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A SYNCHRONOUS LOGIC TECHNIQUE FOR SIXTEEN MEGACYCLE CLOCK RATES

INTRODUCTION

This paper deserdbas a famﬁy of high-speed synchionous
dlgxtal circuit pa - capable ;‘g inlqlf eal opera-
tions at clock mtes up to 16 me, . arsal” logic element
which performs gating, elocking, d delay functions,
supplemented by active and pamive ﬁelsy cir ts. are the
functional packages tha.t 1m§eement all required logical func-
tions. Signals transmitte tween elements are d-e¢ levels.
A master oseillator and local clock amplifiers generate syn-
chronizing . pulses that control the logic elements and the
active delay eircuits.

Worst-case timing and noise msmgms are sufficient to assure
conservative system opevation at specified clock rates. Typical
units have operated at clock frequencies as high as 25 me.
Logical gain (or fan-out) of the logie element 1s 6 at 16 mc

and 10 at 10 me. Use of only three basic ?admgs types leads
to simplified logie design and spares requirements.

This paper will cover prineiples of operation, characteristics,
packaging and performance of these modules and consider
some of the problems which were encountered.
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SIGNAL REPRESENTATION

The maximum clock rate in most logical systems is governed
by the performance limits of the individual logic elements,
and the interconnection problems. At multimegacyele clock
frequencies, signal inter-package transit times can represent
significant delays. Considerable delay uncertainties arise
from variations in transition time of cireuit elements oper-
ated near theiy upper bandwidth limits.

Reclocking the information in each logic element cancels out
these uncertainties. This does not, of course, increase maxi-
mum operating speed, but does clearly define timing, and
therefore gireatly simplifies application and debugging.

Historically, synchronous or dynamie systems have used pulse
signals. However, pulse signals require that the circuit ele-
ments be capable of two transitions for each bit of informa-
tion; one rise and one fall, D.C. level signals, classically used
for static logic, require only a single transition per bit of
information. Therefore, when a fixed time interval is avail-
able for signal transitions, D.C. level signal representation
demands less stringent control of signal rise and fall time.
With aective cirewit components whose upper frequency of
operation is being approached, d.c. level signal representa-
tion permits a higher clock frequency than would pulse
representation.

The marriage of static logic signals to dynamic logic results
in a high operating frequency with maximum freedom from
timing problems. This approach was selected for the package
family described, thus combining the advantages of the
logical design simplicity of dynamic techniques with the
bandwidth and output signal advantages of static logic.

The logic which results is funetionally equivalent to the
familiar SEAC and 3C T-PAC logic, but differs in mechan-
ization to allow optimum use of the upper frequency limit
of the amplifying devices.

All the fundamental logical structures can be implemented
with three package types:

1. Logic Element: This is the only logical package
required; providing AND/OR gating, unit delay,
power gain, and complementary outputs.

2. Passive Delay: Unit delay lines, 62.5 or 100 nsec.

3. Aective Delay: A clocked unit delay with power gain
and complementary outputs.

(A reprint of a technical paper presented at the 1960 Wescon
Conference in Los Angeles)
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THE UNIVERSAL LOGIC ELEMENT

Figure 1. shows an “equivalent logic” diagram of the logiecal
element package. Its output stage contains a static flip-flop
which may change state only after a clock time as determined
by the input signals. Only the d-¢ output levels of the flip-
flop are transmitted between logic elements.
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Figure 1 Logical Element

The input logic structure consists of four 4-input AND cir-
cuits followed by a 4-input buffer (OR cireuit). The comple-
ment of this function is generated by inversion. The two
complementary functions are gated with the clock, and ap-
plied to the flip-flop as a “set” or “reset” signal, Thus, if
the logical input conditions are fulfilled, the clock pulse will
“set” the flip-flop; and if not, the clnck pulse will “reset”
the flip-fiop. The flip-flop, of course, responds only to signals
that will change its state.

Three variations on this basic operation are provided for.
First, two of the four input gates can be wired together to
form one 8-input AND gate. Second, the e¢lock signal map
be inhibited, preserving the flip-flop contents statically. Final-
ly, a clear input is provided to allow simultaneous resettmg
of all registers in a system when initial power is applied

Circuit Operation

Figure 2 illustrates the eircuit block diagram. The flip-flop is
“set” or “reset” by a clocked current pulse steered through
the gate transistors. The steering circuit performs two fune-
tions; buffering the input gates, and inversion. Each succes-
sive cloek pulse, unless inhibited in the clock inhibit gate,
produees a trigger pulse. The input logic determines whether
the flip-flop will receive the trigger pulse on the set side or
the reset side.
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Figure 2 Sirntpiiﬂed Schematic Diagram

of Logic Element




To assure minimum delay and maximum timing tolerances,
only the output stages of the flip-flop use saturating circuits.
These serve as inverters and short-circuit protected emitter-
followers. All other transistors operate in a non-saturated
common-base mode as logic gates and as a clock pulse
amplifier.

The logical structure consists of diode AND gates and a
transistor buffer. The output of this four transistor buffer
is applied to the “set” input of the flip-flop. The “reset” gate
transistor is coupled to the input logic through a common
emitter connection to the clocked current source. When none
of the buffer transistors conduet, the current pulse is
“steered” through the reset-gate transistor into the reset
input of the flip-flop.

This gating structure has several advantages in a high speed
system, The combination of diode gating and current steering
provides multi-input, multi-level logic at reasonable cost. The
gates receive their base conditioning voltages between clock
pulses when no emitter current is flowing and only minimal
input power is required to overcome stray and junction ca-
pacities in advance of the next clock pulse. The gate transis-
tors are operated essentially grounded base, thus introducing
minimum delay to the clock pulse applied at the emitter.

Input noise margins are greater than those usually exhibited
by conventional inverting gates. The transfer characteristic
shown in Figure 3 illustrates this effect. A definite hysteresis
is produced because of unconditional clocking. That is, in
normal operation, a trigger pulse is generated at every clock
time and steered into the proper side of the flip-flop by the
input gating structure. Thus, even if input levels were de-
graded or delayed to a point where half the trigger pulse
is steered into either side, the flip-flop will not change state.
When both sides receive approximately equal trigger energy,
the flip-flop tends to remain in its present state because of
its d-c regenative feedback. The inputs must exceed the 50%
steering level to cause the flip-flop to switch. This character-
istic provides generous noise margins at the inputs. To cause
an error, the input must exceed the 50% steering level for
the major duration of the clocking period.
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Figure 3 Typical Transfer Characteristic of Logic Element
Timing

The limits of practical operating speed, or clock rate, are
determined by four timing factors:

1. Circuit transition and delay times,

2. Clock pulse position uncertainties,

3. Signal transmission delays,

4. Clock width, if pulse splitting is to be avoided.

For the family of cireuits under consideration, the minimum
clock period is 62.5 nsec. This time is apportioned as follows:

1. Cireuit delay plus rise or fall time:
25 nsee, maximum

2. Clock pulse position tolerance: = 2.5 nsee

3. Transmission: 12 nsec. This allows for a‘i:proximat&
ly 8 feet of interconnecting open wire lead.

4, Clock pulse width: 20 nsec, maximum
Figure 4 illustrates the limiting widths of clock pulses and

clock timing, and relates these to allowable signal transi-
tion times.
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Figure 4 Signal Timing Chart at 16 mc

At lower clock rates, greater cireuit and transmission delays
can be tolerated, allowing heavier loading and longer leads.
The loading rules permit driving six loads from each flip-flop
output at 16 me and 10 loads per output at 10 me. Figure 5
shows typical signals at 16 me.
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Figure 5 Typical Signals at 16 mc

Clock Pulse “Splitting”

Pulse splitting occurs when an input signal transition coin-
cides with a clock pulse so as to steer part of the clock pulse
through each of the set and reset gates. This could result
from a wide or “late” clock pulse, or an “early” signal input.
At the highest operating rate, the clock pluse duration is 209
to 30% of its period, and unless carefully considered in the
design, pulse splitting could become a serious problem. The
flip-flop could be prematurely triggered by the logic level
intended for the next clock period, or could fail to respond
to a signal from the previous clock period. Either case would
generate an error.

The logic element eireuit incorporates a circuit technique
which guarantees proper operation regardless of input signal
configurations yet does nmot lUmit the maximwm operating
rate. This is accomplished by effectively delaying the gating
signal at the input of the logic element, so that the output
can be allowed to change simultaneously with the clock pulse.
Substantial margins are built into this cireuit, assuring op-
eration for the widest possible clock pulse.

PASSIVE DELAY ELEMENTS

The passive delay line is the second building block in this
cirecuit family. A delay line can serve as a reliable shift
register or storage element in a dynamie system. Passive
cflelay lines offer a simple and low-cost approach to these
unctions.

The delay lines employed in this package family are
m-derived, lumped parameter lines of length equal to one
clock pulse period. The delay lines are quite small; six fit
easily on a standard 8% inch by 4% inch package. Terminat-
ing resistors are provided on all packages for wiring con-
venience, but the most desirable location for the termination
is on the package of signal origin. This removes current
flowing in the termination from system grounds.

A delay-to-rise-time ratio of 6 is adequate at 10 me, and is
obtained from an 8-section line, At 16 me,an 8-section line
provides rise times of approximately 12 nsec and improved
recision of delay. The delay accuracy of individual lines is
etter than 2%. Uncertainties result g from variations in
the length of cascaded lines and from degradation of signal
rise times limit the maximum passive delay line length to 2
units at 16 me. At 10 me cumulative uncertainties of 3 delay
units can be tolerated.




At 16 me, a total of 5 loads can be driven from a 2-period
delay, two at the tap and 3 at the termination, At 10 me, a
total of 7 loads can be driven from the line, whatever its
length. The distribution of the loads must be such that not
more than 2 loads appear at any tap, nor more than 3 at
the termination.

The effect of loading on a delay line is to introduce noise
transients, or reflection, which have the effect of a mismatch
on a fin‘t:vm:r]y terminated, uniform line, These reflections are
re-reflected at the source, whose very low impedance appears
as a short-circuit termination. The eumulative effect of
these reflections is to reduce circuit noise margins. Delay
line loading limitations are based on consideration of this
problem so as to insure conservative, reliable operation.

ACTIVE DELAY ELEMENTS

The third building block of the family is an active delay
element. This is a logic element cireuit without input logic.
Output signals and loading characteristics are essentially
identical to those of the logic element, but only a simple
two-input gate is provided at the input. In addition, clear
and clock inhibit inputs are provided.

For 16 me operation, long delay ecircuits require an active
delay or a logic element following each two passive delay units.

CLOCK GENERATION AND DISTRIBUTION

The subject of clocking is divisible into three topics: (1) a
master oscillator; (2) a local or slave clock; (3) transmis-
sion of signals from master oscillator to slave clock; and
signal transmission from slave clock to logic elements.

The master oscillator is the basic timing generator. It pro-
vides sufficient power for controlling 12 loeal clocks. The
local clock is an intermediate amplifier which receives signals
from the master oscillator, performs necessary shaping and
amplification, and distributes clock pulses to logic elements.

The Master Clock

The master clock consists of a Colpitts type oscillator and
an amplifier. The circuit is amplitude-stabilized to assure
linear operation and a clean sinusoidal output over a wide
range of transistor characteristics.

The operating frequency can be preset to any frequency
between 8 and 16 megacycles by selection of aﬂpmpriate
oscillator components, and can be stabilized by either an in-
ternal quartz erystal or by an external synchronizing source.
The output amplifier delivers a sinusoidal signal of 10 volts
peak-to-peak into a 50 ohm load.

Master Clock Distribution

The master clock signal is transmitted to the various loecal
clocks through a single terminated coaxial cable. A “T”
connector ties each local clock to this single cable. The master
clock always sees approximately 50 ohms, since the termina-
tion is at{iusted to compensate for the number of loecal
clock loads.

There will be a considerable phase shift between the first
and last slave clock load on a single coaxial eable, due to
cable delay, reflections, ete. To correet for this and for non-
uniformity of local clock amplifier delays, each slave clock
has an adjustable delay. These delays are set to assure
sirgultaneous clock signals throughout the system to within
+2 nsec.

The Local Clock

The local clock consists of a pulse-forming circuit, a high-
gain squaring amplifier, and a complementa output
driver. The input signal from the master oscillator is delayed
a fraction of a period and gated with itself to produce a
narrow pulse which is applied to the squaring cirenit. Driv-
ing capability for 40 logic elements is required for a full
19 inch card frame (bloc). To accomplish this, four pulse
amplifiers ave driven from each pulse forming circuit, with
each pulse amplifier driving ten logic elements.

SIGNAL TRANSMISSION

The nominal delay per foot of open-wire lines with standard
PVC insulation is 1.5 nsec. Teflon insulation reduces this
figure slightly. The maximum length of a signal wire is,

therefore, limited by timing tolerances. However, where wire
lengths do not exceed 3 feet, transmission delays can
neglected in logic design, since these are corrected by re-
clocking. In cases where passive delay units are not involved,
lead lengths up to 8 feet are allowable.

All o?en wire signal leads should be considered as transmis-
sion lines and should be terminated in a resistor approxi-
mating their characteristic impedance whenever lengths
become sufficient to cause reflection problems, The character-
istic impedance of open wire leads in backboard wiring is
between 200 and 500 ohms. Normally, all loaded outputs are
terminated at the driving package.

Serial interconnection of loads from a single output is recom-
mended to minimize lead length and to facilitate termination.
Serial wiring from load to load requires only one termination,
thus the source sees the effective impedance of a single
transmission line.

PACKAGING, WIRING, AND HARDWARE

This part of the development program sought to achieve a
packaging technique compatible with the requirements of a

16 megacycle digital system. A major objective was to keep
the construction simple and sufficiently conventional to allow
wiring and operation by people familiar with present-day

technigues. The equipment is miniaturized but not micro-
miniaturized. All components are standard commercially
available hardware and the packages are removable modules
which can be repaired by competent technicians.

Miniaturization allows minimum lead lengths while provid-
ing for the use of the maximum number of packages within
the limits of allowable signal transmission distances. At maxi-
mum packaging density, using relay rack mounting, a three
foot lead will reach from any single package to approxi-
mately 600 other package positions.

The ecircuits are ])ackaged on conventional printed cireuit
cards approximately 3% inches by 414 inches overall. Forty
such packages, together with their local clock drivers can be
housed in a rack mounting bloe, approximately 3% inches
by 5 inches by 19 inches, excluding a eooling fan. Power,
ground and local clock signals are distributed from the
center of the bloe.

Backboard interconnections are made with open wiring. Sig-
nal crosstalk is minimized by the non-return-to-zero logic
scheme; that is, signal transitions, the sowrce of crosstalk,
must oceur in the intevelock pulse period, Clock signals are
carefully routed away from signal wiring to minimize coup-
ling between clock and signals.

Each logical element package consumes approximately 1.2
watts; each active delay cireuit, approximately 2.1 watts.
Since a Bloc has space for 40 aclI:ages and a local clock
driver, substantial power can be dissipated in a small volume,
All packages are rated for c)peration at 50°C ambient, but
when all package slots in a bloe are used, forced air cooling
is required to prevent an excessive temperature rise, A sim-
ple forced air cooling device is provided with each bloe, and
provides apgmximately 25 cubic feet of air per minute
through the bloc. This air flow is sufficient to limit the maxi-
mum hot-spot temperature within a fully loaded bloc to
approximately 5°C above ambient. For drawer mounting, a
gressurized relay rack is necessary and cooling air should
e forced from the bottom to the top of the rack. Again 25
cubic feet of air per minute per bloc is recommended. Refrig-
eration or heat sinking is not required.

CONCLUSION

The packages previously described are designed to be versa-
tile, reliable system building blocks, and will be offered com-
mercially in the near future.

Tweo additional packages are required to make this package
family complete. These are: (1) a synchronizing element, and
(2) a large seale 10 and 16 me storage element.*

The synchronizing unit requires differentiating and shaping
circuits to condition the unsynchronized signal and one or
two logic elements to produce a single synchronized signal.
A single package to perform this function is included.

A large scale storage element is under development, in

the form of a sonic delay line. Storage of as many as 1000

bits at 16 me appears feasible.

The authors wish to acknowledge the contributions of Frank-

lin R, Dean and Robert D. Forsberg of Computer Control

Company, Inc. to the development program and to this paper.
sSG-4olin and SM-40 packages are now available.




MODEL

DA-40

Active Delay
Element

MODEL

DP-40

Unit Delay
PAC

The DA-40 contains two independent LE-40
cirenits minus the comprehensive gating strue-
tures of the LE-40. Each DA-40 cireuit con-
tains a 2 input AND gate. The input and
output signals, operating margins, and load
driving capabilities are identical with the
LE-40. The DA-40 also contains HOLD inputs
and a non-logical RESET input.

The function of the DA-40 is to provide two
independent eireuits in one PAC, each of
which is capable of one pulse period of clock
delay with logical gain equal to the LE-40.

The primary applications for a DA-40 are (1)
in a tandem series of delay elements (DP-40
or DP-46) where the delayed signal must be
reclocked, reshaped, and reamplified every two
or three passive delay periods and (2) as a
shift register at clock frequency. In H-PAC

The DP-40 consists of six 100 nanoseconds,
100 Ohm delay lines designed for 10 mega-
cycle operation. Three units of delay may be
cascaded before an intervening Active Delay
cirenit is required. A total of seven loads can
be driven from the cascaded elements of the
DP-40. Loads should be distributed such that
not more than two appear at any tap or more

systems a long series of unit delays is imple-
mented by using two (at 16me) or three (at
10me) pulse periods of passive delay line
(DP-40 or DP-46) followed by an Active Delay

circuit. With two Active Delay circuits per

PAC in the DA-40 and six passive circuits per
PAC in the DP-40/46, a serial delay line can
be implemented with economy of space and
equipment.

Additionally each element of the DA-40 can
be utilized to perform other logical funetions
within the limits of its input gating structure
such as shift registers, storage registers,
flip-flops, ete.

The HOLD input on each DA circuit provides
useful logical flexibility. The presence of a
ZERO input signal inhibits the clock signal
and thereby “holds” or maintains the existing

than three at the termination. Additional
terminating resistors are contained within the
DP-40 PAC to provide the necessary imped-
ance match with the lower characteristic im-
pedance of the DP-40. In all other respects
the DP-40 and DP-46 are identical as to
characteristics and usage.




SPECIFICATIONS @_. o=
ZERO Level —0.5 volt nominal 1 i 5 o,
ONE Level —4.0 volts nominal g [ As&l;mu E o—
Power Requirements per PAC : 2 o]
+12 o o 20 ma, 5 e FF = i [
= m 33 ma. =2 = §a—
—12 valts 70 ma. § lg}o?;rlﬂu g i
Maximum PAC Dissipation 1.2 watts ) A |—- 1 =
Input Loading: ®—— : == v
m‘ Inputs lu lt load 2 LE-40 B
mm m f unit t?:c‘i load RESET RESET
e o : T
um IIII! (non-logic) 40 ma. maximum s
Drive Capability: o
6 unit loads @ 16mc
10 unit loads 10me cLOCK
mllr of circuits per PAC One
LE-40 FUNCTIONAL DIAGRAM LE-40 SYMBOLIC DIAGRAM
static state of the output flip-flop until the e
h{}ld is removed, [ uﬁ»uvs: \; ;
ASSERTION =
ouUTPUT
SPECIFICATIONS ! P "
Number pf Active Delays per PAC: 2 3 ouTPuY HOLD ;
ZERO Level —0.5 volt nominal 1 1
ONE Level —4.0 volts nominal
Power Reguirements per PAC : INPUTS o—)
12 volts 38 ma. T [Tassens ] !
65y i Ly N g 1 | St
—12 volts 120 ma. .._D e FE e,
Maximum PAC Dissipation 2.16 watts " e o .
Input Loading: p (‘L —
Gate_inputs 1 unit load JT |
I'lllﬂ unit loads —t— —] 5
Clock Inp 2 unit clock loads wiser T
RESET input (non-logic) B0 ma. maximum o
Output Load Driving Capability: cLecK
Assertion 6 unit loads @ 16mc
Negation 10 unit loads @ 10mc
Mumber of circuits per PAC Two DA-40 FUNCTIONAL DIAGRAM DA-40 SYMBOLIC DIAGRAM
---- ]
SPECIFICATIONS D_T&__F_ _TT L
per X u_
Characteristic Impedance 150 ohms D_T-CF}-.-__'F_-,-?I A
Unit Delay 62 nanoseconds — +2% -
Delay-to-Rise-Time Ratio Six (8ix nn.:'w LINES) =
Type of Network m-derived lumped ! - Cai) <
constant LI‘.:pe """ wp—o b
Driving Capability 5 loads total s — T ) —
Cascade Capability 2 units
Power Requicements ine DP-46 SCHEMATIC DIAGRAM DP-46 FUNCTIONAL/SYMBOLIC DIAGRAM
SPECIFICATIONS
Numlrer n! Unit Delays o -
per P Six D—TH_TL E —C T )—
Cham:teristic Impedance 100 ohms U’é_'—‘“ =
- —{(C 1 )>—
Unit Delay 100 nanoseconds +2% O—TII‘- IT—-:
Delay-to-Rise-Time Ratio Six T__T__,___T —( 1 r—-=
Type of Network m-derived lumped i -
conStant Lc i Six 0(1.;" LINES)
Driving Capability 7 loads total 1'
Cascade Capability 3 units oy - WP —o — T
Power mrt‘uiraments per PAC: T s I S
+12 volts none =
— 4 volts 80 ma. maximum
—12 volts none
Total Power dissipation 320 milliwatts DP-40 SCHEMATIC DIAGRAM DP-40 FUNCTIONAL/SYMBOLIC DIAGRAM
SPECIFICATIONS
ZERD Level 0.4 volts Maximum PAC Dissipation 4 watts a O
ONE Level 4.0 valts Input Loading (per circuit) 3 unit loads '
Power Requirsments per PAC: Elock ‘a" none
- Output Drive Capability 20 unit loads
12 160 ma @ full load
+‘ 20 ma % no load or 52-ohm coaxial cable A =
3 Maximum Circuit Delay 4 nsec :
=12 160 ma mn load
20 ma load PA-40 FUNCTIONAL DIAGRAM




MODEL

36-46

Synchronous
Generator
PAC

The purpose of the Synchronous Generator
PAC is to accept a randomly timed, arbitrarily
ghaped input pulse, such as might be obtained
from a relay, switch, paper tape reader, mag-
netic tape read amplifier, ete. and to convert
it into one and only one properly timed and
properly shaped pulse identical with the stand-
ard wave forms used in the 16me H-PAC family.
The assertion and negation outputs of the
SG-46 are identical to the LE-40 with respect
to amplitudes, levels, wave forms, and load
driving capabilities, The input signal to the
SG-46 is coupled in through any one of three
pin connections on the conneetor. The three
input terminals provide one de coupled input
and two ac coupled inputs. The choice of input
terminal is dependent on the characteristics
of the input signal.

The D.C. input allows the maximum input
signal frequency range and independence from
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The SG-40 is identical to the SG-46 except for
the duration of the output wave form. The
output pulse duration of the SG-40 is 100
nanoseconds for use with the MO-40 master
clock in 10me H-PAC systems.

MODEL

M0-46

Master
Oscillator

The MO-46 is a 16 megacyele crystal con-
trolled Colpitts oscillator driving a sine wave
power amplifier. The MO-46 is used in H-PAC
systems as the master clock which drives all
of the SC-46 slave clocks in the system. The
MOQ-46 can drive up to 20 slave clocks, The
oscillator circuit is amplitude stabilized to
insure reliable linear operation and undis-
torted sinusoidal output over a wide range of
component characteristics. The output ampli-
fier delivers 8 volts peak-to-peak of sinusoidal

MODEL
AMNO Al

Master Oscillator

The MO-40 is the 10 megacycle version of the
MO-46, It is identical to the MO-46 in all
characteristics except output frequency.

Slave Clock

The SC-46 accepts the 16 megacycle sine wave
output of the MO-46 at a high impedance
level and produces a negative-going H-PAC
clock pulse at a low impedance level. The
output signal is synchronized to the input sine
wave and is adjustable in phase and width.
The SC-46 contains four plug-in sub-module
buffer/driver amplifiers (SCB-40) providing
clock drive capability for a maximum of 48
logic elements. The SC-46 package also con-
tains power supply bypass capacitors for the
H-BLOC into which it is inserted. The SC-46
plugs into the center connector of the H-BLOC.

MODEL
Ya

SG-40

Slave Clock

The SC-40 is identical to the SC-46 in all re-
spects except that the tuned elements of the
cireuit are designed to accept a 10 megacycle
sine wave input from the MO-40 instead of
the 16 megacycle wave form of the SC-46.

duty eycle considerations. Using the D.C. in-
put, frequencies from ZERO to 7.6 mega-
cyeles may be synchronized. The D.C. input
must cross the —2.5 volts level to generate an
output. Duty eyele requirements are non-criti-
cal except at the higher repetition frequencies.
Minimum duration of the negative going input
is 656 nanoseconds.

The slowest A.C, coupled input signal which
the SG-46 will recognize and convert is a
negative-going waveform of 4 volts with a
fall time of 2.Tus.

SPECIFICATIONS
D.C. lngut
Signal Level 0to — 10 volts maximum
0 to —4 volts minimum
input repetition frequency D.C.to 7.6 megacycles maximum
input signal duration 65 nanoseconds minimum
input impedance 1K 12

SPECIFICATIONS
D.C. Input
Signal level 0 to — 10 volts maximum
0 to —4 volts minimum
input repetition frequency D.C. 1o 4.75 megacycles maximum
input signal duration 110 nanpseconds minimum

input impedance 1K
A.C.; Input
input signal ramp: — 36 volts per microsecond
minimum
input signal amplitude: 4 volts negative going
minimum

input repetition frequency: 1,2 megacycles maximum at

50% duty cycle

input impedance: 500 ohms approximately

A.C.: Input

input signal ramp: — 1.5 volts per microsecond

minimum

signal into a 50 ohm leoad. Distribution to the
individual local slave clocks in a multi H-
BLOC system is via coaxial cable. The MO-46
occupies two connector positions in the H-
BLOC and may be located in any H-BLOC
in a multi-BLOC system.

NOTE: The MO-46 may be converted to ex-
ternal synchronization by removing the oscil-
lator erystal and inserting an appropriate
input transformer.

SPECIFICATIONS

Output voltage: 8 volts peak-to-peak nominal

Output impedance 51 ohms
Frequency, crystal controlled 10mec -+.005%
Output DC reference level 0 volts

This connector is pre-wired to the H-BLOC
low impedance cloek distribution busses. These
busses are transmission lines which have a
nominal characteristic impedance of 20 ohms.
The low impedance clock distribution system
makes the clock signal amplitude and wave
form essentially independent of loading
changes due to insertion or removal of the
H-PACs from the system,

SPECIFICATIONS
Input sine wave amplitude 6 to 10 volts peak-to-peak
Frequency 16 megacycles

SPECIFICATIONS

Input sine wave amplitude 6 to 10 volts peak-to-peak
Frequency 10 megacycles

Output amplitude —3.0 volts nominal

DC voltage reference level —0.5 volts nominal

Output pulse duration (at half
amplitude) 20 nanoseconds

Rise time (10% to 90%) 7 nanoseconds




A.C.i Input
input signal ramp:

input signal amplitude:
input repetition frequency:
input impedance:

A.C.: Input
input signal ramp:
input signal amplitude:
input repetition frequency:

input impedance:

Power Requirements per PAC:
-+12 wvolts g
— 4 voits
—12 wvolts

Maximum total PAC
dissipation

Output pulse duration

Output Drive capability:
E':arﬂnn i
Negation
Number of circuits per PAC

input signal amplitude:
input repetition fr

—36 volts per microsecond minimum
4 volts negative going minimum
1.2 mesac{;las maximum at
50% duty cycle
500 ohms approximately

—1.5 volts per microsecond minimum
4 volts negative going minimum

depends upon duty cycle of
negative portion of signal
BOKC maximum at %
duty cycle

500 ohms approximately

41 ma,

25 ma.

112 ma.

1.9 watts

62 nanoseconds

6 unit loads per output
One

4 volts negalive going minimum

d o

upon duty cycle of

input impedance:
Power neﬁuiremeuts per PAC :
12 volts

— 4 volts
~12 volts

Maximum total PAC
dissipation

Output pulse duration

Output Drive Capability:
Assertion
Negation

Number of circuits per PAC

SPECIFICATIONS

Output voltage:

Output impedance

Frequency, crystal controlled
Output DC reference level
Output wave form

Dutput drive capability
Pl:_e{zlt:&ﬂnmenu per PAC:

~12 valts
Maximum power dissipation

Output wave form

Output drive capability

Power requirements per PAC:
12 voits

— 4 volts
—12 volts

Maximum power dissipation

Output amplitude
DC voltage reference level

Output pul idth (at
“}n:u a’::pslgtl‘;ui *

Rise time — 10% to 90%
Fall time — 10% to 90%
Output drive capabilities
per SC-46 .
Power requirements per PAC:
-+12 volts
— 4 volts
—12 wvoits

Maximum total power
dissipation

Fall time (10% to 90%)
Output drive capabilities

Power Reguirements per PAC:
+12 voits
— 4 voits
—12 voits

Maximum total power
dissipation

negative portion of signal
80KC maximum at 50%
duty cycle

500 ohms approximately

41 ma.
25 ma.
112 ma.

1.9 watts
100 nanoseconds

10 unit loads per output
One

8 volts peak-to-peak nominal
51 ohms

16me +.005%

0 volts

sinusoidal

20 SC-46 inputs

84 ma
not used
170 ma
3.2 watts

sinusoidal
20 SC-40 inputs

100 ma. maximum
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_ o cateir MO-40 FUNCTIONAL DIAGRAM
not used

170 ma
3.2 watts J
—3.0 valts nominal

—0.5 volts nominal PULSE A

PHASE WIDTH :

20 nanoseconds nominal ADJUST ADJUST TO PREWIRED
7 nanoseconds nominal INPUT FROM & o _’lTBzI_" CLOCK

7 nanoseconds nominal MO-40 OR MO-46 SC r DISTRIBUTION
48 H-PAC unit clock loads IN H-BLOC
100 ma. maximum ' - J

50 ma. maximum

100 ma. maximum

2.6 watts SC-46 FUNCTIONAL DIAGRAM

7 nanoseconds PULSE ?B .

48 H-PAC unit clock loads s o H WD

sce "
100 ma. maximum Mc-algPUURT L'ﬂs —7 5C # = DII?)TRTBU'UDN SC-40 FUNCTIONAL DIAGRAM
50 ma. maximum : R

2.6 watts




MODEL

SM-40

The SM-40 is a plug-in serial acoustic delay
storage element with capacities vanging from
160 bits to 1600 bits at operating frequencies of
8 to 16 me, respectively, Pulse delays of 20 usec
to 100 psec are obtained by means of a zero
temperature coefficient glass delay line which
obviates the requirement for temperature con-

SPECIFICATIONS

Operating frequency
Storage capacity
Maximum storage capacity

Delay medium

8 1o 16 megacytles
per customer specifications
1600 bits @ 16 me

2ero temperature coefficient
glass

Temperature compensation nong

Serial Memory  trol within rated limits. Longer delays and in- Ambleat temparsture rhogs 0°C 10 60°C
PAC creased storage capacity can be obtained by Loglc Inputs
' cascading several SM-40 units directly, without ERO Level ~0.5 volt nominal
the need for inter-unit drivers or temperature cl“':!l“"‘t‘ =4:0 vblts nominal
ock Inpul

MODEL

BL-4

H-BLOC

control. A serial memory is achieved by feeding
the SM-40 output back to the input and recircu-

p
Puise Amplitude

Pulse Width

3 volts nominal s
20 nanoseconds nominal |
|

MEMDRY CIRCULATION LOOP

lating the stored data. Input Impedance 200, Ghims oAl
Input Loadin =-0—q

o ) W Gate Inpuls 1 unit load R
The SM-40 contains all necessary input-output Clock Input 2 0nit clock loads g e
logic and requirves only standard H-PAC clock Output Drive Capability g o
pulses and voltage sources to provide standard Assertion | Bunit loads @ 16me  w O] o NEGATION
H-PAC level outputs delayed from the inputs Negation | 10 unit foads @ 10me 5
as required, The assertion and negation outputs Fo-isir,llslu‘l'romuts L T o—
are each capable of dviving 10 unit loads at 10 4 valts 100 ma.
me and 6 unit loads at 16 me. Gate inputs vepre- 12 volts 120 ma SM-40 SYMBOLIC DIAGRAM
sent 1 unit load and the clock input represents 2 Total Power Dissipation 2,6 watts (full toad)
unit clock loads. P m e m ey

| HENORY LRGIL ATION |LORE ABSERTION | NEGATION

Physically, the SM-40 consists of a conventional | TR TN,
H-PAC printed civeuit eard which contains in- i
put gating logic, a driver cireuit, synchronizing |
and steering cireuits, and an output flip-flop. L
Attached to the eard, and elevated on standoffs, =
is a double-layer shielded enclosure which houses 5 :
the glass delay line and an associated output - ANELETER sTECANG
amplifier with a fine delay adjustment of 100 g SYNCHRONIZER SIhE!

nanoseconds, The entire package plugs into a
single connector of the H-BLOC and occupies
4 standard card slots.

The BL-40 has provision for 40 H-PACs of
any type plus an SC-40/46 Slave Clock, The
Slave Clock plugs into its own connector in
the center of the BLOC. A clock test point is
provided as a convenience in the front center
panel of the BLOC. A low impedance clock
distribution system is pre-wired on each H-
BLOC. Power distribution busses are also
pre-wired, The pre-wired power and clock
distribution systems are protected by the
transverse bezel mounted along the bottom
of the BLOC,

An accessory Cooling Unit (CU-40) also acts
as a ypetainer bar for the H-PACs in the
BLOC., Overall dimensions of the H-BLOC
plus Cooling Unit are 3%" high by 19" wide
by 12%" deep. The H-PAC connectors con-
tained in the BLOC are designed specifically
for the H-PAC Series to provide high reliabil-

1
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ity and compactness, Mating male and female
connectors utilize pold-plated pin and tuning
fork format. The female connectar is mounted
in the H-BLOC and utilizes solder terminals
for inter-PAC wiring.

H-BLOC construction is welded steel. Finish
is textured high durability vinyl enamel on a
bonderized base.

The CU-40 ig conservatively designed to pro-
vide filtered cooling air at an ambient tempera-
ture range of (0°C to 50°C for one complete
H-BLOC. Air filtering is by a permanent,
washable filter which is indefinitely veusable.
Filter rejuvenation does mnot require special
solvents, Air flow is provided by a motor driven
fan which has adequate power capacity to
move 25 CFM under the most adverse con-
ditions. Fan operation and air flow are in-

MODEL

CU-4

Cooling

Unit audible, The Cooling Unit mounts on the rear
of the H-BLOC by means of convenient cap-
One required tive spl'inp-pressured latches. Alspnnp:e rubbey
v BL-40 gasket provides airv-tight coupling. Power re-
pe quirement is 110 volts AC, 60 cycles at

14 watts,

The Blank H-PAC, Model BP-40 is a standard
MODEL H-PAC card with etched power and ground MODEL

busses from the appropriate connector ter-
minals around its periphery. The bulk of the

BP-40

Blank PAC

card is blank for the eonvenient mounting of
any special eircuits or components as desired
by means of standard component lugs and
point-to-point wiving. The usable area is 7'z
squave inches. Drilling, lugging, and point-to-
point wiring of components and circuits do not
vequire special skills and are rveadily per-
formed, It should be noted that maximum
permissible component height above the sur-
face of the RP-40 is 0.25". Exceeding this
height will require that the adjoining PAC
slot he left vacant. Slot spacing in the BL-40
is 04",

XP-40

PAC Extender

The function of the PAC Extender is to pro-
vide unobstructed access to any PAC while it
ig still electrically mounted in its appropriate
H-BLOC Connector. The connector terminals
on the front end of the XP-40 will mount into
any H-BLOC connector and the connector on
the rear of the XP-40 will accept the H-PAC
which it is displacing. Front and rear ter-
minals are directly tied together electrically.




MODELS

RP-40
RP-41
RP-42

Power
Supplies

The model RF rack mounted power supplies
feature output regulated, line voltage stabil-
izéd, solid state civeuits. Input voltage is 115
volts £10%, 60 cycles. Three separate supply
voltages are provided as required by the
H-PAC circuits. These are +12 volts, —4 volts,
and —12 volts. All three voltages are set serew
adjustable. Overall supply voltage variations
due to worst case combinations of input line
voltage changes, DC load regulation, dynamie
load regulation, ripple, long term drift, ete.
are less than 2%. This is well within the
£10% H-PAC tolerances. Environmental oper-
ating temperature range is 10°C to 50°C. The
AC line input is fused. An alarm indicator
light on the front panel automatically illum-
inates in the event of any output voltage fail-
ure. Fast acting circuit breakers are provided
in the output cireuits.

SPECIFICATIONS

Model RP-40 {5;6" x 197 x 13%)
—12 volts 12 volts —4 volts
Maximum output current @4 A @1¥z A @2A

Minimum W-BLOC capaci
1 BLOC e

Maximum output current @ 16 A @6 A @B8A
Minimum M-BLOC capacity
4 BLOCs
Model RP-42 (14" x 19" x 157)
—12 volts +12 volts —4 volts
Maximum output current @ 40 A @ 15A @ 20A

Minimum W-BLOC capacity
10 BLOCS

PRICE LIST

effective date: November 1, 1961

Prices: F.0O.B. Framingham, Massachusetts.
Terms: Net 80 days.
Delivery: From stock or as quoted,

Discounts: Quantity Discounts are applied on basis
of total price of individual orders.

Individual Order Total § 15,000.00 to $39,999.00
Less 5%
40,000.00 to 99,900,998
Less 10¢

100,000,00 and up —
discounts on request



Suggestions for ordering

Always order by catalog model number
and name of product desired. Wherever
possible, mention significant specifica-
tions to prevent misunderstanding- for
example: “H-BLOC, Model BL-40.”

Orders may be sent to either Framing-
ham, Massachusetts or Los Angeles,
California.

To communicate with 3C

EASTERN DIVISION WESTERN DIVISION
Mail:

983 Concord Street 2251 Barry Avenue

Framingham, Mass. Los Angeles, Calif.
Telephone:

Area Code 617 Area Code 213

CEdar 5-6220 (Bost.) GRanite 8-0481

B875-6185 (Fram.) BRadshaw 2-9135
TWX: FRAM MASS 17 W LA CAL 6634

Western Union:

Direct telegram printer communications with
Western Union are maintained for prompt
handling of messages.

Cable
Address: Compcon, Framingham, Mass., U.S.A.

Shipments

Except when specified otherwise,
shipments are

generally made as follows:

(a) Under 20 pounds — Parcel Post

(b) 20 to 75 pounds — Railway Express

(c) Over 75 pounds — Truck or Carloading Company

For erpedited service we will gladly
ship by Air Freight,Air Express, Air
Parcel Post, ete., as requested.

Other 8C products and services

A major area of specialization by Computer
Control Company, Inc. (3C) is the design,
development and manufacture of special-
purpose digital computers and systems.

Further, 3C is also a leading supplier of
digital modules, magnetic core memory Sys-
tems, SONILINES (sonic delay lines), and
package test equipment.

An abundance of literature describing these
other areas of 3C proficiency is available by
calling or writing to the address(es) listed
below!

standard warranty

COMPUTER CONTROL COMPANY, INC.

EASTERN DIVISION: 983 Concord Street « Framingham * Massachusetts
WESTERN DIVISION: 2251 Barry A « Los Angeles 4 » California

PRINTED IN THE U.S.A. 1OM/VCA/ I8
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