN R forms an oscillator.

M501 Fe

Inputs: [nput signal swing on PIN R2 is limited to +20 Volts.
Input Pin R2: 2.7 K& to 43 Volts or 1.8 mA. at ground.

Pin P2—AND EXPAND input

Pin N2—0OR EXPAND input

Pin §2—RC SWITCH INPUT Filter 7 msec

Pin U2-—RC SWITCH INPUT Filter 3.5 msec

Pin L2, M2—Available for threshold modification.

Outputs: PIN F2 goes to GROUND when the input on PIN R2 rises above
the UPPER threshold, having been below the lower threshold.

PIN F2 rises to +3 volts when the input on PIN R2 falls below the LOWER
threshold, having been above the upper threshold.

PIN E2 is the complement of the PIN F2.

PIN E2 can drive ten unit loads.

PIN F2 can drive eight unit loads.

Power: +5 Volts at 31 mA. (max.)
Size: Standard, single height, single width FLIP CHIF module.
M501 — %25
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NEGATIVE INPUT CONVERTER
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M502 NEGATIVE INPUT CONVERTER

INPUT QUTPUT
ov +3V
—3V av

The MS502 contains two non-inverting high-speed signal converiers which
interface standard negative (—3V and ground) DIGITAL logic levels or pulses
with M and K Series positive logic mocules. These converters provide suf-
ficient current drive at a low output impedance for system interconnections
by means of terminated 92-ohm coaxial cable. The converters operate at
frequencies up to 10 MHz, with typical output rise and fall times of 8 nsec.
Propagation times for cutput rise and fall are typically 20 nsec.

Inputs: Input Inading is equivalent to a 3 mA. clamped load.

OQutputs: Each output can drive terminated 92-ohm coaxial cable, and sup-
ply an additional 30 mA. at 43 Volts or sink an additional 30 mA. at ground.
Output rise and fall times depend on the length of coaxial cable driven.
When coaxial cable is not driven, switching speeds are increased by con-
necting the 100 ohm resistor to the output.

Power: +5 Volts, 49mA. (max.); —15 Volts, 92 mA. (max.). Add 44 mA. for
each 100 otim resistor connected to cutputs,

Size: Standard, single height, single width FLIP CHIP module,

M502 — 326
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MEDIUM SPEED

NEGATIVE INPUT CONVERTER
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Cin=>+3 OUT

The MB06E contains six non-inverting signal converiers which can be used
to interface the negative logic levels or pulses of duration greater than 100
nsec t6 M and K Series positive logic levels of 43 Volts and ground. These
converters operate at frequencies up to 2 MHz with typical rise and fall
propagation time of respectively 70 nsec and 40 nsec.

In addition, to the negative level inputs, each converter circuit bas three
additional NOR inputs for positive togic levels of 43 VYons and ground. One
of these inputs is tied to -3 Volts so that unused inputs can be tied to a
source of logic 1.

Inputs: All negative level inputs (Al, D2, . . . R2) present a 10 ma. at

ground load.

Inputs B1, E2, . . . 52 present five TTL unit loads and can drive seven TTL
unit |pads at logic 1 f not used as an input.
All other inputs present 1 unit load.

Qutputs: Each ouiput can drive 10 TTL unit loads.
Power: +5¥ at 81 mA. (max.}; —I5Vat 115 mA. {max.).
Size: Standard, single height, single width FLIP CHIP module.

M506 — $52
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BUS CONVERTER

M507 SERIES
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The M507 contains six inverting level shifters which will accept —3 Volts
and GRD as inputs. The input to each level shifter consists of a 10 ma.
clamped load and is diode protected against positive voltage excursions.

The output consisis of an open collector NPN transistor, The output of
each level shifter will sink 100 ma. to GRD. The maximum voltage which may
be applied to the output is 420 Volts. The output transistor is protected
against negativeé voltage excursions by a dicde connected between the col-
lector and GRD. The output rise is delayed by 100 nsec, for pulse spreading.

The principle use of this module is to convert negative voltage logic levels
or pulses of duration greater than 100 nsec.

Inputs: Input loading is equivalent to a 3mA. clamped load.

Outputs: Each output can sink 100 ma. to GRD. Maximum voltage applied to
any output is +20 Volts.

Power: -+5 Volts, 42 maA. (max.); —15 Volts, 115 mA. (max.}.
Size: Standard, single height, single width FLIP CHIP module.

M507 -— $45
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/0 BUS RECEIVER M
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i
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IN >0—o y2
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-— (2 ,F2,J2 — GND

- L2 N2, T4 — GND
The MS510 is a positive input/output receiver card for use with the PDP15.
It contains 8 high input impedance circuits of at least 27 K& and input switch-
ing thresholds of about +1.5 Volts. Each receiver has two cutputs, ane of the
same polarity as the input, the other, the inverse of the input. The receiver
card can be used anywhere on the | /O Bus, but power (B ) must be applied
at all times, since the input impedance drops to 1 K2 when power is off. Do
not connect to pin E2 {used for manuf. test only).

Inputs: The input impedance is 27 £ {min.). Each input load current is 80 mA.
{max.) and the threshold switching level is 1.4 to 1.6 volis,

Outputs: Output #1 fan out = 9 unit loads. Cutput %2 fan out = 10 unit
lpads, Qutput #2 delay = 50 nsec (from input}

Power: +5 Volts at 170 mA. (max.)
Size: Standard, double height, single width FLIP CHIP module.
M510 — $51

———————
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K TO M CONVERTER M
M521 SERIES
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The M521 K Series to M Series Converter contains four circuits which can
convert any K Series input to complementing M Series outputs. Typically a K
Series input would have a 7u sec rise time and a 1.5 us fall time, the M521
speeds both those rise and fall times to approximately 15 nsec. {nput circuit
has built-in hysteresis and is slowed to a maximum frequency of 100 KHz.

Inputs: Each input represents a 3 mA, load.
Outputs: Each output is capable of driving 10 unit loads.

Power: 56 mA. maximum current at +-5 Volts.

M521—3%16
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PULSE AMPLIFIER M
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The MB0O2 contains two pulse amplifiers which provide power amplification,
standardize pulses in amplitude and width, and transform level changes inio
a standard pulse. A negative pulse output is produced when the input is
triggered by a transition from high to low. Propagation time between input
and output thresholds is 30 nsec maximum. An internal capacitor is.brought
out to pin connections to permit the standard 50 nsec output pulse to be
increased to 110 nsec {pominal). Recovery time is equal to that of the output
pulse width. The input must have a fall time {10%, to S09% points) of less
than 400 nsec and must remain below 0.8 volts for at least 30 nanoseconds.
Maxirmum PRF is 10 MHz.

Inputs: Each input presents 214 unif loads.

Outputs: Each output is capable of driving 30 unit loads.
Power: +5 volts, 213 mA. (max.)

Size: Standard, single height, single width FLIP CHIP module,

Me02 — §28

120



PULSE GENERATOR M
M606 SERIES
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The M606 contains six pulse generators. Each circuit will produce a pulse to
ground upon the application of a level shift from high to low to the input.
The time duration of the output pulse will be at least 30 nsec. but no longer
than 100 nsec. Each circuit contains an inhibit input. The output will be
inhibited when the inhibit input is grounded. If this input is not used, it should
be tied to a logic 1 level.

The M&06 may be used for setting or clearing of flip-flops by applving the
output of the MB06 to the direct clear or set inputs of up to 14 flip-flops.

Inputs: Pins D1, 1, J1, N1, and Rl represent two unit loads. Pins E2, H2,
K2, M2, P2, and §2 represent one unit load.

OQutputs: All outputs may drive 28 unit loads and consists of a ground level
with a time duration of at least 30 nsec. but not greater than 100 nsec. Pin
V1 is a source of logic 1 and may supply ten unit loads.

Power: 45 Voits at 188 mA. {max.)
Size: Standard, single height, single width FLIP CHIP module.

" M606 — $43
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OPEN COLLECTOR
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The M610 contains 8 two-input NAND gates with open collector outputs. It
also contains a puise amplifier which does not have an open coliector output.

The NAND gate maximum propagation delay when the output goes from High
to Low is 15 nsec. However, when the output goes Low to High the prop-
agation delay depends upon the load impedance. As an example, with the
load shown in Figure 2, the maxirum propagation delay time from a logic
“D' to a togic ‘1" is 45 nsec.

The pulse amplifier maximum propagation delay is 60 nsec. for both High
going and Low going output pulse transitions.

Inputs: Each input presents 1 TTL unit lcad.

Qutputs: D2, F2, J2, L2, N2, R2 are capable of sinking 16mA to ground.
U2 can drive 8 TTL unit loads.

Power: +5V, 41mA. (max.)
Size: Standard, single height, single width FLIP CHIP modute.

ME610—5%20
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FOUR-INPUT POWER NAND GATE M
Me617 SERIES
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M617 POWER NAND GATE

The M617 contains 6 four-input NAND gates each capable of driving up to
30 unit loads. Typical gate propagation delay is 15 nsec. Physical configura-
tion and logical operation are identical to the M117.

Inputs:  Each input presents 1 unit toad.
Outputs: Each output is capabie of driving 30 unit loads.
Power: +5 Volts, 97 mA, (max.}.

Size: Standard, single height, single width FLIP CHIF module.

MB17 — $26 -
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EIGHT BIT POSITIVE INPUT/CUTPUT M
BUS DRIVER SERIES
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The MEB22 contains eight two input AND gate bus drivers for convenient
driving of the positive input bus of the PDP-15. The output consists of an
open collector NPN transistor.
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—_— : 68 :
—0 I = |
| |
187 2D [ |

DEVICE DEVYICE

Pull up resistors of 682 to +5.0 Yolts (supplied on MS10) must be tied to
the output and the last device should terminate all lines to ground with a
6B resistor (supplied on MS09).

Inputs: Each input presents 1.25 TTL unit loads.

Outputs: The maximum voltage applied to the output transistor must not
exceed 20 Volts and the collector current must not exceed 100 mA. The
propagation time is 25 nsec.

Power: +5 Volts, 210 mA. (max.) excluding output current.
Size: Standard, single height, single width FLIP CHIP module.

M622 — $45
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BUS DRIVER M

M623 SERIES
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The M523 contains twelve two input AND gate bus drivers for convenient
driving of the positive input bus of either the PDP-8/1 or PDP-8/L. Each
driver can sink 100 mA. at ground and allows a maximum cutput voltage of
+20 Volts. The output consists of an open collector NPN transistor.

Inputs: Input levels are standard TTL levels of O Valis and 4 2.4 Volts. Data
inputs Ai, Bl, F1, H1, M1, N1, D2, E2, K2, L2, R2, and 52 each present one
TTL unit load. All other inputs present two unit loads.

Outputs: A driver output will be at ground when both inputs are at ground.
Output rise and fall (TTT) are typically 30 nsec when a 100 mA. resistive load
is connected to a driver cutput. Cutput valtage must not exceed +20 Volts.

Power: 4-5 Volts, 71 mA. (max.} plus external load.
Size: Standard, single height, single width FLIP CHIP module.

ME23 — $40
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The ME24 contains fifteen bus drivers intended for convenient driving of the

positive input bus of either the PDP-81 or PDP-8L. Twelve of the drivers have -

a common gate line and would be used for DATA. There are three additional
drivers, two of which share a common gate line and the third without a gate
line. These three additional drivers were intended to accommodate the func-
tions of “Program Interrupt”, 1O Skip"' and “Clear AC".
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Inputs: Pin C1 presents 12 TTL unit loads.
Pin D2 and U2 present two unit loads.
All other input pins present one unit load.

Outputs:  All outputs can sink 100 ma. to ground. Voltage applied to the
output should be equal to or less than 420 Volts. The output con-
sists of an open coliector NPN transistor. Output rise and fall TTT
are typically 30 nanoseconds when a 100 mA. resistive load to
+5.0 Volts is connected to a driver cutput.

Power: +-5Valts, 89 mA. (max.}. (Driver cutputs not connected).

Size: Standard, single beight, single width FLIP CH!P module.

M624 — $45
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The MB32 contains eight, two input AND gate bus drivers for convenient
driving of the negative bus.

Inputs: Each input presents 1.25 TTL unit loads.

Outputs: The cutput is internally clamped to keep it between - 3 Volts and
ground. The output current must not exceed 100 mA.

The propagation delay is 50 nsec. (Max.)

Power: +5 Volts, 175 mA. (max.); -15 Voits. 40 mA. (max.), excluding out-
put current

Size: Standard, single height, single width FLIP CHIP module.

M632 — $55
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The M633 contains twelve bus drivers intended for convenient driving of the
negative bus of the PDP-8, PDP-8/I. Each driver consists of an open collector
PNP transistor. It is pin compatible with the M&23 positive voltage bus driver.

Inputs: (nput tevels are standard TTL levels. Data inputs Al, B1, F1, H1, M1,
N1, D2, E2, K2, L2, R2 and $2. Each present one TTL unit load. All other
inputs represent two unit loads.
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Outputs: Open collector PNP transistor capable of supp!ying 20 mA. from
ground. Yoltage applied to the-output should not exceed —6 Voits.

Conversion: Logic Diagram: An active voltage is a True State, i.e,, —3 V.or 43
V.= =1.”. A ground is a True State. Grounded inputs will yield grounded
outpuis.

Propagation Delay: 40 nsec. typ.

Power: |5 Volts at 100 mA. (max.); —15 Volts at 40 ma, {(max.)

Size: Standard, single height, single width FLIP CHIP module.

M633 — $50
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The ME50 contains three non-inverting signal converters which can be used
to interface the positive logic levels or pulses (of duration greater than 100
nsec) of K and M series to DIGITAL negative logic levels of -3 Volts and
ground. These converters provide current drive at a low output impedance
so that unterminated cables or wires can be driven with a minimum of ringing
and reflections.

The converters operate at frequencies up to 2 Mc with maximum rise and
fall total transition of respectively 75 nsec and 115 nsec. By grounding pin
E2 (L2 or R2) the rise and fall total transition times can he increased to
avoid ringing on exceptionally long lings. The converter then operates at
frequencies up to 500 KHz with typical rise and fall total transition times of
500 nsec.

A positive AND condition at the input gate produces a ground output. If any .
input is at ground the converter output is at —3 Volts.

Inputs: Each input presents 1 unit load.
Outputs: Each output is capable of driving 20 mA. at ground and at —3 Volts.

Power: 45 Volts, 37 mA. (max.}; —15volts, 29mA. (max.)
Size: Standard, single height, single width FLIP CHIP module.

M&50 —— 325
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contains two non-inverting high-speed signal converters which

can be used to interface the positive logic levels or pulses of the K and M

Series to
converters
interconne

DIGITAL negative logic levels of —3 Volts and ground. These
provide current drive at a low output impedance so that system
ctions can be made using terminated 92-ohm coaxial cable. The

conerters operate at frequencies up to 10 MHz with typical output rise and

fatl_times

of 8 nsec. Propagation times for output rise and fall are typically

20 nsec. The sfope of the output transition can be decreased by grounding
an internal RC network, to avoid ringing on exceptionally long lines. The
converter then operates at frequencies up to I MHz.

Inputs:

QOutputs:

Power:

Positive logic levels of O and +3 Volts {nominal). Input loading is
2 unit loads. Input signals more positive than 46 Volts will damage
the circuit.

Each output can drive terminated 92 ohm coaxial cable and supply
an additional 20 mA. at ground or sink an additional 20 mA. at —3
Volts. Qutput rise and fall times are dependent on the length of
coaxial cable driven. When caoaxial cable is not driven, switching
speeds will be increased by connecting the 100-ohm resistor to the
output.

+35 Volts, 122 mA. {max.); —15 Volts, 202 Volts{max.}

Size: Standard, single height, singie width FLIP CHIP module.

Me52 — %26
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The M660 Cable Driver consists of three circuits each of which will drive 100
ohm terminated cable with M Series levels or pulses whose duration is greater
than 100 nsec,

Inputs: Each input represents 1 unit load.

Outputs: M Series logic levels with 50 mA. drive current at logic “1" or ‘0",

Power: +5Y, 71 mA. (max.}
Size: Standard, single height, single width FLIP CHIP module.

M660 — $25
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The M&61 contains three circuits which may be used to drive low impedance
unterminated cable with M Series logic levels or pulses whose duration is
100 nsec or greater.

Inputs: Each input represents 1 unit load.

Qutputs: . M Series logic “1"" at SmA.
M Series logic "0 at-20 mA,

Power: +5V, 111 mA. {max.)
Size: Standard, single height, single width FLIP CHIP module.

MEGL — $15.
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The M671 M Series to K Series Converter contains four pulse stretching
circuits which can convert any M Series input, longer than 50 nanoseconds,
to complimentary K Series output pulses of 10 to 15 microseconds in length.
Non-Electrolytic capacitors can be connected to the split lugs provided in each
circuit, if longer K Series output puise widths are desired. Pulses of up to 40
seconds in length are possible using this technique. When capacitance is
added, the output pulse width is increased by 6400 C seconds where C is the
~apacitance added.

» U
7] O

This circuit is nsensitive to input transitions during its timeout period as
shown in the example above.

Inputs: Each input represents one unit load

Outputs: Each output is capable of driving 15 mA. of load
Power: 4+5V at 112 mA.

Size: Standard, single height, single width FLIP CHIP module.

Me71—%§52

139



TELETYPE RECEIVER
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The M706 Teletype Receiver is a serial-to-paralle| teletype code converter seif
coniained on a double height module. This module includes all of the serial-
to-paraliel conversion, buffering, gating, and timing (excluding only an external
clock necessary to transfer information in an asynchronous manner between
a serial data iine or teletype device and a paraliel hinary device). Either a
5-bit serial character consisting of 7.0, 7.5, or B.0 units or an 8-bit serial
character of 10.0, 10.5, or 11.0 units can be assembled into paraliel form
by the M706 through the use of different pin connections on the module.
When conversion is cornplete, the start and stop bits accompanying the serial
character are removed. The serial character is expected to be received with
the start bit first, followed by bits 1 through 8 in that order, and completed
by the stop bits. Coincident with reception of the center of bit eight, the
Flag output goes low indicating that a new character is ready for transmission
into the parallel device. The parallel data is available at the Bit 1 through
Bit 8 outputs until the beginning of the start bit of a new serial character as
received on the serial input. See the timing diagram of Figure 1 for additional
information.

In addition to the above listed features, the M706 includes the necessary
logic to provide rejection of spurious start bits less than one-half unit long,
and half-duplex systermn operation in conjunction with the M707. Device
selectar gating is also provided so that this module can be used on the
positive 1/Q bus of either the PDP8/1 or the PDP8/L. To obtain additional
applications information on the M7068, write for Applications Note AP-M-013.

Inputs: All inputs present one TTL unit load except where noted. When input
pulses are required, they must have a width of 50 nsec or greater.

Clock: The clock frequency must be eight times the serial input bit rate
(baud rate). This input can be either pulses or a square wave. Input loading
on the clock line is three unit loads.

Enable: This input when brought to ground will inhibit reception of new char-
acters. It can be grounded any time during character reception, but returned
high only between the time the Flag output goes to ground and a new char-
acter start bit is received at the serial input. When not used this input should
be tied to a source of +3 Volts,

1/Q Clear: A high level or positive pulse at this input clears the Flag and
initializes the state of the control. When not used, or during reception, this
input should be at ground.

Code Select Inputs: When a positive AND condition occurs at these inputs
the following signals can assume their normal control functions—-Flag Strobe,
Read Buffer, and Clear Flag 1. Frequently these inputs might be used to
multiplex receiver moduies when a signal like Read Buffer is common to
many modules. The inputs can also be used for device Selector inputs when
the M706 is used on the positive I/ O bus of the PDPZ/| or PDP8/L. The code
.select inputs must be present at least 50 nsec prior to any of the three
signals that they enable. If it is desired to bypass the code select inputs,
they can be left open and the Enable D.S. line tied to ground.

Clear Flag 1: A high level or positive pulse at this input while the code select
inputs are all high, will clear the Flag. When not used, this line should be
grounded. Propagation delay frorm input rise until the flag is cleared is a
maximum of 100 nsec. The Flag cannot be set if this input is held high.
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Clear Flag 2: A high level or positive pulse at this input, independent of the
state of the code select inputs, will clear the Flag. All other characteristics
are identical to those of Clear Flag 1.

Flag Strobe: If the Flag is set, and the code select inputs are all high, a
positive puise at this input will generate a negative going pulse at the Strobed
Flag output. Propagation delay from the strobe to output is a maximum of
30 nsec.

Read Buffer: A high level or positive pulse at this input while the code select
inputs are all high will transfer the state of the shift register to outputs Bit 1
through Bit 8. Final parallel character data can be read by this input as soon
as the Flag output goes to ground. Output data wiil be available a maximum
of 100 nsec after the rising edge of this input. See the timing diagram of
Figure 1 for additional information.

Reader On: A low level or ground at this input will turn the internal reader
flip-flop on. This element is turned off at the beginning of a received character
start bit. This input can also be pulsed by tying it to one of the signals derived
at output pins AEZ or BE2. A low output will exist at pin BE2 if the M706
is addressad and the clear Flag 1 (pin BJ2) is high. A low output will exist at
pin AE2 if the M706 is addressed and the Clear Flag 1 (pin BJ2) is high or if
Clear Flag 2 (pin BD1) is high.

Serial Input: Serial data received on this input is expected to have a logical
zerp {space) equal to +3 Volts and a logical 1 (mark) of ground. The input
receiver on the M706 is a schmitt trigger with hysterisis thresholds of nom-
inally 1.0 and 1.7 Volts so that serial input data can be filtered up to 109%
of bit width on each transition to remove noise. This input is diode protected
from voltage overshoot above +5.9 Volts and undershoot below —0.9 Volts
Input loading is four unit loads.

Qutputs: All outputs can drive ten unit loads unless otherwise specified.

Bits 1 through 8: A read Buffer input signal will transfer the present shift
register contents to these outputs with a received logical 1 appearing as a
ground output. If the Read Bufter input is not present, all outputs are at
logical 1. When the M706 is used for reception of 5-bit character codes, the
ouput data wilt appear on output lines Bit 1 through 5 and bits 6, 7, 8 will
have received logical zeros.

Active (8): This output goes low at the beginning of the start bit of each
received character and returms high at the completion of reception of bit 8
for an 8-hit character or of bit 5 for a 5-bit character. Since this signal uses
from ground to 13 Volts one-half bit time after the Flag output goes to
ground, it can be used to clear the flag through Clear Flag 2 input while the
Flag Qutput after being inverted can strobe parallel data out when connected
to Read Buffer.
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If an M706 and M707 are to be used in half duplex mode, this cutput should
be tied to the Wait input of the M707 to inhibit M707 transmission during
M706 reception. Qutput drive is eight unit lcads.

Flag: This output falls from +3 Volis to ground when the serial character
data has been fully converted to paralle! form. Relative to serial bit positions,
this time occurs during the center of either bit 8 or bit 5 depending respec-
tively on the character length. If the M706 is receiving at a maximum char-
acter rate, i.e. one character immediately follows another; the parallel -output
data is available for transfer from the time the Flag output falls to ground
until the beginning of a new start bit. This is Stop bit time plus one-half bit
time.

Strobed Flag: This output is the NAND realization of the inverted Flag output
and Flag Strobe.

Reader {1): Whenever the internai reader flip-flop is set by the Reader ON
input, this output rises to +3 Volts, it is cleared whenever a start. b|t of a
new character received on the serial input.

Reader Run: For use with Digital modified ASR33 and ASR35 teletypes which
have relay controlled paper tape readers. This output can drive a 20 ma at
+0.7 Volts load. The common end of the load can be returned to any
negative voltage not exceeding —20 Volts.

Pin AE2: This output is the logical realization of NOT (Clear Flag 1 or Clear
Flag 2 or KO Clear) and is a 43 Volts to ground output level or pulse de-
pending on the input. This signal can be used to pulse Reader On for control
of Reader Run as used In DEC PDP8/1 or PDP8/L computers.

Pin BE2: This output is brought from +3 Volts to ground by an enabled
Clear. Flag 1 input. It can be connected to Reader On for a different form of
control of Reader Run. .

+3 Volts: Pin AD1 can drive ten unit loads at a 43 Volt level.
Power: 45 Volts at 400 mA. {(max.).
Size: Standard, double height, single width FLIP CHIP module.

706 —— $150
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Quality of plated-thru holes is checked in our new electrochemical
facility before boards go to the module assembly area.

145




TELETYPE TRANSMITTER M
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The M707 Teletype Transmitter is a parallel-to-serial teletype code converter
self contained on a double height module. This module includes all of the
parallel-to-serial conversion, buffering, gating, and timing {(excluding only an
external clock) necessary tot ransfer information in an asynchropous manner
between a paraliel binary device and a serial data line or teletype device.
Either a 5-bit or an 8-bit parallel character can be assembled into a 7.0,
7.5, or 8.0 unit serial character or a 10.0, 10.5, or 11.0 unit serial character
by the M707 through the use of different pin connections on the module.
when conversion is complete, the necessary start bit and selected stop bits
(1.0, 1.5, or 2.0 units) have been added to the original parallel character
and transmitted over the serial line. The serial character is transmitted with
the start bit first, followed by bits 1 through 8 in that order, and completed
by the stop bits. Coincident with the stop bit being put on the serial line,
the Flag output goes low indicating that the previous character has been
transmitted and a new parallel character can be loaded into the M707. Trans-
missian of this new character will not accur untit the stop bits from the
previous character are completed. See the timing diagram of Figure 1 for
additional information. )

In addition to the above listed features, the M707 includes the necessary
gating so that it can be used in a half-duplex system with the M706. Device
selector gating is aiso provided so that this module can be used on the
positive bus of either the PDP8/1 or the PDP8/L. To obtain additional appli-
cations information on the M707 write for Applications Note AP-M-013.

Inputs:  All inputs present one TTL unit load with the exception of the Clock
input which presents fen unit loads. Where the use of input pulses
is required, they must have width of 50 nsec or greater.

Clock: The clock freguency must be twice the serial output bit rate. This
input can be either pulses or a square wave.

Bits 1 through 8: A high level at these inputs is reflected as a logic 1 or mark
in the serial output. When a 5-bit code is used, bit inputs 1 through 5 should
contain the parallel data, bit 6 should be considered as an Enable, and bits
7, 8 and Enabie should be grounded.

Enahle: This input provides the control flexibility necessary for transmitter
multiplexing. When grounded during a Load Buffer pulse, this input prevents
transrission of a character. [t can be driven from the output of an MIG1
for scanning purposes or in the case of a single transmitter, simply tied to
43 Volts,

Wait: If this input is grounded prior to the stop bits of a transmitted char-
acter, it will hold transmission of a succeeding character until it is brought
to a bigh level. A ground on this line will not prevent a new character from
being loaded into the shift register. This line is normally connected to Active
(0y on a M706 in half duplex two wire systems. When not used, this line
should be tied to £.3 Volis,

Code Select Inputs: When a positive AND condition occurs at these inputs
the following signals can assume their normal control functions—Flag Strobe,
Load Buffer, and Clear Flag 1. Frequentiy these inputs might be used to
multiplex transmitter modules when signals like Load Buffer are common
to many modules. These inputs can also be used for device selector inputs
when the M707 is used on the positive bus of the PDP8/| or PDP8/L. The
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code select inputs must be present at least 50 nsec prior to any of the three
signals that they enable. If it is desired to by-pass the code select inputs,
they can he teft open and the Enable DS line tied to ground.

Clear Flag 1: A high level or positive pulse at this input while the code select
inputs are all high, will clear the Flag. When not used, this line should be
grounded. Propagation delay from input rise until the Flag is cleared at the
Flag output is a maximum of 100 nsec. The Flag cannot be set if this input
is held at logic 1.

Clear Flag 2: A low level or negative pulse at this input will clear the Flag.
When not used this input should be tied to +3 Volts. The Flag will remain
cleared if this input is grounded. Propagation from input fall to Flag output
rise 15 a maximum of 80 nsec. If it is desired to clear the flag on a load
buffer pulse, Clear Flag 2 can be tied to pin AR1 of the moduie.

Flag Strobe: If the Flag is set, and the code select inputs are all high, a
positive puise at this input will generate a negative going pulse at the Strobed
Flag output. Propagation delay from the strobe to output is a maximum of
30 nsec.

1/0 Clear: A high level ar positive pulse at this input clears the Flag, clears
the shift register and initializes the state of the control. This signal is not
necessary if the first serial character transmitted after power turn-on need
not be correct. When not used, or during transmission, this input should be
at ground.

Load Buffer: A high level or positive pulse at this input while the code select
inputs are all high will load the shift register buffer with the character to be
transmitted. If the Enable input is high when this input occurs, transmission
will begin as soon as the stop bits from the previous character are counted
out. !f a level is used, it must be returned to ground within one bit time
{twice the period of the clock).

Outputs: Al outpuis present TTL logic levels except the serial output driver
which is an open collector PNP transistor with emitter returned to +5 Volts.

Serial Qutput: This open collector PNP transistor output can drive 20 mA into
any load returned to a voltage between 4 Voits and —15 Vols. A logical
output or mark is 45 Volts and a logical O or space is an open circuit, 1f
inductive loads are driven by this output, diode protection must be provided
by connecting the cathode of a high speed silicon diode to the output and
the dicde anode to the cail supply voltage.

Line: This output can drive ten TTL unit loads and presents the =erial output
signal with a logical 1 as 43 Voits and logical 0 as ground.

Active: During the time period from the occurrence of the serial start bit and
the beginning of the stop bits, this ocutput is high. This signal is often used
in half duplex systems to obtain spectal control signais. Qutput drive is eight
TTL unit loads.
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Flag: This output falls from +3 Voits to ground at the beginning of the stop
bits driving a character transmission. The M707 can now be reloaded and
the Flag cleared (set to +3 Volts), This output can.drive ten TTL unit loads.

Strobed Flag: This output is.the NAND realization of the inverted Flag output
and Flag Strobe. Qutput drive is ten TTL unit loads.
+3 Volts: Pin BJ1 can drive ten TTL unit loads at a +3Volts level.

Power: +5 Volts at 375 mA. (max.)
Size: Standard, double height, single width FLIP CHIP module.

il

5TOP

a

END OF
CHARACTER

|
1
!
i
|
|
|
|
|
1
]
]
1
1
1
1
1

I II | |
1 1 I I
[ 1 I I
I ] I I
| 1 | |
I o )
| \ E | '
| i ! 1
' ' eIt | aT
, 5 €
| i 1 ]
| i 1 1
} I 1 1
I I ! 1
I I 1 (
I I 1 1
Figure 1
Typical Timing Diagram, Paraliel
input, 8-Bit Character (11, 110, 110) With two bit Stop time

ST|0P

1
8

t
t
1
1
1

BIT
7

t
1
]
1
1

|
1
{
|
|
|
|
|
|
|

[
e
—
— M
=]
[
— Ol
@
g
@
- ™
[ 4 el 4
=1 I
= O
23 Z
B N - — -I-=--l=-|--M=z=
- ] S
=L
fidesd
J: #o
- -,— - - -t
Lt o om o m o m o m o m o
+ + + + + +
o
of 5 2 %o
= @ =
Tl o = u =4 Wl
o2 ] Q = _1 [
m i -4 .} ('S LSRR

M707 — $150

149



BUS INTERFACE
M730 & M731

M
SERIES

CONTROD
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TIMING | TIMING
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HNELUDING | TO
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8MB AND IOP SIGNALS DEVICE CONVERTERS}| DEVICE
FROM COMPUTER SELECTOR
I
BAC
SIGNALS 12-BIT LEvEL |12 DATA LEVELS
FROM STORAGE CONVERTERS | TO INTERFACE
REGISTER DEVICE

COMPUTER,

The M730 and M731 interface modules provide extremely flexible interface
control logic to connect devices, systems, and instruments to the output half
of the programmed 1/ O transfer bus of either a PDP8/1 or a PDP8/L positive
bus computer. Peripheral equipment which operates either asynchronousty
or synchronously to a computer and expects to receive data from that com-
puter, can to a large degree he interfaced by either the M730 or M731. Basic
restrictions on the device or system to be interfaced are simply that it receive
data in parallel, provide one or more contral lines, and operate at a data
transfer rate of less than 20 KHz. Complete interfaces to such peripheral
gear as card punches and other repetitive devices is possible using the M730
and M731; however part of the controlling functions, such as counting ete.
must be performed by computer software.
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BUS INTERFACE — M730 (POSITIVE OUTPUT)
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BUS INTERFACE — M731 {NEGATIVE OUTPUT}
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Functionally, these modules contain five distinct sections which are as follows:

1.

Device Selector—This logic network converts the buffered memory buffer
{BMB) signals and IOP timing pulses from the computer into internal
module cantrol pulses.

Timing Generater—Through the use of device selector signals, control
signals from the interfaced device, and module jumpers, this unit can
supply variable width pulses or synchronous control levels at amplitudes
specified in-section 5 below.

Storage Register—This 12-bit flip-flep buffer register provides output data
storage for information to be transmitted to the interfaced device.

Flag Control—-Provisions for generation of If O Skip and Program interrupt
signals for the computer are made in this area.

Leve] Converters—All level converters from the storage register or timing
gengrator are open—collector transistor types which can drive 30 ma
at ground, The M730 has npn drivers and can interface loads returned
to a maximum positive supply of +20 Voits and the M731 has pnp
drivers which can .interface loads returned to a maximum negative supply
of —20 Volts. Leve! converters which input control signals to the Flag
centrol can receive signals of the same polarity and magnitude as the
output drivers can sustain.

Thresholds on the input converters are 1.5 Volts and —1.5 Volts for the
M730 and M731 respectively. All positive voltage levels are compatible with
K and M series and all negative voltage signals are compatible with R, B and
W Series.

For additional information, technical specifications and applications assist-
ance, a Digital module specialist.can be contacted at any Digital Sales office.
Application Note AP-M-017 contains useful information concerning the use
of the M730 and M731.

Size: Standard, double height, single width FLIP CHIP module.

M730 — %160
M731 — %160 -
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BUS INTERFACE M
M732 & M733 SERIES
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The M732 and M733 interface modules provide extremely flexible interface
control logic to connect devices, systems, and instruments to the input half
of the programmed I/Q transfer bus of either a positive bus PDP8/I or
PDP8/L computer. Peripheral equipment which operates either asynchro-
nously or synchronously to a computer and expects to transmit data to that
computer, can to a large degree be interfaced by either the M732 or M733.
Basic restrictions on the device or system to be interfaced are simply that it
transmit data in parallel, provide one or more control lines, and operate at
a data transfer rate of less than 20KHZ. Compiete interfaces to such periph-
eral gear as card readers and other repetitive devices is possible using the
M732 and M733; however, part of the controlling functions such as counting,
etc., must be performed by computer software.
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BUS INTERFACE — M732 (POSITIVE INPUT)
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BUS INTERFACE — M733 (NEGATIVE INPUT)
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Functionally, these modules contain five distinct sections which are as
follows:

1

Device Selector—This logic network converts the buffered memory buffer
(BMB) signals and I0OF timing pulses from the computer into internal
module control pulses.

Timing Generator—Through the use of device selector signais, control
signals from the interfaced device, and module jumpers, this unit can
supply variable width puises or synchronous contro! levels at amplitedes
specified in section 5 below.

Storage Register—This 1Z2-hit flip-flop buffer register provides input data
storage of information received from the interfaced device. Information
is lvaded into this register by a control line from the peripheral.

ftag Control—Provisions for generation of /O Skip and Program Inter-
rupt signals for the computer are made in this area.

Level Converters—All [evel converters from the timing generator are open
collector transistor types which can drive 30mA at ground. The M732 has
npn drivers and can interface loads returned to a maximum positive sup-
ply of 420 Volts and the M733 has pnp drivers which can interface to a
maximum negative supply of —20 Volts. Level converters which input
control and data signals to these modules can receive signals of the same
polarity and magnitude as the output drivers can sustain, Thresholds on
the input converters are 4-1.5 Volts and —1.5 Volts for the M722 and
M733 respectively.

All positive voltage levels are compatible with K and M Series and ali
voltage signals are compatible with R, B, and W Series.

For additional information, technical specifications and applications assist-
ance, a Digital module specialist can be contacted at any Digital Sales Office.
Application Note AP-M-018 contains useful information concerning the use of
the M732 and M733.

Size: Standard, double height, single width FLIP CHIP rmodule.

M732 — 160
M733 — $165
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The M734 is a double height, single width module and is a three word muiti-
plexer used for strobing twelve-bit words on the positive voltage input bus;
usually the input of the PDP&/| or the PDPB/L. Device selector gating is pro-
vided. The data outputs of the M734 Multiplexer consist of open collector
npn transistors which allow these outputs to be directly connected to the bus.
All inputs present one TTL unit load and function as follows:

Code select Inputs: When a positive AND condition occurs at these inputs,
the pulse inputs I0P1, I0P2, and I0P4 are enabled for use in strobing input
data. The code select inputs must be present at least 50 nsec prior to any of
the three signals that they enable. I ail select inputs are not required, unused
inputs must be tied to a source of 4-3 Volts {Pin ALZ2). These inputs are all
clamped so that no input can go more negative than —0.9 Volts.
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IOP1, 2, 4: These three 50 nsec or longer positive pulse inputs strobe re-
spectively 12-bit words A, B, and C into the bus driver. AH three lines are
clamped so that no input can go more negative than —0.9 Volts,

Data inputs: Bit 0-11 on words A, B, and C are strobed in 12-bit words as
above. Bus driver output lines correspond numerically (0-11) to the selected
word input lines (0-11). A high data input will force a bus driver output to
ground during a data strobe, Inputs must be present at least 30 nsec prior
to issuance of IOP 1, 2, or 4.

Bus driver: These open collector npn transistor bus driver outputs can sink-
100 mA at ground. The maximum output voltage must not exceed 20 Volts. -
Each driver output is protected. from negative undershoot by a diode clamp.
When this module is used with the PDP8/] or PDP&/L, these outputs would
be connected to the accumulator input lines of the 1/0 bus. Typical rise and
fall TTT at these outputs with a 100 mA resistive load are 100 nsec.

Data Strobes: Pins AAI, AB1, and ACl can each drive 18 TTL unit loads.
These outputs appear coincident with 1I0P1, 10P2, and 0OP4 respectively only
if the code select inputs are all high,

-3V — Pin ALZ can drive 19 inputs at a high logic level.
Power: +5 Volis at 325 mA. (max.)
Size: Standard, double height, single width FLIP CHIP rmodule.

M734 — $105
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/O BUS TRANSFER REGISTER L
M735 SERIES
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The M735 provides one 12-bit input bus driver and one 12-bit output buffer
register for input and output data transfers on the positive l/O bus of either
a PDP8/! or a PDP8/L. Device selector gating plus additional signal lines pro-
vide the flexibility necessary for a complete interface with the exception of
flag sense signals. Use of the M735 is not restricted to a computer, as it can
be used in many systems to provide reception and transmission of data over
cables.
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Inputs:
All inputs present one TTL unit load with few exceptions as noted in the
functional descriptions below:

Code Select Inputs: When a positive AND condition occurs at these inputs,
the pulse input gates for I0P1, [OP2, and IOP4 are enabled for use as de-
tailed helow. The code select inputs must be present at least 50 nsec prior
to any of the three signals that they enable. If all select inputs are not re-
quired, unused inputs must be tied to a source of 4-3 Vplts, These inputs are
all clamped so that no input can go more negative than —0.9 Volts. When this
module is used with the PDP8/1 or PDP8/L these inputs would he connected
to BMB outputs 3-8 to generate a device code. Where required in discussions
below, this 6-bit device code will be referred to as code XY.

10P1, 2, 4, BMB9(1) and BMB1O{1): These three IOP's 50 nsec or longer
positive pulse inputs, in comjunction with control level inputs BMBS(1) (Pin
AA) and BMB10O{1} (Pin AB1} provide all of the necessary signals for opera-
tion of this module. Table 1 below indicates the recommended use of these
pulses and levels. A“1™ or 0" in this table indicates the presence or
absence respectively of a pulse {an IOP) or the logic level at pins AAl or AB1.

The M735 module operation as associated with the various mnemonic 0T
codes is quite explicit with the exception of I0TXY5. This code (IOTXYS)
wolld be used to load zeros into the M735 with I0OTXY1 and then to load
into the AC the data present at the data inputs of the bus driver when
I0TXY4 coccurs. In this particular operation the AC has been effectively
cleared as the content of the AC was zerd during 10TXY1 thereby allowing
the transfer of data intc the AC without the use of the AC clear command
usually generated by 10T2.

Norliorlior[emB] BMB|  PDP/8 Module
4 | 2 1 |91 10(1} Mnernonic Operation
MO a1 0 Q0 IOTXY1 +3V = 0V output pulse on pin BR1

used for skip function.

/1] 0 0 1 10TXY2 43¥ — 0OV coutput pulse on pin
BS1, bus driver output on BP1
pulsed to ground and is used for the
AC clear function.

Load_-oﬁt'pﬁ't"register from accumu-
lator outputs on I0Pl  execute

ot1]1] o1 [womevs

10TXY2.
1 (0|0 1 0 10TXY 4 Data inputs strobed aonto accumu-
tator inputs.
1 (a1 1 Q IOTXYE Load cutput register on 10P1, Exe-
cute 10TXY4,
110 1| 1 | 10Txv6 | Execute 10TXY2, and 10TXY4.

11111 i 1 10TXY7 Execute 10TXY3, and 10TXY4.
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Although it is not implicit from Table 1, BMB9(1} and BMB10(1) inputs are
gated in a positive OR circuit, so that when the M735 is not used on a
PDPE/1 or PDPS/L /O bus one of these inputs can be grounded and the
other used for contral. They must appear at least 50 nsec prior to an IOF
pulse. If the M735 is used with one of the above computers, these inputs
must be tied to the corresponding /O bus lines. The input load on [OP1 is
two TTL unit loads. All five inputs are clamped so that no input can go more
negative than —0.9Vaolts,

Data Inputs: Each data input when at ground, enables the corresponding bus
driver output to be pulsed to ground during IOTXY4. A high input will inhibit
the bus driver from being strobed. Since each input is ANDed with 1GTXY4,
any change of data after this strobe begins will change the bus driver output.

Accumulator Inpuis: The input level presented to these inputs will be the
sarme as that assumed by the buffer outputs after executing inputs strobes
IOTXY, 5, or 7. Input data must be present at least 50 nsec prior to an IOP.
Each input is protected from negative undershoot by a diode clamp.

Reset Register Pin ALZ2: A positive pulse of 50 nsec or longer at this input
sets all buffer outputs to ground. When high, this input overrides any data
loading from the accumulator inputs. The output register will be cleared
within 70 nsec from the rising edge of this input. Dicde input clamping is
provided to limit negative undershoot to —0.9 Voits.

Outputs:
Pin BR1: This output can drive ten TTL unit loads and has a propogaticn de-
lay of less than 20 nsec. See Table 1.

Bus Driver: These open collector npn transistar bus driver outputs, in¢luding
pin BP1, can sink 100 ma. at ground. The maximum ocutput voltage cannot
exceed +20 Volts and each driver output is protected from negative under-
shoot by a diode clamp. When this module is used with the PDP8/I or
PDPS/L, output pins BAL—8N1 woyld be connected to the accumulator input
lines and pin BP1 to the clear accumulator line of the 1 /O bus. Typical rise
and fall TTT of these outputs with a 100 mA. resistive load are 100 nsec.

Buffer Outputs: Each output can drive ten TTL unit loads.
Power: L5 Volts at 425 mA.(max.)

Size: Standard, double height, singie width FLIP CHIP module.

M735 — $135
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The M736 is used in conjunction with the PDP8/| or 8fL to provide the
capability of assigning priorities to various 1/0 devices connected to the if0O
bus of the computer. The M736 can be used to assign pricrities for one thru
four external devices. Priority assignment may be provided for more than four
devices by using additional M736 modules for each additional group of
four devices. All M736's in a particular priority system would utilize the same
device code,

THEORY OF OPERATION

Basically the M736 module consists of the following:
1. The 103 device selector function.

2. A Bit Time State-3 (BTS-3) input.

3. Four priority input lines.

4. Priority enable ling, input and cutput.

5

. Five groups of six gates, each of which is capable of being hard wired to
provide address informmation to locate subroutings to service the various
devices associated with the priority interrupt system. The output of each
of these gates is strobed onto the accumulator input bus on lines AC(&)
thru AC(11).

SEQUENCE OF OPERATION

The externa! device activates its skip and/ar interrupt FLAG flip-flop. The
activation of the FLAG causes two things to happen; (a) The computer's in-
terrupt request line is pulled to ground. This tells the computer that an ex-
ternal devices requires service and reguests the computer to jump to an 1jO
priority interrupt service subroutine as soon as the cermputer completes its
present cycle. (b} The external device FLAG pulls to ground the appropriate
hard wired priority line connected to a D" flip-flop in the M736.

A Bit Time State-3 (BTS-3) pulse from the computer is applied to the clock
input of the “D” flip-flop te which the activating device flag is connected, as
mentioned in section 1b above, and causes this flip-flop in the M736 to set.
If more than one priority devices called to be serviced at the same time, all of
the associated priority “'D" fiip-flops in the M736 would be set at this time.
The outputs of the priority flip-flops in the M736 are connected to a priority
gate structure which is arranged in such a manner that only ane output ling
will be activated and that line will be associated with the external device with
the highest priority.

This activated output of the priority gate structure is applied to one group of
six two-input gates which make up the address gate. The other input of each
of the six two-input gates of the address gate is hard wired to provide a dis-
crete address which will correspond to the starting location of the particular
subroutine associated with that priority request. Each of the six output lines
of the activated address gates is applied to one input of a two-input gate of
the AC input strobe gate.
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The computer now has had time to jump to the priority interrupt service
routine and now issues a device selection code corresponding to the hard
wired device selection code assigned {o the M736 priority interrupt modules,
This device selection code will pre-enable the 10P gates of the M736 of

M736's.

The computer now issues an 10F-2 putse to the I0P-2 gate of the M736
module, The output of the IQP-2 gate now produces an 10T-2 pulse which
causes the “‘Clear the AC' line of the I!G bus to be pulled to ground, and
thereby clears the AC.

The computer issues an IOP-1 pulse to the IOP-1 gate of the M736 madule.
The output of the 10P-1 gate produces an 10T-1 pulse which is applied to the
strobe inputs of the AC input bus gate. As the other inputs of the AC input
bus gate are connected to the outputs of the address gate, appropriate lines
of the AC input bus {AC 6 thru AC 11) will be pulled to ground thereby load-
ing into the AC the starting address of the subroutine associated with the
particular priority |/ 0 device to be servicad.

The computer now refuses to accept any further interrupt requests and jumps
to the subroutine with the particular starting address which was loaded inte
the AC. The service routine of the particular priority device contains an in-
struction to clear the interrupt flag flip-flop of the particular |/ O device and
at the end of the subroutine issues the M736 device selector code with an
IOF-4 which clears the griority flag flip-flops of the M736. The computer now
turns on the priority interrupt system capability which allows the computer to
service any future interrupt requests.

USING THE M736 PRIORITY INTERRUPT MODULES

1. Assign a device selection code to the M736 priority sysiem and connect
the device selection inputs of the M736 1o the proper device selection
lines to assure decoding for that code. If more than one M736 is used
connect the device selection lines for each M736 in exactly the same
manner, Each M736 will use the same device selection code.

These inputs are: BT2, BS1, BR1, BP1l, BN1 and BSZ2.

Connect the enable input, BNZ, of each M736 to +3V.
Connect the IOP-1 input, BJ1, to the I0P-1 bus line.
Connect the 10P-2 input, BM2, to the I10P-2 bus line.
Connect the IOP-4 input, BH2, to the I0P-4 Lus line.
Cannect the BTS-3 input, BLL, to the BTS-3 bus line.

N s wN

Connect the outputs of the external /O device flag flip-flops to the priority

MOTE: In normal operation, 10P-4, is not required as the flag flip-flap in the external pri-
crity 1,0 device is cleared by the subroutine servicing that device. When the flag in the
1}0 device is cleared, the next BTS03 pulse will load the disabled flag outpu tinto its
respective priority flag flip-flop in the MJ36 effectively clearing the priority flag flip-flop.
flip-flop.
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inputs in such a manner as to pull the corresponding priority input line
of the M736 to GRD when the device flag is activated. These inputs are
as follows:

1st priority BJ2 ist M736 Module
2nd priority BH1 " ! "
3rd priority BF2 " !

4th priority BK1 d “ '
5th pricrity BJ2 2nd " !
oth priority BHI " " '

Carry on for additional priority interrupt devices.

Assign starting address to the subroutines which will service each priority
interrupt device attached to the priority interrupt system. Also assign a-
starting address for the subroutine to service non-priority devices. Hard-
wire the various starting address of the service routines as follows:

AC(6) AC(7) AC(B) AC{®)  AC(10) AC(11)

Priority 1 BD1 BB1 APl AR1 AHI AF2
Priority 2 AUZ AS1 AN1 AK1 AF1l AAl
Pricrity 3 AT2 AR2 AM2 ALZ AE1 AB1
Priority 4 BAl AS2 ALZ AMI AD1 AC1
NON-Priority BC1 BE1 BF1 AP2 AJl AHZ2

NOTE: If more than faur external I/O devices require priority assignments,
the NON-priority address inputs BC1, BE1, BF1, AP2, All and AH2 of the
M736 module used for the first four highest priorities, must be con-
nected to GRD. If more than two M736 modules are required all of the
NCN-priority address lines of each module except the last M736 contain-
ing the lowest priorities, must be connected to GRD. The NOMN-Priority
address is hardwired to the NON-Priority address inputs of only the lowest
priority M736° module. All un-used priority address inputs must be
grounded. Logic 1 level for address may be gbtained from module pin
BV2 of each M736 module. Lower priority addresses would be hardwired
on succeeding M736 modules in the same order hard wired to the second
M736 module as follows:

AC(6) AC(7} AC(B) AC(9) AC(10) AC(11)
Priority 5 BED1 BB1 APl AR1 AH1 AF2
Priority 6 AU2 AHZ2 AK2 ADZ AJ2 AE2

9. Connect the AC inpuf bus gate outputs to the AC bus as follows:

AC(B) AC(7) AC(8) AC(® AC(10) AC(l1)
Modute Pins AVZ AHZ AK2 AD2 AJ2 AE2

10, Connect the Priority Enable input line BE2, of the M736 with the highest
priorities, or the only priorities, to ground.

11. If lower priorities of 5 or more are assigned, connect the Priority output
of the module with the higher priorities, Pin BD2, to the next M736
meodule (with the next following four lesser priorities) Priority enable in-
put pin BE2.

12, Last, but not least, connect the INITIALIZE input, BL2 to the Initialize line
of the computer’1/O bus.

Size: Standard, double height, single width FLIP CHIP module.

M736 —§125
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The M737 12-Bit Bus Receiver Interface is completely contained on a double
height, single width module,

The M737 was designed primarily to receive and store in a buffer register
twelve parallel data bits frorm the positive bus of the PDP-8/1 or PDP-8/L.
The M737 is pin compatible with the M738 Counter-Buffer Interface, the
M1Q7 Device Selector, the M108 Fiag Module, and the 12-Bit Bus Paneloid
E100. The 12-Bit Bus Receiver Interface, M737, consists of three basic sec-
tions: device selector, flag, and buffer register section:

Device Selector Section

The device selector section contains six address inputs which are to be con-
nected to the proper BMB bits for address selection. OP 1 input is used to
generate an 10T 1 which is used internally to test the flag. The output of flag
test gate is connected directly to the skip bus with an NPN transistor. The
output of the address selection gate is connected to the bus gate of the buffer
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ragister section and functions as an option select level 10P 2 is used for two
purposes. It is internally connected in such a manner as to clear the flag and
to load the buffer register with the contents of the BAC lines.

The Flag Section

The flag section is vsed to generate a pragrammed interrupt, The flag flip-flop
may be set by a level shift from low to high (a positive going voltage) applied
to the set input at pin ASZ2. The output of the flag is connected to the P. L
line by way of a P. |. enable gate and an open collector NPN transistor, The
autput of the flag is alsc connected to pin BU1. The flag is reset by 10P2
applied to pin AN2 or by initialize pulses applied to Pin ALZ,

Buffer Register Section

Data from the bus is applied to the inputs of the bus gate. The bus gate
prevents the buffer register from loading the bus when M737 is not addressed.
The bus gate is enabled by the option select level derived internally from the
output of the device selector section. The buffer register is loaded by jam
transfer upen the command of an 10T2 instruction. The output of the buffer
register is buffered by the use of TTL circuitry.

Inputs: All inputs which receive positive bus signals are protected against
negative voltage undershoot. AE1, BV1 represent 1.25 TTL unit loads. These
two inputs need not he tied to a logic 1 source when not used.

AM2, ANZ represent 2.5 TTL unit loads.
AS2 represents 2 TTL unit loads.
Aill other inputs represent 1 TTL unit load.

Outputs: BS1, BR1 will sink 25 MA to ground. Voltage applied to these outputs
must not be allowed to exceed | 20 Volts. These outputs are protectad
against negative voltage undershoot and consist of open collector NPN
transistors. :

All other outputs will drive 10 TTL unit loads.
Power: -|-5 Volts, 300 mA (maxintum).

Size: Standard, douhle height, single width FLIP CHIP module.

M737 — $120
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The M738 Counter-Buffer Interface is contained on a double height, single
width module,

The M738 was designed primarily ts strobe twelve parallel bits onto the
positive bus of the PDP-3/1 or PDP-8/L. This module caonsists of three basic
sections: 1) A twelve bit bus driver, 2) A twelve bit Up Counter which is
presetable by jam transfer, and 3} A clock input gate circuit twelve bit bus
driver.

The twelve bit hus driver is used 1o strobe the contents of the buffer counter
onto the bus when a logic O {gnd) is applied to the "Strobe Data Out” pin
AU2. The output of the bus driver consists of an open collector NPN tran-
sistor which allows the data outputs of other M738 modules to be parallel
in a caltector OR to ground fashion.
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These outputs can sink 25 mA to ground and are protected against negative
voltage undershoot in excess of —.9V.

The input to the 'Strobe Data Out” pin AU2 would normafly be an 10T pulise
derived from a M103 or M107.

Twelve bit up counter-buffer:

The twelve bit counter-buffer consists of three MSI, 4-bit presetable counters
connected in tandem. Twelve parallel bits of data may be applied to the data
inputs and then jam transferred into the counter by the application of a logical
zero of time duration equal to or greater than 250 n seconds to the “Strobe
Data In"" pin AS2. This input could be an 10T pulse from a M102 or M107.

The contents of the counter may be cleared by the application of a fogical
zero of time duration egual to or greater than three micro-seconds applied
to the "clear counter/buffer” input pin BD2. The requirement of a three
micro-second pulse precludes the direct use of an 10T pulse for clearing the
counter. f it is required to clear the counter by the command of an 107
pulse, a M302 dual delay multivibrator could be used to stretch the 10T
pulse length. Af times, it may be desirable to connect two or more M738
module counters in tandem. This may be accomplished by connecting the
“overflow” cutput pin BEZ2 of the first M738 to the “clock” input pin AVZ of
the next M738. The clear pulse time duration should be an additional 3 micro-
seconds for each M738 added in tandem: i.e. 24 bits would reguire a 6
micro-second clear pulse.

Clock Input Gate

The clock input gate circuit contains a storage flip-flop which serves to gate
a clock pulse applied to the "“Clock” input, pin AV2, into the counter buffer.
This flip-flop may be initialized by the application of a logic one pulse (- volt-
age pulse) to pin AL2 or by a logic zero (ground pulse) applied to the “Stop™”
input AT2. When the flip-flop is initialized, clock pulses applied to the clock
~input, pin AV2, will not be counted. Clock pulses may be counted by setting
the flip-flop with the application of a logic zero pulse to the “Start Clock”
input AR2. The four inputs, clock, start ciock, stop and initialize require a
minimum pulse width of 50 nanoseconds and therefore could use (0T pulses
derived from the device selectors M103 or M107.

Inputs: AS2 3TTL Loads
AlZ 12TTL Loads
All other inputs 1 TTL Load
(See text for timing considerations)

Outputs: BE2 10TTL Loads

All other cutputs consist of open collector NPN transistors
which are capable of sinking 25 MA to ground. Voltage ap-
plied to these outputs must not ‘exceed +20 Volts. The
outputs are diode protected against negative voltage under-
shoot in excess of —.2 Volts.

Power; +5V at 250 MA (maximum)} — ho strobe onto bus.
) 370 MA (maximum) — during bus strobe,

Size: Standard, double height, single width FLIP CHIP module.

M738 — $105
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The M782 is used in PDP-11 device interfaces. It consists of logic circuits
that can he divided into three functional sections: Master Control A, Master
Cantrol B, and INTR Control.

The Master Control circuits are used to gain control of the UNIBUS for satis-
fying the need to either Gain direct memory access (DMA), or to perform the
INTR bus operation which alters program flow.

To become master of the bus involves a question of priority. Briefly, this
priority question is split into three phases: 1) bus request lines, 2) proces-
sor's priority tevel, and 3) physical placement of a device on the UNIBUS.

1) NPR {highest}
8R7
BR& (except for trap instructions)
BR5
BR4 {lowest)

2) The processor acknowledges where N is an Octal number in pro-
BR's of level == N: cessor’'s status register. (NPR's are
not affected.)

3) Highest priority goes to the device closest to the processor on the unigue
bus grant chain.

Theory Of Operation

If 2 device wants control of the bus, it asserts hoth INT A and INT ENB A.
Then a request is made on a BR. This then leads to priority determination
and a BG results. Now the Master Control A responds with BUS SACK. The
processor sees this acknowledgerment and removes BG. When BUS BBSY
and BUS 85YN are negated, the Master Contral A removes its BR and asserts
BUS BBSY itself. It also asserts Master A when it is in control of the bus.
Now the device can use the bus. To release control of bus, the device can
assert CLEAR A or negate: INT A or INT ENB A. Master Contral B is identical
to Al

The INTR operation transfers a ‘‘vector address™ to the processor. At this
address is stored two consecutive words: 1} The starting address of the in-
terrupt service routine, and 2} A status word. When the processor detects this,
a trap seguence is initiated {current value of PC and current status of PS
are stored and new ones are fetched.) Mow the interrupt service routine is
executed.

To start the process: START INTR A or START INTR B is asserted. Then BUS
INTR is asserted along with a 6-bit address. This is transferred onto the data
lines: BUS [ (07:02) providing & range of Q00 to 374 {OCTAL) in increments
of 4. B(07:03) are controlled by jumpers, which when “in,"” forces the bit to
zern, The processor seeing BUS INTR asserts BUS SSYM. When this is de-
tected, an INTR DONE A is asserted which negates the START INTR signal.
This is turn negates BUS INTR, which negates BUS SSYN. As a result, a trap
sequence is initiated. Vector bit-2 controls DO2. When it is asserted DO2 is
asserted. It does not control any other bits.

LOGIC LEVEL 1 (high) > 13V at  40uA
LOGIC LEVEL 0 (low) < .4V at —1.6mA

172



Input Loading: One TTL Ioad {each} INT A,B
INT ENB A,B

MASTER CLEAR A,B
YECTOR BIT 2

Two TTL load {each) START INTR A,B
One Unibus receiver BG IN AB
load* (each) BUS BBSY
BUS SSYN
—25 mA {max.} EXT. GND

A UNIBUS receiver |ead is characterized at:

< 1.4V at 254A {max.} Low level
= 2.5V at 1604 {max.) High level

Output Drive: Ten TTL toads {each) MASTER A,B
INTR DONE AB

One UN[BUS driver BR AB
load™ (each) BUS INTR
BUS D {07:02)
Two UNIBUS driver BUS SACK
loads ™ {each)- BUS BBSY
BG CUT AB

A UNIBUS driver load is characterized at:

< 0.8V at 50 mA (max.) LOW LEVEL
25uA (max.) Open collector leakage

Power: +5 Voits at 277 mA (max.)
The grant chain to tie in the Master Control as follows:

BG IN has 39052 ta GND and BG has 1800
+5 Volts.

EXT GND is used for testing purposes and should be tied to ground
in normal operations.

Size: Extended length, single height, single width FLIP CHIP modute.

M782—%$100
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UNIBUS DRIVERS W
M783 SERIES
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The M783 consisis of twelve drivers to be used as an interface with the
UNIBUS of the PDP-11. Pin Ul provides 43 Vaolts and has an output capa-
bility of ten TTL loads.

input Loading:
Output Drive:

Power:

Siza:

Each input represents 1.5 TTL loads.

Fanout of 10 from pin DZ; all others are capable of sinking
50 mA. with a collector voltage of less than or equa! to 0.8
Voits,

Leakage current is less than 25 microamps.

+5 Valts at 69.9 mA. {max.)

Extended length, single height, single width FLIP CHIF
maodule.

M783—-%30
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UNIBUS RECEIVERS

M

M784 SERIES
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The M734 consists of Sixteen inverting recetvers that are used as interface
with the UNIBUS of the PDP-11.

input Loading:

Qutput Drive:

Power:

Size:

All inputs have one Unibus receiver load.®
*A Unibus receiver load is characterized as:

< 1.4V at 25zA (max.) LOW LEVEL
> 2.5V at 160uA (max.) HIGH LEVEL

Each output has a fanout capability of 7 TTL loads.
Output LOW Level 0.6V @ 12.5 mA

Cutput HIGH Level 3.5V @ —2.5 mA
+5 Volts at 200 mA (max.}
Extended length, singie height, single width FLIP CHIP
module.

M784—%30
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UNIBUS TRANSCEIVER
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The M785 consists of 8 drivers and 8 receivers, and is used as a device in-
terface with the PDP-11 UNIBUS. Pin Ul provides +3 Voits and has an out-
put capability of ten TTL loads. Driver gates are open collectors and capable
of sinking 50 mA with a collector voltage of less than 0.8V,

Input Loading: All driver inputs represent 1.5 TTL loads.
All other inputs have one Unibus receiver load™
A Unibus Receiver load is characterized at:

< 1.4V at 25:A (max.) LOW LEVEL
= 2.0V at 160uA (max.) HIGH LEVEL

Qutput Drive: Each output has a fanoui capability of 7 TTL loads.

Output LOW Level 0.6V @ 12.5 mA
Qutput HIGH Level 2.5V @ —2.5 mA

Power: +5 Volts at 118 mA {max.)
Size: Extended length, single height, single width FLIP CHIP
module.

M785—%35
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DEVICE INTERFACE
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The M7B6 Device Interface is a double height module used in conjunction
with the M105 Address Selector and the M782 Interrupt Control to enable
an external device containing up to 16 bits to communicate with the KAlLL
Processor.

The Device Interface contains controls for reading a 16 bit word from an ex-
ternal device into the processor, a 16 bit register that may both be lcaded
and read by the processor {whose outpuis are available to an external de-
vice), two interrupt enable flip-flops which may also both be read and loaded
by the processor, and two REQUEST bits controlled by an external device.

The device may signal the processor by generating an interrupt signal on
one of the two REQUEST lines. If the appropriate interrupt enable flip-flep in
the device interface is set, an interrupt signal is sent to the processor.

Input Loading: All standard TTL {oads.

All one unit loads except REQUEST lines which are two unit
loads.

Output Drive: Al 8 unit loads.

Power: +5 Volts at 600mA (max.)
Size: Extended length, double height, single width FLIP CHIP
module.

M786—5220

The BB11 is a prewired system unit used for general interfacing. It consisis
of three 288-pin blocks assembled end-te-end in a casting which can be
mounted in the basic PDP-11 box or extension box. Six of the module slots
are used for bus and power cannectors. These slots are:

POWER-A3 1 2 3 4
UNIBUS-ALl-Bl and A4-B4 - E T -
+5 Volts to all A2 pins A Zlg|w Z
—15 Volts to all B2 pins {except in slots Al, 8 a %z‘ 8
Bl, A4 and B4) a
Ground to ali C2 and T1 pins. o @
B| D o
d Z
5 S
C
o
E
——— F
BB11—%50
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FLEXPRINT CABLE CONNECTOR

M

M901 SERIES
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This module allows 36 lines to be used as signais and/or grounds. The 100.
ohm resistors connected in series with the modules pins A2, B2, Ul and V1
are provided to afford some measure of protection in the event that these
pins are inadvertently connected to a source of supply voltage.

Input: Recommended current per line is 100 mA. maximum.

Size: Standard; single height, single width FLIP CHIP module.

M201 — 15
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FLEXPRINT CONNECTOR M
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The M203 connector is a single sized, double sided board.

This connector provides high density cable connections using two single flex-
print cables. Eighteen signal leads and grounds are used as listed below.

Signal: BI, D1, E1, H1, J1,L1, M1, PL, 81
D2, E2, H2, K2, M2, P2, 82, T2, ¥2

Caommon Graund: Al, €1, F1, K1, N1, R1, Tl
C2, F2, 12, 1.2, N2, R2, UZ

Size: Standard, singie height, single width FLIP CHIP module,

M303 — $12
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COAXIAL CABLE CONNECTOR M
Mo04 SERIES
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The M904 connector is a single sized, double sided board,

This connector provides high density cable connections using coaxial cable.
Provisions are made for connection of two nine-conductor coaxial cables to
this connector. Eighteen signal leads and grounds are used.

Signal:  B1, D1, E1, H1, J1, L1, M1, P1, S1
D2, E2, H2, K2, M2, P2, 52, T2, V2

Commeon {ground): Al, C1, F1, K1, N1, R1, T1
C2, F2, 12, L2, N2, R2, U2

Size: Standard, single height, single width FLIFP CHIP module.

M504 — §14
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CABLE TERMINATOR M
M906 SERIES

The M906 cable terminator module contains 18 load resistors which are
clamped to prevent excursions beyond +3V and ground. It may be used in
conjunction with M623 to provide cable driving ability similar to M&61 using
fewer module slots.

The M20& may be used to terminate inputs. In this configuration, M906 and
M111 are a good combination.

Inputs: "

This module is normally used standard M-Series levels of 0 and 4-3V to par-
tially terminate 100 ohm cable. It presents a load of 22.5 ma or 14 TTL unit
loads at ground, and therefore, must be driven from at least an MB17 type
circuit, or preferably a cable driver,

The following pins MUST be grounded:  Al, CI1, F1, K1, N1, R1, Tl
C2, F2,.J2, L2, N2, R2, U2

Power: +5Y @ 440 ma. (max.} (all lines grounded).

Size: Standard, single height, single width FLIP CHIP module.

" 1906 — $20
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DIODE CLAMP CONNECTOR M
MSO7 SERIES

at g1 Cct M E1U FT OHI Kt LI M1 Pt R1 S1 T1

+3 43

Pl

U1ow

€2 D2 E2 F2 HZ J2 K2 LZ M2 N2 P2 R2 32 T2 Uz ve

The M907 is used to provide proper undershoot ground clamps for PDP3/!
positive bus signals not using M103 or M101 inputs.

The MS07 also provides 43V for clamping 25 unused inputs. Diode clamps
appear on signal leads used in double-sided alternate ground |/O cables.

Diode clamp: B1, B1, E1, H1, J1, L1, M1, P1, 1,
D2, E2, H2, K2, M2, P2, 32, 72, V2

Ground: Al, C1, F1, K1, N1, R1, T1,
C2,F2, )2, L2 N2, R2, U2

Power: 45V at 10.2 mA.(max.)
Size: Standard, single height, single width FLIP CHIF module.

MSO7 — 316
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RIBBON CONNECTOR

M

M908 SERIES
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N 7
SPLIT PINS

The M908 cable conngctor consists of a single sized, double sided board
which contains thirty-six split pins which allows the connection of thirty-six
separate wires, All connections are made on the component side of the
moduie. The 10 chm, 14 watt resistors connected in series with module pins
A2 B2, Ul and ¥1 are provided to afford some measure of protection in the
event that these pins are inadvertently connected to a source of supply
voltage.

The M908 is primarily intended for use with ribbon cable and is normally.
supplied with a ribbon cable clamp unless otherwise specified.

Size: Standard, single height, single width FLIF CHIP module.

M908 — $18
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TERMINATOR : M

M9o09 SERIES
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The MS909 module contains 18 687 resistors. All 18 resistors are tied to
ground through a common bus.

This module is used in conjunction with the M810 to form 14 of the biasing
circuitry used in the driving network of the M&22.

Size: Standard, single height, single widih FLIP CHIP module.

M909 — $14
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TERMINATOR M

M910 SERIES
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The MS10 module contains 18-680 resistors. All resistors are tied to a
common —+5 Volts bus.

This module is used in conjunction with the M909 to form 14 of the biasing
circuitry used in the driving netwark of the M622.

Size: Standard, single height, single width FLIP CHIP module.

M910—E20

187



2-INPUT AND GATES M
M1103 SERIES
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The M1103 contains 10 2-input AND gates. Unused inputs on any gate must
be returned to a source of logic ‘1" for maximum noise immunity. Two pins -
are provided (Ul and V1) as a source of +3 Voalts for this purpose.

Inputs: Each input represents 1 TTL unit load.

Outputs: Each output can drive 10 TTL unit loads.

Power: 45 Volts @ 80 mA. (max.)

Size: Standard, single height, single width FLIP CHIP module.
TM1103—§14
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4-INPUT AND GATES M
M1307 SERIES
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The M1307 contains 6 4-input AND gates. Unused inputs on any gate must be
retitrned to a source of logic 1" for maximum noise immunity. Two pins are
crovided (Ul and V1) as a source of +3 Volts for this purpose.

Inputs: Each input presents 1.25 TTL unit ioads.

OQutputs: Each output is capable of driving 12.5 TTL unit loads.
Power: +5 Vaolts @ 100 mA. {max.)

Size: Standard, single height, single width FLIP CHIP module.

M1307—%12
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The Module Assembly area has shifted emphasis from volume pro-
duction to complex experimental work. The above process is a spe-
cial sub-assembly of an indicator light board designed for a control
unit,
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W Series
Special Purpose
Logic Boards
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WIRE WRAPPABLE MODULES '}
W940-W943, W950-W951 SERIES

W40 Wwo41

These six wire wrappable boards with wire wrappable pins will accom-
modate dual-in line IC's. Two separate leads of 30-gauge may be wire
wrapped to each pin. All boards have accommodations for 14 and/or 16
pin dual-in-line IC's. However, the W950 and W951 boards also
have accommodations for 24 pin dual-in-line IC's. Some boards are supplied
with low profile IC sockets. The boards are designed to offer customer flex-
ibility by providing additional pin locations for mounting discrete compo-
nents, such as transistor sockets and potentiometers. These boards offer
the user such advantages as easy construction of prototypes and low cost
limited production runs. The following table describes each individual mod-
ule:

MODULES W940, W942 MODULES W941, W943
W50 W51
« AA2, BA2, CA2, DA2, —+5 «—— AA2, BA2 — =45
AC2, ATi, BC2, BT1 AC2, AT1
“— ] cc2, cT1, DC2, onf—GND <1862 BH % —GND
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MODULE CONNECTOR SIiZE

PINS

DESCRIPTION

PRICE

WS40

144

Emtended length
Quad height

Accommodates up to 50
14 and/or 16 pin IC's
with or without sockets.
{sockets not included)

$70.00

w341

72

Entended length
Rouble height

Accommodates up to 25
14 and/or 16 pin IC's
with or without sockets.
(sockets not incleded)

$40.00

waq2

144

Entended length
Quad height

Contains low profile IC
sockets, Accommodates
up to 50 14 andjor 16
pin 1C's

$140.00

Wwo43

72

Entended length
Double height

Contains low profile IC
sockets, Accommodates

up to 25 14 andfor 16

pin IC's

$75.00

Wo50

144

Entended length
Quad height

Has 30 14 and!or 16 pin
type accommodations.
Also contains 8 24 pin
type accommodations
that can alse accommo-
date 14 andfor 16 pin
HC's, IC's may be
mounted with or without
sockets (sockets not
included).

$65.00

Wasl

72

Entended length
Doubte height

Has 15 14 and!or 16 pin
type accommodations.
Also contains 4 24 pin
type accormrnodations
that can also accommeo-
date 14 and/or 16 pin
IC's. 1C's may be
mounted with or without
sockets (sockets not
included).

$40.00
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MSI MOUNTING BOARD W
W60 SERIES

The W960 is a single-height, standard-length, double-sided PC board that can
accommodate either two 14 or 16 pin dual-in-line IC's, or one 24 pin dual-in-
line IC with or without socket(s). All IC pins are brought out to connector pins.

QOO v e
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WIRE WRAPPABLE MODULES w
W966, W67 SERIES

w867 Wo66

The W966 is the 8/e collage mounting board. It is double sided, extended
length, and quad height with wire wrappable pins. It will accommodate 14
and/or 16 pin dual-in-line I1C’s with or without 16 pin sockets. Two separate
leads may be wire wrapped to each pin. Up to 42 IC's can be mounted on
the W966. Discrete components may be directly soldered onto the board.
The top center of the W966 board has 72 terminal fingers with terminating
wire wrap pins. An 1/O connector (male) terminating in wire wrap pins is
mounted on the left side of the W966 board to provide access to the “outside
world"" when using BC0O8J-XX cable with a double sided connector board or a
BCO8BK-XX single sided connector board. Both connector boards have 18
conductor lines.

All power and ground lines are common to the 8/E "“OMNIBUS"".

AR A BAD: GAD = _I'§

AC1, AC2, AF1, AF2, AN1, AN2, AT1, AT2
BC1, BC2, BF1, BF2, BN1, BN2, BT1, BT2

«<——1 ccCl, CC2 CF1, CF2, CN1, CN2, CT1, ¢cT2 [ — GND
DC1. DC2, DF1, DF2, DN1, DN2, DT1, DT2

The W967 is similar in all details to the W966 except that the W967 is sup-
plied with 42 low profile IC sockets.
W66 — $85
Wo67—8$165
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COLLAGE MOUNTING BOARDS W
W968, W969 SERIES

w968 w969

The W968 and W969 collage mounting boards will accommodate 14 and/or
16 pin dual-in line IC’s with or without 16 pin wire wrap sockets and/or solder
sockets. The W968 is a double-sided, quad-height, extended length board
and can accommodate up to 72 IC's.

The W969 is the double-height version of the W968 and can accommodate
up to 36 IC's. Among the unique uses of the collage boards are that they
facilitate construction of prototypes and production of limited runs,

W968 W969
«— AA2, BA2, CA2, DA2 —+5 «—— AA2, BA2Z ——5
AA2, AT1, BA2, BT1 AA2, AT1
TF {CAZ, CT1, DA2, DT1 [ —GND = { BA2, BT1 } —GND
W968—$45
' W969—$30

196



W970-W975, W990-W999

BLANK MODULES

W
SERIES

wagz2

wo98

These 10 blank modules offer convenient means of integrating special circuits
and even small mechanical components into a FLIP CHIP system, without loss
of modularity. Both single- and double-size boards are supplied with contact
area etched and gold plated, The W990 Series modules provide connector pins
on only one module side for use with HBOO connector blocks. WS70 series
modules have etched contacts on both sides of the module for use with
double density connectors Type H803, and low density Type H808.

Con-
nector
Module Pins  Size Handle Description Price
w970 36 Standard Attached Bare board, no split lugs, $ 4.00
length similar to W990,
Single
height
wa71 72 Standard Attached Bare board, no split lugs, % 8.00
length similar to W991.
Deouble
height
wa72 36 Standard Separate Copper clad, similar $ 4.00
length to W992.
Single
height
W973 72 Standard Separate Copper clad, similar $ 6.00
length to W993.
Double
height
wo74 36 Standard Attached Same as W998, contact $ 9.00
length both sides.
Single |
height
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Con-

nactor
Module  Pins Size Handle Description Price

W9o75 72 Standard  Attached Same as WS99, contact  $13.00
fength both sides.
Double
height

W30 18 Standard  Attached Bare board, split lug $ 250
length terminals.
Single
height

w991 36 Standard Attached Bare board, split lug $ 5.00
length terminals. ’
Double
height

wag92 18 Standard Separate Copper ¢lad, to be $ 2.00
length etched by user.
Single
height

woa3 26 Standard Separate Copper clad, to be $ 4.00
length ‘etched by user.
Double
height

Wo98 18 Standard  Attached Perforated, 0.052” hotes, $ 4.50
length 18 with etched lands, The
Single holes are on 0.1" centers,
height both horizontally and

vertically.

Wo99 36 Standard  Attached Perforated, 0.052” holes, % 9.00
length 36 with etched lands. The
Double holes are on 0.1 centers,
height both horizontally and

vertically.
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BLANK COPPER CLAD MODULES
W972, W573, W992, W993

W
SERIES

8] Q o @] O O
-— = ] 74—t —— — — — = — — — — ]
5
3 3%
x . . - .
mUOWL Tox FE FA TV > = o=
x < = o L]

Wwog2 wa93

Type W92 and W953 are single side copper clad boards. Th
indicate the copper clad area that is usable for etchin

e diagrams above
g purposes. The

identifying numbers are etched from the clad using a minimum of etchable
area. Type W972 and W972 are equivalent to the above types but have copper

clad on both sides.
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COLLAGE MOUNTING BOARD W
w979 SERIES

The W979 Collage Mounting Board will accommodate 14 and/or 16 pin dual-
in-line IC's with or without 16 pin wire wrap sockets and/or solder sockets.

It is the double-height, standard-length version of the W969.

FLIP CHIP

i’ O

w979 — $20
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MODULE EXTENDER W
w980 SERIES

The W980 Module Extender allows access to the module circuits without
breaking connections between the module and mounting panel wiring.

For double size flip-chip modules use two W980 extenders side by side. The
W80 is for use with A, K and W Series 18 pin modules.

wos0o — $14
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MODULE EXTENDER W
w982 SERIES

The W982 serves a function similar to the W980 except it contains 36 pins
for use with M series modules. The W982 can be used with all modules in
this catalog. A, K, and W series modules will make contact with only 2 side
pins. A2, B2, etc.

wos2 — §18
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MODULE EXTENDER W
W9s4 SERIES

The W984 Module Extender allows access to the module circuits without
breaking connections between the module and module panel wiring. It is
double height and extended length with 72 connector pins for double height

M Series modules. For single height M Series modules use the W982 Module
Extender.

wo84—5%30
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After the modules are flow-soidered, they undergo a visual inspec-
tion to insure that all solder points and runs are properly made.
If needed, additional solder is added.
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Hardware, Accessories and
Power Supplies

Digital manufactures a complete line of hardware accessories in support of its
module series. Module connectors are available for as few as one maodule
and as many as 64 in a single rack (H020). A complete line of cabinets is
available to house the modules and their connector blocks, as well as pro-
viding a convenient means for system expansion. Fower supplies for both
large and small systems and reference supplies are also available.

Coupled with the recent additions to the hardware line, Digital has made every
effort to maintain or improve the high standards of reliability and perform-
ance of its present line. Through the availability of a wide range of basic
accessories. DEC feels that it is offering the logic designer the necessary
building blocks which he requires for complete system design.

50-CYCLE POWER

Because of the demand for Digital's products in areas where 115-¥, 60-cps
power is not available, each of the power supplies with a frequency-sensitive
reguiating transformer is also available in a multi-voltage 50-cps version. All
50-cps supplies have the same input connections. The line input is on pins
3 and 4. Jumpers should be connected depending on the input voltage. These
connections are shown below along with a schematic.
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WIRING HINTS

These suggestions may help reduce mounting panel wiring time. They are
not intended to replace any special wiring instructions given on individual
module data sheets or in application notes. For fastest and neatest wiring,
the following order is recommended.

(1Y All power & ground wiring and any horizontally bussed signal wiring. Use
Horizontal Bussing Strips Type 232 for type H800, 933 for type HB03, or
939 for type HB0B.

(2) Vertical grounding wires interconnecting each chassis ground with pin C
grounds. Start these wires at the uppermost mounting panel and continue
to the bottom panel. Space the wires 2 inches apart, so each of the
chassis-greund pins is in line with one of them. Each vertical ground wire
makes three connecticns at each mounting panel.

{3} All other ground wires. Always use the nearest pin C above the pin to be
grounded, uniess a special grounding pin has been provided in the rmodule.

(4 All signal wires in any convenient order. Point-to-point wiring produces
the shortest wire lengths, goes in the fastest, is easiest to trace and
change, and generally results in better appearance and performance than
cabled wiring. Point-to-point wiring is strongly urged.

The wire size for use with the HB00 connector blocks and 1943 mounting
panel is 24 for wire wrap, and 22 for soldering. The size for use with HB03
block and H911 mounting panel is # 30 wire. Larger or smaller wire may be
used depending on the number of connections to be made to each lug. Solid
wire and a heat resistant spaghetti (Teflon) are easiest to use when scldering.

Adequate grounding is essential. In addition to the connection between mount-
ing panels mentioned above, there rnust be cantinuity of grounds between
cabinets and between the logic assembly and any equipment with which the
logic cormmunicates.

when soldering is done on a mounting pane! containing medules, a 6-V (trans-
former) soldering iron should be used. A 110-V soldering iron may damage
the modules.

When wire wrapping is done on a mounting panel containing modules, steps
must be taken to avoid voltage transients that can burn out transistors. A
battery- or air-operated tocl is preferred, but the filter built into some line-
aperated tools affords some protection.

Even with completely isclated tools, such as those operated by batteries or
compressed air, a static charge can often build up and burn out semicon-
ductors. In order to prevent damage, the wire wrap tool should be grounded
except when all modules are removed from the mounting panel during wire

wrapping.
AUTOMATIC WIRING

Significant cost savings can be realized in quantity production if the newest
automatic wiring techniques are utilized. Every user of FLIP CHIP modules -
benefits from the extensive investment in high-production machinery at
Digital, but some can go a step further by taking advantage of programmed
wiring for their FLIP CHIP digital systems. .
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While the break-even point for hand wiring versus programmed wiring de-
pends upon many factors that are difficuit to predict precisely, there are a
few indications:

1. One-of-a-kind systems will prohably not be economicai with automatic
wiring, unless a customer has high overhead costs and performs a time-
consuming {costly) hand assembly.

2. At the other end of the spectrum, production of 50 or 100 identical
systems of almost any size would be worth automating, not only to lower
the cost of the wiring itself but also to reduce human error, At this level
of volume, machine-wired costs can be expected to be considerably less
than the cost of hand wiring.

3. For two 1o five systemns of severat thousand wires each, a decision on the
basis of secondary factors will probably be necessary; ease of making
changes, wiring lead time, reliability predictions, and availability of rele-
vant skills are factors to consider,

Digitat can supply further information to those interested in programmed
wiring techniques. Contact the Module Marketing Manager, Module Products
Group.

COOLING OF FLIP CHIP MODULES

The low power consumption of K and M series modules results in a total of
oniy about 25 watts dissipation in a typical 1943 Mounting Panel with 64
modules. This allows up to six panels of modules to be mounted together
and cooled by convection alone, if air is allowed to circulate freely. In higher-
dissipation systerns using modules in significant quantities from the A series,
the number of mounting panels stacked together must be reduced without
forced-air cooling. in general, total dissipation from all modules in a convec-
tion-cooled system should be 150 watts or tess.

The reguiating transformers used in most DEC power supplies have nearly
constant heat dissipation for any loading within the ratings of the supply.
Power dissipated within each supply will be roughly equal to half its maximum
rated cuput power. If power supplies are mounted below any of the modules
in a convection-cooled system, this dissipation must be inclugded when check-
ing against the 150 watt limit.
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CONNECTOR BLOCKS

H800-W, H800-F

HARDWARE

This is the 8-module socket assembly used in Flip-Chip® mounting panels.
. Because of its 18 pin connectors, it can be used for all modules except thase
with pins on both sides of the board. Pin dimensions are .031 inches by .062

inches and may be of either a wire trap or solder fork type. Number 24 awg.

gauge wire should be used with these connectars.

The drawings below show the pertinent dimensions.
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REPLACEMENT CONTACTS TYPES HBOI-W, HB01-F

These contacts are offered in packages of 18 for replacement purposes. In
each package, nine straight and nine offset contacts are included, encugh
to replace all contacts in one socket.

H8C1-W is for wire-wrap connectors; H801-F is for solder-fork connectors.
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CONN ECHTS(%)R2 BLOCK HARDWARE

]"—— 2.594 REF *’[

f

1,000

REF.
OL,.an: :
REF. Ge 0115
¥ REF,

0125
REF.

This is an 18 pin connector block for a single FLIP CHIP® module. It can be
used to mount all modules except those with pins on both sides of the board.
Pin dimensions are .031 inches by .062 inches and may be of the wire wrap
type only. Number 24 wire should be used with this connector.

H802—$4
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CONNECTOR BLOCK

H803, AND H805 PINS HARDWARE
H
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The H803 is the 8-moduie molded Connector Assembly used in the HS11
mounting panels. For each of the eight modules, it provides a 36-pin con-

nector with the wirewrap pins forming a 0.125-inch staggered grid as shown
above. This connector is designed to be used with M Series modules; how-

aver, it can also be used with all other series listed in this handbook.

The blocks have the same physical dimensions as the HEBOO with the excep-

tion of pin length. These blocks are anly available with wire wrap pins which

are designed to be wrapped with number 30 wire. Pin dimensions are 0.025

inches square. W&K Series 18 pin modules will make contact with only the

2-side pins (A2, B2, etc.).

H805 s a package of 36 pins (18 left and 18 right} to be used as replace-

ments in H802 blocks.
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CONNECTOR BLOCK

H807, H808 AND H809 PINS HARDWARE

H807

This is a 36 pin single shot connector. It is provided for M Series modules but
can be used with modules or connector boards in the K and W Series. Uses
include mounting in confined or irregutar spaces. Often the H807 is used to
terminate a connectar board at a remote location, The HBO7Y is avaiiable only
with wire wrap pins. Number 30 wire should be used with this connector.

HE08

The HB808 is a relatively low density connector block for use with all modules
in the catalog. This includes A, K, M, and W Series modules. The connector
provides 4 module slots rach having 36 pins. On A, K and W Series modules
only the 2 side pins, (A2, B2, etc.} wiil make contact. This connector adds
a measure of convenience and versatility to the many uses to which these
catalog modules can be applied. The dimensions of the connector pins are
the same as those for the H800 (.031 inches by .062 inches). Number 24 wire
should be used with these blocks, H80C and H808 connector biocks can be
mixed for M and A, K, W module mixing purposes. Wire wrapping patterns
can be maintained even though module letter series are mixed because H800
and H808 pin layout is identical. HBOY is a package of 36 replacement pins,
18 left and 18 right.

HBO7 — §5
H808—$10
H809—% 4
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MOUNTING PANEL HARDWARE
H001, H002, H020, H021, HO22 HARDWARE
AND 1907 COVER

Pairs of brackets. HOO1 provides 34" standoff to mount 1907 over mounting
panel wiring. HOO2 provides a 2" setback so a control panel with switches,
lamps, etc. can be mounted flush with mounting rack or cabinet in front of
logic wiring.

The HO20 consists of a 19” mounting frame casting. Components which can
be mounted on this frame include, H800, H803, H808 connector blocks,
power supplies or customer components that are adapted to the frame mount-
ing requirements.

HO21—Single offset end plate which mounts to the HO20. This end plate
provides a mount for the 1945-19 hold down bar, if required.

H022—Single end plate similar to the HO21 on which is mounted a terminal
block assembly for ease of parallel power wiring to adjacent panels.

1945-19 HOLD DOWN BAR: Reduces vibration and keeps modules securely
mounted when panel or system is moved. Adds 1/2 in. to depth of mounting
panel.

1907 Panel Cover—BIlue or brown tweed painted aluminum cover with captive
screws to mate threaded bushings in K980 and HOOl1. Adds to appearance
while protecting system against vibration and tampering. When choice of
color is not specified, blue will be supplied.

HOO1-PR — $8 H022 — $20

HOO2-PR—$8  1945-19 — $15
H020 — $15 1907 — $9
HO21 — $7

212



MOUNTING HARDWARE

HARDWARE
K940, K241
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K940

GUIDE PIN FOR QUICK ASSEMBLY

THO 5/6" HEAD MOUNTING BOLTS

=
FRONT

EQUIPKMENT MOUNTING PANEL

This convenient mounting hardware permits logic connector pin wiring to be

done before logic is instailed in the enciosure.

K240 is a mounting support that attaches to the enclosure. K941 is a re-

movable bracket that mounts up to four H800, H803, or H808 connector

blocks. Any connections to external equipment are made through the ribbon
connectors of interface signal modules (K508, K524, K604, K&éd4) to the

K716 Interface Block.
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K 940 K 941

TOP VIEW

K940—3%4
K941—$6
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l'\.*10UN'f'1|{:;~|g3 PANEL HARDWARE

TYPE 1943 MOUNTING PANEL

The 1943 Mounting Panel consists of an HO20 that houses up to 64 modules.
It is designed for mounting in a standard 19-in. rack. The mounting panel is
finished with an aluminum conversion coating (Chromicoat). Filter capacitors

are included on all power supply lines.
Available options are solder or wire-wrap connectors, power input via terminal

strip or marginal check switches, and power wiring. The chart below shows
how the options are indicated when ordering.

1943 — F — 8 — P

BASIC PANEL | _ | i POWER WIRING
1943 i OPTION®

A

CONNECTOR POWER CONNECTION
F — Forked-pin solder type B — Power input via terminal block.
conneciors, Both conventional screw connec-
OR tions and taper tabs can be used.
W — Wire-wrap gonnectors, M— Margina[ check switches an all
voltage inputs allow sefection of
fixed or variable power®,

“Additional charge,

EXAMPLE: If you require a Type 1943 Mounting Pansl with wire-wrap connec-

tors, marginal check switches on the power connection, and prewired power,
you would order:

1943 — W — M — P
BASIC PANEL \ POWER WIRING
CONNECTOR POWER CONNMECTION

MECHANICAL DIMENSIONS: 19 in. wide; 5-3/16 in. high; 6-3/4 in. deep. Tabs

for power connections fit AMP "‘Faston’ receptacles, series 250, part 41774 or
Type 914 power jumpers,

1943-F-M — $132.00
1943-W-M  —$132.00
1943-F-M-P — $142.00
1243-W-M-P — $142.00

1943-F-B —$111.00
1943-W-B —5$111.00
1943.F.B-P —%121.00
1943-W-B-P — $121.00
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119" MOUNTING PANEL
K943-R, K943-S HARDWARE

These low cost, 19" panels have sixty-four 18 pin connector sockets with
either wire-wrap (S) or solder fork (R) contact pins. Shipped with connector
blocks installed and pins A and C bussed.

No terminal strips are included in the K943, since power regulators K731
and K732 will normally be plugged in to make power connections. If hold-
down is required to prevent modules from backing out under vibration, order
a pair of end plates K980. These assemble by means of added nuts on the
rear of the rack mount screws. They accept the painted 1907 cover plate,
making a hold-down system that contacts the module handles and can allow
flexprint cables to be threaded neatly out the end. Rack space: 514". See
photos showing K943-S, K980, 1907, and HOO1.

K943R — $96
K9435 — $96
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MOUNTING PANEL
H911-J, H911-K HARDWARE

The H911 mounting panel uses eight H803 connector blocks and houses sixty
four, 36 pin connectors. Mechanical dimensions are identical to those of
the H910.

The H911 is available with wire wrap pins only, and is generally used for M
Series modules.

The unit is a combination of the following parts:
H020 — Mounting frame
H021 — Standoffs
HB803 — Connector blocks
933 — Bussing strips (optional with H022 standoff)

The H911J is not prewired or bussed for power.
The H911K does have prewired power.

933 BUS STRIP — For H911 mounting panel, makes wiring power and register
pulse busses easy.

Consult following table for mounting panel options and ordering information.

H911J — $151
H911K — $161

217



MOUNTING PANEL

H914, H916 & H917 HARDWARE

H914 — This panel houses 8 low density H808 connector blocks. The panel

H916 —

H917 —

will hold 32 of either A, K, M or W Series modules. It can be used
for expanding slot capacity in conjunction with H913 or alone using
other voltage supply options, e. g. K731 and K732 combinations.
Mechanical characteristics are like those of the H911. :

This panel contains an H716 power supply and 6 H803 (green)
connector blocks. The unit provides for forty-eight, 36 pin module
slots. Although generally used for mixes of M and A series modules,
K and W series modules can also be accommodated.

This panel is similar to the H916 panel except 6 low density H808
connector blocks are supplied instead of H803 blocks. With these
connector blocks, 24 module slots are available, allowing the use
of any module series. Electrical and mechanical characteristics are
similar to those of type H916 with the exception of the connector
blocks.

H913 — $270
H914 — $125
H916 — $270

H917 — $260
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TABLE OF MOUNTING PANELS
WITH & WITHOUT POWER SUPPLY

ORDER NO. TAPILABLE PRICE
PANEL EEBIE)I'EEFI; X ¥ F W B P
HS11 J # * # 152
HO11 K * ® * # $161
HQ14 L * * * $125
HS916 M "‘ # i ¥ $270
[ Ho17 N : 2 E * $260
K943 R * o § 96
K943_ S = # # ¥ 96
1943 - {see page 215 for details)

\

P — PREWIRED FOR POWER

/

X = MO POWER

¥ = POWER OPTION
105-125 VAC OR
210-250 VAC
47-63 Hz

F— SOLDER FORKED B — POWER INPUT ¥IA TERMINAL
COMNECTIONS BLOCK, BOTH CONVENTIOMNAL

W — WIRE WRAP SCREW COMMECTIONS AND
CONMNECTIONS TAPER TAES CAN BE USED

Example Order: H9131KX
This describes a Type HO20 casting with 8 Type H803 wire wrap connectors
and ground wired to a terminal block incorporated into the end plate

assembly,
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SYSTEMS UNIT _
MOUNTING PANEL HARDWARE
H933

The H933 is a special 16345" x 214" systems unit casting which contains
three connectar blocks of any one type. The table below shows the various
types of H933 panels and the number of connector siots in each,

PANEL

HQ33-A
H933-B
H933-C
H933-D

TYPE CONNECTORS CONNECTOR SLOTS

Ha00W 24-18 pin

HE800F 24-18 pin

H803 24-36 pin

H808 12-36 pin
H233-A — $37
H933-B — $37
H933-C — $54
H933-D —$42
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MODU |I-_||59200RAWER HARDWARE

The H920 Module Drawer provides a convenient mounting arrangement for a
complete digital logic system. The H920 has space for 20 mounting blocks in
addition to an H710, or H716 power supply, or 24 mounting blocks without
a supply. It accepts H800, H803, and H808 mounting blocks and fits standard
19” racks. Width of the H920 is 1634", depth is 19" and height is 634"
including an H921 front panel. The H920 is equipped with a bracket for dis-
tributing power within the drawer, or to other drawers or mounting panels,
Mounting arrangements are provided for the H921 front panel and H923
slide tracks.

The H921 front panel is designed for use primarily with the H920 Module
Drawer. It provides mounting space for switches, indicators, etc. The H921 is
pre-drilled and ready to mount on the H920. Height of the H921 is 634",
width is 19”.

H923 chassis slides are intended for use with the H920 Module Drawer.
The H923 allows the user to slide the drawer out of the rack and tilt the
drawer for easy access to either the pin or module side.

H920—$170
H921—$ 10
H923—§ 75
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MODULE PRAWER

H925 HARDWARE

The HS925 Module Drawer provides mounting space for H300, H803, and
H&08 connector blocks to accommeodate up to 144 modules. The connector
blocks mount pins upward on the H925 for easy access during system
checkout.

The right side of the H925 is provided with three axial Hliow fans (300 cfm)
which are mounted internally. They provide cooling air flow across the
mounted modules.

For power supply mounting in the H925 cabinet, omit 4 connector biocks
thereby deleting 32 module slots, when using the H800 or H803 connector
blocks. If the H808 blocks are used, 16 module slots are deleted. Mount the
power supply externaliy if all logic mounting space is required.

For ease of mounting, the H925 is provided with two non-tiiting slides, similar
to Grant type $5-168-NT. Considering possible servicing, the H925 should be
mourted with enough height for using bottom access.

The H925 includes top and bottom cover plates along with an attractive hezel
and front subpanel. The subpanel is made of sturdy 16-guage metal for
mounting front panei controls and accessories. The bezel is designed for
installing a customer-supplied dress panel. The dress pans! should have a
thickness of 15 ". The H925 fits all DEC 19” racks,

H525-—%250
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H925
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19" MOUNTING PANEL FRAME

H941AA HARDWARE

This rugged steel frame holds four 19” x 514" mounting panels. A quick-
release pin snaps out to allow the two-piece frame to swing open for easy
access to the back panel wiring and connections. The construction of this
frame allows sufficient rigidity for vertical or horizontal mounting. The Black
Tweed finished aluminum cover affords mechanical protection for the cir-
cuitry as well as a neatly finished appearance for your digital logic system.
The cover attaches to the frame with two thumb-release, positive-grip fast-
eners.

The H941 AA holds up to 32 H800, H803 and H808 Connector Blocks. It
provides up to 256 module slots with H800 and H803 Connector Blocks and
128 slots with the H808's. The frame is designed to accept K943, H911,
HS914, 1943 Module Panels and H900, H910, H913, H916, H917 panels with
power supplies. These panels attach to the pre-tapped frame with 10-32 x
14" machine screws,

Frame Height: 23"

Frame Width: 24"

Overall Depth (Cover and Frame): 8"
Frame Mounting Hole Centers: 12 x 2214 "
Frame Mounting Bolt: 14 ” dia.

Weight (Cover and Frame): Approx. 25 Ibs.
Cover Material: .093” Sheet Aluminum

H941 BA, H941 AA

Includes Cover and

Two Piece Frame
$175.00
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POWER SUPPLIES
H701, H701A, 782, 782A COmER,
+ 10, — 15 VOLTS

| ;ﬁ oy
o COMMON
E——DI— 1
¢ t J'r(} T O—15V

The 782 and 782A power supplies are ruggedly built, low cost units that fit
into a standard 19-inch rack. The H701 and H701A are identical to these units,
except they can be mounted on & chassis or panel in applications where space
is added to an existing device. The basic supply can be mounted in varicus
configurations and is identical to the power supplies used in models 700D
and H900. The Types 782A and H701lA are Power Supplies with 80 Hertz
transformers. The Types 782 and 701 are 60 Hertz.

ELECTRICAL CHARACTERISTICS

Input Voltage: H701: 115V 60 cps. H701A: 112.5, 122.5, 195, 220, 235 V,
50 cps. See "'50 ¢ps power”

Output Voltage: —-10V, — 15 vdc, fioating
Qutput Current: —15V: L4 to 3 amp; - 10V: 0to 0.4 amp.

Line and Load Regutation: The output voltage remains between —14.5 and
—16.5 ¥V for the —15 output, and within -+-9.2 and +11.5 ¥V for the
410 output, when load varies from minimum to maximum and line voltage
varies =109,

P-P Ripple: Less than 0.6 V for 410 output. Less than 0.6 ¥ for —15 output;
2024 more ripple on the 60-cps type.

Line Frequency Tolerance: + 2% of line frequency.
MECHANICAL CHARACTERISTICS

Height: 5-3/4”

Width: 4-15/16"

Length: 8

Finish: Chrémicoat

Power Connections: Screw terminals are provided on transformer for input
power conections, Output power connections are made via tab terminals which
fit the AMP "‘Faston’ receptacle series 250, part #41774 or Type 914 power
jumpers. All required mounting hardware is supplied with this unit,

H701 —%$116.00 782 — §$128.00
H701A — $136.00 782A — $148.00
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DUAL POWER SUPPLY
H704, H707
15 Volts

POWER
SUPPLY

H704 H707

These supplies differ only in dimensions and output current capabilities:
400 mA and 1.5 Amperes respectively for the H704 and H707. May be
mounted on the bars in an H920 drawer, taking the space of two connector
blocks.

MECHANICAL CHARACTERISTICS
DIMENSIONS: 314 x 334 x 5 in. height (H704)
DIMENSIONS: 4” x 5” x 514" height (H707)
CONNECTIONS: All input-output wires must be soldered to octal socket at
the base of the power supply.
OPERATING TEMPERATURE: —20 to +71°C ambient
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POWER CONNECTIONS:

Input power connections are made via tab terminals which fit the AMP
"Faston™ receptacle series. Qutput power is supplied to sclder lugs. All required
rmounting hardware is suppliegd with this unit. See 914 power jumpers.

Length: 8" Height: 6
Width: 57 Finish: Chromicoat

ELECTRICAL CHARACTERISTICS

INPUT VOLTAGE: 105 to 125 vac; 47-420 cps.

QUTPUT YOLTAGE: floating 15V

OUTPUT VOLTAGE ADJUSTMENT: £1V each output

REGULATICN: 0.059% line, 0.1%; load for both voltages

RIPPLE: 1 mv rms max for both outputs

OVERLOAD PROTECTION: The power suppiy is capable of withstanding cutput
short circuits indefinitely without being damaged.

IF REMGTE SENSING IS NOT USED, CONNECT: gﬁg;
~15Y SENS
+(SV SENS —15v
+16y +13v
105-115VAC 15V SENS
15425 vAC 15V SENS
AC-COM —15V

POWER SUPPLY 2

The H704 and H707 contain twe 15 Voit floating power supplies. To get =15
Volt supply, connect pins 7 and 8 and use this point as ground, Pin 4 will now
be at positive 15 Volts and pin 11 will be negative 15 Voits.

H704 — $200
H707 — $400
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Checking the appearance of board contacts being gold-plated. Our
100 micro-inch plating is verified by periodic checking on a radia-
tion gauge.
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POWER SUPPLY POWER
H716 SUPPLY

Type H716 provides 45 Volts at 4 amperes and —15 Volts at 1.5 amperes
with over voltage protection for +5 Volts. This dual voltage power supply is
designed to be mounted at the right end of any mounting panel. The sup.
ply is mounted by using the four holes in the Type H0Z0.The supply takes
2 connector blocks of Type HBOO, H803, or H808. This pravides 48 module
slots with Types HBCO and H803, 24 slotswith Types HBOG and H803 and
24 slots when Type 808 is used.

MECHANICAL CHARACTERISTICS
Maximum Dimensions 514 x 414 x 12 deep

Power input via Amphenol 160-5 or equivalent connector with an Ampheno!
180-5 or equivalent, in parailel.

Low voltage connections are by slip on terminals.

ELECTRICAL SPECIFICATIONS

Input: 120/ 240 vac * 109%, 47-63 Hz. Normally supplied wired for
120V, For 240 Volts change transformer tap connections.

Cutput 1: +5V, adjustable from 4.5 to 5.5 Volts at 4 amperes maxi-
murn. Line-Load-Ripple total regulation =324.

Output 2: —15V *=5% at 1.5 amperes,. maximum. Lline-Load-Ripple
total regulation =59%,.

Temp. Range: Above specifications are over a range of 0-50°C.

H716 — §150
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POWER SOURCE MODULE K731
SLAVE REGULATOR K732

POWER
SUPPLY

One K731 plus up to 3 K732 can provide from 1 to 7 amperes at +5V.
Consult K Series text for additional characteristics and hook up information.
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DISPLAY SUPPLY POWER
K771 SUPPLY

3/8"

:

y il st =
R e

2 /4"

ja—— 2 s —

(SHOWN WITH 3 KBT1'S)

Shown above from the viewing side, the K771 supplies power and a conveni-
ent two-screw mounting for up to 6 K671 display tubes. Display tubes are
stacked to the left, the first tube board being attached to the K771. The
second tube board attaches to the first, and so on. Board mounting screws
provide both mechanical mounting and electrical power connections. The two
panel mounting screw locations dimensioned above have No. 6 steel threaded
inserts. Several 1" holes using a standard chassis punch may be cut on 0.8"
centers for viewing display tubes. To seal opening against dust, a 3” by 3-6"
piece of Lucite® or Plexiglas® may be assembled between display and mount-
ing surface, Power 120 VAC enters the supply from a terminal strip at the rear.
Total depth behind mounting surface: 4”.

K771 — $35
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POWER TRANSFORMERS POWER
K741, K743 SUPPLY

GB.N__l_D
BLE/WHT
1— - 7 /l\
240VAC = 12,6 VCT
BLK .
— O reomwm||¢ e % FoR yr3t
| 20WALC
3
RED N
T /
DRANGE
% 12 VAC 2 AMPS
- @) o8
120vAC oN
2o 1
126 ¥CT FOR
[ K731, K732

-~

These hash-filtered, 50/60 Hz transformers supply K731 Source and K732
Slave Regulator modules. The K743 also provides an auxiliary winding for
use with K580 Dry Contact Filters, K681 or K683 Lamp Drivers (requires
additional bridge rectifier, and the K730 Supply and Control Module, Type
514 Power Jumpers are convenient for connecting to tab terminals on these
transformers and on the K732 and K943. Both transformers have holes at
the corners of the chassis plate for mounting on K980 endplates:

PLATE DIMENSIONS HOLE CENTERS MATCHING K980 Ctrs.

K741 - 31,7 x 5 2147 x 334" 214"
K743 5% x 5 4% x 334" 4

The K741 is sufficiently light in weight to be mounted on one side only, as at
the end of a K942 mounting panel.

K741 — $30
K743 — 345
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WIRING ACCESSORIES
932, 933, 934, 935, 936, 939 ACCESSORIES
H810, H811, H812, H813, H814

932 BUS STRIP

Simplifies wiring of register pulse busses, power, and grounds. Same as used
in K943 with H800 blocks.

933 — $0.60

933 BUS STRIP

Simplifies wiring of power, ground and signal busses on mounting panels using
H803 connectors.

933 — %1

934 WIRE-WRAPPING WIRE

1000 ft. roll of 24 gauge solid wire with tough, cut-resistant insulation. (Use

Teflon insulated wire instead for soldering.)

For use with H800 connectors. e e il
934 — $50
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935 WIRE-WRAPPING WIRE
1000 foot roll or 30 gauge insulated solid wire for use with H803 connectors.

935 — $60

936 19 CONDUCTOR RIBBON CABLE
Use on W Series connector modules or split into 9-conductor cables for use
with K580, K681, K683, etc.

936 — $0.60

939 BUS STRIP
For use with H808 connectors.

939 — $1

H810 PISTOL GRIP HAND WIRE WRAPPING TOOL
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The type H810 Wire Wrapping Tool is designed for wrapping #24 or #30
solid wire on Digital-type connector pins. The H810 Kit includes the proper
sleeves and bits. It is recommended that five turns of bare wire be wrapped
on these pins. This tool may also be purchased from Gardner-Denver Co.
(Gardner-Denver part No. 14H-1C) with No. 26263 bit and No. 18840 sleeve
for wrapping #24 wire. Specify bit #504221 and sleeve # 500350 for wrap-
ping #30 wire. When ordefing from Digital specify the sleeve and bit size
desired for #24 and # 30 wire.

H810(24) — $ 99
30 ga. H810A — § 99
30 and 24 ga. H810B — $150

The Type H811 Hand Wrapping tool is useful for service or repair applications.

It is designed for wrapping #24 solid wire on DEC Type H800-W and H808
connector pins.

Wire wrapped connections may be removed with the Type H812 Hand Un-
wrapping tool.

The H811A and H12A are equivalent to-the H811 and the H812 except that
the A versions are designed for #30 wire. The H813 is a #24 bit; H813A, a
#30 bit. The H814 is a # 24 sleeve; H814A, a # 30 sleeve.

None of the Wire Wrapping Tools will be accepted for credit under any
circumstances.

H811(24) — $21.50
H811A(30) — $24.50
H812(24) — $10.50
H812A(30) — $10.50
H813(24) — $30
H813A(30) — $30
H814(24) — $21
H814A(30) — $21
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WIRING ACCESSORIES
913, 914, 915, 917 ACCESSORIES
H820, H821, H825, H826

913 AND 915 PATCHCORDS
These patchcords provide slip-on connections for FLIP CHIP mounting panels
and are available in color-coded lengths of 2, 3, 4, 6, 8, 12, 16, 24, 32, 48,
and 64 inches. All cords are shipped in quantities of 100 in handy polystyrene
boxes. Type 913 patchcords are for 24 gauge wirewrap and use AMP Terminal
Type #60530-1. Type 915 patchcords are for 30 gauge wirewrap and use
AMP Terminal Type #85952-3,

PATCHCORD COLOR-CODE
Size Color Size Color
20 brown 16" yellow
3 black/white 24 yellow/white
4" red 2+ green
6" red/white 48" green/white
8" orange 64" blue
12" orange/white

H820 AND H821 GRIP CLIPS FOR SLIP-ON PATCHCORDS :
The type H820 and H821 GRIP CLIPS are identical to slip-on connectors used
in respectively the 913 and 915 patchcords. These connectors are shipped in
packages of 1000 and permit fabrication of patchcords to any desired length.
H820 GRIP CLIPS will take size 24-20 awg. wire. H821 GRIP CLIPS will take
size 30-24 awg. wire.




H825 HAND CRIMPING TOOL
Type H825 hand crimping tool may be used to crimp the type H820 GRIP
CLIP connectors. Use of this tool insures a good electrical connection. This
tool may also be obtained from AMP, Inc. as AMP part #90084.

H826 HAND CRIMPING TOOL
Type H826 hand crimping tool may be used to crimp the type H821 GRIP
CLIP connectors.

914 POWER JUMPERS
For interconnections between power supplies, mounting panels, and logic
lab panels, these jumpers use AMP ‘‘Faston’ receptacles series 250. Specify
914-7 for interconnecting adjacent mounting panels, or 914-19 for other runs
of up to 19 inches. 914-7 contains 10 jumpers per package; 914-19 contains
10 jumpers per package.
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917 DAISY CHAIN

Type 917 is a continuous length of unbroken #25 AWG stranded wire. 250
gold plated and insulated terminals are crimped at predetermined intervals
on each reel. In conjunction with type H803 or type H807 connector blocks
and M Series modules, hand patch wiring of prototype systems is easily and
quickly accomplished. All that is required is a reel of type 917 Daisy Chain
and wire cutters. These dependable push on connections are also easily
removeable making this wiring technique ideal in cases where wiring and
unwiring for changing systems needs is required. If ever a third lead is
necessary a type 915 patchcord can be used if placed on the pin before the
Type 917 termination. Two contact spacings available at 214" or 5",

917 — 2.5 — blue Also available from:

917 —5 — white Berg Electronics
New Cumberland, Pa. 17070
Tel. (717) 938-6711

913 — % 18 pkg. of 100
914-7 — $ 4 pkg. of 10
914-19— $ 4 pkg. of 10
915 — $ 33 pkg. of 100
H820 — $ 48 pkg. of 1000
H821 — % 75 pkg. of 1000
HB25 — $146
H826 — $210
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WIRE WRAPPING SERVICE

The electronics industry has long been aware of the many advantages of
wire wrapping over soldering for interconnecting electronic circuits. Soldering
imtroduces numerous human errors and presents problems of cold solder
joints, flux removal and overheating sensitive components. Automatic,
computer-contralled wire wrapping, however, not only eliminates the prob-
lems assaciated with soldering but adds many technical and economic ben-
efite unattainable with soldering. Automatic wire wrapping provides extremely
high reliability, high production rates, elimination of human error, leng-life
connections, simple mechanical inspection technigues, high density wiring,
rework ability, reduced labor and reduced inspecting time.

Digitai Equipment Corporation has developed an extensive high-production
wire wrapping capability and now offers to its customers the significant cost
savings of automatic wire wrapping. Digital can provide a full wire wrapping
cervice and our “Smoctn-Fle” processing insures control at each step in the
process.

Digital automatically verifies the correctness of the wiring on each panel with
its computer-controlled Automatic Wire Test equipment. This verification is a
standard part of Digital's wire wrapping service and is provided at no charge.
The enly restriction is that the size of the panel be limited to four connector
blocks high by ten connector blocks wide. No price reduction is given for
elimination of the verification service.

Digital needs a wire listing prepared by the customer on Digital Form DR22.
Form DR22 must also be accompanied by a purchase order specifying which
mounting panels are being purchased. In addition, if any special bussing
iz needed, a copy of the updated bussing diagram must also accompany ihe
purchase arder. it is extremely important that a complete wire listing, either
punched cards or Form DR22, and complete bussing information be received
with each order. Pricing of a wire wrapping order cannot be completed until
the source deck has been processed and buss print received. These are
needed to determine wire count and number of points to be bussed.

Special Services ]
The customer will receive one copy each of the Name Sort and Pin Sort lists
at no charge.

Digital will perform special bussing where required. The rate for this $0.20
(including the cost of the buss strip) per point.

Delivery

The normal delivery time for wire wrapped panels is two to five weeks after
receipt of the purchase order, accurate source inputs (card or wire list), and
updated bussing diagram if special bussing 1s required.

On repeat orders for the same panels and wiring configuration, normal de-
livery time is often reduced to almost half that of initial processing time,

Pricing
#30 ga. Set-up Charge ... $125.00
#24 ga. Set-up Charge ... e e $175.00
30 ga. Wire/Cost per Wire . .30
24 ga. Wire/Cost per Wire ... L .25

.20 per point for special bussing, including buss strip.
“One time charges are not discouniable.
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CABINETS

H950 AND H954 SERIES HARDWARE

The Control Products Group offers standard 19” mounting cabinet frame
assemblies in two series—H950-AA (68 25/32" high x 25" deep x 63*
mounting space}, and the H954-AC cabinet frame assembly (49 8/16" high
% 25" deep x 42 116" mounting space).

The above-listed cabinet frame assemblies offer complete flexibility and ex-
pandability to present and future DEC customers, single users, multiple
users and original equipment manufacturers. The enclosure area in these
cabinet frames is adaptable to customer-designed hardware, logic madule
racks, power supplies, computer systems, and peripherals.

The cabinet frame assemblies are constructed of rugged 12- and 13-gauge
steel. The frame uprights have 9/32" holes drilled at standard EIA spacing
(5/8-5/8-1/2) the full length of the 42" and 63" front and rear mounting
panel heights.

MNote: The cabinets described in the following pages, Cabinet A through H,
do not include in their listed price the front cabinet mounting options.

Cabinet customers have the option of selecting the type of front cab-
inet hardware mounting of their choice. Consult the H950 and H954
parts list for prices and add to basic cabinet price listed.

Cabinet A (H960-A)
1—H950-AA 19% Mounting Frame (71 7/16* w/casters x 25" x &37),
cludes mounting hardware
1—7406782 Kickplate (Lower Cab Trim}
*1 pr. H352-BA Stabilizer Feet
1—HS52-FA Leveler Set (4)
#1—HES5H0-LA Logo Frame Panel
2—H952-AA End Panels
1—H950-BA Full Door Rear (Right Hanging)
1—H952-EA Caster Set (4)
1—H952-CA Fan Assembly

Cabinet A—List Price—3%378.50

OPTION: Front Cabinet Mounting/Cover Panels—
HS50-P (5 1/4") and/or H950-Q (10 1/2")

= H550-SA Filter (for fan) Assembly
* See Special Considerations Sections 5, 8 and 13.

Cabinet ‘B (HS560-B)
1—HY950-AA 197 Mounting Frame (71 7f16" wicasters x 25" x 63") in-
cludes mounting hardware
1—7406782 Kickptate (Lower Cab Trim)
=] pr. H952-BA Stabilizer Feet
1—HS952-CA Fan Assembly
1—HS52-EA Caster Set (4)
1—H952-FA. Leveler Set (4)
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#*1—H950-LA Logo Frame Panel

2—HS52-AA End Panels

1-—HS%50-DA Mounting Panel Rear Door (Right Hanging)
1—H950-FA Mounting Panel Door Skin

Cabinet B—List Price—$392.50

OPTION: Cabinet Front Mounting/Cover Pangls—
H930-Q (16 1/2") and{or HY50-P (5 1/4™)

* HS50-SA Filter (for fan assembly)
* See Special Considerations, Sections 5, B, and 13

Cabinet C

1—H9E0-AA 19" Mounting Frame (71 7/16” wjcasters x 25" x 63*) in-

cludes mounting hardware

1—7406793 Kickplate {Lower Cab Trim)
*1—H950-LA Logo Frame Panel

1-—H952-CA Fan Assembly

1—HG52-EA Caster Set (4}

1—HOY52-FA Leveler Set (4)

2—H952-AA End Panels

1-—H950-DA Mounting Panel Door (Right Hanging)

1—H950-BA Full Door Rear {Right Hanging)

Cabinet C—-List Price—%$397.00

OPTION: Front Cabinet Mounting/Cover Panels—
H950-P (5 1/4") and/or H950-Q (10 1/2*)
Shart Doors—See HI50 Cabinet Parts List—
H950-HA—HK—shart door selecticn.

* HS850-SA Filter (for fan assembiy)
° See Specizl Considerations, Sections 5, 8, and i3,

Cabinet D
1—HS50-AA 19" Mounting Frame (71 7/16” w/casters x 25" x &3") in-
cludes cover filter and mounting hardware
1—7406793 Kickplate (Lower Cab Trim)}
1—H952-CA Fan Assembily
#1—HS50-LA Loge Frame Panel
1—H952-EA Caster Set (4)
I—H952-FA Leveler Set (4)
2—H952-A8 End Panels
1—H950-BA Full Door Rear {Right Hanging)

Cabinet D—List Price—$358.00

OPTION: Front Cahinet Mounting—Cover Fanels—
H950-P (5 1/4“) andfor HI50-Q (10 1{2")
Short Doors—=GSee H950 Parts List—
H950-HA—HK-—Short Door Selection.

* HB50-SA Filter (for fan assembly}
* Bee Special Considerations, Sections §, 8, and 13.
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Cabinet E,
Same as Cabinet D, except:.
1—H950-DA Mounting Panel Door Rear (Right Hanging) and
1—H250-FA Mounting Panel Door Skin,
are substituted for:
I-—H950-BA Full Door Rear (Right Hanging)

Cahinet E—List Price—%372.00

OPTIONS: Front Cabinet Mounting—
Same as listed for Cabinet D

Cabinet ¥ (H961-A)
Add-on-—--Designed for combining two or more cabinets, in the H350 Series.
Mg end panels are required (H952-AA).
1—H950-AA 19" Mounting Frame (71 7/16" w/casters x 25" x &3"), in-
cludes mounting hardware
1—74-6793 Kickplate (Lower Cab Trim).
1—HS950-FA Mounting ‘Pane! Door Skin
1—H250-EA Mounting Panrel Door Plenum (Left Hanging)
I—H952-CA Fan Assembly
1—H952-EA Caster Set {4)
1—H952-FA Leveler Set (4)
#1—HI950-LA Logo Frame Fanel
1—H952-GA Filler Strip {Front and Rear)

Cabinet F—List Price—%$316.00

CQPTIONS: Front Cakinet Mounting
Same as used for Cabinet D.

* Sege Special Considerations Section 13, 2

Cabinet G—Short Cabinet Series
1-—H954-AC 19* Mounting Frame (51 12/16" w/casters x 25" x 42 1/18"}
includes mounting hardware
1—H954-BA Full Door—Rear Mounting (Right Hanging)
1—H954-CA Fan Assembly
1—H950-LB Logo Frame Panel
1I—H952-EA Caster Set (4)
1-—H954-GA Filter {for fan assembly)
1—HO952-FA Leveler Set {4)
1—H954-UA Cahinet Cover
2—HG52-AM End Panels
#1 pr. H952-BA Stabilizer Feet
174506782 Kickplate (for use with H952-BA)

Cabinet G—List Price—$450.00

OPTION: Front Cabinet Mounting/Cover Panels
H950-P (5 1/4”) andfor HS50-Q (10 1/2")

* See Special Considerations, Section 5
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Cabinet H

1—H954-4C 19" Mounting Frame {51 12/16" w/casters x 25" x 42 1/16"}
includes mounting hardware

1—7406792 Kickplate {Lower Cab Trim)

1—HO954-BA Full Door Rear (Right Hanging)

1—H954-CA Fan Assernbly

1—H950-L8 Logo Frame Panel

1—H952-EA Caster Set (4)

1—-H954-54 Filter (for fan assembly)

1—H952-FA Leveler Set {4)

1—HS54-UA Cabinet Cover

2—H952-AM End Panels

Cabinet H-—List Price—%427.00

OPTICN; Front Cabinet Mounting!Cover Panels
H250-P (5 1/4"} and/or H950-Q (10 1/2")
Short Doors from H9%50-HA (21*) through H250-HF (42") only.

Cabinet Specials

. Mon standard cabinet configurations are made to order by using the two basic

cabinet frame assemblies—HS50-AA (68 25/32" x 25" x 63%) and H954-AC
(49 8/16" x 25" x 42 1/16").

It is recommended that all cabinet specials have the following basic parts:
1. HSY50 Series Cabinet
A—H950-AA Frame {71 7/16" height w/casters x 25" x 63"}
B—HY52.EA Caster Set (4)
C—HY52-FA Leveler Set (4)
2. H954 Series Cabinet
A—HO54-AC Frame (51 12/16" height w/casters x 257 x 63"}
B—H952-EA Caster Set {4)
C-—HS52-FA Leveler Set (4)
D—HS54-UA Cabinet Cover

Consult H950 and H954 Cabinet Parts List to complete special cabinet con-
figuration. Cabinets are shipped assembled.

Special Considerations
Before ordering a cabinet, the following should be considered:

1. If logo frame H950-LA or H950-LB is used, short doars and{or cover
panels H950-F (5 1/4"}—H950-Q (10 1/2") can be used for cabinet
front mounting.

2. When ordering a cabinet to add to an existing system with a H95C-AA
frame assembly, or in joining two or more cabinets front and rear, filler
strip H952-GA is used. (See Cabinet F.)

3. If power supplies with meters or switches are mounted to the rear
mounting panel, {(plenum} door H950-DA (RH) or H950-EA (LH), a full
door H950-DA (RH) or HS30-LA (LH} is needed. (5ee Cabinet C.)

4, The mounting panel door skin H950-FA bolts to the plenuim door H950-
DA (RH} or H950-EA (LH) and is used in place of a full door when
hardware mounted to the plenum door {mounting panel door) does not
require servicing. (See Cabinet B, £, and F.)
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5. When using stabilizer feet H952-BA, the kickplate #7406782 (lower cab
trim) is used. Special short doors can be used for cabinet front mount-
ing. (See Cabinet A, B, and G.} For fist of special short doors H330-JA
through HO50-JE for mounting with stabilizer feet, see H350 and H954
Parts List.

6. When using fan assembly, indicate direction of airflow (up or down).

7. When using short doors, rmake certain that the equipment for cabinet
installation will not interfere with door height,

8. The filter HO50-5A for use with H352-CA fan assembly should be ordered
only for fans that are to be used for airflow intake.

9. Fan assembly specifications for H952-CA and H954-CA are 300 CFM.

10. H952-FEA casters add 2 4/16” to cabinet frame assembly height,
H950-AA—Cabinet frame height w/casters—71 7/16".
H954-AC—Cabinet frame height w/casters—51 12/16".

11. Short doors H950-HA (21*) through HI50-HK (63¥) series—Dimensions
of the doors listed in Parts List only cover mounting panel heighi; e.g.,
the H950-AA cabinet frame has 63" mounting panel height. Using a
H950-HA (21°) short door would leave 427 of mounting panel space.

12. Doors for rear mounting are listed as right hanging in Cabinets A, B, C,
D, E. Left hanging doors may be substituted by changing suffix letters
as listed in Parts List
Key: {RH)—Right Hanging

(LH} Left Hanging

13. The H850-LA Logo Frame Panel is zn alumium extrusion that can be
supplied with a biank adhesive inlay strip in assorted color combinations.
“WwWhen the inlay strip is ordered as part of a cabinet, there is no charge
for the inlay. Inlay strips ordered separately are priced at $15.00 each.””
The adhesive intay strip designed for PDP-B/E, PDP-11 require the H330-
LB Logo Frame.

1. Adhesive inlay color strip available for use with H250-LA frame panel
a. Brown!Yellow :
b. Mavy Blue/Bright Capen Blue
c. Bright Chartreuse/Lime Feel
2. Adhesive inlay color strips available for use with H850-LB panel.
a. Terra Cofta/Amber
b. Magenta/Bright Rose

Ordering

Before ordering hardware for existing cabinets, make ceriain that they are
compatible with the HS50-AA cabinet frame assembly (overall height, 71
7{16" from figor, including casters); the H954-CA cabinet frame assembly
(overall height, 51 12/16" including casters and cabinet cover). Module
Marketing Services of Digital Equipment Corporation will assume responsibil-
ity only for parts ordered from the H950 and H954 Cabinet Parts List.

Assembly

Cabinet selections A through H, including cabinet specials, are shipped
assembled.

Shipping
All shipments are FOB Maynard, Massachusetts. Specifications are subject

to change without notice. Special packaging has been designed to ensure
safe shipping.
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Color
Basic color of cabinet hardware is black. Gray is used for end panels and
the inlay of the cover panels.

Custornized painting will be accepted with a minimum lot Telease of 10
cabinets at an extra charge of $10 per cabinet painted. The customer must
supply a color chip for color desired. DEC will not inventory custom painted
cabinets without special consideration.

Order should be sent to Module Marketing Services. No cabinet hardware wil!
be accepted for credit or exchange without the prior written approval of DEC,
and without the proper return authorization number (RA%). No cabinet re-
turns are accepted on special paint orders.

Prices do not include state or local taxes, Prices, discounts, and specifica-
tions are subject to change without notice.

Cabinet Discount Schedule

The following discount schedule is for cabinet purchases only. The discount
is computed from the total list price of cabinet parts purchased. On blanket
purchase orders, minimum releases of ten units {(cabinets) or balance is
required.

Sale in Dollars Discount
$ 500-% 999 89,
1000 - 1499 129,
1500 - 2499 209,
2500 - 4999 259,
5000 - 7499 269,
7500 - 9999 289,
$10,000 - And up 3094
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PARTS AND PRICE LIST H95¢ — SERIES CABINET

Catalog No. Description List Price
H950-AA  Frame, 19" wide, 69" hi, 25" deep, ................ $157.00
63" mounting panel, includes mounting hardware.

H950-BA  Full Door (RH}, front and rear door mounting ... 42.00
H950-CA  Full Door (LH), front and rear door mounting ... .. 42.00

H950-DA  Mounting Pane! {Plenum) Door, (RH) rear mounting .. 39.00
H950-EA  Mounting Pane! {Plenum} Door, (LH) rear mounting .. 39.00

H950-FA Mounting Panel Door Skin ... 17.00
H950-HA  Short Door {cavers 21" mounting) ......... .. ... 45.00
H950-H8  Short Deor {covers 22 34" mounting) ........ . ... 4800
HO50-HC  Short Door (covers 26 14" mounting) ... ... 48.00
H950-HD  Short Door {covers 31 L5 meounting) ... 48.00
HZ50-HE  Short Door {covers 36 34" mounting) ...................... 48.00
HO50-HF  Short Door (covers 42% mounting) ... ............... 4800
HS5G-HG  Short Door (covers 47 14" mounting} ... 4800
HG50-HH  Short Door {covers 52 L4” mounting} .................. ... 48.00
H50-HJ  Short Door {covers 57 34" mounting) .................... EER]
H950-HK  Short Door {covers 63" mounting) ... ... ... 48.00
HG50-JA Special Short Door (17 14" mounting) ... ..o 60.00
H950-JB  Special Short Door (22 34" mounting) ... ... 60.00
H950-1C Special Short Door (28" mounting) ... . 60.00
H950-JE Special Short Door (62 34" mounting} .................. §€0.00
H950-G Table Top Assembly (19 wide, 21 7/32" x 134"} ... 50.00
H950-LA  Frame Panel Aluminum ... .. ... 6.00
H9S0-LEB  Frame Panel Plastic .. ... ... ... 7.00
H950-P 54" Bezel Cover Panel ... 7.00
HS50-0 1014 " Bezel Cover Panel ... ... 11.00
HO950-SA  Filter (for Fan Assembly) .. ... . ... 4.00
*HG52-AA  End Panel {require 2 per cabinet}) ... ... 48.00
Ho52.BA  Stabilizer Feet {pair) . .. ... 23.00
H952-CA  Fan Assembly (specify airflow), top mounted ... .. 40.00
HS52-EA  BasterSet {4} ... 7.00
HO52-FA  LevelerSeb (4} ... ... . e 2.00
HO952.GA  Filler Strip (front and rear), joining two cabinets ... ... 44.00
7406782  Kickplate (use with H952-BA) ... .. ... ... 5.00
7406793  Kickplate (Lower Cab Trim) ... ... ... 8.00

* Color of end panel is gray. Consult color section for customized painting.
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Fropt view of H350 frame. Rear view of H50 frame
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Catalog No.
Ha54.-AC

HY54-BA
H954-CA
H954-SA
H954-UA

*HO52-AM
H950-LB
H952-BA
HB52-EA
H952-FA
HO50-HA
H950-HB
H950-HC
H950-HD
HY50-HE
H950-HF
HO50-1A
H950-JB
H950-P
H950-Q

-7406782

7406793 -

PARTS AND PRICE LIST
H954 — SERIES CABINET
Description

Frame, 19" wide, 49 8/16" high, ... ...

25" deep, 42* mounting panel,
includes mounting hardware

Full Door, rear mounting (RH) ... .
Fan Assembly (bottom mounted) . ... . ... ..
Filter {use with H954-CA) ... ... ... ... ..
Cabinet Cover ...
End Panel {require 2 per cabinet) .. ..

Logo Frame Panel ............. .. ...

Stabilizer Feet {pair) .................. ... ...

Caster Set {4) . .

Leveler Set {4) ... ...
Short Door {(covers 217 mounting) ... ...
Short Door (covers 22 34" mountingy ..........................

Short Door {covers 26 14 ” mounting) ...

Short Door {covers 31 15" mounting) ...

Short Door (covers 36 34" mounting} .. .......................

Short Door {covers 427 mounting) . ... ...

Special Short Door {covers 174" mounting)

Special Short Door {covers 2234 " mounting)

LY/ Bezel Cover Pamel ... ..o,

104" Bezel Cover Panel ...

© Kickplate (use with H952-BA) ...
Kickplate {Lower Cab Trim} ......................

List Price
$127.00

Prices and.discounts shown-are subject to change without notice.
* Color of end panel is gray. Consult color section for. customized painting.
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Cabinets for DEC systems are manufactured in this portion of DEC's recently
opened Westfield, Massachusetts production facility.




After all the components have been attached to the board, the
module is degreased to remove contaminants in preparation for
flow soldering.
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POSITIVE LOGIC MULTIPLEXER A
Al123 SERIES

H o R
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INPUT [OUTPUT TERMINALS
+3V CONNECTED
ov COPEN

The Al123 Multiplexer provides 4 gated analog switches that are controlled
by fogic levels of OV and 43V, The module is equivalent to a single-pole,
4-position switch, since one output terminal of each MOS FET switch is tied
together. If all three digital inputs of a circuit are at +3V {or not connected)
the two output terminals are connected together, If any digital input is at OV,
the switch terminals are disconnected. Two switches should not be on at
the same time. The analog switch can handle signals between +10V and
—10v, with currents up to 1 mA.

The positive power supply must be between +5Y and +15V, and at least
equal to or greater than the most positive excursion of the analog signal.
The negative power supply must be between -5 and —20v, and at least 10
Volts more negative than the most negative excursion of the anaiog signal.
The voltage difference between the two supplies must not be more than 30V,
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SPECIFICATIONS

Digital Inputs ’
Logic ONE: +2.4v to +5.0V
Logic ZERO: 0.0v to +0.8V

Input loading: 0.5mA. at OVolts

Analog Signal
VYoltage range: +10v to —10v

Current {max.): 1mA

Qutput Switch

On resistance, max.: 1000 ohms
On offset: 0 volts

Cff leakage, capacitance: 10 nA, 10 pF
Turn on delay, max.: 0.2 usec
Turn off delay, max.: 0.5 usec

Power
+5v (pin A): 45mA
+ 10V (pin D). 18mA
— 20V (pin E): BOmA

Size: Standard, single height, single width FLIP CHIP module.

Al23—5%58
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HIGH IMPEDANCE MULTIPLEXER A
EXPANDER SERIES

Al160
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The Al&0 is a high impedance multiplexer expander consisting of 8 inde-
pendent FET channels.

This unit may be used with any of the DEC high impedance multiplexers to
perform single or double level multiplexing. It also may bhe used to expand
the channel capabilities of the Al62, Al163, and Al64, Multiplexer.

The Al60 is DTL and TTL compatible and may be used with DEC's standard
K and M Series |ogic modules. Each channel has its own channel selector
driver and rmay be controlled from an external source such as a shift register,
clock, or gating function.

Ale60—3%250
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Advanced shielding technigques and optimized circuit layout have been
employed in the A160, ensuring stable operation under normal ambient elec-
trostatic and electromagnetic conditions, as well as allowing minimal cross-

talk between channels.

Analog Inputs:
Input Voltage Range:
Expander Node:

Feedback Input:

Input Leakage:
Input Feedthrough Capacity:
OFF Channel Capacity:

OM Resistance of Channel
{(Without Buffer):

Max. Input Voltage

Switching plus Settling Time:

Ouiput Range:
Transfer Accuracy:

Selector Input
{Direct into Multipiexer):

ON Level
OFF Level

Power: 115 Volts at 25 mA.
—15 Volts at 25 mA.

SPECIFICATIONS

8 single ended
L 10Y. Maximum full scale

Common point of 8 channels brought
out to a common pin for input fo ex-
ternal buffer amplifier

Feedback caontrol point of multiplexer
switches connected fo output of buffer
amplifier

0.5 nang Ampere max., per channel
4 pF per channel

7 pF per channel, shunt capacity at
common node

1000 ohms

*+15V.

5 usec., max., to settle to within Q1%
of full value for full scale excursion
with zero spurce tmpedance

Same as input (=10 ¥FS)
*0.019%, of full scale at 25° C.

One TTL Load

Logic Zera (O Volts)
Logic One (43 Voits)

Size: Standard, double height, double width FLIP CHIP module.
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HIGH IMPEDANCE MULTIPLEXER WITH
OUTPUT BUFFER

Al6l

A
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The Al&l is a high impedance multiplexer consisting of 8 independent FET
switched channels and a noninverting unity gain follower amplifiar, designed
for application where accuracy, high speed, and high input independance are

prime requirements.

This unit is DTL and TTL compatibie and may be used with DEC K and M
Series logic modules. H will also provide excellent performance with systems
employing sample and holds, high speed mutitiplexing, A /D converters, as

well as single and double level multiplexing.

Provided on the A161 are eight channel select lines, which may be controlled
from an external source such as a shift register, clock, or gating function.

Al61—4%375



The Al81 has been engineered and factory adjusted to provide rated per-
formance. It also employs advanced shielding technigues and optimized circuit
layout, ensuring stable operation under normal ambient electrostatic and elec-

tromagnetic conditions, as well

channels.

as allowing minimal crosstalk between

The A161 has the capability of output channel expansion simply by typing
in the AL60 or Al62 Multiplexer Expanders.

SPECIFICATIONS

Analog inputs:
Input voltage range:

Expander node:

Input leakage:
Input feedthrough capacity:
OFF channel capacity:

Series ON resistance of channel:

Shunt ON Resiztance to ground:

Switching plus settling time:

Fault protection:

Max. Input Voltage
(Without Damage):

Cutput Range:
Qutput Current:
Output Protection:

Amplifier Ofiset:
Transfer Accuracy:
Temp. Coefficient:

Selection Inputs
{Direct into Multiplexer):

OM Level:
OFF Level:

Power Requirements:

8 single ended
*10 V. Maximum full scale

Common pegint of 8 channels brought
out to pin as well as to input of buffer
amplifier,

0.5 nano Ampere, max., per channel
4 pFper channel

7 pf per channel, shunt capacity at
commeon node

1000 ohms
10°ohms min.

5 usec., max., to settle to within .01%
of final value for full scale excursion
with zero source impedance

Current limiting to 10 mA. provided
15V,

Same as input {£10 VFS)
+ 20 mA., maximum

Short circuit protection, indefinitely o
ground

Adjustable to zero

+0,019% of fuil scale at 25° C.
30 uvi® C.

One TTL Load

Logic Zero
Logic One
+15 v. at 30 mA.

Size: Standard, double height, double width FLIP CHIP module.
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- HIGH IMPEDANCE MULTIPLEXER A
WITH DECODER SERIES

Al62
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The Ale2 is a high impedance multiplexer with decoder consisting of 8 in-
dependent FET switched channels. Included on this module is a gated binary
to octal decoder for selecting any of the eight high speed channels.

The A162 may be used as a stand-alone multiplexer ar with any of the high
impedance multiplexers to perform single or double level multiplexing. It
also may be used as an expander to increase the channel capabilities of the
Al63 or Al64, Multiplexers.

This unit has been engineered and factory adjusted to provide rated per-
formance, and is fully compatible with DTL and TTL systems.

Al62—3%270
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The Al62 employs advanced shielding techniques and optimized circuit lay-
out, ensuring stable operation under normal ambient electrostatic and elec-
tromagnetic conditions, as well as allowing minimal crosstalk between chan-

nels.

Analog (nputs:
Input Voltage Range:
Expander Node:

Feedback Input:

Input Leakage:

Input Feedthrough Capacity:

OFF Channei Capacity:

ON Resistance of Channel

{Without Buffer):

Switching Plus Settling Time:

Decoder

Decoder:

Decader Qutputs:

Decoder Inputs—
AQ IN to AZ IN:

Decoder Gate Input:

Fault Protection:

Max. Input Yoltage
(Without DaDmage):

Cutput Range:

Power Requirements:

SFECIFICATIONS

8 Single Ended
+10 V. Maximurm full scale

“Common pbint of 8 channels brought
out to a common pin for connection to
the input of the -external buffer amp.

Feedback control point of muliplexer
switches connected to output of huffer
amplifier.

0.5 nano Ampere, max., per channef
4 pF per channel

7 pF per channel, shunt capacity at
common node

1000 ohms
5 usec., max., to settle to within .01%4

of final value for full scale excursion
with zero source impedance

One of 8 lines, decoded, binary

Select: lLogic zero
De-select: Logic one

Address Lines
Cne TTL Load
High = One

Logic zerg enables decoder out

Current . limiting to 10 mA .provided
+15 V.

Same as input {+10 VFS)

+15 v, at 35 mA.
+5 v. at 30 mA. {with decoder option)
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HIGH IMPEDANCE MULTIPLEXER WITH A
DECODER AND BUFFER SERIES

Al63
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The Al63 is a high impedance muMiplexer consisting of 8 FET switched
channels, a noninverting unity gain follower amplifier, and an 8 bit binary to
octal decoder for channe! selecting.

This unit was designed for application where accuracy, speed, and high input
impedance are important factors. 1t also may be used in systems which
employ sample and holds, DA converters, and high speed multiplexing.

Provided on the Al163 is an expansion node, which when used in conjunction
with either of the high impedance multiplexer expanders [A160, Al62) will
provide additional input channels.

The Al63 is fully compatible wiht DTL and TTL logic levels and may be used
with DEC's standard K and M Series digital logic modules.

This module has been engineered and factory adjusted to provide proper
operation over the specified range.

Optimized circuit layout has beesn employed in the packaging of the Al63
ensuring minimal crosstalk between channels. Advanced shielding techniques

Al63—3$395
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of the switching circuitry have been usced to allow proper operation under
normal ambient electrostatic and electromagnetic conditions.

No. of Inputs:
Input Voltage Range:
Expander Mode:

Input Leakage:
Input Feedthrough Capacity:
OFF Channel Capacity:

ON Resistance of Channel
{(Without Buffer):

Switching Plus Settling Time:

Fault Protection:

Max. lnput Voltage
{(Without Damage):

Output Range:
Output Current:
Qutput Protection:

Amplifier Gifset;
Transter Accuracy:
Temp. Coefficient:
Decoder

Decoder:

Decaoder Cutputs:

Decoder Inputs—
AD IN to A2 IN:

Decoder Gate Input:

Power Reguirements:

SPECIFICATION

8 Single Ended
#10 V. maximum full scale

Comrmon point of 8 channels brought
out to pin as well as to input of buffer
amplifier

0.5 nano Ampere, max., per channef
4 pF per channel

7 pF per channel, shunt capacity at
common node

1000 ohms

5 usec, max. to settle to within 012
of final value for full scale excursion
with zero source impedance

Current {imiting to 10 mA provided
115 ¥,

Same as Input {110 VFS}
L20 ma, max,

Short circuit protection, indefinitely to
ground

Adjustable to zero
*0.019% of full scale at 25° C.
30 uw® C.

One of 8 lines, decoded, binary

Select: Logic zero
De-select: Logic one

Address Lines One TTL Load

Logic zero enables decoder out

=15V. at 35 mA.
+5 V. at 30 mA (with decoder aption)

Size: Standard, double height, doubie width FLIP CHIP module.
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EIGHT CHANNEL CONSTANT A
IMPEDANCE MULTIPLEXER EXPANDER SERIES

Al64
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The Al64 is an 8 channel constant impedance multiplexer expander uti-
lizing eight FETS to switch the input signal through eight precision resistors
either to ground (OFF) or to a virtual ground null point of an operational
amplifier {(ON]).

This unit is used primarily with the A165, A166, and the A167 as a means
of providing additional input channels. It may alsa be used to do high voltage
multiplexing and input scaling.

Al164—$350

————————————
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The Al164 does not contain an output amplifier; therefore, to ensure proper
operation, the output must be terminated into a buffer amplifier whose gain
is equal to minus one. The Al64 or the Al185 may be used to accomplish
this if the Al64 is being used as an expander to either of these modules.
If used as a stand alone modute, the A280 dual amplifier card may be used
as a buffer amplifier.

Provided on the A164 are sight channel select lines. These iines are brought
to pin connections and may be controlled from an external source such as
a shift register, clock, or gating functions.

SPECIFICATIONS

Number of Inputs: 8

Input Impedance: 13,000 ohms

Input Range: +10 Volts

Switching Plus Settling Time: 5 usec to .019

Expander Node: Summing point brought to pin to allow
expansion of number of channels.

Switch Leakage: 0.5 nano Amp per “OFF" channel

Feedthrough (all channels OFF & —86dB at 1 kHz (Ratic = 20,000: 1)

20 ¥p-p at inputs);
Select Lines (1 TTL Load)—

“ONT Logic Zero
“OFF: Logic One
Power Requirements: +15 v. at 40 mA.

Size: Standard, double teight, double width FLIP CHIP module.
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CONSTANT IMPEDANCE MULTIPLEXER A
WITH OUTPUT AMPLIFIER SERIES

Al65
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The A165 is a constant impedance multiplexer consisting of eight indepen-
dent channels which utilize FETS to switch the input signal through precisian
resistors into either a ground (OFF) or a virtual ground of an operational
amplifier {on}.

Included on this module is the operational amplifier, which has been factory
adjusted to yield a gain of minus one. Also inctuded on the AlBS are eight
channe! select lines which may be controlled from an external source, such
as a shift register, clock, or gating functions.

Al65—3475

270



The Al65 is DTL and TTL compatibie and may be used with DEC's standard
“K" and "M’ Series modules to perform contrel functions.

The Al65 may also be used in the multiplexing of high voltage or input
scaling. It also rmay be used in conjunction with other constant impedance
multiplexers.

DEC's constant impedance muitipiexers have been engineered and packaged
using optimized circuit layouts to ensure minimal crosstalk between channels.
Advanced shielding techniques allow stable operation under normal ambient
electrostatic and electromagnetic conditions.

SPECIFICATIONS

Number of Inputs; 2
Input Impedance: 10,000 ohms
Input Range: +10 Volis

Output Range:

Cutput Drive:

Switching Plus Settling Time:

Expander Node:

Switch Leakage:

Transfer Ratio:

Transfer Accuracy:

Temp. Coefficient of Offset:

Temp. Coefficient of Gain:

Feedthrough (all channels OFF &

20 Vp-p at inputs):
Select Lines (1 TTL Load)—
“ON":
“OFF":

Power Requirements:

+10 Volts, inverted with respect to
input.

20 mA,
5 usec fo .01%

Summing point brought to pin to allow
expansion of number of channeis.

0.5 nano Amp per “QFF" channel
Minus one for 10V range

*0.015%, of full scale

50 »V/degrees C.

7 PPM/degrees C.

—86dBat 1 kHz (Ratio 20,000 :: 1)

Logic Zero
Logic One
*15 v. at 40 mA.

Size: Standard, double height, double width FLIP CHIF maodule.
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CONSTANT IMPEDANCE EXPANDER A
MULTIPLEXER WITH DECODER SERIES

Al66
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The A166 is a constant impedance eight channel multiplexer with decoder.

This unit can be used for multiplexing high voltage signals, single tevel or
double level multiptexing, input scaling, or as a means to expand the channel
capabilities of either the A165 or Al67 DEC muttiplexer.

Contained on the A166 as a binary to octa! decoder which can be used to
select either randomly or in sequence any of the eight analog input channels.

If the Al66 is to be used as a stand alone multiplexer, its output must

terminate into the null point of a buffer amplifier whose feedback resistor is

10,000 ohms.
onms A166—$365
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SPECIFICATIONS

Number of Inputs:
Input Impedance:
Input Range:

Switching Plus Settling Time
with output amp

Expander MNode:

Switch Leakage:
Transfer Accuracy:

Feedthrough (all ¢channels OFF &
20 Vp-p at inputs):

Decoder
Decoder:

Decoder Qutputs:

Select Lines {1 TTL Load)—
llDNif:
“OFF':

Decoder Inputs—
AQ IN to A2 IN:

Decoder Gate:

Power Reguirements:

8
10,000 chms
*+10 Volts

5 unsecto .01%,

Summing point brought to pin to allow
expansion of number of channels.

(.5 nanc Amp per “OFF" channel
+0.0159%, of full scale

—~86dB at 1 kHz (Ratio 20,000: 1)

One of 8 lines decoded, binary

9 TTL Loads
Select = Logic Zero
Deselect = Logic One

Logic Zero

Logic One

Address Lines—3 bit binary code
Cne TTL Load

. Positive Voltage = Logic One

One TTL Lead
Logic One yields disable
Logic Zero yields enable

+15V. at 40 mA.
*5 VY. at 30 mA. {with decoder option)

Size: Standard, double height, double width FLIP CHIP module.
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CONSTANT IMPEDANCE MULTIPLEXER A
WiTH DECODER AND OQUTPUT AMP
A167 SERIES
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The A167 is an eight channel constant impedance multiplexer with output
amplifier and decoder. The operation of the Al67 is performed in the same
manner as any of the other DEC constant impedance multiplexers, where
the input signal is switched via FETs to either ground (OFF) or into a virtual
ground null point (ON} of the operational amplifier.

This unit may be used for multiplexing of high voltages, input scaling, and
in situations that require single or double level multiplexing.

The A167 has the capability of being expanded by any of the constant irm-
pedance multiplexers (A166, 4164). The limitation to the number of channel
expansions will depend upon system specifications, speed, leakage current
of OFF channels, and the output drive capabilities of the source.

The output amplifier has been factory adjusted and preset to a gain of
minus one. The decader is an eight bit binary to octal decader with gating
facilities on the decader to conirol its states.

A167—3490

274



Advanced shielding and layout techniques have been employed on the Al67
to allow stahle operaticn under normal ambient electrostatic and electro-
magnetic conditions as well as minimal crosstalk between channels.

SPECIFICATIONS

Mumber of inputs:

lnput Impedance:

Input Range:

Output Range:

Qutput Drive:

Switching Plus Settling Time:
Expandear Node:

Switch Leakage:

Transfer Ratio:

Transfer Accuracy:

Temp. Coefficient of Offset:
Temp. Coefficient of Gain:

Feedthrough (all channels OFF &
20Vp-p at inputs):

Select Lines (1 TTL Load)—
CON'T:
COFFT:

Decoder

Decoder:

Decoder Qutputs:

Decoder Inputs—
AD IN to A2 IN:

Decoder Gate:

Power Reguirements:

Eight

10,000 ohms
110 Volis

— 10 Volts

20 mA.

5 usec to 014

Sumining point brought to pin to allow
expansion of number of channgls.

0.5 nano Amp per “OFF” channel
Minus one for 10V range

+0.015% of full scale

50 uVidegrees C.

7 PPM/degrees C.

--86dB at 1 kHz {Ratio 20,000 : 1}

Logic Zero

Logic One

One of eight lines decoded, binary

g TTL Loads
Select = Logic Zero
Deselect = Logic One

Address Lines—3 bit binary code
One TTL Load )
Positive voltage = Logic One

One TTL Load
Logic One yields disable
Logic Zera yields enable

T 15V, at 40 ma.
=B V. at 30 mA. (with decoder option)

Size: Standard., double height, double widih FLIP CHIF module.
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The A Series analog module line has been substantially expanded. Shown
here are a few of the new units.

The A Series additions are DTL and TTL compatible and compatible with
DEC K and M Series modules, computers, control systems and standard
instrumentation.
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NOTES ON OPERATIONAL AMPLIFIERS

i. INTRODUCTION

This article describes some of the basic characteristics and uses of gpera-
tional amplifiers. it is written especially for people with a digital background,
but with a limited exposure to analog technology. The equations presented
are not exact, but are good engineering approximations, which are accurate
enough for most applications. It is hoped that this simplified discussion wili
provide more insight into the uses and limitations of operational amplifiers
than a more rigorous approach.

The operational amplifier is a basic buiiding block in analag work, miuch the
same way as a NAMND gate can be a basic building block in a digital com-
puter. An operational amplifier {(op amp) together with other components
such as resistors and capacitors, can be used to perform addition, subtrac-
tion, integration, and many other functions, Op amps can be used to make
oscillators, active filters, and even digital circuits such as Schmitt triggers,
gates, and flip-flops. When used with A/D and D/A converters in data proc-
essing work, op amps perform such functions as scale changing, offsetting,
and isolation between source and load.

. GEMERAL CHARACTERISTICS

An operational amplifier can be considered a 3 terminal device, plus a com-
mon or ground return, see Fig. 1. Chopperstabilized op amps, which will
not be considered here, have the Plus input permanently tied to ground. The
op amp is really a difference amplifier, in that it amplifies only the difference
between the two inputs, and tries to reject any DC or AC signal that is com-
mon to both inputs.

Op amps are characterized by high DC gain, high input impadance, low output
impedance, and a gain that decreases with increasing frequency. Op amps
used without feedback would be operating open lcop, a rare situation; but
with feedback the operation would be closed loop. The use of properly applied
negative feedback stabilizes the operation of the composite circuit against
changes in the amplifier, and provides its versatility and usefuliness.

When an op amp is working in the linear region, two approximations can be
made to help in the analysis of the circuit configuration. First, the voltages
of the two inputs are the same; and second, no current flows into or out of
the input terminals. Fig. 2 shows a simple inverting amplifier. Assume the
Minus Input is O volts, the same as the Plus input, and that no current flows
into the Minus input, called the summing junction. Then i = i, and some
simple manipulations show that the gain is equal fo —R¢/R,. Similar reason-
ing applied to the non-inverting amplifier of Fig. 3 shows that the gzain is
gqual to R. +R.. An easy way to remember this is to think of the two

resistors as fornlﬂing a tapped divider network.

IIl. SPECIFICATIONS

$pecifications are usually given for open loop performance, so that the user
has to interpret and calculate how this will affect his particular closed loop
circuit. The following section will give some brief descriptions of what some
of the specifications mean.

277



Settling time. This is the time it takes the output to get within and stay
within a certain amount of is final value, after the input has received a step
input, see Fig. 4. This parameter is important when an amplifier is used in
front of an A/D converter, since the A/ D should not begin its conversion until
the amplifier has settled.

Overtoad recovery. It takes an overload recovery time for the output to
first assume its proper value after an overdriving input signal has been re-
moved. However, the output still has not settled, and this extra time must
be waited before the output is valid.

Slew rate. This term is comparable to rise or fall time in a digita! circuit.
It is a measure of how fast the output can change. If an amplifier output
could go from O voits to 10 volis in 2 psec, it would have a slew rate of 5
volts/psec.

Frequency for full output.  This is the maximum frequency at which a full
scale sine wave (such as +10 to —10 volts) can be assured at the output,
without noticeable distortion. In many ways this is real frequency limitation
of an op amp, since up to this frequency there are no other restrictions on
the amplitude of the input signal.

Frequency for unity gain. The open lcop gain of an amplifier is equal to
one at this frequency. Bui the input signal must be restricted in amplitude
such that the maximum rate of change of output {slew rate} is not exceeded.
Usually only millivolt signals may be processed at this frequency, therefore
the full amplifier bandwidth is not usable for normal data processing systems.

Impedance. The input impedance is simply the resistance between the
two inputs. The common mode impedance is the highest resistance attainable
with feedback.

Common mode rejection. This is a measure of how well an amplifier will
not respond to a signal common to both inputs. If used as a voltage follower,
an op amp with a common mode rejection ratic (CMRR) of 10,000 could
have error of 1 mv if the input were 10 v. (10/10,000 volts).

Voltage offset. The inability to achieve perfect balance in the input circuit
causes the output to respond to an apparent signal when the inputs are tied
to ground. For an inverting amplifier, the output error due to the input voltage
offset is equal to the offset times the closed loop gain plus one. With an
input offset of 3 mv, and a gain of 1, the output error would be & mv.
Fortunately, initia! voltage offset can be frimmed with a potentiometer at the
right place in the circuit.

Current offset. Current offset (or bias current} multiplied by the feedback
resistor (Fig. 2) produces an output error. This effect can be minimized by
using the differential offset (the difference in offset currents for the two
inputs) when the resistance seen from both inputs to ground are equal. For
Fig. 2, the Plus Input should than be returned to ground through a resistor
egual to the paralle! cornbination of R and Re.

Outpuf ratings. The output voltage and current ratings imply a minimum
value for the load resistor. 10 volts and 5 ma would correspond to a load
resistor of 2 K. In an inverting amplifier, the feedback resistor is a load for
the output, and the current through this resistor must be subtracted from
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the amount of current still available at the output. All really useful operational
armplifiers can be sharted to ground without damage, but shorting to a volt-
age will usually destroy some of the circuitry.

IV. APPLICATIONS

Some commoen configurations for operational amplifiers are shown in Figs.
5 through 10. The pin letter assignments carrespend to the op amps sold
by Digital Equipment Corp. If these op amps are used, the jumper between
Pin $ and the Minus input should be removed.

The voltage follower, Fig. 5, features high input impedance, but will have an
error depending on the CMRR. Large voitages cannot be handled, since com-
mon mode voltage ratings should not be exceeded. The inverter configuration,
Fig. 7. is very versatile and does not have a common mode voltage prob-
lem, since both inputs are near ground. Large input voltages can be handled
if the input resistar is made appropriately large. One disadvantage of the
inverting configuration is that the input impedance is relatively low, essen-
tially equal to the input resistor, When & gain trim potentiometer is used,
the gain accuracy by itself becomes irrelevant. What is important is gain
resolution (mostly determined by the potentiometer), and the gain stability
{mostly determined by the temperature coefficients of the input and feedhack
resistors). The ratio of the closed loop gain to the open loop gain gives the
suitability of an amplifier as far as static accuracy is concerned, With a closed
loop gain of 5, and an open loop gain of 10,000, an amplifier could be used
in a systemt with an allowable error of 1 part in 2,000,

The possibility of osciliation must always be considered when feedback ampli-
fiers are used. Usually the more feedback used, the greater is the tendency
1o oscitiate. Oscillations can always be attributed to phase shift. Therefore,
stabilization of operational amplifiers involves phase shifting to oppose oscil-
lation. In Fig. 7, the feedback capacitor allows high frequency signals to be
fed back to the inverting input {(degenerative feedback} with a phase lead.
In the inverting configuration, the output will be 1807 out of phase with the
input at low frequencies, and the feedback signal will oppose the input signal.
At high frequencies, there are additional phase lags in the amplifier and
teedback circuitry. If the feedback signal has a total phase shift (lag) of 360°
with a gain through the amplifier and feedback network of greater than 1,
the amplifier will oscillate, since the input and output are in phase.

V. REFERENCES

1. ‘*An Operational Amplifier Application Manual”
Analog Devices, Inc., Cambridge, Mass.

2. “Handbook of Operational Amplifier Applications™
Burr-Brown Research Corp., Tucson, Arizona

3. “'Linear Integrated Circuits Applications Handbook™
Fairchild Semiconductor, Mountain View, Califarnia

4, “Applications Manual for Cperational Amplifiers”
Philbrick/ Nexus Research, Dedham, Mass.
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OPERATIONAL AMPLIFIER A
A207 SERIES

AUX,
INPUTS

P

+iNPUT
{NON-INV)

2 ANALOG GND

NOTE 1. Mounting holes are provided on the module so that input and feedhack
components can be added. Components shown with dashad lines are not
included with the module.

NOTE 2. This jumper comes with the module. it may be removed to suit circuit re-
quirgments.

NOTE 3. Pins L & M can be connected together to improve settling time, bot param-

eters such as drift and open loop gain are degraded.
The A207 is an economical Operational Amplifier featuring fast settling time
(5 ps to within 10 mv), making it especially suited for use with Analog-to-
Digita! Converters. The A207 can be used for buffering, scale-changing, off-
setting, and other data-conditioning functions required with A/D Converters.
All other normal operational amplifier configurations can be achieved with
the A207.

The A207 is supplied with a zero balance potentiometer. Provisions are made
on the board for the mounting of input and feedback compeonents, inciuding
a gain trim potentiometer. The A207 is pin-compatible with the AZ00 Oper-
ational Ampiifier.

A207—§45
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SPECIFICATIONS—At 257 C, unless noted otherwise,

Pins L & M Differences with Pins
Connected L & M Not Connected

Settling Time™®
Within 10 mV, 10V step input, typ: 3 usec & usec
Within 10 mV, 10V step input, max: 5 usec 8 usec
Within 1 mV, 10V step input, max: 7 usec 10 usec
Frequency Response
Dc open loop gain, 670 chrm load, min: 15,000 100,000
Unity gain, small signal, min: 3 MHz
Full gutput voltage, min: 50 kHz
Slewing rate, min: 3.5v/nsec
Qverioad recovery, max: B usec
Qutput -
Voltage, max: =10V
Current, max: ~15mAa
Input Voltage
Input voltage range, max: +10V
Differential voltage, max: 10V
Common mode rejection, min: 10,000
Input impedance
Between inputs, min: 1803 k ohms
Cormmon mode, min: 5 M ohms
Input Offset '
Avg. voltage drift vs. temp, max: 60 w¥! C 30 avi C
Initial current offset, max: 0.5 nA
Avg. current drift vs. temp, max: 5nAl°C
Temperature Range 0'Cto +60°C
Power
4+ 15v (pin D}, quiescent: 6 mA
—15v {pin E}, quiescent: 10 mA

If the Qutput is accidentally shorted to ground, the amplifier will not be
damaged.

Size: Standard, single height, single width FLIP CHIP module.

*Gain of 1, inverting er non-inverting canfiguration,
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DUAL AMPLIFIER CARD A
A260 SERIES
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The A2€0 is a universal dual amplifier card which contains two independent
operational amplifiers. Provisions have been made for mounting input and
feedback components so that the A260 may be used in a variety of modes.

Some of the configurations in which the A260 may be used are:
1. Voltage follower with a gain of plus one,
2. Voltage follower with positive gain of greater than gne.
3. Attenuated follower with positive gain of less than one.
4. Differential amplifier with differential input and single ended output.
5. Inverter with negative gain of one or greater.

The AZ260 may also be used as the output buffer for the Al1G0 and Al64
multiplexer series, as well as the input buffer for the A4C0 series sample
and hold modules. Individual offset adjustments are provided for on each
amplifier. .

A260—%300
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Description:

Offset:

Configurations

A,

Follower

Transfer Accuracy:

Settling Time (0 to 10vk:

Cutput drive:

Input/ cutput range:
Input impedance:

Temp. Coefficient:

Follower with Gain——

Transfer accuracy:

Gain:
Settling Time:
Qutput Drive:

Input{Qutput range:
Input Impedance:

Temp. Coefficient:

Attenuated follower—

Gain:
Transfer Accuracy:

Settling Time:

Input Range:

Cutput Range:

SPECIFICATIONS

R1Z - R13

287

Two differential amplifiers mounted
on one bpard with provision for
mounting resistors in a variety of
modes.

Adjustments provided to adjust off-
set to zero. :

High input impedance, gain of plus
one.

+0.01%, of FS
1.5 us to 019

20 mA., short circuit proof to
ground. ‘

+10 Volts

1000 megohms

30 uVi°C.

High input impedance, positive gain
greater than one.

Function of resistors provided.

R14 4 R15
Determined by  R15

{(Gain) x (1.5 us) to .019%;

20 mhA. short
ground.

*10 Volts

circuit  proof to

=100 megohms
30 pvi° C. (referred to input)
Input attenuator, positive gain less

than one.
R13

{see schematic)
Function of resistors provided.

1.545 to .019%; if not limited by at-
tenuator.

0 to 100 Volts, max.
110 Volts



Outpui Drive:

Input Impedance:

Temp. Coefficient:

D. Differential Amplifier:

Gain:

Transfer Accuracy:

Settling Time:

Input ¥Yoltage (Signal plus com-

mon mode):

Output Range:
QOutput Drive:

Temp. Coefficient:

Common Mode Rejection:

E. Inverter

20 mA.,
ground.

R12 + R13
30 w7 C. plus input attenuation.

short circuit proof to

Differential input, single ended out-
put.

R14
R15

Function of resistors provided.

(Gain) x (1.5us)
(1 -{-—lf- Y % (10V) max.
Gain

*10 Volts

20 mA., short
ground.

(30 wvi"CY x (1 + Gain)

Function of resistor matching in
gach input = 86dB for .01%, resis-
tor watch in addition to transfer
accuracy of .019%

circuit  proof  to

Negative gain of one or greater

Specs same as differentiai amplifier, except input referenced to ground.

F. Power
—+15v @ 20mA
—15v @ 15mA

Size: Standard, double height, double width FLIP CHIP module.
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SAMPLE AND HOLD A
A404 SERIES

GAIN THIM
oPT
AT RES. 1o
JeSp
a5 ‘\\ sy,
ANALGG - AMALOG
NPT S | ,‘ S UTRUT
BAL (A
USE ONLY 10F @
THE 2 TRACK
INPLTS PINS AH & & SHOULD
BE COMWELYED TOSEETHER
TO IMPROVE SETTLING TIME,
MOWEVER PARAMETERS SUCH

ST A5 DRIFT AND QPEN LOOP

Al Sad BL OBM oBK GEN / GAIN ARE DEGRACED.

TRACK CONTROL BOF
(FOS]
£} COARSE
OFF3ET
BO
TRACK CONTRQL
[ru—
INES }
|y FINE
OFFSET
+1‘£$D i |£€E :lr AC W l Lo
nF - S DIGITAL
ANALOG L.~ BND OROOP  PEDESTAL
GND

JUMPER CONNECTIONS TO OFFSET QUTPUT

MQDE Positive MNegative

PiN TRACK (sample) HOLD AU to B AU to BJ

BF {pos} <+ 3v or open Ow BL to AD
BD (neg) —3v or open Qv BM to AE

BK to AF BN to AF

Analog gnd (pin AF) and digital gnd {pin AC} must
be connected together at one point in the system.

The A404 Sample & Hold bhas an acquisition time of 6 psec for a 10 volt
signal to within 10 m¥ (0.194). The circuit inverts the input signal, and has
an input impedance to 10 k. Features of the circuit include potentiometers
to control the pedestal and the droop of the owtput signal,

A404---$130
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Two digital Track Control (sample) inputs are provided: one for negative logic
(Ov & —3v), and the other for positive logic (Ov & -+-3v). Either input by
itself will perforin the necessary control, and the inadvertent application of
both digital signals will cause no damage to the circuit.

Potentiometers are also provided for zero balancing, gain trim, and offset ad-
justment (up to *10v). If offsetting is desired, connections should be made
according to the tabie shown with the diagram. The Ad404 is pin-compatible

with the A400 Sample & Hold.

SPECIFICATIONS—At 25°C, unless noted otherwise. Pins AH & AJ are con-

nected together.

Acquisition Time

Within 10 mV, 10V step input, typ:
Within 10 mV, 10Vstep input, max:
Within 2.5 mV¥, 10V step input, max.

Aperture Time, max:
Gain

Input
Voltage range, max:
Impedance:

Output
Voltage range, max:
Current, max:

Pedestal®
initial pedestal:

Pedestal variation vs, temp, max:

Droop
tnitial droop:
Droog variation vs. temp, max:

Track Controi
Pos. (pin BF}

Meg. (pin BD)

Board Size
Temperature Range

Power
+15v {pin AD), quigscent:
—15v {pin AE), quiescent:

4 jusec
& usec
11 psec

0.2 psec
—1.000 (adjustable =0.2%)

+10V
10k ohms

+10V
10 mA

Adjustable to less than 1 mV
0.2 my/“C

Adjustable to less than 5 m¥/ms
2mvims/“C

4+ 3% Track

QY at 2 mA, Hold
—3V, Track

0V at 1 mA, Hold

1 double height beard, single module width

0°C to 4-50°C

22 mA
35 mA.

If the CQutput is accidentally shorted to Ground, the circuit will not be

damaged.

Size: Standard, double height, single width FLIF CHIF module.

*Difference in output voltage when changing frorm Track to Hold mode.
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SAMPLE AND HOLD A
A460/A461 SERIES

BR2 I\\ BHZ  AR2
o AMP
I/, NORMALLY

—— AHZ
o BH2 JUMPERED
[ —1
AM2 —
O
POWER REQUIREMENTS! BOARD SIZE!
—15V AE2 DOUBLE HEIGHT
+BYV ADZ DOUBLE WIDTH

ANALCG GND AFz

The A460 and A461 are one channel sample and held modules used to
sample the value of a changing analog signal at a particular point in time
and store this information.

The difference between the A460 and the A461 is that the A460 is a S/H
without input buffering and the A461 is S/H with input buffering. It should
be noted that when using the A461 an external jumper is required between
pins BH2 and AR2.

Provided on the A460 and A461 is a select line which can be used to control
the sampie or hold operation of the module.

Both the A460 and A461 are DTL and TTL compatible and may be used
with standard “M" or "K' Series modules in control and system configura-
tions,

The output circuitry consists of a buffer amplifier with cutput drive capa-
hility of 20 ma. Both the A460 and A461 are compatible with DEC A"
Series high impedance and constant impedance multiplexers and may be
used in conjunction with each to perform various levels of multiplexing.

A460—$400
Ad61—3$525
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SPECIFICATIONS

Transfer Accuracy at 237 C. *+0.01°%, FS
Input} Output Yoltage Range +10V Full Scale
Transfer Characteristic +1
Acquisition Time (to 0.019;) 5 microseconds for —10V to +10V
excursion
Aperture Tirne Less than 50 nanoseconds
Input Impedance {During Sample
Time)—
{With No Buffer): 100 ohms in series with 0.002 mi-
crofarad capacitor
34
{With Buffer): 1000 meg ohms in parallel with 10
pF
Qutput Drive: 20 mA.
Hold Decay: 15 microvolts per millisecond
Offset: Adjustable to zero
Temp. Coefficient of Offset: 50 »Y/° C.
Cantral Input {1 TTL Lead)—-
Sample: Logic Zero
Hold: Logic One
Power: +15Y at 12 mA w/o buffer

*+15V at 20 mA with buffer
Size: Standard, double height, double width FLIP CHIP module.
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12-BIT DAC

A

A6l3 SERIES
OPTIONAL
sy o RESISTORS BV
GAIN T
TRIM

AK O——02 00— @
!
AL o—oﬂm‘;—o—o—vw—«m !

271 ‘o] iMsa} £
AR 2
272 o ~.
-3 AN oP
27e o 5 oUTPUT
AM o
2-4 o
SWITCHES
AS
2°% o— BE
AP [
278 o 8K .7
e
277 'o— —<_
AU .
278 o L ©
8D
BT
279 o— 84
8P S
2-10 o— M L
4y BL | BM PIN CONNECTIONS
e N BINARY | _BCD
512 5 y BK to BE | BK to BD
(L SB) BH BM to BJ | BMto BH
l l l BY fo BN
AD AH AA
8V | <oV’ |45y
AE® REF, Cap AC BINARY INPUTS
—15V ANALGS  DIGITAL =T ALL OTHERS QUTPUT
GND GND ov oV 0000V
+3 0 £5000
ANALOG GND (PIN AF) & DISITAL GND {PIN AC) +3 +3 399975

MUST BE CONNECTED TOGETHER AT ONE
POINT IN THE SYSTEM.

The A613 is a 12-bit Digitalto-Analog Converter for moderate speed applica-
tions, The module is controlied by standard positive logic levels, has an out-
put between Ov and +10v, and will settle within 50 psec for a full scale
input change. The input coding can be either straight binary or 3 decades of

8421 BCD with only simple connector jumpers required to take ca
change.

re of the

AB13—5%$200
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The A613 requires a —10.0v reference that can supply negative current,
such as an A704. Provisions are made for adding up to 3 extra resistors to
implement offsetting functions. Potentiometers are provided for zero bai-
ancing, ard gain trim. The A613 is a double height board.

An input of alt Logic O's produces zero volts out; all Logic 1's produces close
to +10v out. The operational amplifier output can be shorted to Ground
without damaging the circuit,

SPECIFICATIONS

Inputs

Logic ONE: +2.0Vto 5.0V

togic ZERO: 0.0V to +-0.8V

Input loading: 1 mA (max.} at O Volits
Output

Standard: OVto 410V

Opticnal, {requires

Positive REF) 10v range between —10Vand + 10V

Settling time, (10V step): 50 psec

Qutput current: 10 mA

Capacitive loading: 0.1 uF (without oscillation)

Binary Dig. In. Analog Out BCD (8421) Analog Out
000 — 00 0.0000v oo0 0.000v
000 — Q1 . 4-0.0025 001 +0.010
001 — Q0 +5.0000 050 1+-0.500
111 — 11 19.9975 500 +5.000

999 +-8.980

Accuracy Binary BCD

At 4+257°C: +0.015% of full scale =0.05%, of full scale

Temp. coef: *+0.001%,/°C *+0.0029%,/°C

(plus drift of REF) (plus drift of REF)

Temperature Range
+10°C ta 4-50°C
Power
415V at 35 mA
—15vat 60 mA %
+ Svat 60 mA
—10.0V REF at —7 ma (reverse current)

If the Output is accidentally shorted to Ground, the output amplifier will not
be damaged.

Size: Standard, single height, single width FLIP CHIP module.

at max. load
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10-BIT D/A CONVERTER A
SINGLE BUFFERED ERIES
A618 and A619 SER

4R 4D DATA LINES

“WE BF AM AN A5 AT ED BE BH BJ
a9

L]

WsB ANPLIFIER LOGIC
LOAD DACC——4] 10 BIT REGSTER FOWER PUWER
[ By 6T " Tan AR ac

—€ REF. Ot
ANALDG
BINARY WEIGHTED NETWORK B3
ANALOG GND | BT O—b DUTFUT

I amaroe

INTERMNAL |
| GND

- +% REF.
sy g EXTERN AIJ

BF +V REF
FOR A&413 |

anLY ]

- The AB18 and the A619 Digital to Analog Converters (DAC)are double width in
the lower (B section) half. The converters are complete with a 10-bit buffer
registers, level converters, a precision divider network, and & current sum-
ming amplifier capable of driving external lpads up to 10 mA. The reference
voltage is externally supplied for greatest efficiency and optimum scale
factor matching in multti-channel applications.

The AG19 DAC putput voltage is bi-polar while the A618 DAC output voltage
is uni-polar.

Binary numbers are represented as shown (right justified) in Table 1:

TABLE 1
Analog Qutput (Standard)
Binary Input AG18 AG1S
0000, oV _5v
0400, +2.5v —2.5v
1000, +5.0v oy
1400, +-7.5v 125V
1777, +10.0V 45V
AB18—%300
AG19—%325
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OUTPUT:

Voltage: A618 : 0 to +10 voits
Voltage: AG19 +5 volts
Current; 10 mA, {max}
Impedance: < 0.1 ohm
Settiing Time:

(Full scale step, resistive load) <5.0 usec
{Full scale step, 1000 pf) < 10.0 psec
Resolution: 1 part-in 1024

Linearity: +0.05%, of full scale
Zero Offset: +=5mV. (max}
Temperature Coefficient: <0.2mV°C
Temperature Range: 0to0 50°C
INPUT
Level: 1 TTL Unit Load
Pulse: {positive)
Input loading: 20 TTL Unit load
Rise and Fall Time: 20 to 100 nsec
Width: =50 nsec
Rate: 10¢ Hz max.
Timing:

Data lines must be settied 40 nsec before the “LOAD DAC™ pulse (transi-
tion} occurs,

POWER REQUIREMENTS:

Reference Power: -10.06 Volts, 60 mA
Amplifier Power: +15 Volts, 25 mA (plus output loading)
Logic Power: 45 Volts, 135 mA

—15 Volts, 60 mA
Size: Standard, double height, single width FLIP CHIP module.
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10-BIT D/A CONVERTER - A
DOUBLE BUFFERED ERIES
TYPES A620 and A621 S

10 CATA LIMES

AE AF am AN AS AT B BE BH BY
o 3

I I I O T
)
MSE
.h%‘:ﬁ 2220_819 10 BT REGISTER
P
(L |
& 4] AMFLIF EF LOGIC
o [WsE POWER FOWER
URDATE o 10 BIT REGISTER T Y ey
Dac : ey &1 BU &4 BB AT
[~ 2T+ oo o
aoa o coa o
+15 COM =15 +5 15 GND
.
-E REF, | 8K O]  ansico
ANALOG BINARY WEIGHTED NETWORK 85 ) CUTRUT
Ghn | BT O T

CFFSET ADJ
|
INTERNAL.
| AMALLKS :;.g_o +VREF
A3 g EXTERNAL
| FOR AB1Y BP W REF I
e

The AB20and the A621 Digital-to-AnalogConverters (DAC)are doubie-width in
the lower (B section) half. The converters are complete with two 10-bit buffer
registers, level converters, a precision divider network, and a current sum-
ming amplifier, capable of driving external loads up to 10 mA. The reference
voltage is externally supplied for greatest efficiency and optimum scale-factor
matching in multi-channel-application.

The A621 DAC output voltage is bi-polar while the A620 DAC output voltage
in uni-polar.

The double-buffered DAC's are offered to satisfy those applications where it
is imperative to update several analog oufput simultaneously. When DAC's
deliver input to a multi-channel analog tape system or update the constants
of an analog computer, the double-buffer feature may be necessary to prevent
skew in the analog data.

AB20—$300
AG21—$375
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Binary numbers are represented as shown (right justified) in Table 1:

TABLE 1

Analog Output {Standard}

Binary Input AGZ20 AbZ1
0a00, ov —5V
0500, 125V —2.5V
1000, +5.0V Ov
1500, 4-7.5v +2.5v
1777, +10.0V +5V
OUTPUT:
Voltage: AB20 0 to 10 Volts
Voltage: A621 =5 Volts
Current: 10 mA. (max)
Impedance:; < 0.1 ohms
Settling Time:
(Full scale step, resistive Load) < 5.0 usec
(Fuil scale step, 1000 piH) <10 psec
Resolution: 1 partin 1024
Linearity: 2:0.059¢ of full scale
Zerg Offset: =B mVY. {(max)
Ternperature Coefficient: <0.2myi°C
Temperature Range: O to 50°C
INPUT:
Level; 1 TTL Unit ioad
Puise: : (positive)
input loading: 20 TTL Unit load
Rise and Fall Time: 20 to 100 nsec
Width: =50 nsec
Rate: 106 Hz {max)
Timing:

1. Data lines must be settied 40 nsec before the “LOAD DAGC” pulse
{transition) occurs.

2. The “Update DAC” pulse must occur more than 100 nsec after the
“LOAD DACT pulse.

POWER REQUIREMENTS:

Reference Power: --10.6 Valts, 60 mA
Amplifiar Power: *15Velts, 25 miA (plus output loading)
Logic Power: |- BVolis, 190 mA

— 15 ¥plts, 50 mA
Size: Standard, double height, doubie width FLIP CHIP rmodule.
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12 BIT MULTIPLYING DIGITAL

TO ANALOG CONVERTER A

A660 SERIES
B2
Bt B
B1O
ANALOG
AW
OUTPUT
o
“ )
L oau
B o OV N oI D e g
z359%s33F233% ANALOG
REFERENCE

CHGITAL INPUTS

+15Y
- 5%
SMALOG RETURN
+5y

DIGITAL RETURN

ADY, ADZ
AET, AEZ
AF1,AF2
AAAAAZ,BAT BAZ
AC2,BC2Z

VOLTAGE INPUT

The AGGD is a precision 12 bit multiplying digital to analog converter whase
output is the product of the external analog reference voltage supplied and

digita! code presented.

This DjA converter is DTL and TTL compatible, fequires essentially zero
warmup time, and has high output current drive capabilities. It also may be
used in either untpolar or operations.

This unit may be used in applications where precision digital control must
be exercised over an analog signal. It also may be used in systems requir-
ing synchro to digital conversion, AC transducer digitization, or in hybrid

computation.
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When operating in conjunction with an external DC reference source, the
AG60 may be used as a conventional DfA converter with the output polarity

determined by the refererce voltage polarity.

The AB60 employs advance shielding technigues which allow proper opera-

tion under normal ambient electrostatic and electromagnetic conditions.

SPECIFICATIONS

Number of Bits;
Coding:

Input Logic Levels:

Accuracy—(dc to 4 kHz)
Temp. Coefficient of Offset:
Temp. Coefficient of Range:

Feedthrough (for 20 V. p-p sine
wave; all bits off):

Analog Reference Input Range:
fnput Impedance:
Frequency:

Phase Shift:

QOutput Range:

Cutput Current;

Short Circuit Protection:

Phase

Attenuation Range—Absolute Vailue

DIGITAL

000 000 000 000
111 111 111 111 Binary

12
Binary—Absolute Value

High = Logic One
T TTL Load

+.0259%, FS, +0.019 of output
200 microvolts!” C.

20 PP/ ™ C.

at 1 KHz: 1 mV RMS

=10 v. Full Scale

10 k ohms

Down 0.02%; at 20 kHz
< 7% at 20 kHz

10V,

15 mA.

Indefinitely to ground
Output in Phase with Ref.

OUTPUT
0.0000 Volts

- (0.9976) X {Input Ref.) Volits

Settling Time to Digital Change: 10ms.

Power Requirement: +15V @ 14 mA.
—15V @ 3 mA.
45V @ 20 maA.

Size: Standard, double height, double width FLIP CHIP module.
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REFERENCE SUPPLIES A
A702, A704

(DOUBLE HEIGHT) SERIES
AN
Al T ap TESTPOINTS
—-—0 AT +SENSE __LAC
REF |0 AV —SENSE REF | oar 4sense
SURPLY SUPPLY

[—0C AV —SENSE

———C AE - OUTPUT

AE fiie =
-auTPUT
Module Peak
T Gutput Current Temperature Coefficient Regulation Peak te
ype Ripple
A702 —10V =60 mA 1mvi°C 30mY, ne  10mv
load to full
foad
A704 —10v —80to 4+40 mA 1 mV/8hrs 0.1 m¥, no 0.1mV
i m¥/15° to 35°C load to full
4 mv/0° to 50°C ioad
Module Adjustment Input Use Output
Type Resojution Power timpedance
A702 5mv —15 v/100 mA Load with 500uF Q.5 ohms

+10v (BY10mA. at load. May also
be preloaded if desired

A7Q4 0.01 mV —15 12 v{250 mA See below for sensing 0.0025 ohms
and preloading

Remote Sensing: The input to the reguiating circuits of the A704 is connected
at sense terminals AT {+) and AV (—). Connection from these points to the
load voltage at the most critical location provides maximum regulation at a
sefected point in a distributed or remote load. When the sense terminals are
connected to the load at a relatively distant location, a capacitor of approxi-
mately 100 «F should be connected across the lead at the sensing point.

A702-—$58
A704—3175
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Preloading: The supplies may be preloaded to ground or —15V to change the
arnount of current available in either direction. For driving DEC Digital-Analog
Converter modules, —125 mA maximum can be obtained by connecting a
2700+=5Y%, 1 watt resistor from the —10v pin AE reference output to pin
ac ground (A704 only).

Wiring: Digital-analog and analog-digital converters perform best when mod-
ule locations and wiring are optimized. All Digital-Analog Converter modules
should be side-by-side. In an analog-digital converter, the comparator should
be mounted next to the converter module for the bits of most significance.
The reference supply modules should be mounted nearby, and if the A704 is
used, its sense terminais should be wired to the most-significant-bits con-
verter module. The high quality ground must be connected to the common
ground only at pin ac of the reference supply madule, and this point should
also be the common ground for analog inputs to analog-digital converters.
Do not mount A-series modules closer than necessary to power supply trans-
formers or other sources of fluctuating electric or magnetic fields.

Size: Standard, douhle height, single width FLIP CHIP moduie.
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10 BIT A/D CONVERTER

A

A811 SERIES
i
v AH
m\::bg? o COMPARATOR CEE;?SL ke START PULSE
L= A/D DONE PULSE
BM

o To A
CONVERTER

ABC Ol STER DIGITAL
(‘,:[ DC CIGITEL REGI E—’:") AR

ABOY A0-8IT ANALOG-TO-DIGTAL CONVERTER

REFERENCE

BIT {M5BY | AE
Al
LM
1]

1
2
3
4
& BL
g
7
a

BR

BK
BF

El B3

10 (LsEY | BY

AZ11 10-BIT ANALOG-TO-DIGITAL CONVERTER

The A-811 is a complete, 10-bit successive approximation, analog to digitai
converter with a built in reference supply. Conversion is initiated by raising
the Convert input to logic 1 (+4 volts). The digital result is available at the
output within 10 microseconds. An A/D Done Fuise is generated when the
result is valid. The A-811 vses monalithic integrated circuits for control logic,
output register, and comparator.

The A811 requires 2 vertical connectors and the top section {connector A)
requires 2 connector widths.
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BIT I3

oG
MANOSECONDS

P10 L SEC

CONVERT
FULSE

AD Done
PULSE

T

BIT v e |3]als|s|7]8 s |w)]

SPECIFICATIONS:

Convert Pulse Input:
fnput loading

Pulse Width

Pulse Rise Time

A/D Done Pulse Qutput:

Pulse Width

Digital Qutput:

Logical 0"

Lagical 1"

Gutput Current 0"

Output Current 1"

Input:

Input Voltage

Input Impedance

Resolution:

Accuracy:

Temperature:
Coefficient:

Operating Temperature;

Conversion Rate:
Qutput Format:

Max. Min.

10 TTL umt load

504 nsec 100 nsec
250 nsec —

300 nsec 100 nsec
+0.4Y oV
+3.6V +2.4¥
16 mA

—0.4 mA

0 to +10V

1000 ohms

10 bits

0.19 of full scale

0.5 mv/°C

0°Cto 50°C

100 kHz (max)
Parailel Binary Uni-polar

+15 Volts =1%, 20 mA (pin BU)
—15 Volts £19%, 160 mA (pin AV)
+ 5Volts =19% 300mA {(pin AA)

Size: Standard, double height, singledouble FLIP CHIF module.

Analog Ground (pin BN)
Options:

The input impedance of the A/D converter can be raised to greater than 100
megohms by adding an input amplifier module. A sample and hald ampiifier
module may also be included. The impedance of the converter with sample
and hold is 10,000 ohms. Both options may be included simultaneousty if

high impedance and narrow aperture are both required.

305



12 BIT INDUSTRIAL CONVERTER

A

e ] eve
2 —— .
gi:,amt,sm,au, CARRY INPUT ot LBu2
52 | BT2
B o laeser out 3 1B3% .
BO' . o felock ouT pa| BR2
,5 | 8P
a2
o & | OVERLDAD o | BN2 0
AY2 il EXT, TRIG o7 |LBME .
aT2
S s END OF CONVERSION BBz
452 e INT TRIG Rl L,
AUl START
CONVERT ABEO
BF2
MSB -
AKI, AK2
e ANALOG(-)
AMARZ ] aNALOB() poL 202 .
POWER REQUIREMENTS
ASt SYNE NPUT +5V DAY, BAZ,AALAAR
0V p-p lac) LOGIC GND  BC{,BCZ,ACI,AC2
+15V  ADT,AD2
—15V  AE1.AE2
ANALOG GND  AF1,AF2, AMI,AMZ,

AR1, ARZ

The AB60 is a 12 bit industrial converter employing dual slope integrating
techniques whereby an analog signal is converted into 12 bits (11 bits 4
sign) of digital information in 9 milliseconds,

This unit may be used in industrial systerns where sensing of an analog
signal is essential in the control of a digital system.

The A860 may be used in application where the output of analytical instru-
ments, strain gauges, and resistance bridges nmiust be converted into digital
form. Other uses of this madule are industrial and machine tocl control and
conversion of instrumentation to digital displays. Because of its bit rate
(1200—36C0 BPS), the AB60 may also be used to transmit data over tele-
phone lines,

The A860 is both DTL and TTL compatible and may be used with standard
K and M Series modules, as well as DEC's A Series muitiplexers and sample

and hold. —————
ABGD—3395
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The A860 has been engineered and designed using advance shielding tech-
nigues which allow proper operation under normal ambient electrostatic and

electromagnetic conditions.

Technique:

Input Voltage Ranga:
Cading:

Accuracy at 237 C.:
Conversion Time:

Sample Aperture (part of
cony. time):

Input Type:
tnput Impedance:

Commaen Mode Voltage:®

Common Mode Rejection:

Contral Inputs
Internal Trigger:

External Trigger:

Digital Outputs—
Data (11 lines):

End of Conversian

{Busy Status):

Carry Input:

Overload:

Power Reguirements:

SPECIFICATIONS

Dual Slope Integration

+2 voit

Sign bit 4+ 11 magnitude bits
+0.059 of input voltage +1 millivolt
9 milliseconds

3 milliseconds

Differential

= 1000 meg ohms
0.25 V max.

= 70dBat 60 He

Internal oscillator provided for auton-
omous operation of converter; can he
enabled by grounding internal trigger
line.

Triggered by leading (negative-going
voltage) edge 1 TTL load. Internal trig-
ger must be disabled by hard wire to
+ 5wvolts.

Paraltel data available after end of con-
version. Logic one is high; 8 TTL loads.

Qutput logic one during conversion.

High to low transition indicates end of
conversion.

Input to control flip flop that detar-
mines word length of converter. For
11 hits 4+ sign, connect carry input
(BK1) te 2° out (BK2).

Output logic one when znalog exceeds
full scale

=15V 41 0.3% at 20 mA
+5V at 150 mA

Size: Standard, double height, double width FLIP CHIP module.

* Note: Unit normally supplied with analog minus input connected to analog
return through R6 (r}. For differential inputs remove R&.
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HIGH SPEED 12 BIT | A
A/D CONVERTERS
AS61  A862 SERIES

20K

(mse) g1 fO—— BE2

I
y SHOCK G AD B — or2
B2 | ——w BJ2
Bpt —CLock . B3 e BK2

B4 ——# BLZ2

SERIAL OUTPUT
| e B5 [—— BM2

AB61 - 4862 B6 | & BNZ
BT ——-—® EPZ
BS |— ——m BRZ
nyp _ANALOG INPUT Bs L @52
AKZ_ANALOG RETURN BIQ — BT2
AF1 CIP —
CONVERTER BIZ [————#Bv2--
Az _TRIG M . (‘;‘?S‘F_?'EF By i-——d
AU ol RRT CONVERT END OF CONVERSION O——= BF 1
ave NHIBIT = RESET fo—# BH1

POWER REQUIREMENTS

+5Y BAZ,AAZ,BAY,AAM
LOGIC GROUND BC2, AC2, BCA ,ACH
—15y  AE1,AEZ2
+15Y  AD1,AD2
ANALOG RETURN AKZ AFZ, AF

The A861 and A862 are high speed analog/digital converters that provide
adjustment-free 12 bit accuracy at the specified temperature range.

The A26! is a unipolar caonverter with an input range of 0 to +10 voits and
a straight binary cutput, whereas the A8B62 is a hipolar converter whose input
is in the =10 volt range with an output that is coded offset binary or 2's
complement.

ABB1—3595
AB62--$595

—_—_——
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Both of these modules emplay the successive approximation techniquas and
include a self-contained clock and trigger circuitry that will allow adjustment
of the conversion time to a level from 12 microseconds to 48 microseconds.

The AS61 and A262 are DTL and TTL compatible and may be used with
standard M and K Series modules, as well as standard DEC hardware for
system configuration.

Both A/D converters contain internal reference supplies that are adjustable.
In packaging the A861 and AB&2, advance shielding technigues have been em-
ployed to allow stable operation under ambient electrostatic ang electro-
magnetic conditions. To mintmize potential ground loop problems, separate
ground returns are brought to:

a. Digital power supply return pin,

b. Analog power supply return pin,

¢. Analog signal return pin.

Both of these modules are useful in systems demanding high integral ac-
curacy and long term reliability, such as computer linkage, biomedical data
transmission, process contrel, and conversion of instrumentation data.

Range and offset adjustments are provided on the module.
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22 and Resolution

# OF
BITS RESOLUTION

2o n (%) PPN
1 0 100.0 1,000,000
2 1 50.0 500,00
4 2 25.0 250,000
8 3 12.5 125,000
16 4 6.25 62,500
32 5 3.125 31,250
64 5 1.563 15,625
128 7 0.781 7,812
256 8 0.391 3,906
512 9 0.195 1,953
1 024 10 0.0977 977
2 048 11 0.0488 488
4 096 12 0.0244 244
8 192 13 0.0122 122
16 384 14 0.00610 : 61
32 768 15 0.0030% 31
65 536 16 0.00153 . 15
131 072 17 0.000763 _ 8
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AMPLIFIER BOARDS A
A990, A992 SERIES

Many types of commercially available operational amplifiers can be mounted
in the holes provided on these predrilled etched boards. Mounting holes and
printed wires provide for balance trim, gain trim, and feedback networks re-
quired to build such common operational devices as voltage followers,
inverting or non-inverting amplifiers, integrators, differentiators, summers and
subtractors. Most amplifiers listed in the table below require %15V regulated
supplies which are readily available from the amplifier manufacturers. Notable
exceptions are Analog Devices' Models 101, 103, and 104 which may be used
with standard DEC +10V, —15V supplies at some sacrifice in voltage range
(+5, —10V) and noise.

Power: Positive at pin D, negative at pin E, common at pin F for all types.
Space is provided for mounting bypass capacitors used with some high
frequency amplifiers.

Trimming: Mounting holes on 1” centers at the handle end accept wirewound
potentiometers for balance and feedback (gain) trimming. Gain rheostat
may be connected in series with feedback components to allow precise ad-
justment of gain using inexpensive 19, feedback resistors. Board is etched
to allow for use without gain trimming, and one pointed conductor must be
cut at caret marks to put a rheostat in the circuit. Gain rheostat stray capaci-
tance to ground is driven by amplifier output.

Types accepted Types accepted by

Amplifier Supplier

by A990

A992 (boosters too)

Analog Devices
Burr-Brown*
Data Device Corp.
Nexus

Philbrick

Union Carbide
Zeltex

101, 102, 104, etc.
1500-46, 1500-68
Case K or Case L

103, 106, 107, etc.

most types, except boosters

Case Q
Case PP
most types
Case A
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=Except Burr-Brown differential output and chopper stabilized types: Fer-
forated board W994 or other blank module may be used fo mount non-

standard configurations.
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This flow-soldering machine solders all component leads to the
board and makes all solder runs in one fast, exceedingly reliable,
operation.
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LAB
COMPUTER LAB SERIES

The COMPUTER LAB is a high performance low-cost digial iogic trainer
It uses the same meoenolithic integrated transistortransistor logie circurtry
used in DIGITAL's lalest computers.

The digital logie fundamentzls prasented by the COMPUTER LAE can foster
a basic undersianding of computer technoicgy for the computer career
oriented user, or for a user applying computers for the first tirme, The COM-
PUTER LAB will also help the math-oriented user understand “new math”
concepts, as compuoter logic operates with birary numbers according to
Boolean algebraic laws.

Wiring is easy because of the standard logic symbology used on the front
panel and the color coded Patchcords which are easily inserted and removed.
An improper circuit will not damage the COMPUTER LAB. The faulty circuit
meraly “waits' for correction,

Features:

s Transistor—Transistor logic circuitry as used in DIGITAL's PDP computers
* Teaches modern con;puter lagie

s Lasy to use: MIL-STD 806 logic symbology on front panel

+« Portable: Dimensions of 1234" x 177 x 314", weighing only 11 Ibs.

a Comprehensive Workbook provides:
~—Ten detailed chapters
—More than 30 experiments
—Over 200 hours of laboratory study
—Dozens of tables and diagrams
—An extensive appendix of supplementary information

s Instructor's Guide with answers, additional text, extra problems, course
plans, at only $5.00

+ Low cost: COMPUTER LAB, Workbook and Patchcord set, ready to use
$445.00

H500 — $445
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: LAB
K-SERIES LOGIC LAB SERIES

INTRODUCTION

The K Series Logic Laboratory is designed for use with K Series Modules. |t
iz a device for building prototype systems for experimentation and proof of
logic design as well as an effective tool for learning solid state control logic.

It is exceilent for training users in digital logic techniques by enabling an
individual to construct logical networks, with a2 “‘hands on approach’ to
learning control systems for Industrial Applications.

The K Series Logic Lair is a completely self contained system consisting of a
power supply, photo cell, pulse generator, switch controls, mdicators, mount-
ing hardware and a recommended basic complement of logic modules neces-
sary to construct a working system. The system is expandable and can
accommedate additional K901 patchboard panels for mounting additional
legic moduies.

EDUCATION AND TRAINiNG

As a training device the K Seres Logic Lab offers the engineer, techmician,
and user 3 step by step appreach to building an understanding of varigus
digital logic functions, such as, AND, OR and the aperations of NAND and
MOR etc. The user has the aption aof using NEMA or MIL spec symbology
when raking logic cannections. Symhbolopy cards on basic iogic modules far
use with the K901 patchboard panel are printed with NEMA on ane side and
EHL SPEC 806 on the reverse side.

BREADBOARDING AND TESTING

The logic laboratory power supply 15 capahle of supplying 5¥-DC for about
100 modules. There is ne restriction on the size of a system which can be
imiplemented, since additicnal patchboard panels can be ordered and "K'
Logic Laboratories interconnected directly.

There is no substitute for actually bullding the system and verifying the logic.

Some common uses of the Logic Laboratory are listed below. Many of these
are described in detail in the Control Handbook and part I in the 1969
Positive Edition Logic Handbook.

Timer Sequencers Senal Adder

Shifter Sequencers Stepping Motors Control
Parallel Counters Puise Generator

Pulse Rate Multiplier Annunciator
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CONTROL PANEL — POWER SUPPLY LAB
K900 SERIES

Zia6080

The K900 is a combination power supply and input control panel, The input
devices include a photocell, three push button pulsers and timing components
for a K303 clock mounted in a K901 panel. Clock timing components are pro-
vided for frequency steps in ranges of 2Hz to 60Hz and 200Hz to 6K Hz. Wiring
diagrams for properly connecting the clock are shown in the logic and control
handbooks (reference K303). The power supply can drive approximately ten
type K901 panels of K series flip chip™ logic. Pulsers consist of a K501 schmitt
trigger with a K581 switch filter. Power is supplied by K731, K743 and K732
power supply modules.

Electrical Characteristics
Input voltage: Power supply: 115V 50-60 cps
Output voltage: +5 VDC =109%
Output current: 3 amp

Mechanical Characteristics

Panel width: 19" Power Output connection: Hayman Tab
Panel height: 5%," terminals which fit AMP ‘‘Faston” re-
Depth: 12" ceptacle series 250, part 41774 or Type
Finish: black 914 Power Jumpers.

Power Unit connection: 18/3 AC power cord
K900 — $185
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PATCH BOARD PANEL ‘LAB
K901, 911 SERIES

K901 PATCHCORD MOUNTING PANEL
This panel provides up to ten FLIP CHIP modules with power and patch con-
nections. Space between patching Sockets allows insertion of logic diagrams.
Logic diagrams are printed on all FLIP CHIP module data sheets. More per-
manent plastic diagrams are available for those modules listed.

PANEL WIDTH: 19 in.

PANEL HEIGHT: 5%, in.

DEPTH: 614 in. with FLIP CHIP modules inserted
FINISH: Black
POWER INPUT CONNEC-
TIONS: Tabs which fit
AMP ‘‘Faston' receptacle
series 250, part 41774.

911 PATCHCORDS

DEC Type 911 Banana-Jack Patchcords are supplied in color-coded lengths of
2 in. (brown), 4 in. (red), 8 in. (orange), 16 in. (yellow), 32 in. (green), and
64 in. (blue). Patchcords may be stacked to permit multiple connections at any
circuit point on the graphic panels of the DEC K901 Mounting Panel. The cords
are supplied in snap-lid plastic boxes of ten for handy storage.

K901 — $125
911 — $9/pkg. of 10
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INDICATOR SWITCH PANEL LAB
K902 SERIES
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The H902 Panel provides facilities for control and observation of the Logic
Laboratory. It contains eight indicator lights and a lamp driver module, eight
toggle switches and four potentiometers. Connections to these devices are
made with Type 911 Stacking Banana-Jack Patchcords,

INDICATORS: Indicators inputs accepts signals of +5V and ground. An open
circuit input will light the indicator. If the input is returned to ground, the
indicator will not light. The load is 1 mA.

TOGGLE SWITCHES: The toggle switches are single pole, single throw with
a logic diagram to show the open and closed positions.

POTENTIOMETERS: The potentiometers are 250,000 ohms. They may be used
to control the frequency of delay one-shots or clock circuits in the K901
Mounting Panel.

MECHANICAL CHARACTERISTICS

PANEL WIDTH: 19 in. FINISH: Black
PANEL HEIGHT: 5%, in. POWER INPUT CONNECTIONS: Tabs which fit
DEPTH: 614 in. AMP “Faston’' receptacle series 250, part 41774.

K902 — $145
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PATCH PANEL BOARD LAB
K903 SERIES
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This patch panel provides logic power and patch connections for four double-
height or eight single height FLIP-CHIP ® modules. The panel was designed
particularly for K Series double height modules including the interfacing
modules (K5xx and K6xx). Two K903 panels cannot however be mounted
together on a mounting rack due to socket overhang at the bottom of each
K902 panel. Space between patching sockets allows insertion of logic dia-
grams. Logic diagrams are printed on all FLIP-CHIP® module data sheets.
More permanent plastic diagrams are available for those modules listed.

PANEL WIDTH: 19 in.
PANEL HEIGHT: 5%, in.
DEPTH: 614 in. with FLIP-CHIP® modules inserted.

FINISH: Black
POWER INPUT CONNECTIONS: Tabs which fit
AMP “Faston' receptacle series 250, part 41774

K903—$155
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MISCELLANEOUS ACCESSORIES LAB
4913, 914 SERIES

4513 MOUNTING RACK

The 4913 Mounting Rack provides support for a and up to four K901 Patch-
cord Mounting Fanels, for a total of up to 40 FLIP CHIP modules raady to he
patched together for experiments. it may also be used to mount general pur-
pose mounting panels such as the K943, The power supply must be mounted
at the bottom for stability.

Height: 261/ in.

Threads for mounting panels: 10.32

914 POWER JUMPERS

For interconnections between power supplies, mounting panels, and logic lab
panels, these jumpers use AMP "'Faston'' receptacles series 250. Specify 914-7
for interconnecting adjacent mounting panels, or 914-19 for other runs of up
to 19 inches. 914-7 contains 10 jumpers: 914-19 contains 5.

48913K — $26
914.7 —% 4
914-19—3% 4
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BASIC EQUIPMENT LISTS
BASIC LOGIC LABORATORY

1-K201 Patchboard panel 125.00
1-K9(2 Indicator Switch Panel

{complete with K683 module) ) 145.00
1-K900 Power Supply and Control Panel

{complete with Power modules) 185.00
1 pair—4913 Maunting Rack 25.00

RECOMMENDED LOGIC MODULES AND PATCHCORDS
FOR USE WITH THE LOGIC LABORATORY

UNIT PRICE TOTAL PRICE

4-K003 Expander 5.00 20.00
2-K012 Expander 8.00 16.00
3-K113  Gate 11.00 33.00
3-K123 Gate 12.00 36.00
2-K134 Inverter 13.00 26.00
1-K161 Decoder 2500 25.00
1-K174 Comparator 24.00 24.00
1-K134 Rate Multiplier 25.00 25.00
2-Kz202 Flip-flop 27.00 54.00
1-K206 Flip-flop 20.00 20.00
2-K210 Counter 27.00 54.00
1-K220 Up-down Counter 55.00 55.00
1-K230 Shift Register 40.00 40.00
1-K303  Timer 27.00 27.00
1-K323 One shot delay 35.00 35.00
1-K376* Timer Control (0.1-3.0 sec)} 15.00 15.00
1-K378% Timer Control {1.0-30 sec) 15.00 15.00
1-K373+ Timer Control (20 Hz-600 Hz clock) 11.00 11.00
1-K522 Sensor Converter 25.00 25.00
4 pks. of 10 patcheords (911-2") 5.00 26.00
5 pks. of 10 patchcords (911-4") 9.00 45.00
2 pks. of 10 patchcords (911-16") 9.00 18.00
1 pkg. of 10 patchcords (911-167) 9.00 §.00
26 symbology cards .25 ea. 650

Compiete K-Series logic lab with workbook
and modules listed — H510 $995.00

Asterisk® denctes symbology cards unavailable. Symbology cards for use with K901
patehboard panel, .25 ea., minimum purchase of $5.00 applies.

IF ADDITIONAL K901 PATCHBOARDS ARE ORDERED:

1-511-4% pkg. of 10 patchcords 9.00
1.911-8" pkg. of 10 patchcords 9.00
1-811-16" pkg. of 10 patchcords 9.00
1-911.32" pke. of 10 patchcords S.00
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K-SERIES INTERFACE MODULES
Recommended logic modules for input/output functions.

AC Input/Output

1-K578 120 VAC Input converter 80.00
1-K614 120 VAC lIsolated AC switch 88.00
DC Input/QOutput

1-K580 Dry Contact Filter 28.00
Listed below are a number of DC output drivers that may be used:
1-K644 DC output Driver 66.00
1-K656 DC 0orutput Driver 80.00

or

1-K658 DC output Driver 128.00
Each additional K series workbook 5.00

MNote: only 3 out of 4 circuits are available when using above 3 modules with the K901
mounting panel.

Reference logic or control handbook for additional module information and selection.

A rear view of the K Series Logic Lab shows how modules are plugged into
mounting panels,

326



LAB
M SERIES LOGIC LAB SERIES

introduction :

The M Series Logic Lab is a highly versatile unit that can be used succeess-
fully at all stages of digital legic design, from training, to experimentation, to
systerms design, to final system checkout. It can be used to build prototype
logic systems or as a tool to test and design actual hardware. Educationally,
it provides the designer with a flexible system for experimentation as well as
a basic unit for learning the fundamentals of electronic circuitry and logic
design.

The Logic Lab's exceptional training abilities stem mainly from the fact that
the student can design and actually construct his logic networks directly on
the unit. This provides valuable practical reinforcement of theoretical con-
cepts.

The M Series Logic Lab is designed for use with any Series of DEC modules
which uses 15 Volts for power,

The M Series Logic Lab is a completely self-contained system, consisting of a
power supply, lights, switches, and two racks of connector blocks. The system
is expandable and can accommaodate an additional rack of connector blocks.

Education and Training

As 3 training device, the M S3eries Logic Lab offers the user an easy step-by-
step way to gain an understanding of various logic functions, such as AND,
OR, NAND, NOR, etc. Because this tool is not limited to any one technology.
it can be used to study not only TTL but also DTL, ECTL, and other types of
jogic.

Breadboarding and Testing
The Logic Lab power supply can suppiy +5 V de at 6.5 amps (max.). This
supplies sufficient current for systems using all module siots.

The Logic Lab is an effective tool for bridging the gap between paper design
and a fully tested, marketable product,

Cansole

The Consocle consists of a light and a switch panel. The light panel is made
up of &0 lights arranged in four rows of 16 lamps and four rows of four
lamps. The user can write designations on the panel adjacent to each lamp.

The switch panel has three groupings of switches-—16 onl/off-type switches,
two on/off-type switches, and two pulser-type switches. This switch con-
figuration provides highly versatile control.

Connector Racks

The M Series Logic Lab has two 19" racks of low-density H80E connector
blecks. Each rack contains eight connector blocks and each connector block
has four module slots; therefore, there are 32 module slots per rack for a
total of 64 module slats in the standard M Series Logic Lab. One additiona
rack can be mounted increasing the available modute slots to 96. Regardless
of how many racks are used, four slots must be dedicated to receiving flex-
print cables frorn the switch and light panels.
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Power bussing of pins A2, C2, T1 is also available as a standard item on the

rack of connector blocks.
MEMORY AUXILIARY DEVICE—H521 %000

{THIS DEVICE CAN BE USED TO
INTERFACE MEMORY TG THE M-LAB)

CABLES

Switch Board {Switches are numbered from right to left)
50-Pin E1 58-Pin R2

S1-Pin D1 $9-Pin P2

52-FPin C1 310-Pin N2

$3-PFin B1 $11-Pin M2

34.-Pin V2 512-Pin L2

$5-Pin U2 513-Pin K2

56-Fin T2 $14-Fin J2

57-Pin 52 515-Pin HZ2

Light Board (Lights are numbered cn the indicator panel)

AQ-Pin CN1 BO-Pin CL1 CO-Pin CD1
Al-Pin CP1 B1-Fin CM1 C1-Pin CH1
AZ2-Pin CR1 B2-Pin C51 C2-Pin CK1
A3-Pin CP2 B3-Pin CD2 C3-Pin CU1
Ad-Pin Cv2 84-Pin CJ2 C4-Pin CV1
AS-Pin CN2 BS-Pin CU2 C5-Pin CH2
AB-Pin CS2 B6-Pin CL2 C6&-Pin BP2
A7-Pin CE2 B7-Pin CR2 C7-Pin BJ2
AZ-Pin CK2 B&-Pin BV2 C38-Pin BU2
AS-Pin BF2 B9-Pin BM2 CS-Pin BK2
Al10-Pin BS2 B10-Fin BL2 C10-Pin BD2
All-Pin BE2 B11-Pin BR2 Cil-Fin BAl
Al2-Pin BP1 B12-Pin BK1 C12-Pin BE1
Al3-Pin BL1 B13-Pin BF1 C13-Pin BN1
Al4-Pin BJ1 B14-Pin BH1 C14-Pin BM1
A15-Fin BY1 B15-Pin EU1 C15-Pin BR1
EC-Pin AAL FO-Pin AC1 GO-Pin AB1
E1-Pin AN1 F1-Pin AM1 G1-Pin AL1
E2-Pin AR1 F2-Pin AU1 G2-Pin AK1
E3-Fin AP1 F3-Pin AS1 G3-Pin AJ1

H520-A (240v./50Hz) ALSC AVAILABLE

Cl-Pin E2
C2-Pin F2

P1-Pin Al
P2-Pin D2

DO-Pin CJ1
D1-Pin CF1
D2-Pin CE1
D3-Pin CC1
D4-Pin CB1
05-Pin CAl
D6-Pin CM2
D7-Pin CT2
D8-Pin CF2
DS-Pin EN2
D10-Pin BH2
D11-Pin BT2
D12-Pin BD1
D13-Pin BC1
D14-Pin BB1
D15-Pin BS1

HO-Pin AD1
H1-Pin AE1
HZ-Pin AFL
H3-Pin AH1

I Series Logic Lab H520—%$9585
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Testing K Series modules
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K Series
Control Logic Modules

K Series modules were designed to be used i control applications. Their
unique characteristics of siow speed (100 KHz maximurn} and high noise
immunity make them ideal for many industrial applications. Some K Series
modules are compatible with the M Series line previously described. In the
following pages a brief summary will be made of each K Series madule.

Further information on al K Series modules may be obtained from Digital's
CONTROL HANDBOGK
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COMEINING K WITH M-SERIES MODULES

There are several types of applications in which a combination of M and K
Seriee modules is better than either one alone, such as inferfacing a ¥ Series
systern to a computer or interfacing an M Series system (o electro-mechanical
devices, Here are the things to consider and recommended designs for both
pulses and levels in each direction.

TIMING

Timing considerations are important, but unfortunately are not reducible to
simple rules: as in any other logic design task, interfacing K with M Series
modutes requires adherence to all timing constraints of the output device,
the input device, and the logic loops (if any} as a whole. As a mininum,
M Series signal driving K Series circuits must tast long enough {at least 4
microseconds even if no propagation within the K Series is required) so that
the K Series will not reject it as if it were noisg; and as a minimum, K Series
signals driving M Series circuits must be received by M Series inputs that wili
not be confused by ultra-slow risetimes,

K TO M SERIES LEVELS

K SERIES ]
] M TOD ANT M
SIGMAL UNSLOWED - - o — - - ' —=
A GATE RIES 1nPUT
MO FIN B SLOWDOWN: >

MINIMUR OF 2 SATES

¥ TO M-SERIES LEVEL CONVERTER
Note; Total lead length connected to input of first M Series gate should
be less than 6 inches, to minimize any tendency toward oscillation
while active region is being traversed, Do not use slowed K Series
levels. |f noise still gets through, a .001 capacitor from M Series input
pin to ground can be added.

M TO K SERIES LEVELS

1. Diode gate inputs (K113, K123, etc.) and drivers with flexprint
cables (K604, K644, K&71) may be paraligled freely with M Series
inputs.

2. M Series outputs should not be paralleled (wired AN D} with K Series
ocutputs.

3. K303 inputs, K220, K230 readin gate inputs, and ¥135 and Kl&l
nhibit inputs require the full 5 Volt K Series swing, and normally
should not be paralleled with b Series inputs. Also in this category
‘are clear inputs to K202, K210, K220, and K230, M Series gate out-
puts will rise all the way to L5V if no M Series inputs are paralleied
with these points, except the K161 inhibit input.

4. Other K Series inputs generally may be driven directly, but in some
cases heavy capacitive loading will slow the transitions. '
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K TO M SERIES PULSES

1]
F H
s s LI
200 ns
NORMAL 150 %
{100 KHz)
K SERIES RISE
(2ma LOAD

Nofe: Same input restrictions as K to M Series level converter. M113
may be replaced by M&02 circuit if desired,

M TO K SERIES PULSES

Use a type M302 delay multivibrator set for at least 5 usec (capacitor
pins H1.L2 or $1-82). Observe same restrictions on K Series inputs to
be driven as listed above under M to K Series levels.”

Loading

Driving M from K Series modules, each risetime-insensitive input
should be regarded as 2 2ma K Series load, and K Series inputs may
be freely mixed with M Series inputs up to the total K Series fanout
of 15 milliamperes. M Series inputs could be regarded as 1.6 mA each
if more complicated rules and gualifications concerning use with K303
timers and reduction in low-output noise rejection were established,
but the 2 mA equivalence is simpler and safer,

Driving K from M Series, each milliampere of ¥ Series load should be
regarded as one M Series unit load.

For computer interfacing and other M-Series applications where K Series is
used as a buffer to keep noise in the external environment from reaching
high-speed logic, heware of long wires between the M and K Series portions.
For full noise protection, all signal eads penetrating the noisy environment
normally must have K-series modules at both ends. EIA converters (K596,
K&96) or lamp drivers may offer a helpful increase in signal amplitude or de-
crease in allowable line impedance for long data links. In any case, use all the
sfowdown connections or slant capacitors that the required data rates permit.
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GATE EXPANDERS K
- K003, K012, K026, K028 SERIES

K003 ~— AND Expander: three triple input expanders which may be connected
to the AND expansion node of any K Series module.

AND/OR Expanders: three dual input AND gates which may be connected
to the OR expansion node of any K Series module,

K012 — OR Expander: three four input OR expanders which may be connected
to the OR expansion node of any K Series module.

K026 — AND/OR Expander: three sets of dual input AND gates which are
OR’ed into an OR expander gate. The resulting OR'ed oufput may then be
connected to the OR expansion node of any K Series module.

K028 — AND/OR Expandear: eight dual input AND gates which are OR'ed into
an OR expander gate. The resulting OR’ed output may then tre connected to
the OR expansion node of any K Series module.

K003 — $5
K012 — $8
K026 — $38
K028 — 338

K080 — Connector cable: Single height module on which can be mounted a
19 conducter cable. Cable clamp included.

KO8C—$3
LOGIC GATES K
K112,K113,K122,K123,K124 SERIES

K112 — Inverting Gate: three dual input gates which perform the NAND funec-
tion. Both AND and OR expansion connections are available. Maximum speed
1 kHz with provisions on one circuit for slowdown to 50 Hz.

K113 — Inverting Gate: three dual input gates which perform the NAND func-
tion. Both AND and OR expansion connections are available. Maximum speed
100 kHz with provisions on one circuit for slowdown to 5 kHz. :
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K122 — Noninverting Gate: three dual input gates which perform the AND
function. AND and OR expansion nodes provided. Maximurn speed of 1 kHz
with provisions on one circuit for slowdown te 50 Hz.

K123 — Noninverting Gate; three dual input gates which perform the AND
function. AND and OR expansion nodes are provided. Maximum speed of
100 kHz with provisions on one circuit for slowdown to 5 kHz.

K124 — AND/OR Gate: two circuits where two dual input AND gates are ORed
together. This module provides a convenient-method of implementing exclu-
sive OR's, control flip-flops, and two term boolean “OR’ equations. It is not
expandable.

K112—%12

K113—$11
K122—%13
K123—%$12
Kl124—%14
INVERTERS K
K134, K135, K138 : SERIES
K134 — Inverting Gate: four inverting gates with a commeon enable input.
These gates may only be AND expanded.
K135 — Inverting Gate: four inverting gates with a commen enable input.

These gates may only be OR expanded.

K138 — Inverting Gate: eight inverter circuits each having a single input and
output.

K134—%13
K135—%13
K138—%24

K161 — Binary to Octal Decoder: Takes a three bit binary number and pro-
duces one out of eight lines high.

K161 — $25

K171 — Equality Comparator: four bit equality comparator whose expansion
output is high if the two numbers being compared are equal.

K171—$13

335



K174 — Digital Comparator: This module makes a numerical comparison
between two binary numbers and tells which of the two-quantities is larger.

K174 — $24

—— e

K184 — Rate Multiplier: Module emits.a pulse train at an average rate equal
to the product of counter and binary fraction inputs.

K184 — $25

K

FLIP-FLOPS
K201, K202, K206 SERIES

K201 — Flip-Flop: dual set-reset flip-flops for low speed (1 KHz maximum)
operation in highly noisy surroundings.

K202 — Flip-Flop: two D type flip-flops whose outputs go to the state of
their data inputs when their clock inputs fall from high to low.

K206 — Flip-Flop Register: four set-reset flip-flops with a common read-in
enabile and direct clear input. —
K201 — $39
K202 — $27
K206 — $20
COUNTERS K
K210, K211, K220, K230, K271, K273,
K281, K282 SERIES

K210 — Counter: a four bit binary or BCD up counter. With expansion gates,
it can be connected to count anywhere from 2 to 16.

K211 — Programable Divider: a binary counter which can be wired to produce
a high 1o low output transition after any number of input cycles from 2 to 16.

K220 — UP/DOWN Counter: a binary or BCD UP/DOWN Counter which can
he parallel loaded.

K230 — Shift Register: a four hit shift register which can be paraliel loaded.
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K265 — Reed Relay Driver: Special module which provides input buffers and
mounting capabilities for 5 custamer mounted reed relays.

K265 — $25°

K271 — Set-Reset Retentive Memory: a magnetically latched mercury wetted
contact relay flip-flop which can foilow important data in a system and retain
that data should a power failure occur, :

K273 — Retentive Memory: three magnetically latched mercury wetted con-
tact relays which can follow 3 bits of information, and retain that data should

a power failure occur.
K281 — Fixed Memary: diode matrix which can code eight four-bit words.

K282 — Dicde Memory: diode matrix which can code eight, 16 bit words,

K210 — $27

K211 — $20
K220 — $55
K230 — $40
K271 — $40
K273 — $85
K281 — $10
K282 — $40
TIMERS K
K301, K303, K323, K333, K371,
K373, K374, K375, K376, K378 SERIES

K301 — Basic Timer: timer circuit which can provide delays ranging from 10
microsecends to 30 seconds. It may be used as an OFF delay, or ONE shot.

K303 — Timer: three delay cirguits which provide delays from 10 miero-
seconds to 30 seconds. Delay circuits may be connected to form clocks, with
frequency ranges between 2Hz and 6KHz.

K323 — One Shot: three ane shot circuits which convert an input transition
{high to low) to an output pulse from 10 micraseconds to 30 seconds.

K333 — Pulsers: three pulse circuits which produce pulse widths above 10
microseconds. Pulse widths can be varied by adding capacitance to connec
tions provided.

K371 — Timer Controls: Full compiement of timing component
K373 boards which boit directly on timing
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K374 modules. These timing component boards

K375 contain calibrated controts for setting
K376 the time required.
K378

K301 — %15

K303 — $27
K323 — %35
K333 — $23
K371 — $11
K373 — %11
K374 — $15
K375 — §11
K376 -— $15
K378 — $15
MANUAL CONTROLS K
K410, K420, K422, K424, K432 SERIES
K410 — Indicator Lights: five indicator lights which can be used to monitor

logic level autputs.

K415 — Nixie Display: Side-viewing Nixie with right and left decimal points
and numerals 0-9. Accepts BCD input and needs only a 12.6 Volt supply.

K415 — $46

K420 — Switches: three manual switches with built in switch filters.

K422 — Thumbwhee| Encoders: duai 10 position thumbwheels with circuitry
to produce BCD outputs.

K424 — Thurmbwheel Decoders: dual 10 position thumbwheels with circuitry
to detect any BCD digit.

K432 — Timer Controls: various. timing components to be used with K3XX
Series maodules,

K410 — $18
K420 — $33
K422 — $27
K424 — $27
K432 — $33
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INPUT CONVERTERS K
K501, K508, K522, K524, K531,
K578, K580, K581, K596 SERIES

K501 — Schmitt Triggers: four circuits which may be connected to noisy
signaf sources to prevent false triggering. Built in hysteresis and slowed out-
puts insure refiable operation,

K508 — AC Input Converter: operating through a K716 interface block, this
module converts 120 VAC input voitages to logic levels.

K522 — Sensor Converters: two comparator circuits which convert resistance
changes and small voltage variations to logic leveis,

K524 — Sensor Converters: four comparator circuits which convert resistance
changes and small voltage variations to logic levels.

K531 — Quadrature Decoder: quadrature decoder that provides the proper
direction and count controls for a K220 UP/DOWN counter register.

K578 — 120 VAC Input Converter: eight circuits which convert 120 VAC
inputs fo logic levels. The inpuis to the converter are through transformers
-which provide sufficient reactive load to keep contacts clean.

K580, K581 — Dry Contact Filters: these filters are used with wiping type
switches and provide a voltage divider to convert high DC voltages to logic
levels,

K596 — EIA Input Converter: transforms any bipalar input signal with ampli-
tudes between =3 Vols and *25 Volts into standard K Series or M Series
logic signals.

KBO1 — §25
K508 — $44
K522 — %25
K524 — $98
K531 — §70
K578 — $80
K580 — $28
K581 — $20

K596 — %20

OUTPUT .CONVERTERS .K
K604, K614, K615, K644, K656,
K658, K671, K681, K683, K696 SERIES
K604 — isolated AC Switch: four switching circuits, which allow logic levels

to control AC devices, such as, solenoids, AC valves, small motors, and motor
starters. Each switch can handle 250 Volt amperes.
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K614 — [solated AC Switch: four switching circuits which aliow logic levels
to control AC devices, such as, solenoids, AC valves, small motars, and motor
starters. Each switch can handle 500 Volt amperes.

K615 — lsolated AC Switch: four switching circuits which allow logic levels
to control AC devices, such as, solencids, AC valves, small motors, and motor
starters, Each switch is rated at 500 VA and provides a fail-safe against acci-
dental removal of modules or cut wires that connect directly to the AC
switch input.

K644 — DC Driver: four switching circuits used to switch sfepping motors,
DG solenvids and similar devices rated up to 2.5 amperes at 43 Volts,

K650 —- DC Driver: four switching circuits used to switch DC loads rated up to
1 ampere at up to 55 Volts.

K652 — DC Driver: four switching circuits used to switch DC loads rated up to
2.5 amperes at up to 55 Volts.

K656 — DC Driver: four switching circuits used to switch stepping motors,
DC solenoids and similar devices rated up to 1 ampere at 250 Volts,

K658 — DC Driver: four switching circuits used to switch stepping motors,
DC solencids, and similar devices rated up to 4 amperes at 125 Volts.

K671 — Decimal Decoder and NIXI Display: containsg a side viewing Burroughs
type nixi glow tube, and a~decimal decoder, One K771 power supply is needed
for each 6 nixi displays.

K&81 and K683 — Lamp Drivers: eight circuit modules which can drive
external resistive and inductive loads, They are used primarily to drive incan-
descent lamps.

K696 — EJA Output Converter: six bipolar non-inverting driver circuits which
convert standard logic levels to either American EIA or European CCITT signals
for data transmission.

Kese — 3 B0
K604 —$110 K658 — $128

K6ld — % 28 K671 — $ 55
K615 —§ 92

Kegl — % 15
Ked44 —§ 66

K&83 — % 30
K650 — $ 40 K696 $ 44
K652 —% 50 @ —

INTERFACE HARDWARE K
K716, K724 SERIES
%716 — Interface Block: interconnection interface for those K-Series modules

that communicate with external equipment. External field wiring terminates
at a 24-terminal screw connection block that accepts plain stripped wire up
to 14 gauge.
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K724 — Interface Shell: shell which provides the connectors and mechanical
suppart for seff-contained interface modules, K578, K604, K614, K615, KE56
and Kb65B.

K716 — $75
K724 — %55

POWER K
K730, K731, K732, K741, K743 SERIES

K730 -— General Purpose Module: the K730 can be used with any +5 VDC
power supply to generate the turn on and power OK signals. It also rectifies
12.6 ¥DC to approximately 16 VOC and 10 VYDC.

K731 — Source Module: supplies -5 VDC power to pin A of all K Series
modules and provides several specialized once-per-system control functions.

K732 — Slave Regulator: this modufe is normally tied to pins of a K731
source. For each unit of current emitted by the K731 the K732 emits two. Up
to three K732 slaves can be controlled by a single K731 for a total system
current of 7 amperes,

K741 and K743 — Power Transformers: these hash-filtered, 50/60 H?2 trans-
formers supply K731 source and K732 Siave Regulator modules. The K743
also provides an auxiliary 12 YAC winding for use with K902, K508, K681,
K683 and K730 modules.

K720 — %19

K731 — $30
K732 — $27
K741 — $30

K743 — $45

K771 — Display Supply: the K771 supplies power and a convenient two screw
mounting for up to six K671 display tubes,

K771 — $35

K782 and K784 — Terminals: these modules offer an alternative to the K716
for obtaining field wiring connections in K Series systems. The K782 has
straight-through connections for use with K508, K524, or K644 modules. The
K784 includes 60 V clamp diodes for protection of Kb6S81 or K633 modules
driving inductive loads.

K782 — %12
K784 — %17
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K781 — Test Probe: pocket test probe contains two pulse-strefching lamp
drivers for visual indication of both transient and steady-state conditions.

K791 — $40

K300 — Control Panel — Power Supply: Combination power supply and input,
control panel for K Series Logic Laboratory.

K900 — $185

K901 — Patch Board Panel: K Series Logic Laboratory panel that provides
up to ten single height FLIP CHIP modules with logic power and patch con-
nections,

K901 — $125%

K802 — Indicator Switch Panel: This panel provides facilities for control and
observation of the Logic Laboratory.

K902 — $145

K903 — Patch Panel Board: K Series Logic Laboratory panel that provides
logic power and patch connections for four double height or eight single
height FLIP CHIP modules.

—— e
K303 — %155

K940 and K941 — Mounting Hardware: KS40 is a mounting support that
attaches to the enclosure. K941 is a removable bracket that miounts up to
four HB00 connector blocks.

K940 — 34
K941 — $6

K943-R- and K$43-5-19" Mounting Panel: these 19" panels have sixty-four
18 pin connhector sockets with either wire-wrap (R) or solder fork (8} con-
tact pins.

K943-R- — $96
K943-5- —— $96

— et
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KB} — Modular Panel Hardware: the K850 provides a convenient way to
build control panels containing lights, toggle and push button switches, timer
controls and thumbwhee)- switches. The lower connector half of the control
rmodules, K410, K420, K422, and K432 are plugged into the upper connectors
across a K943 mounting panel and the manual controls protrude through
the K950 panel frame.

K950 — $39

K980 — End Plates: pair of plates for supporting 1907 cover to hold modules
in K943 panel under shock and vibration,

K980 — $6

KS82 — Mounting Panel: the K382 is a predrilled 19" mounting panel on
which can be mounted up fo three separate power transformers (K741
or K743).

K282 — §10

K990 — Timer Component Board: the K990 is a predrifled etched module for
mounting up to six RC networks for K301, K303 or K323 timer controls.

K990 — §4
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DEC has more than 1.5 million square feet of manufacturing space. This view
shows a portion of a module assembly area.
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About
Digital
Equipment
Corporation

In z little over a decadse, Digital Equipment Corparatian has grown from three
employees and one floor of production space in a converted woolen milt, to
a major international corporation. DEC now employs more than 5500. Qur
praducts are manufactured in several plants, and are sold and serviced from
customer support centers in the United States, Canada, Japan, Australia
and seven Eurcpean countries.

We produce a wide variety of computer and control products ranging from
logic modules to large time sharing computer systems. In addition to those
logic modules and associated equipment detailed in this handbook, DEC
also manufactures 12- 16-, 18 and 36-bit computers, peripheral devices,
special systems, accessories, programmable contrallers and a wide variety
of software.

DEC first began manufacturing computer-related equipment in 1957 when
we introduced a line of solid state |ogic modules. These were initially used
to test and build other manufacturers' electronic equipment. The logic module
product lines have been continually brozdened, and DEC now ranks as the
world's largest manufacturing supplier of digital logic modules, preducing
more than three million per year,
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Our first computer, the PDP.1 was introduced a decade ago, selling for
$120,000 while competitive machines were priced over $1 million. Ever
since the PDP-1, DEC has specialized in on-line, real-time computers.

The PDP-5, introduced in 1963, was the first truly small computer. The PDP-8
series, the PGP-5 successor announced in 1965, is one of the most popular
and successfuf families of computers ever produced.

DEC is a leading force in small computers, but it also has been a pacesetter
in other parts of the industry. For example, one of the first time sharing
systerns ever built incorporated a PDP-1. DEC introduced the first large-scale,
commercially available time sharing system in 1965—the PDP-6. lts suc-
cessor, the PDP-10, can do more at a price well under $1 million than com-
petitive systems costing several times as much.

Wwith more than 12,000 computers now installed, DEC is the second largest
manufacturer in terms of installations.

In industry, DEC computers provide engineers with a powerful control and
testing tool. They control blast furnaces and open hearths, monitor slab mills
and finishing mills, and control and monitor a variety of machine tools,
transfer and material handling equipment. DEC computers assisted in the
analysis of lunar rock samples, guided the S§ MANHATTAN as she sailed
the Morthwest Passage. and are being used in testing the Boeing 747 jumbo
jet, and the Anglo-French Concorde supersonic airplane.

In science, our computers have cut the researchers experiment time with
direct, on-line data reduction. DEC computers contrnl 2nd monitor powarful
nuclear reactors, control X-ray diffractometers, and analyze nuclear spec-
troscopy data. They are used extensively in environmental research and
pollufion control.

In virtually all DEC computer installations, DEC solid state logic is used for
interfacing or control application.

GENERAL INFORMATION

FINANCIAL RESULTS

Total Sales (in millions) Met Income (in miflions)
1870 $ 135.4 1970 $ 144
1969 $ 912 1969 $ 94
1968 $ 573 1968 $ 68
1967 $ 388 1967 ¥ 45
1966 $ 227 1966 $ 1.0

MAIN PLANT & CORPORATE HEADQUARTERS:

146 Main Street, Maynard, Massachusetts
{617} 897-5111

1,000,000 square feet
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OTHER MANUFACTURING FACILITIES
Carleton Place, Ont., Canada . . ................... 40,000 square feet
B OISt W MBSE i e f e e s Do 60,000 square feet

Reaning, ERBRAY o n ittt i et s veir... 25,000 square feet

San German, Puerto Rico .. ... s o T S 58,000 square feet
R RNy T L G e U e e L P, 260,000 square feet
R e T e e L (R e e e e 260,000 square feet
TOTALE EMPLOYEES: ..ot e s WM e el 1)
TR Y TR e R 1 g it N e OSSR ¢ ) S 4 1,400

N AR E S, I e o e A s e 2, F OR)
Engineering, Marketing, Programming ................. . :

General and Administrative ... ...

PDP-8/E
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GEMERAL DESCRIPTIONS OF DEC PRODUCTS
{Excluding these discussed in this Handbook)

COMPUTERS

FDP-8/E The all new, lower cast successar to the PDP-B/T and PDP-2/L. 1t is
the outgrowth of the largest concentration of mimcormputar enginesring, pro-
gramming and user expedtise in the world. Among the PDP-8/E {eatures are:
a unigue internal bus system called OMNIBUSTM, which allows the user to
plug memery and processar options :ntc any available sict location: the
availahility of 256 words of read only or read!write memcry; a 1.2 micro-
second memory cycle time; the use of TTL integrated circuitry with medium
scale integration; expansion to 32,768 12-bit words, low cost mass storage
expansion with DECdisk or DECtape.

PDP-11 An expandahble general purpose computer with 4,096 basic words of
standard core memaory, each word 16 bits in length. Memory cycle time is
1.2 microseconds. Machine uses integrated circuitry and has some medium-
scale integration in central processor,

PDP-12 Laboratory computer system capable of executing PDP-8 and LINC-8
programs. It has basic 4,096-word core memory. Each word is 12 bits in
length. Basic laboratory system includes interactive graphics capability,
magnetic tape storage, AjD converter, and pre-wired, real-time clock.

PDP-1§ A medium-scale seres with an 13-bit word length. Four basic ver-
sions: PDP-15/10, PDP-15/20, FDP-15{ 30, and PDP-15/40.

PDP-10 General purpose large camputer with basic memory of 8,192 (36-bit)
words, expandable to 262,144, Wil handle up to 63 time-sharing users
simultanecusly with batch and realtime jobs at the same time.

COMPUTER-BASED SYSTEMS

The following describes a sample of soma of the hardware/software appli-
cation systems available from DEC.

INDAC-8 Small computer-based system for industrial data acquisition, process
control, data logging, process menitoring and quality testing, uses simplified
language designed for engineers, not programmers.

680/1 Small computer-based data communications system built around PDF-8
family computers, It concentrates up to 128 teleprinter. grade lines into one
or more medium speed channels, drasticalty reducing the charges for tele-
phane lines.

LAB-8 Small computer-based data signal averaging system, used in hio-
medical, chemistry, and physics laboratories. Includes software for other
functions.

TSS-8 Small computer-based general purpose time-sharing system designed
to accommodate up to 16 users with a variety of software for many tasks.

TYPESET-8 Small computer-based system for setting type, producing punched
tape containing all hyphenation, justification and format commands needed
to set 12,000 lines of copy per hour.

GLC-8 Small computer-based gas liquid chromatography system that will
service 20 or more gas chromatographs simultaneously. It reduces and
analyzes data accurately, repetitively and economically.
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CLINICAL-LAB-12 Real-time, on-line muititerminal small computer system
designed to provide the clinical laboratory with an economical means of data
collection, data reduction, and analysis.

EDUCATIONAL SYSTEMS These systems include computer and a variety of
applications software, In the group are single language time-sharing systems
and hardware/software calculator replacements,

DISPLAYS A variety of displays are available for all applications where the
speed and fiexibility of graphic communications increase system efficiency.

SPECIAL SYSTEMS
DEC's special systems group custom builds hardware and software systems
for special applications.

SOFTWARE

A comprehensive line of software is available with DEC's bhardware. Assem-
blers, debugging routines, editors, monitors, floating point packages and
mathematical routines, diagnostic programs, are made available,

DEC has also developed such conversational, interpretive languages as:
FOCALT, an on-line language used as a tool by students, engineers and
scientists in solving a wide variety of numerical problems; and DIBOLT, a
business-oriented computer language designed to bring the speed and power
of PDP-8 family computers to small- and medium-size business establish-
ments,

OPTIONS & PERIPHERALS
Analog! Digital converters, display and plotting equipment, drums and disks,
magnetic tape equipment, card equipment, line printers, and many others.

SUPPLIES
Power supplies, cabinetry, mounting hardware, tape, tape reels, storage racks,
teletype ribbon and paper.

CONTROL PRODUCTS

In 1969 Digital formed the Control Products Group to focus attention on
meeting the needs for advanced control systerns for industry and other
applications. Its organization is such that it provides the most effective use
of Digital's resources in developing new products and application techniques
necessary to achieve this goal. We suggest you obtain a Digital CONTRGL
HANDBOOK for more detailed explanation of the Control Products iine. The
line includes:

PDP-14 and PDP-14/L Prograrnmable Controllers; Quickpoint-8, a system for
preparing numerical control tape; MINI.DNGC, a computer-based system
for direct numerical control of machines. In addition, all the products
deseribed in this handhock, and the services of a Control Systems group are
lavailable through the Controt Products Group.
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WARRANTY

WARRANTY 1—B, R, W, M, K, AND A MODULES — &1l B, R, W, M, K, and A
modules as shown in the Logic Handkook and Control Handbook, as revised
from time to time, are warranted against defects in workmanship and material
under normal use and service for a period of ten years from date of ship-
ment praviding parts are available. DEC will repair or replace, at DEC's option,
any B, R, W, M, K, or A module found to be defective in workimanship or ma-
terial within ten years of shipment for a handling charge of $5.00 or 10 per
cent of list price per unit, whichever is higher. Handling charges will be ap-
plicable from one year after delivery.

WARRANTY 2—5YSTEM MODULES, LABORATORY MODULES, HIGH CUR-
RENT PULSE EQUIPMENT, G, S, H, AND NON-CATALOG FLIP-CHIP MODULES
— All items referenced are warranted against defects in workmanship and
material under normal use and service for a period of one year from date of
shipment. DEC will repair or replace, at DEG’s option, any of the above items
found to be defective in workmanship or material within one year of ship-
ment. Repair charges will be applicable from one year after delivery with
repair charges varying depending on the complexity of the circuit.

The Mcodule Warranty outside the continental U.S.A. is limited to repair of the
medule and excludes shipping, customer's clearance or any other charges.

Modules must be returned prepaid to DEC. Transportation charges covering
the return of the repaired modules shall be paid by DEC except as indicated
in previcus paragraph, and will be made on a UPS basis, where available,
or Farcel Post insured. Premium methods of shipment are available at cus-
tomer's expense and wili be used only when requested. If DEC selects the
carrier, DEC will not thereby assume any liability in connection with the
shipment nor shall the carrier be in any way construed to be the agent of
DEC. Please ship all units to:

Digital Equipment Corporation
Module Marketing Services
Repair Division

146 Main Street

Maynard, Mass. 01754

Ne module will be accepted for credit or exchange without the prior written
approval of DEC, plus proper Return Authorization Number (RA#).

All shipments are F.0.B. Maynard, Massaqhusetts. and prices do not include state or focal
taxes. Prices and specifications are subject to change without notice.

DISCOUNT SCHEDULE

Aggregate List Price Applicable Discount
5 5.000- 9999 3%,
10,000 - 19,993 5%
20,000 - 49,935 10%
50,000 - 99,999 1584
100,000 - 249,999 189,
250,000 - 499,955 20%,
500,000 - 999,999 229
1,000,000 - AND OVER 25%

Discounts apply to any combination of FLIP CHIF Modules.
See separate cabinet discount schedule on page 247,
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PRODUCT LIST

+5¥
Current
inma Board Ma.
Madel & Title {max.) Size Slots Price Page
782 Power Supply 3128.00 225
782.A FPower Supply 143.00 225
a11 Fatcheords
(pkg10) 9.00 321
914-7 Power Jumpears
{pka/10} 4.00 235, 324
914-19 Power Jumpers
{pkeg 10} 4.00 235, 324
915 Patchrords
(pkg /100 33.00 235
517 Daisy Chain 50.00 327
932 Bus Strip 60 324
933 Bus 3trip 1.00 234
934 Wire Wrapping
Wire
{1030 it rall) S0.00 234
935 Wire Wrapping
Wire
{1000 ft. rolly 60.00 234
936 19 Conductor .
Ribbon Cable B0 234
939 Bus Strip 1.00 234
1907 Panel Cover .00 234
1843 . Mounting Panel F-B 111.00 215
Ww-g 11100 215
F-B-P 12100 2135
w-B-P 12100 215
F-M  132.00 215
WM 13200 215
F-M-P 14200 215
W-n-P 14200 215
1945-1% Hald Down Bar 1500 212
4913-K Mounting Racks - 25.00 324
7406782 Kickplate 5.50 253
74-06793 Kickplate 8300 253
Al23  Positive Logic
Multiplexer 45 $55 1 58.00 258
“Al60  High lmpedance
Multiplexer
Expander § soD 4 2%0.00 280
*Al6l  High Impedance
Multiplexer with
Output Buffer 8 500 4 375.00 262
“A1G2  High Impedance
Multiplexer
with Decoder 30§ sDD 4 27000 264
*A163 High Impedance
Multiplexer with
Decoder &
Buffer 30 05 SDD 4 395.00 266
#8164 B Channel
Constant
Impedance

“New Modules
§ Rafer to individual module data for additional power reguirements,

WIDTH: Single, Double, or Tripie
351 HEMGHT: Single, Double, or Quad
LENGTH: Standard, Ertended



+5¥

Current
inmA Board Mo,
Model = Titte (max.] Size Stots Price Fage
Multiplexer
Expander g S0 4 350.00 268
“AlB5  Constant
Impedance
Multiplexer
with Qutput
Amplifier & SDD 4 475.00 270
“8166  Constant
Impedance
Expander
Multiplexer
with Decoder Ao 5 50D 4 36500 272
“A167  Constant
Impedance
Multiplexer
with Decoder
& Output
Amptifier 30§ 500 4 450.00 274
AZ0O7  Qperational
Amplifier g 558 1 45.00 284
FA260  Dual Amphilier
Catd g 500 4 30000 286
Ad04  Sample & Hold § SDS 2 12000 290
“AdB0 Sample & Hold g s00D 4 400.00 292
“Aad6l  Sample & Hold g sSDD 4 52500 292
AGl3 12 Bit DAC &0 § s05 2 200.00 254
AGIE  10BD A
Converier,
Single
Buffered 135 § so0 4 300.00 2%6
ABLIS 10 BRtD A
Converter,
Single
Buffered 135 § 50D 4 325.00 296
AGZ0 10 B D-A
Converter,
Double -
Buffered 190 § SDD 4 30000 298
ABZ1 10 Bt DA
Converter,
Double Buffered 180 § SoD 4 37500 298
*AG60 12 Bit Multiplying
D/A Converter 20 °§ 50D 4 500.00 300
AZ0Z2  Reference Supplies & =10 2 58.00 302
A704 Reference Supplies ] 3085 2 17500 302
AZ11 10 Bt AD
Converter 300 & sDB 4 350.00 304
*ABROD 12 Bit Industrial
Converter 150 § SDD 4 395.00 306
*AB61 High Speed 12 Bit
A0 Converters 420 §  SDD 4 59500 308
=AB6Z High Speed 12 Bil
A:D Converter 420 §  5DD 4 59500 308
ADG0 Ampifier Boards & SDD 2 4.00 312
ASSZ Amplifier Boards § sDD 2 4.00 312
Cab A Cabinets 378,50 242
Cab B Cabinets 35250 242
Cab C Cabinets 397.00 243
Cab D Cahinets . 358.00 243
WIOTH: Single, Double, or Tripie
352 HEIGHT. Single, Dauble, or Quad

LENGTH: Standard, Extended



5V
Current

inmA Board Ma.
Model = Title {max.} Size Slats Price  Page
Cab E Cabinets 372.00 244
Cab F Cabinets 31600 244
Cab G Cabinets A50.00 244
Cab H Cabinets 42700 245
HOO1 Mounting
Brackets (pr) 8.00 212
HOQ2 Mounting
Brackets {pr} 800 212
HO20 15" Mounting
Frame Casting i5.00 212
HO21 End Plate 700 212
HO22 End Plate 20000 212
HS500 Computer Lab 44500 317
*H510 M Series Logic
Lab 99500 327
H520 K Series Lagic
Lab 995.00 319, 325
H701 FPower Supply 116.00 225
H7G1-A Fower Supply 13600 225
H7 (4 Power Supply 200.00 227
H707 Power Supphy AQ0.00 227
H7 16 Pawer Supply 150,00 229
HB00-F Connector Block 2.00 208
Ha00-w  Connector Block B.00 208, 213
HE01-F Replacement Pins 2.00 208
H&01-w  Replacement Pins 200 208
HB02 Connector Block 4.00 209
HS03 Connector Block 13.00 210, 213
H205 Connector Block 400 214, 213
Ha07 Connector Block 500 211
HEOA Cannector Block 10.00 211
H309 Replacement Pins 4.000 211
HE10 Hand Wire
Wrapping
Taol (24 gay 99.00 Z38
HE10-A Hand Wire
Wrapping
Teal (30 ga.) g99.00 238
HE10-B Hand Wire
Wrapping
Taal
(24 & 30 ga.) 150.00 238
H811 Hand Wrapping
Tool 21.50 239
HE11-A Hand Wrapping
Toal 2450 239
Halz2 Hand Wrapping
Towl 1050 239
HEIZ-A Hand Wrapping
Took 1050 239
H813 Hand Wrapping
Toal 30,00 239
HE13-A Hand Wrapping
Tool - : 3000 239
H&14 Hand Wrapping
Tool 21.00 239
HE814-4  Hand Wrapping
Tool 21.00 23%

WIDTH: Single, Double, ar Tripke
353 HEIGHT: Single, Double, or Quad
LENGTH: §tandard, Extended



+5v

Current
inmA Board Na.
Made) & Title {max.) Size Slots Price Page
H220 Grip Clips
(pkg~ 1000} 48,00 235
H&321 Grip Clips
{pke 1000) 71.00 235
H825 Hand Crimping
Taol 146.00 235, 236
HE26 Hand Crimping
Tool 210.00 235, 326
H911-! Mounting Pane| 151.00 217, 219
HO11-K Mounting Panel 161.00 2i7, 219
HS14 Mounting Panel 125.00 218
H916 Mounting Panel 270,00 218
HI917 Maunting Panel 260,00 218
H320 Module Drawer 170.00 221
H%21 Frant Panel 1000 221
H223 Chassis Shdes 75.00 221
H&25 Module Drawer 250.00 222
H933 System Unit
Mounting Panel A—  37.00 220
B— 37.00 220
C— 5400 220
D= 4200 220
H941-A8 19" Mounting 175.00 224
Panel Frame
H3S0-AA  Frame 157.00 208, 249,
253
HI5O-BA - Full Door | 42.00 253
H950-CA  Full Door 4200 253
H230-04 Mounting Panel
Boor 39.00 253
H350-EA  Mounting Panel
Door 35.00 253
HS50-FA Maunting Panel
Door Skin 17.00 253
HS50-G Table Top
Assemnbly 50.00 253
HS50-HE Short Door 48.00 253
He53-HC  Shart Daor 4800 253
HS50-HE Shart Daor 48.00 253
H350-HF Short Door 48,00 253
H350-HG Short Door A4B8.00 253
HS50-HH Short Dogr 43.00 253
H953-H1 Short Door 48.00 253
H350-HK  Short Door 43.00 253
HS53-J4 «  Special Short
Door a0.00 253
H-350-JB Special Short
Coor 60.00 253
H950-UC Special Short
Door G000 2532
HE50-LA Frame Panegl 6.00 =248, 249
253
H%50-LB Frame Panel 700 253
H850-P Cover Panel 7.00 253
HS50.Q Cover Panel 11.00 2583
HS50-54 Filter 4.00 253
HS52-A4 End Panel 48.08) 253
HB52-BA Stabilizer Feet 23.00 253
354 WIDTH: Single, Doubie, ur Triple

HEIGHT: Single, Double, ar Quad
LENGTH: Standard, Extended



+8Y

Cutrent
inmAa Board No. Price FPage
Model 2 Title (max.j Kize Slots
HG52-CA Fan Assembly 4000 253
H952-EA Caster Set 7.0 253
HS952-FA Leyveler et 2.00 253
Ha52-GA Filler Strip 4000 253
H952-4M  End Panel 45.00 252
HO954-AC frame 127.00 252
HO954-BA Full Door 65.00 252
HOL4-CA Fan Assembly 73.00 282
HO954-54 Filter 3.50 2h2
H954-UA  Cover 47,006 252
HS&0-JE Special Short Door 6.00 248,
See Control Handbook for K Series modules g;g'
K900 Control Pangl—
Fower Supply 185.00 342
KaO] Patch Board
Panel 1265.00 342
®oo2 tndicatar Switch
Fanel 145.00 342
KG03 Patch Panel Board 155.00 342
K940 Meounting Support 4000 342, 213
.. 214
K941 Mounting Frame 6.00 342, 213
214
K943-R Mounting Panel 96.00 342, 216
219
K843-5 Maounting Panel 96.00 342, 216
219
K950 Modular Panel
Hardware 39.00 243
K330 End Plates £.00 3243
Kas2 Maunting Panel 10.00 343
KIS0 Timer Component
Board 558 1 400 3432
MQOG2 Logic 1 Source 16 555 1 10,00 29
Mo40 Solenoid Driver 47 555 1 3900 320
MOS0 50 mA. indicator .
Driver 47 585 1 31.00 32
M5 1 Fositive to Negative
Logic Level
Converter 47 558 1 3100 33
M100 Bus Data Interface 60 585 1 S0.00 34
M101 Bus Data Interface 82 358 1 24.00 36
M102 Device Selectar 130 553 1 60.00 38
M103 Deavice Selectar 1180 555 1 4500 40
“M105 Address Selector 338 E3S 1 65.00 42
M107 Device Selectar 425 SDS 2 1065.00 44
M108 Flag Module 137 555 1 4500 4é&
M1l Inverter 50 585 1 2200 48
mMil2 MOR Gate 50 353 1 35.00 41
M113 MNAMD Gates 71 555 1 18.00 50
M115 MAND Gates 41 358 1 18.00 50
M117 MAMD Gates 41 555 1 19.00 50
Mlls NAMD Gates 19 555 1 1800 50
mM121 AMD MOR Gate 50 555 1 2300 53
M133 Input NAMD Gates 160 558 1 27.00 54
141 MNAND OR Gates 117 555 1 29.00 56
“M159 Anthmetic/Logic
Lnit 15¢ s03 2 35.00 58
WIDTH: Single, Double, or Triple
3565 HEIGHT: Single, Double, or Quad

LENGTH: Standard, Extended
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Current
inmA Board No.
Madeal = Title {max.} Size Slots Price  Page
M160 AND MNOR Gate 30 555 I 33.00 62
M1E1l Binary to Octals
Decimal Decoder 120 585 1 55.00 63
M162  Parity Circuit 162 585 1 63.00 65
*M168 12 Bit Magnitude
Comparator 250 §58 1 4500 G5
M16% Gating Module 50 838 1 3300 68
M202 Triple J-K Flip
Flop 57 385 1 2900 69
M203 S8 R-SFlip Flops 55 555 1 26.00 70
M204 General Purpose
Buffer & Counter 74 555 1 3400 72
M206 General Purpose
Flip Flops 87 E 1 30,00 74
M207 General Furpose
Flip Flops 26 $58 1 3300 76
M208 8 Bit Buffer,/3hift
Register 184 555 1 84.00 78
MZ211 Binary Up/Down
Counter 217 255 1 689.00  B1
Mz13 BCD Up/Down
Counter 160 508 2 86.00 B2
MZ30 Binary to BCD &
BCD to Binary
Converter 860 505 2 105.00 BS
*MZ3Z 16 Word RAM 200 SD% 2 125.00 87
*M236 12 Bit Binary Up/
Down Counter 330 558 1 50.00 88
“M237 3 Digit Binary bip/
Down Counter 330 355 1 5O 90
#M261 4 State Motor
Translator 175 3585 1 4000 92
#M262 10 State Motor
Translator 350 555 1 &5.00 94
M302 Dual Delay
Multivibrator 166 533 1 4600 92
iM306 Integrating One Shot 120 558 1 27.00 100
M31G Delay Line 29 358 1 58.00 102
M360 Variable Delay 50 5558 1 65.00 103
M4 Variable Clock EO 335 1 5500 104
MA05  Crystal Clock jsl4] 5355 1 FO0.00 106
M410 Reed Clock 95 858 1 70.00 107
M452  Variable Clock 77 385 1 4000 110
M500  MNegative Input
Positive Output
Receiver &4 555 1 5500 111
M501  Schrnitt Trigger 31 355 1 2500 112
MEOZ  Mepative Qutput
Converter,
High Speed 49 585 1 26.00 114
MS06  Megative Input
Converter,
Medium Speed 21 555 1 5200 115
M507 Bus Converter 42 555 1 4500 1la
M5I0 |70 Bus Receiver 170 355 1 51.00 118
*M521 K to M Converter 56 5588 1 16.00 119
ME02  Pulse Amplifier 213 355 1 2800 120
MEDE  Pulse Generatar 138 585 1 43.00 121
WIDTH: Single, Double, or Trigke
356 HEIGHT: Single, Double, or Quad

LENGTH; Standard, Estended
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inmA Baard No.

Model & Title {max.} Size Slots Price Page
*ME610  Open Collector
2 Input NAND
Gate 41 588 1 2000 123
MbB17 4 Input Power
NAND Gate 97 558 1 26.00 124
WM&22 8 Bit Positive
lnput/ Output
Bus Driver 210 855 1 45.00 125
M623  Bus Driver 71 585 1 40.00 127
M624  Bus Driver 89 3585 1 4500 128
M&E32  Positive Input
Negative Cutput
Bus Driver 175 5585 I 55.00 130
ME33  Negative Bus Driver 100 585 1 . 50.00 132
ME50 WNegative Output
Converter 37 388 1 25.00 134
MB52 Negative Output
Caonverter 122 558 1 26.00 135
MEBD  Positive Level Driver 71 553 1 25.00 136
MEBT - Positive Level Driver 111 555 1 15.00 137
=WE71 M to K Converter 112 555 1 5200 138
M706 Teletype Receiver 400 SDS 2 150.00 140
WM#07  Teletype Transmitter 375 sDS 2 150.00 146
M730 Bus Interface 500 SDs 2 160.00 150
iM731 Bus Interface 500 SDs 2 160.00 150
M732 Bus Interface 500 SDS 2 160.00 154
M733 Bus Interface 500 SDS 2 165.00 154
M734 170 Bus lnput
Multiplexer 325 s0s 2 105.00 158
M735 1/0 Bus Transfer
Register 425 SDs 2 135.00 160
M736 Priority Interrupt
Module 5DS 2 125.00 163
M#37 12 Bit Bus Receiver
Interface 300 sDs 2 120.00 167
M738 Counter Buffer
Interface 250 s5DS 2 105.00 189
#M782  Interrupt Control 277 ESS 1 100,00 171
“M783  Unibus Drivers 65.9 ESS i 30.00 174
*M784 Unibus Receivers 200 ESS 1 30.00 175
*M785 Unibus Transceiver 118 ESS 1 3500 176
*M786 Device Interface 600 £EDs 2 220.00 178
*BB11 System Unit for
General Interfacing 00,00 179
MS01 Flexprint Cabie
Connector 100 558 1 15.00 180
M903  Flexprint Connector 588 1 1200 181
M204 Coanial Cable
Connector 555 1 14,00 182
M306 Cable Terminator 440 558 1 20.00 183
M207 Diode Clamp
Connector 132 553 1 16.00 184
M908 Ribbons Connector 55858 1 13.00 18%
WM909 Terminator 558 1 14.00 186
M210  Terminator 555 1 20,00 187
*M110G3 2 input AND Gates 30 558 1 14.00 188
“M1307 4 Input AND Gates 100 858 1 12.00 189

WIDTH: Single, Double, or Triple
357 HEIGHT: 3ingle, Deuble, or Quad
LENMGTH: Standard, Extended
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Current
inmA Board Ma.
Madel 3+ Title [(max.) Slze Slots Price Page
WI40  Wire Wrappable
Module EQD 8 70.00 182
“Wo4Al  Wire Wrappable
Module EFD 4 A40.00 192
WO42  Wire Wrappable
Module EQD a8 140,00 152
W43 Wire Wrappable
Madule EQD 4 75.00 1492
WERG  \Wire Wrappable
Madule EQD 2 5500 182
WO51  wWire Wrappable
Module EDD 4 40.00 192
Wasd  MSI Mounting
Board 555 1 8.00 154
“WSE6  Wire Wrap Module EGS 4 85.00 195
“WIE7  Wire Wrap Module EQS 4 165.00 195
*WSE8 Collage Mounting
Board EQS 4 4500 196
*W36%  Collage Mounting
Board EDS 2 30,00 1%6
w970 Blank Module 385 1 4.00 157
W371  Blank Module Sos 2 B.00 197
W972  Blank Module 858 1 400 197
Wa73  Elank Module 5DS 2 6.00 197
w3974 Blank Module 553 1 9.00 197
W37h  Blank Module 505 2 18.00 197
WS73  Collage Mounting
Board sD3 2 20.00 200
WIBY Moduie Extender 858 1 14.00 201
W32 Module Extender ESS 1 18.00 202
“W384 Module Extender EDS 2 3000 203
W93  Blank Module 555 1 250 197
W991 Blank Module aDs 2 5.00 197
Wwas2  Blank Modulz 55858 1 2.00 197
w3993  Blank Module SDS 2 400 197
WS993  Blank Module 858 1 460 197
w999  Blank Module 5DS 2 9.00 197

WIDTH: Single, Double, or Triple
HEIGHT: Single, Double, or Quad
LEMGTH: Standard, Extended

358



ALPHABETICAL INDEX

A

A Series Modules ... 257
A/D Converter, 10-Bit 304
A/D Converter, 12-Bit High

Speed L 2308
A/D Converter, 12-Bit

tndustrial ... 306
A/D Resolution Tabie ... ... ... 311
Address Selector .42
Adjustable Delays .89
Amplifier Boards ... .. 312
Amplifier, Operatlonal ...... 284, 286
Amplifier, Pulse ... 120
Analog Modules ... ... . . 257
Analog Multiplexer . .. . 258, 260,

262, 264, 266, 263, 270,

272, 274
Analog Switch ... 258
Analog Voltage Reference . 302
AND Gates .. = . 188, 189
AND/NOR Gates . ... 13, 53, 62
Appliques, Logic Symbals ... 24
Arithmetic Mode
Operations ... .. . B0, 61
Arithmetic Operations ............. . 52
Arithmetic/Logic Unit . . ... 58
Automatic Wiring ... . 206
B
Bar, Hold Down ... . 212
Basic Panel . .. ... 215
BB11 . [P 179
BCD Counter T . 82
Binary .. . . 63
Binary Counter .............. 81
Blank Modules . .. . . ... 197

Blank Modules, Copper Clad

BMB ... . 38, 44, 153, 157, 167
Brackets ... ... 212
Buffer-Counter ... ... 72
Buffer/Shift Register ... ... . 78
Bus Converter - 116
Bus Data Interface . . 34 36
Bus Driver ... 12? 128
Bus Driver, Negative ... .. . 132
Bus Driver,Positive Input

Negative Quitput .. ... ... 130
Bus Driver, Positive

Input/Qutput ... .. 125

Bus Interface .. .. 150,
Bus Interface, Negative Input
Bus Interface, Negative
Qutput
Bus Interface, Pesntwe Input
Bus Interface, Positive
Qutput .
Bus Multiplexer
Bus Receiver
Bus Receiver Interface .
Bus Strip . 217, 223
Bus Transfer Register
Bus, Negative Voltage
Bus, Positive
Bussed Signal W:rmg
Busses
Bussing Diagram

Cabinet
Cabinet
Cahinet
Cabinet
Cabinet
Cablnet

Cabinet
Cabinet
Cabinet
Cabinet H
Cabinet Ordering Information .
Cahinet Price List 248,
Cabinet Specials . ..
Cabineis
Cable Terminator .
Castings, Frame
Coliage Mounting Boards 196,
Comparator, Magnitude
Computer tab
Connector
Caonnector
Connector Block ..
Connector Blocks
Connector, Coaxial Cable ........
Connector, Diode Clamp
Connector, Flexprint
Connector, Flexprint Cable
Connector, Ribbon
Constant Z Multiplexer

Expander

Assembly

352

154
156

152
155

... 1581
. 1598

118
167
234
160

. 34

37
206
234
240

242

. 246

243

. 243
. 247

243

247

244
244

. 244

245
246
252
245

.. 205
. 183

elz
200

66
3i7

. 215

210
211
208
182
184
181

. 180

185



Constant Z Multiplexer

With Amp ... 270
Constant Z Multiplexer

With Dec. & Amp . ... . 274
Constant Z Multiplexer

with Decoder .. .. ... ... 272
Control Panel, K Logic Lab ... 320
Convection Cooling ... ... . 207
Converter, BCD to Binary ... . 85
Converter, Binary to BCD ... 85
Converter, High Speed ... . . 114
Converter, Kto M ... . 119
Canverter, Mto K ... .. = 138
Converter, Medium Speed ... 115
Converter, Negative

lnput 114, 115
Converter, Negative

Output . ... 134, 135
Cooling ... 207
Counter ... e 72
Counter, BCD . . 82, 90
Counter, Binary 88
Counter, Binary Up/Down . . 81

Counter, Ring ................. ... a2
Counter,  Synchronous ... 88, 90
Counter, Up/Down ... .. 82, 88, 50
Cover Panel
Crimping Tool ..
Crystal Clock

Current Compensatlon e 282
Current Offset ... 278
D
DAC .. 294, 286, 298, 300
DAC, Multiplying ... ... 300
Daisy Chain Wire ... ... ... 239
Data Multiplexer ... .................... 37
Decimal Decoder ... ... B3

Deccder, Binary io

Octal/Decimal ... 63
Delay ... 20, 58
Delay Line " ... ... .. 102
Delay Range .......................... 98
Delays, Adjustable ... . . 99
Device Interface .. ... 42, 178
Device Setector ... . 38, 40, 44
Differential Gain ..................... 2B3
Gigital Indicator .. ........ ... 32
Digitai-to-Analog Converter,

10-Bit ... 296, 298
Digitai-to-Analog Converter,

12-Bit ... 294 300
Display Supply ... ... 231

Display Tubes ...
Dougle-Height ... ...

Double-Width ... ... .. 3,5
Drawer ... ... 221 222
Driver, Posrtwe Levei ..... 136, 137
Driver, Solenoid ... 30
Drivers, High Current ... ... . 30
Dual Op-Amp ... . ... ... 286
E
Even Parity ........................ .. 65
Extended Decoding 44
Extended Module .. ... ... .. 4
F
Flag Module . ... ... ... 46
Flip Chip ... 2
Flip-Flop Propagation Delays L 21
Flip-Flop, D Type . ... 15, 73
Flip-Flop, J-K Type ... ... 15, 76
Flip-Fiop Master Slave J-K ... . 17
Flip-Flop, Triple J-K ............ ... 69
Flip-Flops, General
Purpose ... 74, 76
Flip-Flops, R/S .. . . ... . .. . .70
Forced-Air Cooling ................... 207
Frame Castings ........................ 212
Frame, Mounting Panel ..., ... 224
Frequency for Full Output ... 278
Frequency for Unity Gain ........ 278
Functional Decoding .......... ... 63
G
Gain Compensation .. . ... 282
Gating Module . i DB
General Gating Function ... 68
Grip Clips ........... .. TR 237
Ground Wiring ... 206
H
HMardware . e 212
Hardware Accessorles ............ 205
Heat Dissipation ...................... 207
Height .......................... 2,3 6

High Z Multiplexer Expander .... 260
High Z Multiplexer with

Buf & Dec, ... 266
High Z Multiplexer with

Buffer ... 262
High Z Multiplexer with

Decoder ... ... ...
Hold Down Bar
Hold, Sample and ......... 290, 292

1

Impedance, OP-AMP ... 278
Incandescent Bulbs .................... 32

360



Indicator Driver . ... ... 32
Indicator Switch Panel 322
Input Loading . 11
Input NAND Gates . .. ... 54
interface Modules, K Series ... 326
Interrupt Control . ... 171
Interface, Counter-Buffer .. .. .. 16%
Inverter . . ... 48
Inverter AMP ...................... 281
{nverting Amplifier 2530
0P Signals .. ... ... ... 40
K
K Series—Summary ... . 331
K Series Logic Lab . ... ... 318
L
Lab Series ... . ... 315
Level Converter, P05|twe to
Megative Logic ... 33
Logic 1 Source ... ... 29
Logic Appliques ... ... 24
Logic Functions ... 58
togic tab, K Series ........ ... 31¢
Logic Lab, M Series ... ... 327
Logic Levels ... ... 11, 12
Logic Mode Operation ... 59
M
M Series General
Characteristics ... 8
M Series Logic Lab . 327
M Series Timing . AT, 11
Magnitude Comparator ... BB
Module Dimensions ... 2 4
Module Drawer ... .. 221, 222
Module Extender .. 201, 202, 203
tMotor Transiator . . ... 92, 94
Motor, Stepping ... ... .92, 94
Mounting Board . ... 194
Mounting Hardware ... ... 213

Mounting Panel ...
215, 216, 217,
Mounting Panel Frame
"Mounting Panel, Patchcord
Mounting Panel, System

Unit .
Mounting Parnel, Table .
Mounting Rack,

K Logic Lab
Multipiexer .
Multiplexer [nverter
Multiptexer, Analog
Multiplying DAC .
Multivibrator, Dual Delay ....... ..

206, 210, 212,

218
224

. 321

324

NAND/NCR Gates .. . . . ... 56
Noise Margin ... -1
NON-Inverting Amplifier ......... 280
MOR Configuration ... . .13
NOR Gate ... 12, 49
MNotes on OP-AMPS ... .. 277
o]
oDD Farity ... 65
Offset ... . 282
Ore Shot Integrating ... 100
One-Shaot Delay ... 22
Operational
Amplifier . ... 280, 284, 286
Operational Amplifier Notes ... 277
Operational Amplifier, AZ07 ... 284
Operational Amplifier, A260 .. 286
Qutput Drive . . ... . 11
Qutput Loading ... 11
Overlead Recovery ... . 278
P
Panet Cover . .. 212
Panel, Indicator & Sw:tches ... 322
Panel, Patch Board ... ... . . 323
~ Parity Circuit . 65
Patch Board Panel .. . 321, 323 .
Patchcord, K Logic Lab ... 321
Patchcords ... 237
PDP-11 ... 42, 172, 174, 175
PDP-11 UNIBUS ... 177
PDP-11, BB11 ... . ... 179
PDP-& . ... 34, 38 132
PDP-8 1, ... .. 34 37, 38, 40, 132

361

tMultivibrator, Inegrating . .. ... 100
Multivibrator, RC-Coupled ... . 104
N
NAND Gate Schematic ... 9, 10
NAND Gate, Four Input . 124
MNAND Gate, Open Collector ... 123
NAND Gate, Power .. ... 124
NAND Gate, Two Input ... ... 123
NAMD Gates ... 8, 12, 37, 440,

50, 51, 52, 123, 124

150, 154, 158, 160, 164, 167, 169

POP-8/L ....... ... 37, 38, 40, 150,

154, 158, 160, 164, 167, 169
Power Amplifier Delays ............. 20
Power Amplifiers ... 20
Power Connection _.................. 215
Power Consumption ... 247
Power Jumpers ... 238, 324
Power Source Module ... 230

Power Supplies 205, 225, 229



Power Supplies, Dual ... . 227
Power Supply, K Logic Lab ...... 320
Power Transformers ... 232, 233
Power Wiring Option __. . 215
Power, Wiring . . .. 206
Priority Interrupt Module ... 183
Programmed Wiring ... . 206
Propagation Delays .. . 20
Pulse Amplifier ... .. 120
Pulse Generator ... ... ... 121
Q
QUAD-Height .. ... . R -
34

Rack ................................ 205
RAM . ... B7
Receiver, Negatlve Input

Positive Qutput ... . 111
Receiver, Teletype ... ... 140
Reed Clock . e 107
Reference Supphes ... 205, 302,
Regufating Transformers ... 207
Regulator, Slave ... .. L. 230
Remote Indicator ... ... ... 32
Replacement Contacts ... . 208

Ribbon Cabie
RS Flip-Flop ......................... 14

]
Sarmple and Hold ... . .. 290, 252
Schmitt Trigger ... 112
Settiing Time ... 278, 281
Single—Height .. = -
Single-Width . ... 2 4
Slave Regulator ... ... .. 230
SLIP-ON Patchcords . .
Solenoid Driver . .
Special Cabinets ... ...
Standard Moduie . . AT
Standard Timing Pulse .. .. .. 19
Switch Panel ... 322
Systern Operating Freguency ... 22
System Unit ... ... 220

T

Teletype Receiver ... .. .. o140
Teletype Transmitter ... ... .. 146
Terminal Strip ... 215
Terminator ... ... 186, 187
Timing Considerations . . .. ... 19
Teool, Crimping ... ... 238
Training Aids ... 315, 317
Transmitter, Teletype ... ... 146
Triple J-K Flip-Flop .. ... 69
u
UNIBUS ... ... 42, 172, 173

UNIBUS Drivers ...
UMIBUS Receivers ...
UNIBUS Transceiver .
Unit Lead ... .. ...

Unused Inputs ... ...
Up/Down Counter ... . ., . 81
'

Variable Clock ................ 104, 110
Variable Delay ... ......... . L. 103
Voltage Follower ... ... . 281
Voltage Offset ... ... 278
W

Width .. .2, 3
Wire . . .. ... L 206
Wire Listing 240
Wire Size 206
Wire Wrap ... ... 206
Wire Wrap Connectors .. .. ... . 215
Wire Wrap Modute ... . 195
Wire Wrap Services ... 240
Wire Wrappable Modules ... .. 152
Wire Wrapping Toot ... . .. 236
Wire Wrapping Tool, :

Pistol Grip .......................... 235
Wire Wrappmg

Wire .. . ... ... 223, 234, 235
Wire, Daisy Chain ... . 239
Wire, for Wire Wrappmg ... 223
Wiring Accessories 234 237
Wiring Hints _....... ... 206
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