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CHAPTER 1 |
COMPONENT SPECIFICATIONS

<

The followirig pages list significant characteristics of electronic
components used in 3600 system printed circuit development.
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DIODES

CDC

Parameter Condition Limit Item No.
HD4416 Forward Voltage V; I = 2 ma 0.67v  50mv | 4203
Hughes = S ' , ~
Silicon Dynamic Impedance Zp, | I, =2 ma <100 ohms
RN f = 1000 cps . SR
FD 1032 | Forward Current I, Ve=1v >10 ma 4210
- | Fairchild . - <01 "
| silicon Reverse Current I, V.=40v 0.1 ua
- (Other characteristics similar to FD 100)
HD 2969 - Forward Voltage Ve I = 3 ma 0.35v max. . 4200
gzgﬁf:ﬁmm | Workihg Inverse ' ' - N '
T Voltage WIV - ; _ . 40v min.,
. Recovery Time Trr Switching from| 0.6 usec max.
o ' =3 ma '
‘ C o to V = 5v
(Covered by Control Data Corpora‘uon spec. 118-012)
| FDS 2085 | Forward Currentl, | 400 ma max. | 4211
Fairchild - : : ‘ = : , ' N RS
Silicon Forward Voltage Vf If =150 ma <1.0v
: Breakdown Voltage B I = 100 ua . | > T5v
' (Other characteristics s1m11ar to FD 400) '
HD v18k71’ : Forward Voltage Vf If'—' 10 ma | 0.42v max.
; g‘;ﬁf;f:nium - Breakdown Voltage B, S | 10vmin.
| IRASERTIR T Recovery Time T, Switching from| 0. 35 usec max.
BRI = 10 ma ' v
S toV,=

12




ZENER DIODES

- Zener Breakdown

Silicon

Dynamic Reverse
Voltage Impedance Current
vV, at 259 C ZD ’
Min, Max. " Max. Max.
IN703 ~ 3,0v 3.9v 55Q at 10ma
Hughes at Sma
~Silicon
- INT04A 3.9v 4, 3v 452 at 10ma S5ua at ~1v
Hughes ' at S5ma ' -
Silicon B , ‘
IN965B |  14.25v  15,75v 162 at 8.5ma
Motorola ‘ at 8,5ma
Silicon . :
IN753 5.6v 6. 8v
Motorola ' at 20ma
Silicon
. 1IN705A . 4,6v 5.1v 35§ at 10ma 5ua at -1.5v
Hughes at 5ma ; ‘ '

1{-3,




- TUNNEL DIODES

' ~Peak~to-Va11ey

Voltage

Forward 7

Valley-to-Peak

- Minimum

9ma

I Cufrent ‘
.| Peak Valley - Current Ratio Peak Valley Voltage Voltage Ratio
- ' I /T Vv Vv vV, ’ VvV _ .
b | p/ v P fp viVp
- TD-1 Maximum | 1.1ma 0. 18ma -
-1 G, E. Typical 1. Oma ‘0, 12ma 65mv 350mv 500mv-
: Germanium  Minimum "0.9%9ma ~ :
| IN2931 _ . Maximum 1lma o - '
Hoffman Typical 10ma N 65mv . 470mv | 790mv 6.8
Silicon I 3.5 ' Lo = :




TYPE CO1
~ TRANSISTOR
(PNP GERMANIUM)

I. -Basic transistor similar -

to a 2N964

~JI, Case size to conform to .

~ T0-18 outline

/I Case to be marked CO1

15

PARAMETER ' " CONDITION LIMIT
Breakdown Voltage IC = 10 ma >
BVCEO '
Breakdown letage IE = 100 pa >1lv
BVEBO : '
Current Gain : ' IC = 20 ma > 40
hFE - VCE = 1v :
Gain Bandwidth . IC = 20 ma _'> 300 'mc
. ft o VCE = 1v ’
NOTE:




. TYPE C02
~ TRANSISTOR
. (PNP GERMANIUM)

PARAMETER - CONDITION | LIMIT

Breakdown Voltage . IC =100 pa > 25v
-~ BVCBO v '
Breakdown Voltage = -IE = 100 pa > 1y
BVEBO ‘ ‘ '

Current Gain = - IC = 10 ma > 20
~ hFE - ~ VCE = 5v

Gain Bandwidth IC = l-d ma ; ~>300 me
ot . | VCE-=5v. ' '

. NOTE:

- . I, Basic transistor similaf S
- to a 2N960 S S M .

N II. Case size to conf,o‘rm i
to T0-18 outline -

IIL. Case to be marked coz i

- "1"-6



TYPE CO03 |
TRANSISTOR
(PNP GERMANIUM)

PARAMETER CONDITION LIMIT
Breakdown Voltage IC = 100 pa >10v
BVCBO : A
Breakdown Voltage IE = 100 ua . >4v
- BVEBO
Current Gain~+ IC = 10 ma :
hFE - i ‘ VCE =0, 3v >20
Gain Bandwidth IE=20ma | =
(I - VCB = 1v >200 mec
1

NOTE:

I.. Basic transistor similar toa
2N705 or 2N960 through 2N966.

II. Case size to conform to T0-18 outline

III. Case to bve marked C03

1-7



TYPE Co04
' TRANSISTOR
(NPN SILICON)

- PARAMETER ~ CONDITION *~ |  LIMIT
ey
. Breakdown Voltage IC = 10 ua S >90v
BVCBO '
Breakdown Voltage IE = 10 pa >5v
BVBEO ‘ ‘
Saturation Voltage IC = 400 ma <1.25v -
VCE (Sat.) IB = 40 ma
- Saturation Voltage - IC = 400 ma., <2y
VBE (Sat.) IB = 40 ma
- Current Gain IC = 400 ma | >25
o hFE VCE = 10v- '
Gain Bandw1dth IC = 20 ma > 300 mc
ft - VCE = 20v
- Collector Capacitance VCB = 10v < 8 uuf
. .COB IE =
NOTE

I. Basic transistor. sumlar' :
to a 2N2218 a.

: . II. Case size to conform to :
- TO~ 50utline o

:III._‘ Case to be marked C04

g



TYPE CO05
TRANSISTOR
(NPN SILICON)

PARAMETER CONDITION LIMIT
' Breakdown Voltage IC = 10 ua >50v
BVCBO -
Breakdown Voltage IE = 10 ua >5v
BVEBO .
Saturation Voltage IC = 150 ma <0. 4v
VCE (Sat.) IB = 15 ma B
~ Saturation Voltage IC = 150 ma <1 ‘3v
. VBE (Sat.) IB = 15 ma T
Current Gain IC = 10 ma >35
hFE VCE = 10v
Gain Bandwidth IC = 20 ma : |
T VCE = 20v >280.me.,

 NOTE:

I. Basic transistor similar
to a 2N2218n .’

II, .7Case gize to conform to
: TQ'5 outline

.III; Case to be marked Co5’




' TYPE CO7 .
'TRANSISTOR
(PNP GERMANIUM)

PARAMETER

CONDITION

LIMIT
Breakdown Voltage IC = 1 ma > 15v
BVCEO ' ,
 Breakdown Voltage IC = 100 ua >20v’
_.BVCES »
Breakdown Voltage IE =1 ma > 2v
' BVEBO | |
Collector Leakage VCB = 5v <5ua
ICBO ' '
Current Gain IC = 10 ma S30
hFE " VCE = 0. 5v |
‘Base-Emitter Saturation IC = 10 ma <0.dv
VBE (Sat) = IB =1 ma -
Gain BandW1dth IC = 5 ma '
ft VCE = 3v > 100 me
Collector Capamtance VCB = e a
~ coB | £ =4 me < 3 uuf

"NOTE:

'I.+ 'Basie transistor similar to a 2N980.

“II. Case size to conform to TO-18 outline.

III. Case to be marked C07.,

S 1-10




TYPE 2N404
TRANSISTOR
(PNP GERMANIUM)

PARAMETER . CONDITION LIMIT
| —— — m e B RS
Breakdown Voltage I = 20ua > 25v
BVero |
Breakdown Voltage ' Iy = 20pa > 12v
BVepo
Saturation Voltage IC = 12 ma
VCE (Sat. ) IB = 0.4 ma. < 0, 35v
Current Gain IC = 12 ma > 30
hFE VCE = 0, 15v 50, typical.
Alpha-Cutoff Frequency ‘VCB = 6v >4 me
| fdb IC = 1 ma 13 me, typical

NOTE:

~1,” Other characteristics covered

by 2N404 specification,

. Casevsize to conform to TQO-5 CE

outline,

1-11




szi 760
" TRANSISTOR
- (PNP GERMANIUM)

PARAMETER . = | CONDITION vLIMIT
Breakdown Voltage |  In=3.0ma . >60v
BVero | |
Breakdown Voltage o I = 3.0 ma > 30v
BVpro | o
Saturation Voltage | Io =3.0amp e <0.7v
VCE (sat.) o Ip = 200 ma |
\ Current Gain = | : Io=0.5 aﬁxp' - >80
| hpp : . . Veg=2v | 100, typical

I. Basic transistor similar to Clevite' '
- CTP1736 or 2N1760. :

1L Other characteristics covered by
- Clevite Bulletin TB226-2.

"r1~12‘




COIL
CLOCK OSCILLATOR-AMPLIFIER

NOTE VI
POO000000000000OC 3
" :

o Y l

T

NOTES:
I. Coil form s1m11ar to Cambmdge Thermionic Corp. PLST- 2C4L/H.

II. Coil to be wound single layer with no spacing between turns.
III. Coil to be wound bifilar with #32 enameled copper wire,

“IVi,. Coil to be adjacent to ""T" collar with "B" collar to be moved to support :
* winding. 7

V. Center tap (#3) to be brought out tw1sted with a mmimum 1eng’ch of 1 inch -
+ from collar edge. o o i

 VI. Last 1/2 inch of twisted center' tap lead to be tinned. ;

- VIL Solder lugs to be formed parallel to Iength of co11 form.
VIIL Tumng slug to be type 20063-H. | |

IX. Tinned leads to be brought out 1 1nch on termmals 1 2 4 and 5» e
L Figure“l-.' i
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~ TRANSFORMER, PULSE
- . CARD ‘TYPE CiO ‘

. R SEE REQ §
- .030 Z.0l0 DIA R
7 LEADS ’

— SEE REQ 6

0 6
60T ; |
7 | —
60T
: s 2
—
N G
-
jE————ee 630 DIA = =2
<« 280 MAX -
R’equirements; o —>  [&—.100%.0l10

1. Workmanshlp shall be consistent with best commercial practices. Part shall
A ,conform to dimensions and tolerances on drawing. : :
: :"2.. Matemal and Flmsh
‘ Core: General ceramics, Ferramic CF-102, type H.
' Winding: Phelps - Dodge #34 heavy Nyleze. ‘ e
‘Terminals: Brass. Copper preplate . 00005 thick. Gold plate . 00005 thick.
. Base and Cover: Mineral filled Phenolic type CEG per MIL-M- 14F, color
black (Durez 11540) or equivalent pending approval by Control Data Corp
3. Cement base to cover using Minnesota Mining and Manufacturmg cement #505, -

4. Wind the two 60-turn secondaries bifilar for 15 turns. Continue fourfilar for _
T 45 turns. Connect the two 45 turn windings together to make the 90~ turn
center tap primary. S
' 5. ' Mark terminals in approxnrnate posnlon as shown‘ ‘ ‘

6. ; Mark part "300010" and revision letter to which part is manufactured manu=~
© . facturer's name or symbol, in approximate position as shown. . :

. Figure 2
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CHAPTER 2
LOGIC CARD TYPES

| NAME . CIRCUIT '~ NUMBER
Single Inverter One inverter circuit C11-C17, and
‘ ' . Cb1-C58
‘Double Inverter Two separate inverter C21-C28
‘ circuits . :
Flip-Flop . Two inverter circuits having - €31-C317.
' cross-coupled feed back '
Control Delay ‘ Flip-flop having its feedback C40-C49
- ANDed with a clock phase '

Logic circuits are constructed with two types of inputs, logical AND and logical
OR. All of the various logic cards and their respectlve input configurations are
presented in the tables on the following pages.

The input configuration of a circ’:uit is also represen’ced by a number. For instance,
~ card type C11 is a single inverter 116, This means that the circuit has two OR
inputs and a'six-way AND input. ’

Double inverter and flip-flop cards. contain two circuits de,s_ignated A and B. Each
has separate inputs and the configurations are not necessarily symmetrical.

- Control delay cards also contain two circuits designated A and B. All logic inputs

pertain to circuit A, and all OR inputs are effectwely smgle way ANDs and must
be grounded 1f not used ' : - v

2-1



 INPUT SYMBOLS L OGIC CARD PIN CONNECTIONS
OR y ‘ S |
AN

' Single Inverter numsers '

c1ir o116
oo
Cc13 11284 Y
\ ‘< "014'~  12233 | -
c16 11114
  €17 : 12522221; Sl
st 15

QUTPUT

236

o1 B ]

NOTE: ‘ .

‘ PIN 7, +20v
PIN 8, GND
PIN 9, =20v .

 Figure 1.  Single Inverter »

2-2



 INPUT SYMBOLS

PIN 9, -

Figure 2. Double Inverter and Flip-Flop

PIN7, +20v

OR. ®
ano - EERERD
Double Inverter - PN
- . , . NUMBERS = -
C21  5-A&B o
C22 122-A&B
C24 1112-A&B E
' a.
- C25 '11111-A&B g
C26  113-A&B
€27 14-A&B
C28  222-A, 22-B
' C29 - 12222-A, 1-B .
Flip-Flop PN
NUMBERS
C31 - 5-A&B
C32 -| 122-A&B
C33  23-A&B
C34 1112-A&B -~ g
' C35 . 34-A, 3-B ©
 C36  333-A, 1-B
' Cc31  2223-A, 1-B
NOTE:
PIN 8,

OUTPUT

OUTPUT




fgqNPUTsYMBoLS

R B (a si'ngle#-way AND on Control Delay Cards)
AND | SRS | o - L
 Control Delay WbbERs |23 4 B 8. 0 W 1 3 W 8

OUTPUT
CLOCK INPUT

T C4T 244

| c4s 2323

NOTE: o

: CPIN 7, +20v

. PIN8, GND
- PIN 9, =20v -

Y

'. , ‘Figure 3. Control Delay




CHAPTER 3.
CIRCUIT DESCRIPTIONS

The following pages contain descriptions and schematic diagrams
of type "C" printed circuit cards developed for the 3600 system..
' These prototype cards are designated by a two-digit nur_nber
preceded by the letter C; for example, C65. = '

- The following descriptions are presented in numerical order.

- 3-1



R e ~ ODD PLANE |
‘' INHIBIT GENERATOR
R ‘Card Type C00

~ FUNCTION
The functlon of the circuits on ‘this card is to allow a 340 ma inhibit current to

flow from the +40v source at pin 6 to the.inhibit winding at pin 1 or pin 15, This -

1 1"

~occurs wheneverv all inputs to the respective circuit are at the logical level

. of -5, 8v. The inhibit circuit contains a series 120-<ohm resistor 80 that the

»‘?L‘resultmg current is apprommately 340 ma, .

" OPERATION |

~ Each circuit han»é?tHv'ee'-way logical AND input, meaning that all inputs must be
“at the -5, 8v ""1" level in order for an input to be sensed, A -1, 1v "0" signal

~ on any input will disable the AND. An unused input acts as a steady "1'" if left
“open, or as a steady "0" if grounded, ' ‘ |

A level-shifting action is provided to the base of Q01 by resistors R01, R02, ROS3, '
~and the 4, 1v zener diode CR05, The zener diode CRO5 is rov‘erse-biased S0

that its operating point is beyond the knee of the breakdown region ‘thus the
:'cathode remains approx1mate1y 4. 1v positive wrth respect to the anode, regard— :
"less of current fluctuations. |

- When a -1, 1v "O" signal appears at an input, the zener diode CRO5 places a
kvforward b'ias on the base of QO01, Tra’nsistor Q01 then switches to a state of

" heavy conduction. It is held out of saturation by the feedback diode CR06 and

its collector voltage is approximately +0, 4v. The low Vcol_lector voltage of Q01 .

_is also the base voltage of Q02, which is connected as an emitter follower. The
emitter voltage of Q02 is equal to its +0. 4v base voltagé minus its base-emitter
Jjunction drop, and is approximately -0,3v. This provides sufficient forward -
bias so that a minimum conductwn is maintained through Q02. Transistor Q035'
l is connected as an emltter follower with the inhibit winding load in series W1th
the ermtter. The emitter of Q03 is connected to ground through L

‘

'3-2: :



"INHIBIT GENERATOB

CARD TYPE COO

+20V o6 4+ 40V
RO3 RO4 RO5
8K - , 6.8K 6.8K
CROI CRO6 —
2 o—-———N——-— }} gl
- Qo2
~ cRoz ¢os
s 0—Pr—
INPUT c§o3 Qol
4 O——Ppl—t CRO5 coc | OUTPUT
- - IN7O4A - Co4 .
RO2 '
aao.ﬂ, A
TEST POINT
ROI
47K
—-20V
P 0 6 <F90V
2 O— . _ CIRCUIT SAME
INPUT " AS ABOVE
3 o--—- C
—015
|
“NOTES:
© 1 EACH CIRCUIT HAS THREE "AND" INPUTS.

ODD PLANE

. 3-3

INDICATED.

2. TRANSISTORS Q02 & QO3 CONDUCT WHEN ALL INPUTS ARE —5.8V "_l'f.
3.ALL DIODES ARE HD2969 UNLESS OTHERWISE | |



the inhibit line. The base-emitter junction is therefore reverse-biased by the '
| =0, 3v input, so that Q03 is cut off. This disables the current path from the
< +40v supply to the inhibit winding, '

" 'With the AND input satisfied by -5, 8v "1" signals, the base of Q01 is biased

-at appfOXimaltély ~1.5v and QO1 is cut off, 'I‘he collector voliage of Q01 rises .
to approximately +38. 5v (40v minus l:he IR drop across R03 and R04).  This
provides drive to the base-emitter junction of Q02. Transistor Q02 is connected
‘as an emitter follower, thus its emitter voltage becomes apprommately +38v,
This prov1des a strong forward bias. to the base of Q03, causmg Q03 to conduct

heav11y.- The Voltage applied to the inhibit line is the emitter voltage of Q03 and |

is approx1mate1y +37 5v. The 340 ma inhibit current is also the emitter current
of QO03, wa»n_d is allowed to flow when Q03 switches to the conduction state,

34

& /4 ;’
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CLOCK OSCILLATOR-AMPLIFIER
Card Type CO1 '

General . : .

The clo_ckoscillator—amplifier shown in figure 1 is essentially a tank circuit
which may be tuned through a small range around 8 megacycles, with drive pro=-
vided to the tank by two transistor amplifiers. The transistors are connected
in a push-pull configuration, with the two circuit inputs directly connected to

- their basés. When the transistor inputs are provided with cross-coupled feed-
back from the oscillator transformer secondary, a continuous self-oscillat_ion

~ is maintained.. | ' '

The circuit is designed so that, if external drive is provided to the inputs, the
two transistors will operate as sine wave amplifiers, providing a two-phase out-
put at the tank frequency. ‘ | |

Pyramid Connection ,
‘The computer timing configuration for which this circuit is designed is an oscillator- -

‘amplifier pyramid, as shown in figure 2, The master oscillator is a clock circuit
connected as a feedback oscillator. To avoid undue loading effects, the master
oscillator is permitted to drive only 2 amplifiers.

The ranks' of amplifiers are clock ciréuits which receive external inputs and function
as push pull sine wave amplifiers. Each amplifier is capable of driving 4 others~ '
: thus the pyramid effect is produced ‘Each amplifier in a rank must be in phase
 with every other amplifier in that same rank, al’chough it is not necessary for the
. ranks to be in phase with each other or with the master osc111ator. Outputs to the f .
. logic are taken only from the final rank of amphﬁers.

' ’C1rcu1t Operatlon o : , .
The dr1v1ng transmtors QOl and Q02 are CDC C06‘s and are connected in a push- L5

~ pull conﬁguratmn. Only one transistor would be necessary to sustain oscﬂlatmn' Eh
'however two trans:xstors greatly increase the ability of the circult to dr1ve an
 unsymmetrical load. ' e
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élock amplifier logic outputs are restricted to driving AND loads, only. By
:",\_means’of' jumpered c'on’n‘ections,f an amplifier may drive up to 10 loads. »‘Ideally; ‘
s this would be distributed with 5 loads on each output phase, however, the loading
may be unbalanced to 8 and 2, 1f necessary.

E'I;he characteristics of transistors QO1 and Q02 are presented in the component
~ section of this report however, these transistors have a power handlmg capability
. of 150 mw at 25° ¢ ambient, The average transxstor dlssipatlon in an oscxllator S |
: circuit is of the order of 60 mw.

' An 800 upf sﬂver-— mica capacitor Cco1 having a low temperature coeff1c1ent and

' good stablhty with life 1s used in the tank circuit to resonate with the transformer :

" inductance at a center frequency of 8 megacycles. The transformer inductance

- may be tuned through a range of approximately 30% by means of a low permeability

~ferrite slug. This has the effect of shifting the tank frequency through a range of ‘
approx1mate1y 10%. - -

The peak*toepeak signal developed across the tank is restricted to approximately'

-~ 8v by the clarnp diodes CRO1 and CR04., The printed circuit card provides out-

. puts at pins 4 and 12 at which this sine wave appears. All of the tanks in a rank

-of amphﬁers may be locked in phase with one another. by connecting these outputs :
in parallel in case thls is ever necessary.

A logic-level Asignal is a sine wave about -3v, with peaks at +1v and - -Tv, Itis
‘:Aﬁproduced by using a zener diode to shift the d-c reference level of the tank output
AkLogm*level outputs are taken only from the last rank of the clock pyramld and -
.'.are available at pms 1 and 15,

The circuit in figure 1 provides a clock-level output at pins 2, 3, 13, and 14, which
is taken from the secondary of the tank transformer. The secondary w1nd1ng con=
f sists of 2 turns, while the primary winding is 8 turns, center-tapped therefore

the clock-level output 1s a sine wave about ground Wlth a peak-—tO*-peak amphtude
of apprexlmately 2ve - | | | i
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The clock-level signals are used as drive signals throughout the clock pyramid,
as shown in figure 2. All wires used to transmit clock-level signals must be
twisted pair, and the distance over which the signal is transmitted should be less ;
than 15 feet. In addition, there should be less than a 3 foot variation in the lengths
of wires used to transmit drive signals between a given pair of ranks, o =

Ground Rules

A. Clock-level outputs. -
.1, The oscillator may drive 2 amphﬁers, in addition to providing
its own feedback.

2, Each amphfler may drive 4 other amphflers.

3. Interconnectmg wires between ranks of amphﬁers and from the
- master oscillator to rank 1 must be twisted pair. ’

4. Signals may be transmitted up to 15 feet.

5. There should be no m.ofe'than a 3-foot difference in the lengths
of interconnecting wires between a given pair of ranks.

B, Tank 01rcu1t output, : ;
1. This is used only to phase-lock the— tanks within a smgle rank of =
amphfiers, if necessary. o

C. Logic-level outputs.
1, Clock outputs must always connect to logic card AND inputs.

o2, A.maximﬁm of 10 loads may be driven.

3. A'maximum of 8 loads may be driven by any single oﬁ’cput; with
8 loads on one output, the opposite-phase output of that amplifier
may drive only 2 loads, so that the total number'_does not exceed 10,.
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s Procedure for Tuning a Clock Pyramid

A scope equipped with a differential or dual-trace preamplifier, such as a ,
'Tektromx type CA, may be used for tumng the pyramzd The probe leads should

~ be of equal length ‘and must be grounded at the cards. The scope should be exter- |

. nally synchronized during step 3, and it is convenient to use the master oscillator
> for this, . | | |

Step 1.
| . Adjust the transformer of the master oscillator to the correct computer - v
o frequency. This may be done by setting the horizontal sweep at 0,1 usec/

-em and adjusting until 8 peaks are seen across the 10 cm scope grid, if
" the desired frequency is 8 megacycles. ’

i Step 2, ,
o _-With the sc:Ope ona senbitlve range, adgust one of the amphfiers in Rank 1
for maximum amplltude.,

Step 3.
‘Using external sync, adjust the remaining amphfzers in Rank 1 to be in ,
“ ~ phase with the reference amphfler tuned in step 2. With a differential : f |
| preamplifier, this may be done by inverting one signal and adding alge? )
~ braically, and adjusting for minimum deflection with the scope ona :
~ sensitive range. ' | Enr

»Othéx? ranks a;ref_tuned accqrding tcb steps 2 a_nd 3,'
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CLAMP
Card Type C02

This circuit provides a clamp for logic circuit connecting lines, so that ringing
will be minimized. .If sufficient energy is removed from the first overshoot, the
remainder of the ringing will have an amplitude less than the logic circuit threshold.
A schematic of the clamp circuit is presented in figure 1, with typical waveforms
showing its effect on a line having excessive ringing. |

The clamp voltage in the positive direction 15 the sum of the forward drops
across diodes CR25 and CR26 less the drop across the input d1odes, and is -
approx1mate1y -0.9v. '

The:clamp voltage in the negative direction is the sum of the drop across zener
- diode CR27 plus the drop across the input diodes, and is approximately -6.5v. '

- Filtering is provided by capacitors C01, C02, C03, and C04. Due to their. :
large areas, COl and C02 present an appreciable amount of inductive reactance.
It is therefore necessary to include the small capacltors CO03 and C04 in order to
filter out hlgh frequency splkes. |
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TRANSFORMER DRIVER -
Card Type Co3

. FUNCTION |
 The function of the czrcmts on thig card is to enable 450 ma of positive .-~
* current to flow from the output pins 1 or 15 to ground, whenever all inputs

~ to the respective circuit are at the logical ''0' level of ~1.1v. Pins 1 and 15

"‘,‘.‘conn.ec"c to the two ends of the primary windings of eight memory drivér |

. transformers. During the memory cycle, one transformer will be center-

tapped to +20v; thus current flow in either direction may be obtamed by
selectmg one of the circuits on the CO03 card.

A' The output pins 1 and 15 are connected as 'sho‘w.n in figure 1 by capacitor C03 |
and resistor R06, which form a series differentiating network. This con-

v, nection will transmit only those signals having a high rate of 'change, such as L

a sharp noise spike, and will block entirely a steady d-c ‘voltage'. Thus, a
‘noise spike appearing at pin 1 will also appear at pin 15, and their total
~ effect will be to cancel each other. However, the d-c levels of pins 1 and 15

~ will be completely separated if either circuit switches to the conduction state -

~ while the other remains cut off.

' OPERATION | |

. The two c1rcu1ts on ‘the card are identical and are labeled A and B. The
‘ ~ following dlscussmn of operation applies to either circuit, however the |
component numbers mentioned are those appearing in circuit AL

A 1evél-shifting action is provided to the base and emitter of Q01 by resistors
- RO1, RO3, RO04, ~and-the 4.1v zener diode CRO6. The zener diode CRO6 is
reverse- -biased so that its operating point is beyond the knee of the breakdown’

. :reglon thus the cathode remains approximately 4.1v posxtwe with respeot to i

. the anode, regardless of current fluctuatlons. o
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TRANSFORMER DRIVER
CARD TYPE C‘OB
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, Each mrcul‘c has three logical OR inputs, meaning that a -5.8v "1 " signal on

. any input will be sensed, although a -1.1v "0" signal may be present simultaneously
_at another input. Any unused mput acts as a steady ''0", regardless of whether it -
- is grounded or 1eft open. ‘ ‘

- "Whena 5.8y """ signal appears at an input, the base of Q01 will be biased at
 about -1v and it will be cut off. The base of Q02 will be held at approximately

; -‘-.0. 3v by the forward drop of diode CR08, and QOZ will likewise be cut off. Thus,
except for negligible leakage effects, pin 1 is completely isolated from ground and
will rise to a high positive voltage. Diode CRO7 therefore provides a blocking

aétiou, preventing current from flowing through the transformer kprimary into"pin 1.

If all of the circuit inputs are at the -1.1v ""0'" level, zener diode CROS héids
~ the base of Q01 at a positive voltage. This forward bias is sufficient so that Q01
~ conducts heavily, but it is held out of deep saturation by diode CRO7 and resistor ,
R03.1 Transistor QO1 in its conduction state allows the +20v source, whlch connects :
~to. pm 1 through the transformer primary, to bias the base of Q02 at a p031t1ve e
poten‘hal. Thus transistor Q02 also conducts heavily, and positive current is ;
allowed to flow from pm 1 to ground with only a drop of approx1mate1y 1v across Q02 v

' " Transistor Q02 is a grounded emitter stage driven by the emifter-followei‘
:istage‘ QO1. ' The base drive for Q02 is taken directly from the emitter of Q01; thus l
~the input to Q02 follows the input to Q01 and is increased by the gain of Q01. When g

; Q01 switches on, it attempts to bias the base of QO2 well into the positive voltage -
y‘ domain, so that Q02 also switches on and conducts heavily. Likewise, .When Q01

- swifches 6ff QO‘2 also switches off, and the voltage drop across diode CRO8 applies

: a reverse bias of apprommately O 3v to the baseeeml’cter Junctlon of QOZ so that it

‘ 1s well mto the cut off reglon. o ‘ '

SRSy ey
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EVEN PLANE
INHIBIT GENERATOR
Card Type C04

FUNCTION |

The function of the circuits on this card is to allow a 340 ma inhibit current to
flow from pin 1 or 15 to ground, whenever all inputs to the respective circuit

are at the logical ""0" level of -1.1v. The inhibit wires are energized by a
source of +40v, and each inhibit circuit contains a series 120-ohm resistor so
that the resulting current is approximately 340 ma. The even plane inhibit wires
terminate at either pin 1 or pin 15 of a C04 card, and the path will be completed
to ground allowing current to ﬂow, if the respective inhibit generator circult
“switches to its conduction state.’ '

OPERATION

The two circuits contamed on the card are identical and are labeled A and B.
THe following discussion of operation apphes to either circuit but thevcompone‘nt
numbers mentioned are those appearing in circuit A,

A level-shifting action is prbvided to the base-'énd emitter of Q01 by résistors |
RO1, RO3, R04, and the 4. 1v zener diode CR06. The zener diode CR06 is ‘
reverse-biased so that its operating pomt is beyond the knee of the breakdown .
reglon, thus the cathode remains approx1mate1y 4, 1v posnlve with respect to |
the anode, regardless of current fluctuanons.

Each circuit hasthree logical OR inputs, meaning that a -5. 8v "1" signal on any : :
_input will be sensed, although a -1.1v "0" signal may be present simultaneously
_at another input. Any unused 1npu’c acts as a steady "0", regardless of whether

itis grounded or left open. S o

When a -5. 8v "1" s:mgnal appears at an mput the base of Q01 is blased at about

: ', -lv and Q01 is cut off. The base of QOZ will be held at approx1mate1y -0, 3v by
- the forward drop of diode CROS, and Q02 will also be cut off, Thus, exc_ept for

- ‘3‘17
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negligible leakage effects, pin 1 is completely isolated from ground and will E
rise to a high positive voltage. Diode CRO7 therefore provides a blocking action,
preventing current from flowing througﬁ\) the inhibit Wire into pin 1, |

If all of the circuit inputs are at the -1. 1v "0" level, zener diode CR06 holds

the base of Q01 at a sufficiently positive voltage so_that Q01 conducts heavily.

In this state, diode CR07 holds Q01 out of saturation. Transistor Q01 in its
‘conduction state allows the +40v source, which connects through the inhibit wire
to.pin 1, to b1as the base of Q02 at a pos1t1ve level. Thus transistor Q02 also |
conducts heavﬂy, and posm.ve current is allowed to flow from pin 1 to ground
with only a drop of approximately 1v across Q02. ‘

Transistor-Q02 is a grounded emitter stage driven by the emitter follower A
stage Q01, The base drive for Q02 is taken directly from the emitter of QO01;
thus the input to Q02 follows the input to Q01 and is increased by the gain of
QO01. When Q01 switches on, it attempts to bias the base of Q02 well into the
- positive voltage domain, so that Q02 also switches on and conducts heavxly.
', Likewise, when Q01 switches off, Q02 also switches off, and the voltage drop‘
across diode CR08 applies a reverse bias of approximately 0. 3v to the base-
: emitter junction of Q02 so that it is well into the cut off region..

The connection of diode CRO7, the 100-ohm resistor R06, and the +40v source‘
provides a clamp for the. collector voltage of the transistors. When the
“transistors switeh to the non- conductihg‘ state, the inductance of the inhibit
- wire will tend to induce hlgh voltage transients; however these inductive
' trans1ents are clamped at +40v plus the drop across the silicon diode, ,

. The 3. 3 microhenry inductor in series With the.output pih is for the purpose

- of reducing ririging on the inhibit wire. The inductor increases the current
rise tzme and henCe reduces the overshoot. S
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i s GATE
‘ ' “Card Type C05 -

- FUNCTION | | |
= The function of the Gate circuit is to enable a current path from a +20v source
through which current of the order of 900 ma flows to the primary windings of two

memory driver transformers. Pin 4 connects to +20v and pins 1, '2 and 3 provide

‘the’output The path from pin 4 to the output is enabled only when all mputs to the
- Gate c1rcu1t are at the logical "0" level of »1.1v. ' '

The vfuncti‘ovn ef the Discharger circuit is to ground the primary windings of the
" two memory driver transformers which were previously energized." This removes
-Stored charge from the wzndmgs and neutrahzes the transformers The 'Di_schafger

- VCII‘CUI‘t is enabled by a ~1.1v "0" 1nput ' '

. OPERATION
| Pins 10 through 13 provide four log1ca1 OR mputs to the Gate cu'cmt and pm 6
: prov1des an OR input to the Discharger. An unused 1nput is mterpreted as a steady
. "0", regardless of whether it is grounded or left open.

‘A 1eve1~shif’cing actioh for the Gate inputs is performed by reSist_ors ROl1, RO3,
RO5, and the 4.1v zener diode CR06. The zener diode CR06 is reverse-biased so »
that its operating point is beyond the knee of the breakdown regwn thus the cathode

'}rernams approxmxately 4.1v posmve with respect to the anode, regardless of

_current fluctuatmns. Resistors R02, R06, and zener dxode CROB perform the level-
shlftmg action for the Discharger. =

With open circuits or loglcal "0" sxgnals on all Gate inputs, the base of Q01 will
. beata potential of around +0.7v. It is prevented from going further posﬁwe‘by the
- low forward base-emitter impedance of Q01. During this time, QO1. will be in the

jf,conductlon state. However if any input recewes a -5,8v ""1', the zener dlode CROG',,{I :

Wlll hold the base of QOl at approx1mate1y -1 7v and QOl wm be cut off S v
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_ ‘During the time that Q01 is cut off by a '"1'" signal, its collector potential will 4
be raised to a high positive value by the +20v source attached to pin 4. Sinceno L
apprec1ab1e current now flows through the 82-ohm resistor and tunnel dxode between

l’.-base and emitter of Qo03, it is also essentially cut off.

7 When Q01 switches to its conducting state,' current is allowed to flow from the . o
420V source at pin 4 through the tunnel diode and 82-ohm resistor between emitter
 and base of Q03, through the three parallel 2. 7k resistors, and through Q01 to

| ground. A threshold level is provided by the tunnel diode, since in its low-voltage

. : stete, it does not allow Q03 to conduct. Howeyer, when current through the tunnel =

- diode increases to 10 ma, it switches to its high-voltage state. This places approxi-

~ mately 0.8v forward potential on the base of Q03 causing it to switch to its conduction
' state. This enables the series circuit from +20v at pin 4 through Q03 and through '

‘the three parallel 2. 7k resistors to -20v. The base drive for Q04 and Q05 is taken

from the collector of Q03, and when Q03 conducts,{v:turn*on current is prowkided for

Q04 and Q05 so that they switch to the conduction state.  Thus the circuit is com-~

pleted, allowmg positive current to flow from pin 4 to the output. When Q03 switches

off, ‘the voltage drop across diode CR10 applies a reverse bias of approx1mate1y

0. 6v to the base-emitter junctions of Q04 and Q05, cutting them off.

; : Transirstors..QO't} and Q05 con"cfol a current of the order of 900 ma flowing in a
- highly induct_ive load.: Diode CROS is therefore provided so¢ that when QO4 and Q05 ;
_ interrupt the current, the induced high-voltage transient will be dissipated harmlessly}. :

: D1ode CRI11 acts as a clamp against positive voltage surges at the collectors N
of Q04 and QOS when current is’ 1nterrupted "'Pin 5 connects to a separate +20v buss , Y
o and prevents pin 4 from becommg more pomtwe than +20. 6v, takmg into account -
.f'the 0.6v drop across the silicon diode. '

Capacltors C02 and C03 prov1de a smoothmg filter for splkes and r1pp1e in the T} £t
+20v sources at pins 4 and 5. ‘The 8 microfarad capacxtor CO02 is sufficient for S

r1pp1e and low frequency flucmatmns, howeyer,, it ,exhlblts a _cert‘au‘x amount of -
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‘ inductive reactance due to its large area. For this reason, it is necessary to
include C03 which has negligible inductive reactance and is therefore effective in
filtering high frequency spikes. '

The Discharger circuit is enabled by a =1.1v '0" input on pin 6. This causes
zener diode CRO8 to apply sufficient _fbrward bias to the base of Q02 so that Q02
switches to its maximum conduction state. Transistor Q02 thus provides a low
‘impedance path-to ground‘for any stored charge remair‘xing’in the priin‘ary windings
of the two mémofy driver transformers. ' ' ‘ '
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SENSE AMPLIFIER
Card Type CO06

: This card amplifies and detects the pulses mduced in a sense winding when a
":;f;‘magnetlc memory core switches polarity. The two ends of the sense winding are
 connected to ping ¢4 and 5, and when a core switches 1ts magnetm state, the circuxt
_'iproduces a log1cai "0'" output on pin 15 ‘ | o

‘The circuit may be convemently divided into two sections: a differential

| voltage amphﬁer havmg a gain of approximately 100, and a discmmmator having

~an output of approximately -13. 6v representmg a logical ''1" which changes to a

‘ - logical "O” when a memory core switches its magnetic state. The following loglc
card will interpret any signal more positive than -3v as being a logmal "0" however
the dxscmmmator output approaches -1. 6v when a core sw1tches

~ AMPLIFIER | , |

The differential voltage amplifier is the symmetrical portion of the circuit to ;
" the left of the diode bridge, as shown in the accompanying diagram. Input signals
: ~from the sense winding are received on pins-4 and 5. The ends of the sense
winding are connected to these two pins, forming a series loop which threads all

“of the memory cores in a plane quadrant. The only ground reference to this loop
s thfough the 1000-ohm resistor R02, thus the nominal 30 mv potential induced in

the sense winding by the switching of a core is applied equally and oppositely to both

 input pins. This is amplified into a 3v signal which appears across the diode bridge".v;

The amplifier circuit is ‘sensitive only 10 the difference in potential between
‘pins 4 and 5, which is produced by the application of a double-ended signal from the f
" " 'sense winding. * A simultaneous shift of the d-c reference level of both input pins.

~produces only a negligible effect. It is possﬂole for both inputs to fluctuate ’_ ) v
‘simultaneously by as much as 2v W1thout producmg more than 0. 2v fluctuatlon at ;
,’»k",the dxode brzdge ‘ ' ’ el : ‘ P
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The degree of sensitivity exhibited by a differential amplifier to potential B
differences between its inputs as opposed to simultaneous shifts of both inputs in
the common mode is often represented by a number called the "common mode:
rejection ratio', which figure for this circuit is of the order of 40,000.

Resistors ROl and R0O3 are connected in series across the two inputs, as shown.
This relatively low resistance is in parallel with the input' impedance of the amplifie;‘,
so that the'to’tal terminating impedance across the sense line is reduced. This has
the effect of making the amplifier less ‘sensitive to noise induced by the flow of
inhibit current. |

The 4 uh inductors in the emitter circuits of Q02 and Q03 determine the high
frequency roll-off of the amplifier. This inductance reduces the gain at high
frequencies, and prevents the amplifier from responding to noise spikes.

_ The signals produced by the memory cores are received and amplified in the
double-ended fashion. As an example of operation, assume that the 30 mv potential
from the memory core is of a direction such that pin 4 shifts negative 15 mv and
pin 5 shifts positive 15 mv from the rest state. These potentials are applied to the
» bases of Q02 and QO03, causing Q02 to conduct more heavily while conduction through
QO3 decreases. This action is further regulated by the constant-current source
~through QO01, so that an emitter current increase in Q02 must be accompanied by a

corresponding decrease in Q03.

The results of the preceding action are such that the collector of Q02 becomes

~more positive and the collector of Q03 becomes more negaiive. This, in turn,

causes transistors Q04 and Q06 to conduct less heavily while conduction through

Q05 and QO7 increases. The collectors of Q04 and Q06 therefore shift approximately -
- 1.5v in the negati'vé direction and the collectors of Q05 and Q07 shift a similar .

* . amount in the positive' direction, so that a potehtial difference of 3v exists acro:'ss
_the diode bridge. S ‘ | | |

‘The signals from the collectors of Q02 and Q03 are amplified by a factor of 100
by Q04 and QO06, 'and by Q05 and Q07, respectively, which are connected as an '
emitter follower and a grounded emitter amplifier. Depending upon their particular
characteristics, the two transistors are capable of providing a maximum ‘



' available gain of the order of 1000, To insure stable operation, this is reducerdl"'
to around 30 by the negative feedback connection of the two 1000-ohm resistors
, k’ from collector to base. A port;on of this negata.ve feedback however, is nulli- :
~ fied by the 330-ohm resistor connected between the two feedback lines, so that
i the over-all voltage gain of each of the stages is approxlmately 100 oo

7 DISCRIMINATOR ,
T'V'V*V'I‘he discriminator is the portibn of the circuit to the right of the diode bridge,
whose function'is to provzde outputs at voltage levels suitable for use by logic
circuits.. The output of the dlsczmmmator is taken from pin 15, and is at approx:L-j
mé.teiy 13. 6v durmg the rest state. However, When a Voltage appears across
~ the dmde bridge, the output at pin 15 approaches - 1 6v wh1ch is interpreted as
a loglcal o', : |

The diodes used in the bridge are high speed silicon'devices having a vforward
: voltage di'-op of the order _bf‘ 0. 6v. Therefore, during the rest state a voltage-
dividing action is provided from +20v to ground through the 22, 000-ohm resistor
 RI18, the diode bridge, and the 5600-ohm resistor R21. Due to the forward drop
~ of the diodes, the base of Q08 is held at around 1. 2v higher positive potential

' than the base of Q09, Transistor Q09 thus conducts quite heavily while Q08 ~.
conducts very little. Under these conditions the output at pin 15 is around =13, 6v,
due to the iroltage dividing actiotx of R19, R20, and R23. Transistor Q09 ‘provi'de‘s

~ a low impedance path to ground, so that the emitter of Q08 cannot rise to a hlgh i
o positive potent1a1 when itis in a state of low conductlon.

Thé diode bridge:rectifies the pbtential acrogs it, so tha.t an input of either E
. polarity results in a negative input to the base of Q08 and a positive input to the "
base of QOQ; This-has the effect of causing Q08 to conduct heévily while QO09, : ”
_in turn, conducts very little. Transistor Q08 thus enables a low impedance |

_ path from +20v to ground through diode CRO05, which is a silicon diode having

a forward drop of approicimate]y 0.6v. The anode of CRO5 is therefore at approxi-

it ‘mately +0, 6v, so that pin 15 is biased at apprommately 1. 6v by resistors
f{f- R20 R189, ‘and the ‘ZOV source.r Thls output veltage level is mterpreted as a
; loglcal "0" " ' DR ey SRR ST T



EMITTER FOLLOWER
~Card Type CO07

FUNCTION

" The function of this circuit is to convert inputs received from a terminated
200-ohm delay line into outputs suitable for driving a logic card load. This ‘
circuit is designed to provide a high 1mpedance load for the delay line, av01d1ng
excessive current drain which w111 affect its operatmg characteristics. '

OPERATION .

.~ The deiay line is driven by the circuit contained on card type CO08; thus its
input signal levels are approximately -0.3v and -10v. However, due to iintegréting
.- characteristics and attenuation, the peak voltage levels tend to diminish slightly
-as the signai travels down the delay line. The input signal levels of the emitter
follower circuit are therefore of the order of -0.3v and ~10v, dependmg upon the |
point of the delay hne from which the s1gna1 is taken. ‘

v A -0,3v input results in an output near ground\which’is interpreted as a
logical "0". A -10v input results in an output of approx1mate1y -9.3v which is
mterpreted as a logical "1",

: Transistor Q01 is an NPN silicon type CDC C05. It is connected as an emitter »
- follower; thus its emitter voltage is always approx1mate1y 0. 7v more negatlve '

- than the circuit input.’

\

~ CRO1 and CRO2 are silicon diodes having a forward voltage drop of appr’oﬁi"- '
5 'métély' 0.7v. The series connection of these two diodes holds the cxrcult output
'1.4v more pos1t1ve than the emitter of QO1. |

RS
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DELAY LINE DRIVER .
Card Type C08

FUNCTION v

The function of this circuit is to provide an output suitable for driving a '
terminated 200-ohm delay line. With a 200-ohm load at pin 1 and the circuit in
its quiescent state, the output voltage level is approximately -10v. Upon receipt
~of a -5.8v "1" input, both transistors switch to a state of heavy conduction and
the output voltage becomes approximately -0. 3v. '

OPERATION | | | _
The circuit has 5 logical OR inputs; thus a -5.8v "1" on any input will activate
the circuit. An unused input is effectively a steady "0", regardless of whether it

is grounded or left open.

An input level~shifting action is provided by the two forward-drop diodes
CRO06 and CR07. These are silicon diodes. having a forward voltage drop of approx-
~ imately 0.7v. The two diodes in series provide a voltage shift of +1.4v from the
cathode of CRO6 to the anode of CRO7. |

With -1. 1v ”O" 1nputs the base of Q01 is held at approximately +1. 3v by the
level shifting diodes. Transistor QOl is connected as an emitter follower; thus
_its emitter voltage is equal to the base voltage plus the base-emitter junction
drop, and is approximately +1.6v. This provides sufficient forward bias so that
minimum conduction is maintained through ‘QO01. The emiitter voltage of Q01 drives
the base of Q02 which is a grounded em1tter stage. The base-emitter junction
" of Q02 is therefore back-biased by the +1. 6v input, and Q02 is cut off '

A -5.8v "1'" input holds the base of QOll at approiimately‘ 0.6v causing Q01
to conduct heavily.' The emitter voltage of Q01 goes to a.pprox1mately -0. 3v, Wthh .
~causes Q02 to switch on and conduct heavily. In this state, the circuit output is
~equal to the drop across. Q02, and approaches -0, 3v. .

W1‘ch Q02 in the cut off state, its collector voltage tends to rise toward -20v. ‘
, I-IOWever the 200*ohm load acts as a voltage divider with the equivalent 200-ohm S
resustance of the five 1000- ohm remstors and the output stabilizes at IOV

‘3 - 3 ’11 .
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DUMMY INHIBIT GENERATOR
| Card Type CO09

FUNCTION

The function of the circuits on this card is to enable a 340 ma current to flow
from pin 1 or 15 to ground, whenever at least one input to the respective circuit
is a -1.1v "0". The dummy inhibit circuits are energized by a +40v supply', and
each circuit contains a series 133-ohm resistor external to the ciréuit on the
card. Each dummy inhibit circuit terminates at either pin 1 or pin 15 of a C09
card, and the path will be completed to ground allowing current to flow if the
respectlve_ dummy 1nh1b1t generator switches to its conduction state.

OPERATION |

Each circuit has a two-way logical AND input, meaning that both inputs must be
at the -5, 8v ''1" level in order for an input to be sensed, A-1.1v "0" signal on
either input will disable the AND.. An unused 1nput acts as a steady ''1" if left
open, or as a steady "0" if grounded. ‘

The transistors are 'dAisabled if the AND is satisfied by two -5, 8v "1" inputs,
preventing dummy inhibit current from flowing. If either input receives a -1,1v
0", the transistors switch to the conduction state and current is allowed to flow

from the output pin to ground,

‘A level-shifting action is provided by the 4. 1v zener diode CRCS 'This diode is

- reverse- biased so that its operating point is beyond the knee of the breakdown
reglon, thus the cathode remains apprommately 4, 1v positive w1th respect to the
" anode, - regardless of current fluctuations. ‘

' When the AND is satisfied by -5. 8v "1" inputs, this voltage level plué the forward; ’
‘drop of diodes CRO1 and CR02 holds the anode of CRO3 at approximately -6.1v.’

~ The base of Q01 is therefore at approx1mate1y 2v. The emitter of Q01 is held

-~ at approx1mate1y ~0, 3v by the forward drop of CR06. This places a reverse bias '}"
~of 1. 7v across the base-emitter junction of QOI ‘so that it is well into the cut off ;
region. In addition, the 0.3v drop of CRO6 reverse b1ases the base-em:.’cter S
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junctioh of QO02, SO that it is also cut off. Thus, except for hegligible leakagé »
effects, the output pin is completely isolated from ground.

- When either input receives a -1.1v '"0", the anode of CR03 is held at approxi-
mately -1.4v. The 4. 1v voltage differential across the zener diode CRO3 ’
attempts to hold the base of Q01 at approximately +2.7v. This causes Q01 to
switch on and conduct heavily, but it is clamped out of saturation by CR04. The

" emitter voltage of Q01 rises to approximately'+2 2v, providing drive to the base

-0of Q02 Transistor Q02 thus switches to the conduction state, allowmg current
to flow from the output pin to ground.

The connection of diode CR05 and the +40v supply provides a clamp for the
collector voltage of the transistors, When the transistors switch to the non-
"conducting state, the inductance of the dummy inhibit line will tend to in‘duce
high-voltage transients; however, these mductwe transients are clamped at +40v.
plus the drop across the silicon diode CROS.

85385



DRIVER TRANSFORMER

Card Type C10
~ FUNCTION  * |
: _ The functlon of this card is to provide half- currents of 340 ma at approx1mately i
. 44v to the memory stack when supplied with primary power at the +20v level. The

card containe four 6:4.5 voltage step-up transformers, each havmg two secondary :

§ windings of 60 turns and a center-tapped primary of 90 turns. The transformers

are connected so that two operate simultaneously with their primary wmdlngs

~ energized in parallel from +20v and their secondaries connected in series. The
output voltages are therefore additive, resulting in levels of approxxmately 44v. A

i - This cand operates in conju'nction with three other cards; a gate card which ‘

: -switches a source of +20v into the center taps of the transformer primaries, and |
' with two transformer driver cards whxch allow current to flow from one of the
;prlmary w1ndmgs to ground. : ‘ ’ '

OPERATION_ ‘ o

A schematic of the circuit contained on card type C10 is presented in the
accompanying dlagram, with the transformers indicated by dashed outhnes. The
- transformers are identical, ‘each having four windings and seven connectmg pms A
as shown. Slh.con diodes at transformer pins 3 and 5 provide isolation so that
current cannot flow through a primary Wmdmg in the wrong d1rect10n, and prevent
"jfmteractlon between transformers. - ' g

‘The dots on the transformer windings indicate the direction of current flow. |

s Fpr example, if current flows into the dotted end of the prunary winding, current

oA QL

“will also flow into the dotted end of the secondary winding. There will consequently
~ be a voltage reversal between the dotted ends "of ‘r.he, primary and secondary windings.

. - As an example of operatlon assume that card pm 11 is energ1zed from a e .
‘source of +20v. This 1s fed to the center tap of the pr1mary wmdmgs of trans- 7
formers TOl and TO02. Then, by connecting card pins 1 or 10, and 6 or 15 to ground
it is poss1b1e to produce either +44v or -44v at either pin 12 or pin 13 whzle the

.9’ o et . i«
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other pin remams at essent1a11y zero potentxal The positive and negative potentials :

B correspond to the memory cycle, in which a current of one polarlty is used to read"

and the other to “wr:te .

i iTo.‘p'rooiuce -44v at pin 12, the external circui’c’rywould connect card pins 10
= and 15 to ground, allowing 450 ma to flow through windings #1 of TO1 and T02. The

primary voltage is of the order of +18v, due to the drop across the silicon diode

and external circuitry; however, the 6 4.5 transformer step-up produces a secondary
‘;;voltage of approximately +22v.

‘ It is seen that windings #4 of TO1 and TO2 are connected in series so that the
" \voltages are addmve resulting in -44v at pin 12. It is further seen that windings

" #3 are connected oppositely, so that the voltages cancel and only a negligible effect -
~is produced at pin 13. However, -44v will appear at pin 13 with negligible voltage ey
at pm 12 if the external circuitry grounds pm 6 mstead of pm 15.

_ If it is desired to produce +44v at pin 12, then pins 1 and 6 will be grounded;
f ‘and if the +44v is to appear at pin 13, pins 1 and 15 will be grounded.

S Under thé preceding sets of conditions, the voltages appearing on pins 12 and 13 i
will appear on pins 2 and 3, if the source > of +20v is gated into pin 4 instead of pin 11.

The vamous outputs available at p1ns 2 3, 12 ’and 13 and the condltlons neces—
sary to produce them, are listed below. Pin 5 provides a common return for f
~ pins 12 and 13, and pin 14 provides a common. return for pins 2 and 3. :

Gate'+20v - Enable Ground . e Resul’ung Voltages at (;
. into: - ." Connection From: = Pin2 'Pin3  Pin. 12 - Pin.}13 -
© Pin4  Pins6&10 - -44v | .
. Pin4 . Pins1&15 . ) NN (T
 Pin4 . - Pins10&15. o o-adv'

~ Pin4 . Pins1&6 +44v S

Pinll Pis10&15. . . a4y

~ Pinll - . Pinsl&6 waav o
imeu S PN 610 s e e ‘-44# S
‘Pinll . Pinsl&15 R g



BASIC INVERTER CIRCUIT "

The basic invertér circixit‘consists of two transistor stages, as shown in
figure 1. Transistor Q01 is a grounded emitter stage which supplies AND
current to the load, " and transistor Q02 is an emitter follower stage whxch :

‘_ supphes OR current to the load.

" The input to the circuit consists of two levels of diode logic. The maximum
" number of inputs is limited by the number of available input pins on a ‘
circuit card; howeVer, the maximum numbef of individual inputs to any
single A'ND cannot exceed 6. The number of OR inputs has no sncmlar
- restriction, and is 11m1ted only by the number of input pins.

The input logic diodes are Hughes HD2969, which are medium speed
germanium devices. A set of graphs is included in this report which

shows the comparative recovery time of these diodes.

The response of an AND input is a function of the time constant of the AND
resistor RO1, shunt circuit capacitance at point @, and the recovery |
speed of the input diodes. Because additional AND diode inputs increase
the shunt capacitance, it is necessary to decrease the size of the AND
resistor a proportionate amount as the number of inputs to the AND v
- increases beyond 3. Smce the OR inputs are not affected by this time con~ ‘
stant, the output of an inverter circuit has better switching charactemstlcs o
with an OR input than with AND. 1nputs. . '

The transition speed of the AND cii'cuit varies inversely with the recovery -
speed of the AND diodes. Slow diodes allow add1t10na1 recovery current

to be drawn, wh1ch in effect allows a larger turn-on current m the flrst ~ P

transmtor stage., -

©3-39
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The input resistor and diode network of transistor QO1 establishes the

. clamping levels for the output signal. This network also provides feedback
to the base of Q01 which stabilizes the two quiescent values of the output
voltage. ' ' |

The input network establishes an input threshold level of approximately

-3 volts. Thus, the input signal must be more negattve than -3 volts .

before transz.stor Q01 turn-on current is allowed to flow. Silicon. forward _
drop diodes CR21 through CR24 are used in the input network to obtain a
constant d-c level for signal threshold. These diodes also have a low _
dynamic impedance which causes little attenuation of the input signal current.

The 22 uuf speed-up capacitor C01 on the input of the first stage bypasses

the 1.2 k resistor R10 and the diode network during the initial rise or fall ;
of the input signal. This provides additional drive to the base of Q01 durinhg‘
the input signal transition, -thereby speeding the switching of this stage.

Feedback is accompli'shed through two high speed silicon diodes CR25 and
" CR2 6, which have very low stored charge,characteristiCS. " If these diodes’
were capable of storing excessive charge, there would be additional delay
in switching. By using diodes with very low storage the initial switching

speed is greatly 1mproved

When the grounded emitter étage Q01 is turneci on, collector current flows - |
out of the circuit through the series diode CR27. In this state, Q01 can
supiply current to 8 AND loads. Transistor QO1 is clatnped out of saturation
by the silicon feedback diode CR26, and the output voltage settles ata
nominal value of -1.1 volt. - The voltage drop across diode CR27 insures:

a back bias being applied to the base emltter Junctlon of Qo2, thereby keepmg
this stage turned off i



When Q01 turns off, the collector voltage starts to rise toward -20 volts.
- Since the voltage across the load cannot change as qulckly as the collector g
voltage of QO01, the series output diode CR27 is back- blased and the ou‘cput
; emltter follower stage Q02 is turned on. ' '

The turn-on current is apphed to the base of QOZ at the rate at which QOl
~ turns off. The turn-on current is the current that is drawn through the
'"’hrst stage collector resistors R15 and R16, and this current is available
to turn on the output stage only as fast as 1t is turned off 1n the f1rst stage.

:f Tranmstor QOZ in the on state proceeds to drive the output voltage negatlve. ‘
CAt about -5.8 volts, the output is fed back to the input of the first stage by
diode CR25 to start the clamping action. Since this process has delay
associated with it, the output signal overshoots the -5. 8 volt mark and may o

,‘ ,'carry as far as -8 volts. The circuit then settles the voltage back to the T
-5.8 volt level. Durmg thxs tlme, transmtor Q02 can pass the current of f R -
~ 8 OR loads through to the ~20 volt supply | | o

~ The sWitching_ speed ofk the’circuit is slightiy faster when driving OR loyads‘
'instead of AND loads. With full AND 1oad1ng, the .turn-on and turn-off :
! transition times are 1ess than 30 nanos econds The trans1t10n time to the £
=3 volt threshold is approx1mate1y 10 to 15 nanoseconds. Thls accounts for |
" the maJorlty of the 1nverter c1rcu1t delay, Whlch is less than 20 nanoseconds .'
f,‘In the case of drxving 8 OR loads the transmons are fas’cer Th1s is i
‘because tranmstor Q02 is bemg driven by Q01 and the gam of both ’cran-' | o g
- sistors is effectwe in switching the load. Thls additional gain causes the o
output load to be drwen harder and therefore swztches 1t faster. ’ - . et




Ground Rules

7.

An inverter may simultaneously drive 8 AND loads, 8 OR loads, or
any combination up to 8 loads total.

A flip-flop or a control delay may drive only 7 loads, becauée it is -
required to provide its own feedback which constitutes 1 load.

The switching' time for a circuit output to change from a -5.8v "1" to
a -1.1v "0", or vice versa, 'is approximately 30 nanoseconds.

~ The delay time required for a circuit output to reach the -3v threshold .
~ is approximately 10 to 20 nanoseconds and is dependent upon the loading.

A circuit having an OR input will switch faster than a circuit having an
AND input; thus the delay time is reduced with an OR input.

" Generally, two electronic inversions and a total of 60 inches of lead '

length are allowed Between successive clock phases This rule may’

- be violated in cases where the logic circuits are very hghtly loaded,
but all such cases must be 1nd1v1dua11y inspected to certify: satlsfactory

-operation.

Any 1nterconnect1ng lead more than 80 inches long must be clamped -

by means of the circuit on card type C02.

- - - o o

'All drive lines from H  terms toN , V or Y terms must

be clarnped regardless of length c o T

N, V-“, and Y  terms havmg a clock 81gna1 on an AND mput mustf*
" use one of the’ spec1a1 card types numbered cr2, C73 and C74. The
" clock mput must be on the followmg pins: N

L kcard Type © . Inverter A i o Inverter B
¢im . z2or3 10 orlll
- Cm - .. . 5or6 . 13or14

e




10. In case an entu'e AND mput group is unused at 1east one of the mputs must
s . be grounded i ERSH ) ‘ g
11, = All OR inputs on control delay cards are effectively single-way ANDa, and S
" .must be grounded if not used. : -

*:n:, Test Results ,
: The following pages contam graphs showmg the comparative recovery tlme of -
: the logm dlodes and the margins over which'the +20v and -20v supplies may vary

The voltage margin tests were made by varying the supply Voltage of an entlre
- chassm until failure occurred. The final version of the inverter circuit was tested
~‘v~”k1n a chassis composed of 1170 cards which contained 2046 mverters.
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TRANSMITTER AND RECEIVER
Card Types C62 and C61

GENERAL ‘
The circuit donfiguration'shOWn in figure 1 performs high speed transmission

of digital information from one module to another. Inputs to the transmitter circuit

‘are logical "1's'" and "0's" of -5.8v and -1.1v, respectively. The transmitter

. converts these siﬁgle-end_ed inputs to double~-ended outputs suitable for transmission

- over a balanced transmission line. Tests using an 8—megacyclé bit rate input have

shown that 1 transmitter will satisfactorily drive 20 receivers and 19 unused trans-

mittérs located at any point along a 200 foot transmission line. '

The transmission line is twisted-pair having a characteristic surge impedance
of approximately 110 ohms and is terminated at each end in its characteristic
impedance. Transmission 31gna1 levels are approx1mate1y 0. 5v line-to-line, and

a'l" is dlstmgmshed from a '"0" by a full voltage reversal

The line voltage levels which represent a '"'0'"' are established by current flow
from the +20v to the -20v source at the terminating resistors. Each of these
currents is of the order of 5 ma, so that the total voltage developed across the

termmatmg re31stors is approximately 0.5v.

When the 3-way AND input to the transmitter is disabled by a '"'0", transistor
N Q01 is turned on and current is shunted around the two constant current drivers
Q02 and Q03. With the AND enabled by ''1" inputs, QO1 is turned off, thus allowmg'o )
Q02 and Q03 to drive a constant 20 ma into the transm‘ission line. Originally, the
 bias networks on the line were producing a 5 ma current flow in one direction
through'the terminating‘resistor‘s, "but when the transmitter switches on, the
direction of net current flow through the terminating resistors effectively reverses. |
The current from the transmitter divides into two 10 ma currents which flow through'
o each line termmatlon This current is in the opposne direction to the 5 ma ‘bias 'v k
current; thus the net current flow is 5 ma in the opposite d1rect10n, producmg a :
~voltage drop equal and opp051te to the original voltage. This results ina full VOItage
‘reversal for separating a """ from a ”0" although the signal level remains of the
order of 0.5v line- to-lme. ' B Tl
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"77{ 'TRANSMITTER, Card Type cé2 . 5 Lolendy
. The printed circuit card contams two identical transmmer cu'cuxts de31gnated
o A and B, A typ1ca1 circuit is shown in flgure 1. e

g
S

o - "The logic iﬂPUf C‘ircuitry consists of a 3-way AND. The output of a standard
loglc card constitutes a proper input to a transmitter. A logical ""1" 1nput causes
f,transmtor QO1 to turn off and Q02 and Q03 to turn on, whﬂe a "0” mput has the ‘
"'Opposn;e effect. L . ;

: Trans1stors QOl and Q02 are NPN silicon CDC C05’s and Q03 is a PNP ‘
; ';germamum CDC CO03. Their charactemsncs are hsted in the cornponent sectlon

‘ CA-1.1v"0" input to the base of Q01 causes the emitter-base junction to be'
-forward biased, turning Q01 fully on. When Q01 is turned on, a shunt path for ,"_
current is provided around Q02 and Q03. Since Q02 and Q03 no longer have a source
.’;;vof current no current 1s mJected into the transrmssmn Ime 5

When the "AND" input is satisfied, the base of QOl w111 be held at approx1mate1y
-6.4 volts. This reverse-biases the em1tter-base Junctlon by approximately 3 volts .
and causes QO1 to be turned off. Smce the shunt path for current around QOZ and
- Q03 no longer exists, they become constant current generators of opposite polarmes. '
QO3 injects a current of approxnnately 20 ma into the line and a hke amount of '
current flows out of the line into Q02 | :

~* The base networks of Q02 and QO3 each contain a 3v zener diode which performs
two functions. In the first case, the zener diode sets the voltage level at which ;
‘the emitters of Q02 and Q03 will reach their turned- on state. This, in turn, sets -
' the threshold that must be overcome at the base of QOl, since its emitter is at the |
k“same potent1a1 as the em1tter of Q02. In the second case, ‘the zener diodes set the
;i”base voltages of Q02 and Q03 which determme how much noise voltage will be i
- allowed at the collectors before the collector-base Junctlons become forward blased.
. This value of noise voltage is somethmg over 3 vol‘cs since the forward drop of the o
collector~base Junctmns adds to the zener dlode voltage.» Thls means that the
'ff'transm:Ltter will operate satisfactorily with up to 3 volts of random noise on the ‘
"transmlssion lme. R e ' '




TRANSMITTER / TERMINATING RESlSTORS\ I RECEIVER
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NOTES

I. THE CONNECTION SHOWN DOES NOT PROVIDE A LOGICAL INVERSION; A"l INPUT RESULTS IN A'l" OUTPUT.
2. TO PRODUCE AN OVER-ALL LOGICAL INVERSION, THE TRANSMISSION LINE CONNECTION AT THE RECEIVER WOULD BE REVERSED.
3. THE TRANSMISSION LINE CONNECTION AT THE TRANSMITTER CAN NOT BE REVERSED, BECAUSE OF VOLTAGE POLARITIES.



i

" The transmitter must be connected to the line in only one polamty, as shown
in figure 1. This is necessary in order to provide current through the termmatmg

resistors in a direction opposite to the bias current.

TRANSMISSION LINE

_ A terminated balanced twisted-pair transmission line is used to carry digital ‘
information from the transmitter to the receiver. This information is in the form
of line-to-line differential voltages of fhe order of 0. 5v, with a complete voltage
reversal distinguishing a "1" from a ''0", |

- The surge impedance of the transmission line is 100 to 120 ohms. The line is
terminated at each end with a 112-ohm resistive load, consisting of two 56-ohm
resistors in series across the line with an opti‘onaxl center ground reference. This.
provides very good impedance matching and, as a result, reflections and standing

waves are minimized,

Present plans call for biasing the line at each end by means of 3. 9k resistors
to +20v and -20v to achieve a 5 ma bias current through the terminating resistors.
This holds the "0" state signal level at.0.5v line-to-line. In the future it may '
prove feasible to bias the line at one end only, or perhaps in the center. This
- modification would necessitate a change in the size of the bias resistors.

The length of a transrmssmn line may be up to 200 feet, with up to 20 trans-
mltters and 20 receivers placed in parallel anywhere along its length

_' Bit rates- of' 8 rhc or gfeater'ai'e possible on a 200 foot line. Low bit rates over
longer distances are limited by the DC line losses, however transm1tters may be h
paralleled for longer dlstances to overcome these losses. ‘

The velocity of signal propagefion along the line is approzﬁimetely 50% to 60% of
the velocity of light. This results in a time delay per foot of the order of 1.6 to &
1.8 nanoseconds. i EE o ’ R o

The balanced system using differential receiving techniques allows a difference

~in noxse levels of up to 3v to be tolerated between the transmltter- ground reference
and the receiver ground reference. ‘ s '
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: 'RECEIVER Card Type C61 . s
, The printed circuit card contains two 1dent1ca1 receiver circuits designated A L
and B. . A typical example is presented in figure 1. The portion of the circuit
connected 'to the collector of Q01 is quite smmlar to a logmal mverter, wh1ch is
dlscussed elsewhere in this report '

o This c1rcu1t functzons as both a d1fferent1a1 amplifier and a d1scr1mmator. It i
provides a logic output of either "1'" or "0", according to the polarity of the ’
: dxfferenttal 0. 5v signal whwh the two mput termmals receive from the transmlssmn :
b line. . i
The 01rcu1t inputs are connected dlrectly into the bases of QOl and QOZ The
"O 5v differential input is centered about ground so that one input shifts approxi- ‘ o
o mately 0.25v positive while the other input shifts negative a similar amount. The
two mput tranmstors QO1 and Q02 are PNP type. CDC CO07's; thus the transistor '
'vvwhlch receives the negatwe input. will donduct more heavﬂy wh1le the one rece1v1ng
\the pos1t1ve input will conduct’ less heaV11y '

oy The circuit 1s such that a negatlve input to the base of Q01 and a posu;xve mput
'ff.,to the base of Q02 results in a logical "'1'" at the receiver output. Under the ' ‘
: opposite conditions of a positive input to Q01 and a negative input to Q02, the output :
Cwill be a logical ''0". Thus, by reversing the connections at the receiver inputs, . |
:"" ’v1t is p0551b1e for a given set of conditions on the transmlsswn lJ.ne to produce e1ther
 a a'1"ora "0" at the receiver output ’ '

"The circuit shown in figure 1 does’ not produce an inv ers*on between 1nput to the-
& transmltter and output from the receiver. A Hyn input to the transmltter produces s
a transmlssmn line s1gna1 of approxnnately 0.5v line-to-line with the polarity as -
b shown. This allows transistor QO1 to apply approx1mately 5 ma of collector current ;
~to the Junchon of R0O7, RO08, and the anode of CROl Whlch causes Q03 to sfmtch off .
: and Q04 to switch on, prov1dmg a "1” output In this state, tran51stor Qo4 can o
,:drxve 8 OR loads. W1th opp051te condltlons at the recelver mput the output can

1‘; drive 8 AND loads: .

ogsae




A Ground Rules

1. The output of a logic card constitutes a proper input to a transrmtter.
2. The output of a receiver constitutes a proper mput to a logic card. ,

3 3. A receiver may drive 8 OR loads, 8 AND loads, or any combination
resulting in 8 loads total. ‘ ‘
’4. The fransmission line is twisted~pair, hairing a svurgé‘impedanée of
100 to 120 ohms. |

5. The transmission line may be any length up to 200 feet.

6. The transmission line is terminated at each end in a resistive load
approximately equal to 1ts surge 1mpedance.

7. A 1og1c:al inversion between input to transmitter and output f_rbm _
. receiver may or may not occur, depending upon the transmission

line connections at the receiver.

8. ‘The transmlssmn line connections at the transmitter can not be reversed
due to the polarity of the line bias voltage.

9. Up to 20 transmltters and 20 receivers may be connected anywhere ‘
along a transmlssmn line. ‘

10, A transmltter having an 8 megacycle bit rate input w111 drive 20 rece1vers
' at the end of a 200 foot transmission line, with 19 inactive t‘ransmltters, .
- also connectéd to the line. S B B

~ 11. Inactive transmn.tters and receivers do not load a transmlssmn line and
do not have to be’ dlsconnected from it. ' S
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RESYNC CIRCUIT.
Card Types C64, C65, 066

 GENERAL = e B | :

‘ The resynec circuit shown in fi_gufe 1 is contained on three printed circuit : ,
- ‘cards, the type numbers being C64, C65, and C66. The logical operation of this =
. circuit is presented in figure 2, and a timing diagram is shown in figure 3.

: The functionﬁof a resync circuit is to synchronize an asynchronous signal of

. random length with the computer clock. Upon receipt of a logical "1" input signal,
- -the resync circuit produces a "1" output during a clock phase. This output is -
62, 5 nanoseconds long and is noti repeated regardless of the dura’uon of the input.

: ‘ The average time requlred for resynchromzatlon is 2 clock phase times, takmg
e :mto account the 40-nanosecond circuit delay. It is possxble however for th1s to
 occur dnrmg 1 phase time, and it will never require more than 3. A simplified |
‘timing diagram of the resync circuit is shown in figure 3. The best case and worst:ﬁ
- case conditions refer to the length of time requlred for synchromzatlon .

‘ Loglc levels W1th1n the resync clrcult are in the pos1t1ve voltage domam A
,"O" is represented by +0.7v and a "1" by +1.7v." B

 LOGICAL FUNCTIONING
" With initial conditions preva1l1ng, the mput to the circuit W1ll be a steady ”0”

" and the output of inverter 1 will be a steady "1",. When a "1" input is ,recelv_ed by}v o
5 - the circuit, the delay line allows the output of inverter 1 to remain a 1" for- ‘
~ approximately 25 nanoseconds, and it'is during this tirne that FF 1 is set.

; Next, 'FF 2 is set by the output of invei'ter 2, ThlS output is timed by a clock
phase which may be even or odd, but the relatmnshlp between the phases of the
- elock’ mputs must be as shown in flgure 2 ‘

. With FF 2 set “the. "1" is. gated out of the c1rcu1t by a full 62 5 nanosecond !
;clock phase.. Followmg this, the shlfted phase clock mput clears FF 1 and FF 2
;”and initial condmcns prevmh ; ‘ o o
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CARD TYPE C64

I. ALL TUNNEL DIODES ARE TYPE TD-I.
2.ALL TRANSISTORS ARE cCDC (3271,

CARD TYPE C65
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RESYNC CIRCUIT
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RESYNC CIRCUIT TIMING DIAGRAM
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'CIRCUIT OPERATION

As shown in figui'e 1, except for the transistors in the output logic level

- translator, all of the resync circuit transistors are CDC 1321. This is a high
speed silicon NPN type, having a gain~bandWidth of 1 kme, which provides a time
per inversion of approximately 4 nanoseconds, as used in this circuit. All of the .
,CDC 1321 transistors have a base-to-collector tunnel diode network. This network
establishes an input threshold level and holds the output voltage at the sum of the
tunnel diode drops and the base-emitter junction drop. ‘

The tunnel diodes are type TD-1. This is an axial tunnel diode having-an
Ip =1 ma and a pr 500 mv. Assuming an ideal case, two tunnel diodes' in
series would switch at 1 ma with a composite- pr = 1v. Due to slight individual
differences, no two tunnel diodes will switch at exactly the same point, but the
difference is negligible in this high speed circuit.

Logic level translators 1, 2, and 3 perform the function of changing a -5.8v
"1" {0 a +1. Tv """, anda -1.1v'"0" toa +0.7v "0". Upon receipt of a -1.1v "0"" "
input, the tunnel diodes will be back-biased and they will be in the low voltage state.
. Thus the collecfcor potehtia_l will be held at the potential of the base, which will be |
approxiinately +0. 7v, being a grounded emitter silicon transistor. HoweVer,‘ u_poh
vrecelpt of a -5.8v '"1" mpxit the 6.2v drop across the zener diode caoses tunnel
~dlode current to increase to approx1mate1y 1.2 ma, so that they switch to the hlgh
~voltage state.. This causes transistor conduction to decrease and the collector ‘
voltage becomes equal to the sum of the tunn_el diode voltages and the base- ermttex} Y
~‘voltage, ‘a total of +1 Tv. e | |

The inverter c1rcu1ts change a +1.7v ”1” i\nput to a +0. Tv 0" output and v1ce " o

fversa. : Agam, the output levels are taken from the collector and the collector

e poten’ual is equal to the sum of the tunnel diode voltages plus the base-emltter e

' jvoltage of the silicon transistor. The time requlred for a trans1t10n from one state i
~ to the other 1s approx1mate1y 4 nanoseconds. ‘ - ' , ,

[T




. As shown in f1gure 1, the two fhp-flops are each constructed of two. mverter
' circuits provxded with cross-coupled feedback from collector to base. These
fhp-flops are bistable c1rcuits and are therefore capable of storing mformatlon

The output logic level translator is quite s1m11ar to a loglcal inverter cu'cu1t
_ which is discussed elsewhere. This circuit converts a +0.7v "0" into a -l.1v i
_"'0", and a +1.7v "1" into a -5. 8v ", It is capable of driving up to 8 logic cards,
- :"fﬁiau of which may be either AND or OR, or any combination resulting in 8 loads
= f{ _total, The input to this translator consists of the set output of FF 2, ANDed With
¥ the output of loglc level translator 3. This produces an output pulse ‘width of
’ ;'62 5 nanoseconds, ‘since the input from the clock slave inverter is a =5.8v e i
» - for this length of time. There will be a delay of approx1mate1y 40 nanoseconds from o
i ,’ th1s input to the resync c1rcu1t output. ' |

L The grounded emitter trans1stor is a PNP type CDC CO01. The base b1as is
' such that a +0. v o allows it to switch on, producing a =-1.1v "0" output, whlle
l ~ : a +1 v "1""input- causes it to switch off, producing a =5. 8v. " output. - ’
f,_f'varound Rules e
: The clock glave inverter 1nput to | pin 12 of the C64 card should be phase-
5 ~ shifted to obtam maximum resync speed ‘

, The resync circuit may drwe 8 AND Ioads, 8 OR loads, or any combmatmn[-f
© .upto 8 loads total. R

| 'There will be a’ delay of approx1mate1y 40 nanoseconds from the clock ,
, slave mverter mput at pin 10 of the C66 card to the resync c1rcu1t output

gl




CAPACITIVE DELAY
Card Types C67, C68, C69, C70, C71

FUNCTION

The functiona of a capacitive delay is to provide an interval of time délay
between successiive logical operations. This is done by regulating the length of
time required for a logical "1'" to pass through the delay circuit. The delay time
for'a logical "'0" will be approximately one-tenth of the delay time for a logical "1

The circuits contained on cérd types C67, C68, C69, C70, and C71 prbvidé
delay times ranging from 20 nanoseconds to 40 milliseconds, and are shown in’
figures 2,3, 4, 5, and 6. In addition, the delays on card types C68 and C69 may be
varied through a range of approximately £15% by means of the variable resistor R02.

OPERATION, Card Types C67, C70, and CT71

A delay circui‘c configuration is shown in figure 1, with typical waveforms. It
consists of a capacitor from the signal line to ground, having a source of charging
current through a series resistance with the voltage regulated by a 15v zener diode.,
The delay time from A to B is the time required to charge the capacitor to the input
threshold level of inverter B when the output of inverter A switches toa -5.8v "',

The éharging voltage on all card types except C70 is stabilized at a constant
15 volts by a zener diode. The delay time is therefore proportional only to the RC
time éOnstant of the series resistance and the capacitance, and is not affected by . .
small line voltage variations. On card types C68 and C69, the series reSiétance " ,

is‘va'riable by means of a 2K potentiometer. This provides' a close adjustment of Srin

the delay times through a range of a_pproxivmafcely +15%. - B

On all card types except C70, the input to the delay is a 3;-’way AND, and any "

unysed input is effectively a steady "1'". The delay circuits on card types C67 .,
and C71 may drive OR loads only, and the RC time constant resistance also acts ey

as.-the AND resistance,



The AND mput containg FD 1032 silicon d1odes havmg a voltage drop of _
: apprommately 0.6v; thus point @ on figure 1 is always 0.6v more negative than
" the logic-level input. The voltage across the capacitor is controlled by the level

 of the input signal. With a ~1.1v "'0" input, this voltage will be approximately -

~.=1.7v. When the input from A switches to a -5.8v "1", the voltage at point @
_f.f“\'iapproaches -6.4v'in an exponent1a1 curve according to the rate at which chargmg
current flows into the capacitor. At the threshold level of approxlmately -3v, -
| t;':;nverter B will switch state.

5 OPERATION ‘Card Types C68 and C69 . 4 |
The c1rcu1t contained on these cards is designed to provide stable delay tlmes ‘
g ‘of relatively long ‘duration. It consists of a capacitive delay followec} by a double ’
‘:}mvertmg}network such that the circuit does not produce an over-all logical inversion.
: The circuit output characteristics are similar to those of a logic card, and it
will drive a maximum of 8 10gi¢~card loads. These may be 8 AND loads, '8 OR
~ loads, or any combination up to 8 loads total.

- As discussed in the previous section, the delay time is the time required to
charge the capacitor to the threshold level of the folloWing inverter when the circuit
“input switches to the -5.8v "1" level. The threshold level at which the inverter W111 ,

- switch state is approximately -3v, but often varles shghtly from card to card.
._fFrom an examination of the exponentlal charge curve of the capacitor, it is seen

~ that a ‘small variation of the threshold level will make an appreciable dlfference in

- the delay time. This variation can be eliminated by always usmg the same inverter
.': with a given capacitive delay. Mounting the inverter on the same card ensures that v
‘v'the capamtlve delay will always dr1ve the same 1nverter and the threshold will
: remain essentially constant R G

o As d1scussed prevmusly, ‘the 1nput logic diodes are h1gh speed devices havmg
‘a voltage drop of approximately 0. 6v. This holds the anode of zener dlode CRO5
';,at a potentlal 0 6v more negatwe than the log1c~1eve1 mput. e




Zener diode CRO5 functions as a threshold-setting device. The breakdown
‘voltage of CRO5 is approximately 4. 9v; thus with its anode held at -6.4v by "1"
~ inputs, CRO5 applies approximately 1.3v of forward drive to the base of Q01. As
- the circuit input goes negative, 'conduction increases through CR05 and resistor ’
R05." When current flow through R05 reaches approximately 0.36 ma, the negative- ;
going input starts to draw turn-on current from transistor QO1 . The input' continues |
moving negative to the -5.8v "1'" level, causing QOl to conduct heavily. | '

A-1.1v 0" mput holds the anode of CRO5 at approx1mately -1.7v. In this
"state CR05 does not have sufficient bias to hold it in the zener breakdown reglon
The base of QO1 is therefore held at a low positive voltage by resistors R05 and ROS,
and Q01 is cut off. ' ‘

. Base dri‘ve for transistor Q02. is taken from the collector of Q01. When =5.8v
"1" inputs cause Q01 to conduct heavily, its collector holds the base of Q02 at
approximately -0.5v, so that Q02 is in a state'of minimum conduction. The collector
voltage of Q02 is clamped at approxunately 6v by resistors R07, R08, and diode B
CRO6.

The -6v level is applied to the base of Q03 and its emitter is is'olated by CRO7.
~ Transistor Q03 is connected as an emitter follower, and in this state, 1t can supply 5
OR current for 8 logic card 1oads, '

A-1.1v 0" 1nput causes QOl to cut off and its collector voltage rises toward
-20v, causmg iransistor QO2 to conduct heav1ly The collector voltage of Q02
approaches -0.5v, and the circuit output becomes a logical "0". In this state, o
transistor QOS is cut off and Q02 can supply AND current for 8 logic eard loads |
Pos1t1ve feedback is prov1ded from the collector of QO2 to the base of QOl by o
resistors R05, RO0S, and capacnor C09 Th1s produces a regeneratwe effect whlch'i
| speeds the swfcchmg actlon o i
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GROUN D RULES

. 1. Each delay circuit contamed on card types C67 and C71 may drive only
: Q"'one logic c1rcu1t

. 2. - 'The outputs of delay circuits contained on card types C67 and C71 must
i always connect to logic circuit OR inputs. '

- The delay circuits contamed on card types CBB and C69 may drxve 8 AND
loads, 8 OR loads, or any combmatwn up to 8 loads total. ‘

The nominal delay time s pertam to a loglcal ",

 The delay tlme for a logical "0” will be approxlmately one-tenth of the . .
S correspondmg delay time for a 1oglca1 "1, | S A i e




TYPICAL CIRCUIT CONFIGURATION

<

-15V, REGULATED BY ZENER DIODE

0.6V DROP .
ACROSS DIODE .

A B > 8 |
INVERTER | INVERTER
. ‘ bl 4 .
L "oR" INPUT, ONLY -
P ( CARD TYPES C67 AND C7i)
‘. " “ll 5 8V
OUTPUT OF A
"0 = AV — . ;
- - - ' EXPONENTIAL CHARGE 'CURVE
o o ;
- —6.4V R K
VOLTAGE AT POINT (D : ‘ ; | .
(INPUT PLUS DIODE DROP) : . — THRESHOLD, -3V -
—L7V — ‘ s '
| e
: u[u -5, 8V | l
OUTPUT OF B b
B A N S
B
S R
DELAY TtMEA‘—ﬂ "--
‘NOTE . RN '

CARD TYPE C70 DOES NOT HAVE A SOURCE OF
CHARG(NG CURRENT :
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‘CRO2
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.CRO3

CINPUT

CAPACITIVE DELAY, leso
i CARD TYPE cer

=20V
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e : chl:zéms S
Z%?K PGS 15V ZENER

4
o—Pi
*'LOGIC DIODES FDI032

©

13001 (| WSHMAEE

.0 21

220 f

TN
-

12 co3 N
PAR

620 ppuf

R D

. 2700 upf |

o
’;,

!
'..g

T

ANY EXTERNAL JUMPER CONNECTS PIN 5
TO THE DESIRED DELAY.. :

. wdensas
*—
-—

0.5 uSEC =

o 2pusEc

NOMINAL DELAY TIMES

0.1 uSEC

> o'.’z; M SEC.

i msec
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CAPACITIVE DELAY, VARIABLE

AT I . ... CARD TYPE C68'
-20v
ROl -
- lK ’

CRO! )

20 } RO2 ; CRO4
2K \

coC 4210 X o ﬁkugs‘a,ss

CRO2 1 »

3 O @i 7 : o
.CDC4210 RO3

| CRO3 - 27K 2 .
'4C : TEST

COC 4210 we POINT o

i

1}

50O L

| RIO
470
600 A |
$0 .oo06gut/l

5 4 SEC
Qo3

CDC
co2

G 10 'ssc
Oolsuf /i ' (o _ »
' ' CR9,5 A.
~ co3 \lOIG,u.f ‘ ' 'gv %A,
B e a1 R
HO .+ $——4q25uSEC

00

. €04 /i 018 pf

Qo2
COI ) v TEST. e

CPOINT ;0o

. ’ "] Roe <
_A.‘C_Q..5.9P.9_3_3_fd., S | 33K <&

12 O— . b {sousec | -

COG/'O39F.1‘

Qol
jcoe

co7 \l -
0I5 pt /1

n‘s c 1004 SEC 7 56KS,

R TR T . 4

0.82 ;J.f7'

14 cf 5004 SEC

w20V -

NOTES: .
. EXTERNAL JUMPER CONNEGTS PIN 5 To oesmso DELAY. = s
2. NOMINAL DELAY TIMES VARIABLE ‘& ts% BY ADJUSTING RO2. " o S ‘
3. THE CIRCUT DOES NOT PRODUCE AN OVERALL INVERSION. A el e
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CAPAC!TIVE DELAY, VARlABLE

CARD TYPE CSS

Loog CRAEL
P . o2

- cocae210 | 2K

. CRO2 o

“cocas2i0 | 27K S

CRO3 -

.CRO4 .-
IN965
15V

TEST
O

Pbl—-s
_CDC 4200

: : 8 — | | MSEC

- O——3 |——s¢ I MSEC . rz’
' .c03y 27ut
O : 3.5 MSEC

‘ — |
coa“aa;u

O 905) ;'2# IOMSEC = |

POINT B
- -20V

RO9 - LRIO
39K §47o i

. Qo3
' coc
_ coz -

CROS5
IN7OSA
sV

coc -

-

. "FNOTES. |

096}{33#' somsec L

3 B Saomsec

o#20V

”x.' EXTERNAL dUMPER couusc*rs PIN 5 TO ossmso DELAY
2 NOMINAL DELAY" TIMES VARIABLE * I5 Ty BY Aouusrms ROZ
3 THE cmcua‘r ooss NOT PRODUCE AN ovasmu. mveasww. f

jcoi © :
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CROI

' CAPACITIVE DELAY, 20 nSEC
L CARD TYPE C70 = - |

b
INPUT O

- NOTE:

¢

HD 2969 .

" SAME 'AS ABOVE

1. 20 NANOSECOND NOMINAL DELAY TIME, MAY VARY '
ACCORDING  TO LOADING: § E

By

=t

Own

e



CAPACITIVE DELAY, 0.1 ,Lsac
' CARD TYPE C?l' ’

CRO3

IN965B R L
(B o ;  TEST

., ' cRol S S N Lonh B
O Iq L. i ">. o " — O -

. CDC 42i0

B CROZ.}.
O

‘cpc42i0 | . DELAY mO.uSEC
‘ RN L S e 2
T Hoput e

1

' SAME AS ABOVE . B S an

C) L. el A el i e el ._.J
‘

L i __.__"__ [ S -‘-v“ —“* .__,v__ ‘ lO
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MODIFIED M~~~ INPUT
- Card Type C75

FUNCTION _

Two identical circuits are contained on this card, the function of which is to
.enable the 3600 computer system to receive information from a 1604 type input/
output cable. This is done by converting the "1" and "0" signal levels from
-0.7v and -18v to -5. 8v and -1.1v, respectively."

OPERATION _ |
This circuit is essentially a single inverter having one OR input which has
‘been modified by the addition of resistors ROl and R02. These provide a voltage
dividing effect, so that a -18v input résglts in approximately -6;\r at the céthode o B
of CRO1. Similarly, a -0.7v input results ‘in approx.iinatelyr -1v at that poi;nf.. R

The remainder of the circuit ié identical to a single invertei:', which ié
discussed elsewhere. It is capable of driving 8 OR loads, 8 AND loads, or any
combmatmn resulting in 8 loads total
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' MODIFIED M™7™7 INPUT
T   v ' CARD TYPE C75 , |
| ‘_urwo cmcurrs PER CARD).

‘ -20V

-20V

RO7 R03 RO9
39K <S$39K <470

CROS6.

1.8K - FDIO32 '
e . P - ~ pToE%Trﬁ
cro2* AR P o

ox¥ | »
CROZ™  cRro7 | . - S SR G

e 22 C.O:N/' - . FDo32 )
o zepputr RO '
et B croa®
" © cROS

Acros® P
*Hp4ale

Qo2
coe
- Jco2

e
- ; oourpur
HD2969 . L

@l
coc
| col A
RO coned

ex =

!

W

420V

~ TYPICAL INSTALLATION e r“,.... - mmia

 PERIPHERAL .
. EQUIPMENT- usme
- 1604 LOGIC

'13500>SYSTEM4  ;,’ t

l

-

1

   '::"°“= -o 5\/.__,___) . R j o " " o7v .; e S ; .‘ B uon |‘ lV‘_’l*v:_,’_
fe l e 0 ‘*ISY 'f,/',('WDIF‘E'D) :

— “ I E i N St RIPI ,";‘,' ,‘ \vk S ’1 ; & . ‘ S : : : i
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MODIFIED L""" OUTPUT
Card Type C76

GENERAL |

Two identical circuits are contained on this card, the function of which is
to enable the 3600 computer. system to transmit information to peripheral equip-
ment containing 1604 type logic. This is done by converting ''1'" and "0'" levels
from -5.8v and -1. ltf_ to approﬁcimately -0.7v and -18v, which are the signal |
levels transmitted over a 1604 input/output cable. .An M card in the peripheral
equipment converts these 51gnals to -—3v and -0.5v, which respectwely represent
1" and "0" in the 1604 type logic. ’

 MODIFICATIONS ,
The meodified L™"~ circuit shown in figure 1 is quite similar to one of the
'cir(:uitsc':o'ntained on the 1604 card type 62. It has been modified through the use

of CDC C02 transistors, reduction of the Miller feedback capacitance to 32 uuf,
~ and the addition of 1.8 K resistors in the input networks.‘ This enables the
~circuit to accept 3600 logic level 1nputs ‘and results ina swfcchmg time of
approx1mate1y 1 usec. '

" OPERATION | .

: The circuit inputs are a three- Way'AND and an OR The thr‘eshold level at

‘the cathodes of CRO1 and CRO6 is approximately -1.5v. Thus as the circuit

. input becomes more negative, conductlon increases from the +20v source through =

the resistor network. When the circuit input reaches the. -3v 1evel ‘the resulting

: ~voltage drop at the base of QO01 will provide sufflcxent forward bias to the base- “ »
: em:tter Junctlon of transistor QOl so that it starts to swrcch to 1ts conductwn
state. : o o o B

'. 3“ ’7.';5.;,““ "



"V'IMODIFIED L""" OUTPUT

.~ CARD TYPE C76

~(TWO CIRCUITS PER CARD) | ’
=20V POINT
: ROS

CROI  Rogq crO2. .~ g e
§—— ‘ ) ou‘rPu‘r[
Hozgesl e
coll

!5
ZauprT A

" Hp2oes| 'K .
LOTPT L ROB
22082

= @) 6..01;

¢DC~C02/|

-\ QOZ v
CDC-COZ

18K jpaoee - *2

T

“ TYPICAL INSTALLATION

PERIPHERAL
| EQUIPMENT USING

Rl . B .

3600 SYSTEM

4:.i"|"= -5.8V
o"-—l 1w

I
i

-._._.;

L‘--m

1604 TYPE :
CINPUT~OUTPUT CABLE

,IGO4‘LOGIQSg

(MODI‘FIED)

' lllllz,‘_o 7v i
a{_Q,jéiay, *>T

—> e

M---

l" : ‘“3V :
z =05V




The voltage at the base of Q01 is clamped at the sum of the base- emitter ‘
junction drops of Q01 and Q02, which is approximately -0, 6v. Thus, as
the input goes negative, the voltage across R06 will be clamped at
approxzmately 19. 4v so that the current through it does not increase be-

~ yond approximately 0, 9 ma, Therefore, as the input becomes more

negative, turn-on current will be drawn through trénsistors'QOI and QO02,

This action begins when the input reaches approximately ~3v, and as the

input continues moving negative to the -5.8v "1" level, QOl and Q02

switch to a state of heavy conduction, S ‘ ' : B

, Transistor Q01 is connected as an emltter follower and Q02 as a grounded |

. emitter stage.. Thus when QOl switches on, Q02 will conduct heav11y, pro- '
v1d1ng a low 1mpedance path from ground to the circuit output. The tran=- -
* sistors are clamped out of saturation by diode CR02 but their collector |

A potential will be approximately ~0.7v when both are in the conduction state,

A positive-going input causes transistor drive current to decréase, and .
when the ihput becomes more positive than -3v, the transistors switch off.
The transistors in thls state are quite far 1nto the cut-off reglon and the ;

circuit output approaches "18V.

The sw1tch1ng time of the 01rcu1t is approx1mate1y 1 usec. . The lirhifing
' factor is the 32 uuf of Miller feedback capacnance, which effectlvely slows y

. the response of QOl




~ PRIORITY CIRCUIT
Card Types ¢, 18, 079

. GENERAL

The priority circuit shown in figure 1 is contained on three printed circuit -

© cards, the type numbexfs being C77, C78, and C79. The logical operation of this e

Circuit' is presented in figure 3, and a timing diagram is shown in figurve 2,

The funcnon of the przorlty circuit is- to enable a storage module to honor its

f-'..oflve access channels on a "first-come, first- served" basis, without mterference P
j]vfrom any other access channel. Priority circuits are contained in the input.
_ff’f_flogm of each of the five access channels, and when one of them receives a "1" =
.k?"lmput it disables the priority cu'cults in the remaining four channels. Thusa
“ request on any of the remammg channels Wlll not be honored unt11 the flrst charmel ,
'L‘f‘iis released. : L

' . The' priority circuits will differentiate between access channel req'uests :

‘.?‘spaced down to approx1mate1y 7 to 8 nanoseconds. Requests arrwmg more .

iiclosely than this are cons1dered to have arrxved s1mu1taneously, and factors such
as supply voltage and wire 1ength will determme which channel is honored If two"
requests should arrive sunultaneously and all other factors are equal then nelther
";k.WIll be honored. ‘ ’ :

“The delay time through a priority ‘circuit is 30 to 40 nanoseconds. The 20- c ‘

,;nanosecond delay line accounts for the maJomty of this, since the transistor and - .
' tunnel diode logic provides a tlme per inversion of approxnnately 3to 4 nano-

| _seconds. A prlorlty circuit t1m1ng diagram is-presented-in flgur_e 3.

PR s

Loglc 1eve1s within the pmorlty clrcult are in the posruve voltage domain. |

A "0" is represented by +0.7v and a !"1'' by +1.7v. The dlsable signal sent from i

one pr1or1ty circuit to the other four is the set output of FFl and is a +l 7v "1" ’




PRIORITY CIRCUIT

+20V

AAA

6 0

15 NANOSEC
DELAY LINE

= l 390 {) ]-L

560 {)

>

+20V
§3.9K 1.5K
< 1/2W
"—‘| (‘— 7.5
62V |7.5uuf ' $ 3900
REQUEST 2 Il (7 Mt
INPUT  O—P AAA-
1.5K
.5609. =
+20V
+20V
2.2K % 1K % |
1/2 W2 15
e
DISABLE |
OUTPUT
TO OTHER
PRIORITY
CIRCUITS |
' DIODES  OHKHf
+20 vV HD 187!
I 22080
HD2969
Ok AZXA R
‘l:‘ I.5K Hp2ges
2| 3| 4] 5
o1a J_ Q 0 o LOCKOUT BY —1.1v"0" OI13 140
"o DISABLE BY +1.7 v"i"
CLEAR CLEARED BY —1.1V"0 |
INPUT
. CARD TYPE C77 | CARD TYPE C78
NOTES : | |
I. ALL TUNNEL DIODES ARE TYPE TD—I.
2. ALL ZENER DIODES ARE TYPE IN753, 6.2 V.

3. ALL TRANSISTORS ARE CDC1321|

UNLESS OTHERWISE

I NDICATED.

15

25 NANOSEC
DELAY LINE

\ A o

39080 ¢
<

560 {)

¥ HD 4416

CARD TYPE C79

-20V
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FD1032

20080

AAA

%

! L
$ 27k i; 39K  $39K 34708
ﬁ

cDC
W coz
FD1032
FD600 1
O
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PRIORITY CIRCUIT TIMING DIAGRAM

NANOSECONDS

INPUT __I
I

ks —

INPUT

20

22 24

|
|

TRANSLATOR

FF |

DROPY AFTER 6j2.5 NSEC

26 28

I

30 32 34 36 38 40 42

OTHER ICONDITIONS R:EMAIN

UNTIL

CLEARED

4 TO 16 NSEC

DELAY LINE

i
' |
i
|

o

FF2

20 TO 25 NSEC

20 —1

DELAY LINE

OUTPUT
INVERTER

i

OUTPUT
TRANSLATOR

DISABLE APPEARS

AT OTHER
PRIORITY CIRCUITS

NOTE: OVER—ALL

]
["=3
~
!
I
I
|
<
I
|
I
I
I
I
I
1
|<—-——8To 10—

INVERSION BETWEEN INPUT AND OUTPUT

<———— 8 TO 10 —————)I_--o--

3-81



PRIORITY CIRCUIT

lNTERNAL LOGIC LEVELS:

— weveosmvs  wwmmms v | ——" oo—

[ "0" = 4 0.7V & 4 NANOSEC |
, 1=+ 17V TIME PER INVERSION
. REQUEST I 15 NANOSEC 20 NANOSEC
INPUT , DELAY LINE DELAY LINE
1"z~ 5.8V —> § ‘A - ‘ ,
oMz — 1.1V oerc FLIP — FLOP | FLIP — FLOP 2
" LEVEL [ NVERTER ! [ NVERTER ]
. TRANSLATOR , INVEBTER | , INVERTER
| — ’ [ DISABLE
S TO PRIORITY | .
S l CIRCUITS INVERTER  LOGIC
: B R ON OTHER LEVEL
f B CHANNELS TRANSLATOR
A S ALATI,
‘ l INVERTER. ! INVERTER |
. CLEAR 6.2V : 6.2V —_ = —
©INPUT
LEARED BY
—1iv "o")
e DISABLE
INVERTER
Tl e.2v
DISABLES FROM PRIORITY LOCKOUT INPUT N
: CIRCUITS ON OTHER CHANNELS  (DISABLED BY —1.1V "0")
' NOTE : : . ,

- CIRCUIT PRODUCES A LOG!CAL

(INVERSION BETWEEN INPUT AND OUTPUT..



- LOGICAL FUNCTIONING , e
: As shown in figure 3, the portlons of the prlomty CerU.lt are: ankin'put ‘logick :
level translator; flip-flop 1 which produces the signal dxsabhng the other prxomty

: L? circuits; an 1nverter which disables flip-flop 2 if another access channel has '

* 'priority; flip-flop 2; an output inverter; and an output logic level translator.

In addltlon the priority o1rcu11: contains four 6 2v zener dlodes, three of

Whlch function both as logic level translators and inverters. A -5.8v """ input ii,-*‘t :
to a zener diode becomes a +0.4v output, and a =1.1v "0" input becomes a +5. v P
output | These.outputs act as 0" and "1", respeotively, in the priority circuit - k
».’,ff;rlogic The remaining zener dlode performs a 1eve1—sh1ft1ng act1on in the mput

10g1c level translator. , - ‘

| A Request mgnal on an access channel results in a - 5 gv "1" input. “This
;5.,:.,’"~'k81gna1 is 62.5 nanoseconds 1ong, and is repeated every other clock phase time

ir}b,g;untll honored It is fed into the input logic level translator which converts it to :
tsL +1.7v "1" This sets‘ FF1, which, inturn, d;sables the other prlomty GlX‘CUl’tS.‘ : S

: After a delay of 15 nanoseconds the '"1"" will reach the AND into FF2 If a j"5
‘f_‘?dlsable input.is not being recewed the output of the dlsable 1nverter W111 also be
"1", so that FF2 will be set : ' :

,. Then, after an additional 5-nanosecond delay, the "1" is ANDed with the set :
. output of FF2 into the output inverter, where it becomes a +0.7v "0". This is©
‘converted by the output logic level translatorto a ~1.1v "0". The omomty c1rcu1t
therefore produces a logical inversion between input and output “

~ = As soon as the access channel has been honored the. pr1or1ty c:1rcu1t is

it cleared by a ~1.1v "0'" input, Wthh is converted by zener diodes to +5.1v, and
"'vvls apphed to’ the clear 1nputs of FFl and FF2, ThlS removes the d1sab1e from -

' ‘the other pr10r1ty clrcuns so that a request on another channel may be honored

.



. CIRCUIT OPERATION

As shown in figure 1, except for the transistors in the output logic level
translator, all of the priority circuit transistors are CDC 1321. This is a high -
speed silicon NPN type, having a typical gain bandwidth of 1 kme, which provides

a time per inversion of approximately 2 to 4 nanoseconds depending upon the
- loading.

All of the CDC 1321 transistors have a base-to-collector tunnel diode network.
This establishes an input current threshold level and holds the output voltages at
the sum of the tunnel diode drops and the base-emitter junction drop.

, The tunnel diodes used are type TD-1. This is an axial tunnel diode having
an Ip =1 ma and a pr 500 mv. Assuming an ideal.case, two tunnel diodes in

~ series would switch at 1 ma with a composite pr = 1v. Due to slight individual
dlfferences no two tunnel diodes will ever switch at exactly the same point, but
" the dxfference is negligible in this high speed circuit.

' The input logic level translator performs the function of chahging a -5.8v """
Cinté a +1.7v '"1", anda -1.1v "0" to a +0.7v "'0". Upon récéipt of a -1.1v '"0"
input, the tunnel diodes will be back-biased and they will be in the low voltageh»'
state. Thus the collector potential will be held at the potential of the base, which
- will be approx1mate1y +0. 7v, being a grounded emitter silicon transistor.

‘»However, a- 5 8v "1" mput causes tunnel d1ode current to increase to a value o
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_in excess of 1ma, so that they switch to the high voltage state. This causes - o
transistor conduction to decrease, and the collector voltage becomes equal

. to the sum of the tunnel diode voltages and the base-emitter voltage a total

of +1. v,

"f:‘iThedisable inverter and the output ‘inverter‘ circuits are for the purpose of g :
f}”c'hanging a+1.7v "1" to a +0.7v "0", and vice versa. In addition, the disable *
© inverter also changes the +5. 1v signal received through the zener diode'tc; ailin :
+0.7v "0". Again, the output levels are taken from the collector, and the =
"collector ‘potential is equal to the sum of the tunnel diode voltages plus the -
fv : base- emitter voltage of the silicon transistor. The time required for a

transu:mn from one state to the other is approximately 4 nanoseconds.

,f“Tbhe amount of sp'eed—ﬁp capacitance used on inverters of this type is ‘dependent
upon the particular input. A single OR input may have a fairly Iarg.e speed-*upf-V"tj'l'i'f,‘.
capacitor; however, the speed-up capacitance on the OR inputs to the disable
.,~>’41nverter must be kept small, ‘This is because FF 1 on each priorit(y circuit

must drive four disable mverter 1nputs and will be loaded too heav11y if too

kff‘much speed-up capac1tance is used. Also, the speed-up capacitance on AND"
j",‘mputs must be small in order to prevent runt pulses and partlal enables from
sat1sfy1ng the AND '

f‘As shown in' figure i, 'the two flip-flops are each"construet:ed of two inverter SR
~circuits provide'c_l,wi'th cross-coupled feedbaek from collector to base.  These
- flip-flops are bistable circuits and are therefore capable of storing information, -

:_The outpuf logic level translator is quite similar to a logic_al inverter cir‘cuit', :
_which is discussed elsewhere. This circuit converts a+0. Tv "O” toa -1.1v ol
‘”"0" anda+1.7v "1" toa =5.8v "1", It is capable of driving up to 8 logic e
'cards, all of wh1ch may be elther AND or OR or any coznbmatlon resultmg : .
~in 8 loads totgl The grounded emltter tranmstor ina PNP type CDC COI ;

BB T e e A ber



v

The base bias is such that a +0.7v input allows it to switch on, producing.a. :
-1.1v "0" output, while a +1. Tv input causes it to switch off, producing a
-5.8v ""1" output. ' ' a

Ground Rules

1. The priority circuit may drive 8 AND loads, 8 OR loads, or’any combi-
| nation up to 8 loads total. | '
2. Lead length from FF 1 to the disable inverters on the other priority -
circuits must be less than 5 inches. ' ' ‘
- 3. Only one priority circuit may be cleared by any one-inverter, because
a‘priority' circuit requires approximately 15 ma of current for clearing.
4. One inverter may drive the lockout inputs of 4 priority circuits, because’

a lockout input requires approximately 4 ma.

Firee

3 E
grAAREE
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. DELAY LINE, 1 USEC
Card Type C80

. The function of this circuit is to provide an interval of time delay betWeen Fu
i.successive logical operations. It is des1gned for use in apphcatlons requ;rmg
greater stablhty than may be obtained from capacxtlve delays

‘ L ' : = : E
e The nominal 1 usec delay time apphes to both "1's" and ""0's", and the delay
j’:-f’_nnz—.xy be used to drive either an AND or an OR mput Attenuation through the |
delay lme is neghg1b1e : o PR _ _

‘ , 'I'he charactemstm impedance- of the delay 11ne is 200 ohms. The' purpose ‘
,_f:__?[of resistor ROl is to provide better 1mpedance matchmg between the log1c c1rcu1t‘
mput and the delay hne output ; |




DELAY LINE, | pSEC
CARD TYPE (€80

, TEST
200&?, . . . POINT
) | LSEC S , ‘
| DELAY LINE . o 2 :
INPUT . . , O OUTPUT
ROI
3.9K
3 T e s - T
o | SAME AS ABOVE | —)
e e e e e e e e e e — e . - — nd
T r—---"-"=-"=-"="-"="~"="=~"=" =" =-—"=-=° L (2
o— SAME AS ABOVE f——O
L e e e o o e e e e e — e . —— —— —— -
B T
. SAME AS ABOVE . —0

NOTE!

{. EACH DELAY -MAY DRIVE ONE LOGIC CIRCUIT
~ USING EITHER AN "AND" OR AN "OR" INPUT.

.
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. CRYSTAL OSCILLATOR

. Card Type C81, 30 ke
Card Type C82, 83.4 kc

FUNCTION |

S The function of these circuits is to produce accurately timed szgnals for
controlling the Write operation in magnetic tape equipment. Information may be :
".i:‘;ii}f\:ertten on tape at rates of either 30, 000 (Low Densny) or 83, 400 (I—I1gh Densﬂy)
!characters per second A single-phase sine wave output is taken from the o
»:':fé-.oscnllator tank and is converted by the circuit contamed on card type 089 1nto a
chain of square pulses at logic voltage levels SR

AOPERATION |
" The circuit is essenually a Colpltts oscﬂlator havmg a crystal flltered power '_
fk."‘i‘iamphfler "Opposite~-phase outputs are taken from the oscxllator tank and are
:ff:iavallable at pins 1 and 2 of the printed circuit card. Each output is a sine wave
fif about ground; however the peak-to-peak amphtude of the output at pin 2 1s
f-',f';‘approx1mately 3 volts while that at pin 1 is apprommately 0 5v '

Sufficient gain to maintain oscillation is provided by transisfor QO01, which
is connected as a_Ciass C power 'amplifier The characteristics of Q01 are 11sted
i.vf_‘;i_iri the componerit section; however, it is an NPN silicon transistor capable of
ff';fprov1dmg a current gain greater than 25 with a collector current of 400 ma.
ﬁ “Transistor Q01 is driven both into saturation and cut off so that its collector
voltage is approx1mate1y a square wave, ‘ A '

‘ The square wave signal from the COllector of QO1 is filtei"ed by the crystel o
filter Y01 into a sine wave at the fundamental frequency. YOl is a high 1mpedance~ :
quartz crystal havmg a Q value of the order of 105, It exhibits a frequency
~ stability of O. 005% over the range 25°C * 35°C and a long term stabxhty w1th
;’j;.tlme of 1 pprn per Week : i

The oscxllator tank consists of capamtors COZ C03 and the mductance LOl
The values of these components are ‘shown in the accompanying dlagrams. :

,‘,Inductance L0l is adgustable through a range of approxxmately £ 20%, 80 that the
§.\tank may be tuned to the center frequency of the crystal ‘ ‘ L
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. RELAY DRIVER
Card Type C84

FUNCTION

The function of this circuit is to enable a low impedance path from ground

to the circuit output, upon receipt of a -5.8v "1" input. The circuit is de-
signed to switch a currént of the order of 1 ampere ‘ﬂowing‘ in a highly in-',-
ductive load such as a relay coil. A diode clamp connection is pfovided at
the collector of Q02, so that a high-voltage inductive transient induced

when current is interrupted will not damage the transistor.

OPERATION

The two circuits on the card are identical and are labeled A and B. The
following discussion applies to either circuit, but the component numbers
- mentioned are those appearing in circuit A. '

The circuit has 6n_e logical OR input, and a 3-way AND. An unused OR ‘
input will have no effect on the circuit, while an unused AND input, if left '
open, will act as a steady ""1", Thus if the entire AND group is unused, . |

at least one pih must be grounded. ‘ | -

_ Transistor Q01 is a 2N 404 and Q02 is a 2N 1760. Both are PNP german-
ium, and their characteristics are listed in the component section. :

A -1,1v "0" input holds the base of Q01 at a low negative voitage with respect
to the emitter, so that Q01 conducts relatively little. 'However, a -5.8v '"1"

'fin'put results in a base current sufficiently large so that Q01 conducts heavily;-"~

o ’I‘fansistor Q02 is a grounded emitter stage driven by the emitter follower i

e , QOl-. When Q01 switches on, it attempts to bias the base of Q02 well into

the negative voltage region, so that Q02 also switches on and conducts st
heav11y. Likewise, when QOl switches off, Q02 also switches off and the o
' positive voltage source apphes a reverse bias to the base emlt’cer Junctmn S
-of Q02 so that it is well into the cut off regmn.
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 RELAY DRIVER
e CARD TYRE. 034
',:"'2_$°V TEST POINT

©

: 4;09. — O OUTPUT.
1 ERS . I e

' FD400 -

Q02

‘22K 2NI760

T

, I

S 420V

L R S CIRCUIT SAME
S : AS ABOVE

" NOTE! I. A =5.8V “I" INPUT ‘CAUSES TRANSISTORS
o " TO SWITCH TO CONDUCTION STATE. |
2 “Losic. mooas ARE HD 2969,




GROUND RULES

1) Any inductive load must be by-pas‘sed by the clamp -
diode. ' : ‘

2) The power supply voltage which drives the load must
not exceed 40 volts. | '

N

3)‘ With a 40v supply, load current can not exceed 0.5
ampere; with a 20v supply, load current can not ex-

ceed 1 ampere.

4) In case an entire AND group is unused, at least one of
the inputs must be grounded. ‘ ’
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I/O SENSE AMPLIFIER
Card Type cs6 -
 FUNCTION |
k »The function of the c:1rcu1ts on this card is to detect, amplify, and shape the
pulse mduced in the sense winding when a magnetlc memory core switches

,;;’state dunng the Read phase of the memory cycle. The pulse produced durmg
the Write portion of the cycle is not detected, = ,

" During the rest state, the circuit output is a logical "1" of approximately -5, Tv. i
. When a core is read, the output switches to a logical ""0" of approximately -0.5v.

;.The circuitsvare restricted to driving AND loads, only. :

 OPERATION . | |

- The Sense Ampllfler circuit consists of a grounded emitter PNP transmtor with S
‘a tunnel diode between base and ground, = The tunnel diode prov1des a noise :
threshold re;ectlon level and results in an essentlally square output frorn the =~ \
~ circuit, ' ' ’

~In its low- -voltage state, the tunnel diode holds transistor Q01 cut off. The circuit
output is then produced by the voltage-dividing action of R02 and R03 and stablhzes
~at approximately -5.7v. The effect of the load is negllglble since the circuitis
‘restricted to drlving' AND loads, only. ‘ ' ' :

The tunnel diode in its high~ voltage state places a forward bias of approxxmately

0. 5v across the base em1tter junction of QO1, causmg QOl to switch on and conduct
: heav11y. The output voltage becomes equal to the collector voltage of Q01 plus the 4
drop across diode CROl and is approx1mately -0. 5v. . ‘

The output produced when a memory core sw‘it‘ches sta’ce is approximately 0.47 mv.
k’ Durmg the Read phase, the core outputs are of a polarl’cy such that pm 4 of the o
input transformer goes negative. The 0. 47 mv mput is mcreased by the 1;:8 voltage
fstep~up of the mput transformer. . '
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1/0 SENSE AMPLIFIER
CARD TYPE C86

l .. SAME AS ABOVE

-20vV T.R
RO2
26.8K CROI
P o
ROI -
: 270 v 2200
2 : @ M y QOl
10T} ¢soT QoL B03
6 J 5 TDOI col '
30 2) : -
: \&/ ,CD—]— GE =
: = TD=1 =
N -
4 o— _ . r——oe
| ' SAME AS ABOVE :
i
5o——l , | .
— = | |
10 o—j : l-.—-'o 12
l SAME .AS ABOVE |
T o--—l . | e
‘13'0——1 '

s

NOTE .

A SENSE AMPLIFIER IS Resrmc-rso TO DRIVING
“AND" LOADS, ONLY. -
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Initially, the tunnel diode is in its low-voltage state and the circuit is providing ‘
a "1" output, The tunnel diode remains in its low-voltage state as current through
it increases, until it reaches the '"peak'" of its characteristic curve where Iand V.
~ are approximately 1 ma and 65 mv, respectively. A slight increase in current
_puts the tunnel diode in the regenerative region and the voltage increases almost
_instantaneously to 500 mv. This causes Q01 to conduct and ’éhe circuit o’utput .

- switches to "0". The tunnel diode remains in the high-voltage state until current
t‘hrc_)ugh,it' decreases to approximately 0.12 ma., This is the characteristic curve_";_f
"valley", and at this point, the voltage drops almost insta»ntarieouélyk to appmxi?'
j?ma’cel;} zérb,' This cuts off transistor Q01 and the circuit output returns to "_1'_".:' =
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1/0 MEMORY DRIVER
- Card Type c8T

FUNCTION . . , . .

The function of this circuit is to 'provide drive current to a memory unit upon
‘receipt of a =5, 8v '"1" input. The output may be either a half-current of approxi~
mately 200 ma from pin 15, or a full current of up to 800 ma from pin 14. In

order to obtain a maximum current from pin 14, pin 10 must be grounded.

OPERATION . , .
The circuit has a four-way logical AND input, meaning that all inputs must be
“at the -5, 8v ""1" level in order for an input to be sensed. A 1.1v "0" on any
_input will disable the AND. An unused input acts as a steady "1 if left open,
or as a steady "0'""if grounded.

An input level-shifting action is provided to the base of Q01 by resistors RO1
and R02, and the 3.5v zener diode CR05. . The zener diode CRO5 is reverse= |
biased so that its operéting point is beyond the knee of the breakdown region;
thus the cathode remains approximately 3. 5v positive with respect to the anode,

regardless of current fluctuations.

With -1. 1v "0" inputs, zener diode CRO5 holds the base of Q01 sufficiently
positive so that it conducts heavily. Transistor Q01 is held out of deep satu~
‘ration by CR06, and its collector voltage is approximately +0.5v. The collector
voltage of Q01 is applied to the base of Q02, which is connected as an emitter :
_'follpwer. The emitter voltage of Q02 is therefore equal to its base voltage less
the base-emitter junction drop, and is approx1ma1:e1y -0.1v. The emitter voltage
~of Q02 is applied to the bases of Q03 and Q04, which are also connected as
fl»:emitter followers., The emitter circuits of Q03 and Q04 thread the memory plane o
. and terminate at a Di\'}érter cifcuit thus the emitter vOltage of Q03 and Q04 is :
. approximately +0. 9v;‘ The -0, 1v input from Q02 therefore back blases the base-
‘ emitter junctions of Q03 and Q04, cutting them off. o
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A -5,8v "1" input results in approximately -2. 3v at the base of Q01, so that Q01
is cut off, If the circuit is providing a half-current, pin 10 will not be grounded
and resistors R05 and R08 limit the current to approximately 200 ma, In addition,
the voltage drop across R05 holds the collector voltage of the transistors at a
relatively lowlevel, ‘The collector of QO1 rises to approximately +3. 5v, providing
drive to Q02. The emitter voltage of Q02 becomes approximately +2. 9v, causing.
Q03 and Q04 to switch to the conduction state. Transistor Q02 is held out of deep
saturation by CR07, and Q03 and Q04 are held out of deep saturation by the voltage
drop across Q02, The emitter voltage of Q03 and Q04 is applied to the drive 1ines
and is approximately +2. 2v. The emitter currents of Q03 and Q04 combine to

provide the memory drive current.

In order to obtain a peak value of full current from the ciréuit, pin 10 must be
grounded. This allows capacitor C01 to become charged while the circuit is not
providing drive current. When transistors Q03 aﬁd Q04 switch on, CO1 discharges
into the drive line, providing an initial high current surge. With Q01 cut off-, its

‘ collector voltage rises to approximately +19v, providing drive to Q02, The emitter
voltage of Q02 rises to approximately +18, 4v, causing Q03 and Q04 to switch on
and conduct heavily. The voltage applied to the drive lines is the emitter voltage
of Q03 and Q04, and is approximately +17, 8v during the initial high current surge.
As capacitor CO1 becomes discharged, the voltage levels within the circuit decrease

toward the values given in the preceding paragraph.
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| 1/O MEMORY DIVERTER
. Card Type C88

~ FUNCTION | o
" The function of this circuit is to enable memory drive current to flow from one ;
of the output pins to ground, whenever all inputs are at the logical ''0" level of
=1.1v. The drive lines are energized with half-currents of 200 ma or full ‘

 currents of up to 800 ma peak by the- circuit contained on a Driver card C87.

- providing drive for Q02 and Q03 The +0, Tv 1nput from QOl causes Q02 and

- Each drive line terminates at one of the output pins of a Diverter card, and the_
‘circuit 1s completed to ground allowing current to flow when transxstors Q02
 and Qo3 sw1tch to the conduction state. |

OPERATION . » HUEmR O &
_The circuit has four 1oglca1 OR inputs, and transistors Q02 and Q03 switch to
“'the conduction state only when all inputs are -1.1v"'0", A -5, 8v "1_" on any
. input holds Q02 and QO3 in the cut off state, = R

gy‘jliyAn input level‘-'-"shifting action is provided to the base of Q01 by resistors RO1 .
. : ;o.nd R0O2, and ‘the 4, 1\t zener diode CR05. The zener diode CR05 is reverse~
biased so that its operating point is beyond the knee of the breakdown region;

~ thus the cathode remains approx1mate1y 4 v pos1t1ve with respect to the anode,
fﬁ,:-regardless of current ﬂuc’cuat1ons.

A -5.8v'"1" input results in approximately -1, 5v at the base of Q01, This cuts
 off Q01, since its emitter is clarﬁped at approximately -0, 8v by diode CRO7.
The bases of Q02 and Q03 are also clamped at approx1mate1y -0, 6v by dxode
 CROs, and since their emitters are grounded, they are cut off.

If all mputs are at the. 1 1v "0" level, zener dlode CR05 holds the base of Q01 |
at ‘approx1mately +1. 4v. ThlS causes Q01 to sw1tch to a'state of heavy conductlon, =
~ but it is held out of deep saturation by diode CROS6. Transxstor Q01 is connected |
as an emitter follower, thus its emitter voltage rises to approx1mate1y +0, 7v,’

‘f,iQOS to switch on and conduct heavﬂy, ‘but they are held out of deep saturation
f‘;’r: by lede CR()&’ e B , : ; « i ; , I

3-102



I/0 MEMORY DIVERTER

'CARD TYPE C88
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AMPLIFIER SHAPER
t Card Type C89 ‘

~ FUNCTION ; L | SR
; " The function of this circuit is to convert the sine wave output of a cryStal
_osculator into a chain of -5.8v. "1'" pulses of approximately 0.2 microseconds
duration. 'The input is a sme wave about ground with a peak-to~peak amplitude :
of approxlmately 3v. The -5.8v '"'1" pulse output is produced 1mmedlatelyvafterx
';:g:_,.'jthe input crosses the zero axis in the pos1t1ve- going direction. b
g;:};,‘OPERATION | £
The width of the output pulse is approx1mate1y 0.2 mlcroseconds and is deter-f, |
mined by the 220 microhenry inductance LO1. The repetition rate of the output '~
\ijjé,:’fisdetermin/ed by the frequency of the input gignal, - :

‘The input signal is applied to the base of transistor Q01, which is an NPN L
:1?"-5"8111(:011 type CDC C04. In this application, it is used as an emitter follower .
', jcurrent amphﬁer provxdmg drive current for trans1stor Q02

v Tran51stors Q02 and Q03 are CDC 1321, which is a hlgh speed NPN s1hcon .
type having a gam—bandW1dth of 1 kme. Each of these transistors has a base to :
j collector tunnel d1ode network which produces an essentxally square waveform
~and establishes its voltage level. ‘

| '- ' The tunnel diodes used are type TD-1. This is an axial tunnel diode having

~an Ip=1 ma and a pr =500 mv. Assuming an ideal case, the three tunnel diodes .,
connected to Q03 would switch at 1 ma with a composite pr 1. 5v Due to slight =
“individual differences, no two tunnel diodes will ever switch at exactly the same -

'?*i*pomt but the chfference is negligible in thlS high speed apphcatlon

As shown m the accompanying dxagram a positive-going mput results ina’

~5 8v "1" output of approximately 0.2 microseconds duration. As the input goes
: '_pos1t1ve QO1 prov1des drive current to Q02 so that. it switches to a state of heavy v
conduction. Th1s results in minimum current ﬂow through TDOL so that 1t swa.tches ;
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to its low voltage state. The collector voltage'of Q02 is therefore ap'prox’imatelyo i
~equal to itsibase-emitter junction drop of +0.7v, being a’ grounded emitter silicon :
 transistor. Transistor Q02 in its conductlon state allows current flow to mcrease
through TDO02, TDO03, and TD04 so that they switch to their high voltage states.

' This causes conduction through QO3 to decrease, and its collector voltage becomes
.- equal to the sum of the tunnel diode voltages and the base-emitter junction drop,

a total of +2.2v, Th1s voltage level causes Q04 to switch to a state of mlmmum
b conductzon and the c1rcu1t output becomes a -5.8v 1", | ‘

. The length of the -5.8v "1'" output pulse_is determined by the 220 'microhenry

- inductance LOl. The tunnel diodes are able to switch state almost instantaneously e

while current through the inductance increases exponent1ally. After a time of

= ’approxlmately 0.2 mi¢rosecond, current through the inductance will have °

~ increased to the point that the tunnel diodes are effecnvely by-passed and they

; return to their low voltage states. This reduces the collector voltage of Q03 to~

E approximately +0. 7v, which causes Q04 to conduct heavi.ly and returns the clrcuit

- output toa -1.1v "0",

, A negative-going circuit inpﬁt preven‘bs Q01 from providing drive current to

QO02. This allows current through TDO1 to inor‘ease‘, causing it to switch to its _

- high voltage state. Conduction through Q02 decreases and its collector voltage

~ becomies 'equal to the sum of the tunnel diode voltage and the base-emitter j'unction

m{"drop, a total of +1.2v., This provxdes forward drive to the base of Q03, holdmg
- the c1rcuzt in the qulescent state.

'I‘he portion of the cireuit consisting of Q04 Q05 and their assoc1ated ‘ ,
bxasmg network is quite similar to a loglcal inverter, wh1ch is discussed else-
" where. It is capable of driving 8 AND loads, 8 OR loads or any combmanon

B resultmg in8 loads total., S
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1/O0 EMITTER FOLLOWER
Card Type C90

FUNCTION :
J The function of the circuits on this card is to convert the outputs from the
brushes of a punched card reader into membry drive currents of approximately
200 ma, The circuit output is in series with a memory drive line, which connects .
to a ~20v supply, The circuit input is driven by one of the brushes at a card
reading station, When the brush senses a hole in the card, transistor Q01 cori-_
ducts heavily, enabling memory drive current to flow,

OPERATION A , A ,

. Inputs to the circuit are provided by a brush at the card reading statidn, and
the signal levels are open circuit and approximately ground. The ground signal
results when a hole in the punched card allows the brush to touch a metallic roller
which is at approximately ground potential. If a hole is not present, the insulating
effect of the card produces an open circuit. .

The metallic roller at the reading station is held at approximat'ély ground
potential by a Relay Driver card type C84, The roller is thus at a potential equal
~ to the saturation voltage of the Relay Driver transistor, which is approximately

-0,6v, " | :

An open circuit input' allows the base voltage of Q01 to rise toward - -20v, The L
emitter of QOl is also at =20v, since it connects through the memory dr1ve line to k
a =20v supply. This puts QOl in the cut off condition, and memory drive current
is prevented from flowing,

An input of approximately ground allows Q01 to switch on and conduct heavily,

 The voltage applied to the drive line is =20v, less the drop acro‘ss\the Relay Driver
transistor and the base-emltter voltage of QO01, and is approximately ~18.5v, The i
- memory drive current is also the emitter current of Q01 and is limited by res1stors
R02, R03, and R04 to approximately 200 ma, The base current of Q01 is equal to the :
200 ma emitter current divided by hFE and is approximately 8,5 ma, The brushat: 5
- the reading station is therefore required to carry the base current of Q01 plus enough
additional current so that the voltage drop across ROI is approximately 19, 4v, a total v

of approx1mate1y 9,5 ma,
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:/o EMITTER FOLLOWER‘j'“‘
~ CARD TYPE C90
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READER LEVEL AMPLIFIER
Card Type C91

FUNCTION
| This card contains two identical circuits, the function of which is to convert
solar cell outputs from a punched card reader into logical ''0" signals of -1.1v.
The circuit input is driven by one of the solar cells at a card reading station.
. When the solar céll senses a hole in the card, the circuit output switches to a
-1.1v "0". If no hole is sensed, the output remains a -5.8v "'1".

- OPERATION

Inputs to the circuit are provided by a solar cell at the card reading station,
- and the signal levels are +0. 4v and open circuit. .The +0.4v signal results when
light shining through a hole in the punched card activates the solar cell. Ifa
hole is not present, light will be prevented from striking the solar cell and its .
high impedance produces 'essentially an open circuit. Any leakage current will -
not be more than a few microamperes.

The two circuité;_.on“thi's card are single inverters having one OR input which
is fed by the network consisting of resistors R01, R02, and transistor Q0l1. In
- both circuits, the base of transistor QO1 is biased through resistor ROl to the
: -4 5v supply at pin 11, ' '

An open circuit input allows the -4. 5v supply at pin 11 to appiy a strong forward
bias to the base of Q01. This causes Q01 to conduct héavily arﬁd its éolléctor |
 potential becomes approximately,-o. 5v. The low collector voltage of Q01 is applied
“ to the cathode of input diode CRO1 and causes the inverter toprovidea -5.8v "'1" output. -

A +0 4v input reverse biases the base-emitter junction of Q01 so that Q01 is
cut off. Its collector potential rises toward -20v, but is clamped at. approx1mate1y
-6V by the input impedance of the inverter and the drop across R02. The -6v. . ,
, collector potential of Q01 is applied as an mput to the inverter and causes its - e
_ output to switch to a -1.1v "0". ‘

_ The remainder of the circuit is identical to a logical inverter which is
discussed elsewhere. It is capable of driving 8 AND loads, 8 OR loads, or any
combination resulting in 8 loads total.
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CHAPTER 4 |
MAGNETIC CORE MEMORY -

, ,‘ General

Magnetic core storage in the 3600 system is prov1ded by the 3603 Storage
Module. This module contains two mdependent units, each of which includes

a magnetic core memory and the logic and control circuits necessary for its ‘
operation. Each memory has a capacity of 16, 384 words, and both units oper=-
~ ate together durmg the execution of a program g1v1ng a total memory capacity
of 32,768 words.

The lengt_h of the word stored in memory is 52'bits, of which 48 bits contain
information, 3 bits are used for parity, and the 1 bit remaining is a spare. ,
Information access time for the memory and its associated control and sensing -
- circuits is approximately 0.5 microsecond, and the time for a complete memory

© cycle is approximately 1.5 microsecond,

The ~1'1‘1<—::moryjopera;'tes ‘in‘the coincitent current ‘mode, ‘using currents of one
direction to Read and of the opposite direction to Write. These coincident half-

" currents are approximately 340 ma and are produced by the circuits contained
on the Transformer Card C10, the Gate Card C05 and the Driver Card CO03,
which are individually discussed elsewhere. R

An over-all block diagram of a 16, 384-word, 52-bit mern‘ory is shown in figureyl-./

Magnetic Cores , . .
| The magnetlc cores have a nominal outside diameter of 0.032 inch. ‘The core :

'« ’spec1f1cat10ns and test conditions are llsted in table 1 and representat:we wave~

| forms are presented in figure 2,000k
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Table 1

. .Core Specifications -

’ lrvl, disturbed voltage "1", output on sense line :
| when core in '"1" state is read after being -~~~ 35 mv, min,
disturbed by a Partial Read current S

- WV, disturbed voltage "0", output on sense line

%' When core in "0" state is read after being. -
' disturbed by a Partial Write Current 9 mv, max. .
T, switching time *. - : - 0.35 to 0.45 microsecond
Tp" peaking timé * | | o ' 0.19 to 0.23 microsecond
* refer:ed te 10% of full Read coré §utput'. " | o
' ._ Conditions
- 'F“iilliReéd Current R .- 590 ma j_-_ 1%.
'Full Write Current o " ; ‘ - 590 ma + 1%
Partial Read Current - - | o 360 ma + 1%-
Partial Write Current S .. 360 mat 1%
Tr' rise tirrie of fgll current L o 0.1 microsecond, l‘inearr
Ty duration of full current e . . . 1.5 microsecond |
Number of Partial Read or Write Disturb Pulses 32 min, ‘
Se‘nsle Winding Termination AR G .50 ohms |
| Témperature - :‘i - y ‘; | - 40°C + 0.5° i

tdy . e
bt
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Each core is threaded by four wires, as shown in figure 3; X and Y half-current
drive lines, an inhibit line, and a sense line. When information is written into i
‘a cere, it is switched to the ""1" state by two coincident 340 ma currents on the

X and Y drive lines. Similarly, when information is read out of a core, it is
switched to the "0" state by two coincident 340 ma currents of the other polarity. "

~The inhibit line carries a current of 340 ma parallel to one of the half-current
drive lines, but in a direcfion opposite to the half-write current. Therefore, if
‘the inhibit cux;re-njfeis flowing during the memory Write phase, it will cancel one -
of the half-write currents and will prevent any core through which it passes from
being switched to the "1" state, | A '

The sense line has its two ends connected to a differential sense amplifier card,
. When a core switches state in either direction, the sense amplifier card pro- '
duces a logical ""0" output; however, this output is sampled only during the
‘memory Read phase, '

The mefnory core material has an approiimately rectangular hysteresis loop.

The high remenent magnetization of the core enables it to function as a memory
element. The magnetic properties of a core are represented by its hysteresis |

‘ loop shown in figure 4, in which magnetic flux dens1ty B is plotted as a function
of field 1ntens1ty H, If current flow sufflcz.ent to cause a field intensity of +H

is applied to the core, the flux density increases to saturation +B ~ When current '
is removed, ‘the flux drops to the re31dua1 value +B and stays there. |

- Apphcation of current flow in the oppos.lte direction sufflclent to cause a field
~ intensity of -H_| ‘reverses the flux density to “Bg. When current is removed, -

- the flux vdensity drops to the residual value. -.Br

' The basic memory cycle is composed of 340 ma half-current pulses capable of

, producmg a field mtensrcy of 1/2H m* A half-current pulse is 1nsuff1c1ent to
- switch a core; however, the co1n01dence of two half-currents results in an
- effective current of 680 ma, producmg a net field intensity which is sufficient
to sw1tch the core. o ' '
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Memory Plane

The wires threadmg the memory cores are strung across the center area of

square mountmg frames. The wires used to drive and sense the cores also hold i
.. them in plaCe. Each frame contams 16, 384 cores in a two-dxmensmnal arrange-
; ment called a memory plane. LN e

Thé cores in each plane are divided into four quadrants of 64 x 64 cores. . The e
four quadrants are effectlvely the sense quadrants, each quadrant contains ‘its it
;“Ef}’;'own separate sense hne. ‘ :

C A representative mernory plane is presented in figure 5. The X and Y dimensions
_ and sense .quadrant orientation are as they appear in the 3603 Module when vmwed
7’ Mfrom above, with the top of the page toward the front of the module. i

- For p‘urposes'of reference',v the four sides o_f the plane are designated "North"'_,
"South", "East", and "West'". - In the 3603 Module, the memory stack is placed
 with the "North' sides of the planes to the back. "South" is the side of the stack
~ nearest the card connectors and backboard w1r1ng. The other dimensions are .. y
. as shown in figure 5. RE Rt

Memory Stack

- A memory plane contains only one bit of each computer word ~and the 16, 384 core
locations correspond to the 186, 384 Word memory capacity. Thus, 52 planes are : )
k‘f*.‘ ‘needed to contain the 48 bits of information, the 3 bits of par1ty, and the spare

‘bit. = The 52 planes are mounted one above the other in a "cubic" arrangement .

Lo ‘called a memory stack, as shown in flgures 6 and 7. | o

;The planes are numbered sequentially from bottom to top, beg‘inning with planek -
00 and ending with plane 51. The 48 bits of information are contained in planes
00 through 47. The 3 bits of parlty are contained in planes. 48 49 ‘and 50 and j
the spare bit of each word 1s in plane 51. TR ' :

The half-current drrve hnes enter the stack at the bottom and progress from g

plane to plane to the top, where they are terminated by resistors approxxmately
i equal to their characteristic impedance. The drive lines are energized m the | ’
' manner of transmlssa.on lmes, thus each line exhibits a veloc:1ty of signal propa- '
i gatlon dependent upon its line constants and d1str1buted parameters. ol
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‘The time requzred for a drive current to pass through the 52- plane stack is :
approx1mately 120 nanoseconds. Tlmmg is prov1ded by a tapped delay line, so i{j )
that the sense quadrants and inhibit wmdmgs W111 be enabled in synchronism S

- with the progress:mn of the dmve currents through the 52 planes. o

 Windings o | | | |
A simplified‘i‘epresenta'tion of a memory ‘plane sense quadrant is shown in =~ - =
Z-ks,;,jjkfigur'e 8. 'For purposes of illustration, the number of cores has been reduced Sk
from 4, 096 to 16, but all other elements are as shown, )

"I‘wo coincident 340 ma currents on an'X and a Y drive line will intersect at one
o memory core in each plane, causing it to switch state. The remaining cores, ,
ff‘through which only one of the drive currents passes, will merely shift shghtly ’
-,;;along the hysteresis loop and w111 not switch state. :

f»ﬁf’ The rapid flux eh»ange when a core switches induces a voltage on the sense line .
of approximately 35 mv. . This appears across the differential amplifier inputs
. of the Sense Amplifier card type C06, and results in a logical "'0" output. This.}f
output occurs when any core in theusense quadrant switches state in either :
direction,’ but the output is sampled only during the Read phase of the memory
; cycle. ' ‘

‘The inhibit lines provide a means for preventing a core from being switohed to
the "1" state during the Write phase of the memory cycle. The dr1ve currents,."j":k{_-;f
Cif allowed to act freely, will switch all 52 cores to the "1 state, representmg Ji
y“a computer word in which each bit is a-""1". Each of the memory planes is ‘
"itherefore prov1ded with inhibit lines, so that the core in that plane can be pre-

_ vented from switching, in case that partlcular bit: of the word is to be a "0", The
‘magnitude of the inhibit current is approxlmately 340 ma, and the direction of
f10w is opposite to one of\the half-write currents. Thus one half-wmte current
is effectlvely canceled and the core does not change state. 4

The approx1mate t1mmg of a memory cycle is presented in figure 9, with repre-
sentative waveforms. Informatwn access time is approximately 0. 5 mlcrosecond
- and the time for a complete Read-Write cycle is approximately 1.5 mlcrosecondo. .
. However, these 'times apply‘ .only to the memory stack and associated drive and .

- sense circuits, and do not include time required by the logic of the 3603 Module,

14



ST-%

L eanSig

" SIMPLIFIED SENSE QUADRANT
le , : N|

ARROWS SHOW DIRECTION
OF WRITE CURRENTS.

X

HALF— CURRENT DRIVE LINES
. ® 54V, 340 ma

TA A
v b

Xo | X3

!

TWISTED PAIR

Yy .
"2 « N [
HALF — CURRENT Y2 _ A I A
. DRIVE LINES > > < N>
& 54V, 340 ma
N 4‘ Y3 . /. (S
: T Y (.4\
' Y4 re (\/
— NS

v R

INHIBIT LINES, 40V, 340 ma

OPPOSES Y HALF— WRITE IN ODD NUMBERED PLANESYI;3,5, ETC.
' OPPOSES X HALF — WRITE IN EVEN NUMBERED PLANES;0,2,4, ETC.
CONFIGURATION SHOWN 1S TYPICAL FOR EVEN NUMBERED. PLANE.

r 7 ,

]

—| SENSE AMPLIFIER "o" QUTPUT
| CARD TYPE CO6 WHEN CORE
L ] switches




| REPRESENTATIVE MEMORY CYCLE WAVEFORMS

“590'.! e ‘ el O, pe

_READ S NHIBIT ' Reao

WRlTE uon“ '

 ALL TIMES IN wSEC

- NOTED L

S e

' READING DOES NOT OCCUR UNTIL NOISE
- FROM PREVIOUS INHIBIT HAS DIED AWAY,

L WRITEM"




‘In'a Write "0" operation, the flow of inhibit current will induce an appréciable _
- amount of noise on the sense line. Therefore the following Read operation must
' be delayed until the noise has died away sufficiently to allow a "'0" to be sensed.

- Sense Line

" A simplified example of a sense line is shown in flgure 8. One sense line
threads all 4, 096 cores in a sense quadrant thus each memory plane contams
4 sense lines. Each sense hne is continuous and the two ends are brought out

~ at terminals near a corner of the plane.

- The resistance of a sense line is approximately 22 ohms. It is essential that .
the total resistance of the sense line and amplifier input leads be kept small, -
in order to avoid excessive signal attenuation. |

Inhibit Lmes , . : : S

"The inhibit lines in each plane are arranged in 8 groups, or "'stripes'. Each
-stripe is 16 cores wide and extends all the way across the plane; thus each

- inhibit stripe controls 16 x 128 = 2, 048 cores. The stripes are energiied in
groups of 2, so that 1/4 of a plane, 4, 096 cores, will be inhibited simultaneously.
However; the 2 stripes aré located in opposite halves of the plané, so that only '
1/2 of 1 stripe, 1,024 cores, is within any one sense quadrant This is shown

in flgures 10 and 11.

-To di-minish induced noise, the direction of the inhibit lines is rotated 90° from

plane to plane. In odd numbered planes (1, 3, 5, ---47,49, 51), the inhibits run
“parallel to the Y drive lines and opposé the Y half-write currents, In even »
numbered pl'anes' (0, 2, 4, ---46, 48, 50), the inhibits run parallel to the X drive

:~11nes and oppose the X half-wrlte currents. Co

Ty‘p1cal c1rcu1‘cs of 1nh1b1’c lines for odd and even planes are presented in flgures E
S12 and 13, All external w1r1ng is twisted pair, and the 120- ohm terminating , 4
~ resistor is non-mductlve. The d-c res1stance of an inhibit lme is approxlmately

;‘.13 ohms.

e
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~ To minimize effects of capacitive cdupling between the inhibit lines and the drive
~ lines which parallel them, the inhibit lines are energized in a manner such that : !
' the direction of voltage change is the same as the direction of voltage change in ,
" the parallel drwe lines carrmng half*wmte currents. . e |

The inhi'bit lines are energized by a power suﬁpply‘of +40v. In even numbered =

. planes, current flow is controlled by an Inhibit Generator card type C04, which
switches the end of the inhibit line to ground so that the voltage change within b
.ffif]the plane is from +40v toward ground. In odd numbered planes, current flow is
~ controlled by an Inhibit Generator card type C00, which switches the +40v into o
theA‘inhibit line so that the direction of voltage charige within the plane is from

- ground toward +40v. In a manner similar to the X and Y drive lines the inhibit
lines are also treated as transmission lines. The characteristic impedance of :

- an inhibit line is approximately 140 ohms. - A terzhinating resistor of 120 ohms

a is in series with each 1nh1b1t line. Although this valpe produces a shght 1rnpedance
nnsmatch the resultmg current flow from a 40v supply is approxlmately the
nf‘requlred 340 ma, o '




:Drive Lines . I '
A 52-bit computer word consists of 1 bit in each of the 52 planes in the memory_ -
stack. The bit in each plane is located at the intersection of the X half-current

" line and the Y half-current line. These drive lines are jumpered from plane to
- plane, forming continuous Wmdmgs which thread the en‘ure stack, as shown in -
_ fzgure 14,

A typical drive line circuit is shown in figuré 15. Detailed discussions of the
printed circuit card types may be found elsewhere in this manual. External

wiring from card type C10 to the memory stack is twisted pair, and the 130-ohm
terminating resistor is non-inductive. The d-c resistance of a drive line threadmg
the entire 52~plane stack is approx1mate1y 29.5 ohms,

‘The half-current drive lines are energized in the manner of transmission lines, |
The characteristic impedancelof a drive line is épproximatelylSO'ohms, there-
~ fore each line is terminated with a 130-ohm resistor. The lines are energized ‘
by pulses of about 54 volts, so that the resulting half- currents are about 340 ma.

As shown in figure 15, the drive lines may be energized with currents of either
direction, corresponding to the memory Read-Write cycle. Current from the
+20v source is switched by one of the CO05 cards into the center- tapped primary }
windings of two of the transformers on card type C10." The current may then ﬂow ' i
in either direction through the primaries to ground, as controlled by the C03 ‘
cards. It is seep that the transformers each have two secondary windings con-
nected in series with the half-current drive lines. Aléo, ‘one pair of windings

- is connected‘opposi'tely from the other, so that under any set of conditions of

current flow in the primaries, one set of secondary voltages adds while the other

_ set cancels. Thus it is possnble to produce current flow in either dlrectmn on -
either dr1ve line by enabhng the proper combmatlon of circuits on the C03 cards. =
ity A .

s}

SN
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Durnmy Drive and Inh1b1t

‘In order to hold a constant load on the memory power supphes, dummy load ]
_ c1rcu1ts are enabled durmg times when the memory drwe or inh1b1t circuits are
"not carrying current.’ The arrangement of these dummy load c1rcu1ts is presented
_in figures 16 and 17. |

The drive line circuits contaixi dummy loads in the Gate selection scheme'of .
both the X and Y coordinates. Each coordinate contains 8 Gate vcard's,‘ each of

tji;l'f"whlch carries a current of approximately 900 ma. However, only one Gate card
. is selected at a“time, and when all 8 are turned off, the dummy load is enabled,
The dummy load consists of a Transformer Driver card type C03, each half of
'ji_‘»,whlch drives a current of approximately 400 ma through a 50-ohm, 10- watt, ;non- o
inductive load resistor. ' '

The inhibit circuits contain a dummy load for each i)lane, -in-the Inhibit Generator
‘[“f(_ selection scheme,  Four Inhibit Generator circuits are required per plane ‘and =
© a fifth circuit is included as a dummy. This fifth circuit is a Dummy Inhibit L
i Generator and is contained on card type co9. -The Inhibit Generators are selec-
"’if‘l‘qted one at a time, and when all four are turned off, the dummy is enabled. The, "
dummy circuit drives approx1mate1y 340 ma of current through a 133-ohm, 25~
watt, non-inductive resistor. The 133-ohm resistor is approximately equal to .
: the sum of the 13- ohm d-c resistance and the 120- -ohm termmatmg reSJ.stance of

an inhibit line. |

: Transp_os1t10n of Drive Lines

‘iv'The drive lines enter the stack at the ‘bottom, progressmg upward from plane ‘
"l’_to plane with the terminating resistors at the top. -Referring tosfigure 5, it is
. seen that the four sides of the stack are referred to as. "North” "South", "East', "
‘and- "West" as shown. ’ | g

-:".‘The even (0 2, 4, 6 etc.) X drlve lmes enter on the "North" side, and the odd b
{;;:(1 3,5,17, etc.) X dnve lines enter on the "South' side. Slm11ar1y, the even and

tv_{"odd Y dnve lmes enter on the "West" and "East" s1des, respectlvely.

- 428



" DUMMY DRIVE '~ SCHEME"
: _ X ORY COORDINATE

TRAN.SFORMER DRIVERS

, GATES

- CARD TYPE CO3 CARD TYPE COS5
' /-_' , N A I'd

+ 20V -

s v b L L0 LT

. TO' TRANSFORMERS

L

1

DUMMY INHIBIT SCHEME
TYPICAL FOR EVEN 9;.ANE(0,2,4,ETC.$T

- DUMMY - : - INHIBIT GENERATORS

. INHIBIT GENERATOR - '] 'GARD'TYPE CO4
| CARD TYPE C09 7 —— -
+40V - — g : p—
_RESISTORS
120 2, iIow :
L - | ‘ NON—INDUCTIVE
. 'RESISTOR , - “INHIBIT STRIPES" '
1338,25W. ” S ‘

. NON- INDUCTIVE o o123

il

.
'..L‘ -
———

——- .

'l?F—

Figure 14
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-~ TYPICAL FOR ODD PLANE (1,3,5, ETC)

0 oummy INHIBIT GENERATORS
_ INHIBIT GENERATOR ' CARD TYPE €00

CARD TYPE COS. A .

":le X

* RESISTOR - C  INHIBIT ‘STRIPES

133 {1, 25 W | : A
o0 12 3 S

= L L | resistoRs

2 2 1208, 10w o

, 9§ NON- INDUCTIVE

~ " 'NON=INDUCTIVE
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To minimize induced noise in adjacent drive lines, a drive line transposition

~ occurs at intervals of 13 planes. Thus a given pair of drive lines run side by

 side for only 13 planes, and are transposed 3 times in traversing the 52-p1ax‘1e"
stack. |

The following charts list the drive line transpésitio"ns for the 4 sides of the

_stack. Because 13 is an odd number, a line entering on the "South" side will
 emerge on the '""North' side, and vice versa. .
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1e-¥

¢ 21q®eL

¢ @19&8L

"NORTH"

(Outside View)

0 <> 12 12 <> 25 26 38 39 <> 51
126 127 119 126 118 115 123 118
124 125 117 124 124 121 113 124
122 123 115 122 114 127 119 114
120 121 113 120 120 117 125 120
118 119 127 118 126 123 115 126
116 117 125 116 116 113 121 116
114 115 123 114 122 119 127 122
112 113 121 112 112 125 117 112

| 110 111 103 110 102 99 107 102 |

g | 108 109 101 108 108 105 97 108 | 3

< | 106 107 99 106 98 111 103 98 | &

< 1104 105 97 104 104 101 109 104 | <

gl 102 103 111 102 110 107 99 110 | g

® (100 101 109 100 100 97 105 100 | &

2| 98 99 107 98 106 103 111 106 | B

< | 98 97 105 96 96 109 101 96 | ¢

Sl 94 95 87 94 86 83 91 86 | =

= 92 93 85 92 92 89 81 92 (=

=1 90 91 83 90 82 95 87 82| =

H| 88 89 81 88 88 85 93 88 | H

w| 86 87 95 86 94 91 83 84 | w

| 84 85 93 84 | 84 81 89 84 | =

£ 82 833 | O 82 | J| | 90 87 | & | | 95 90 | &

5.1 80 81" 5| 89 80| 7| g| 80 93 | B | 5| 85 80 | B,

2| 78 7915 g | ™ 8| 3| g| 70 67 | B | g | 75 70| &

| 76 77| < | 69 76| ® < 76 73 | ® < 65 76 |

3| 4 75| 5 | 67 4| 5| | 66 916 | w| T 66| 3

81 172 7313 p| 65 721 8| B 72 69 | 8 | B | 77 72 | B

| 70 @ 51 79 70| ®» | 2| 18 75 @ | 5] 67 78 |

o | 68 692 w| 77 68| 2| ©| 68 65 | 2| @| 73 68 | &

8l 686 67|5 75 66 | S 74 1| 3 79 74| @

o | 64 65|® 73 64| ©@ 64 7] @ 69 64 g

| 62 63 55 62 54 51 59 54 | =

9| 60 61 53 60 60 57 49 60| "o

B | 58 59 51 58 50 63 55 50| B

& | 56 57 49 56 56 53 61 56| b

g| 54 55 63 54 62 59 51 62| g

al 52 53 61 52 52 49 57 52 |

o | 50 51 59 50 58 55 63 58 | @

5| 48 49 57 48 48 61 53 48 §

@1 46 47 39 46 38 35 43 38| E

S| 44 45 37 44 44 41 33 44| b

31 42 43 35 42 34 47 39 34| &
40 41 33 40 40 37 45 40| &
a8 39 417 38 46 43 35 46| ™
36 37 45 36 36 33 41 36| &
34 35 43 34 42 39 47 42 | o
32 33 41 32 32 45 37 321 &
30 31 23 30 22| 19 27 22 o
28 29 21 28 28 25 17 28
26 27 19 26 18 31 23 18
24 25 17 24 24 21 29 24
22 23 31 22 30 27 i9 30
20 21 29 20 20 17 25 20
18 19 27 18 26 23 31 26
16 17 25 16 16 29 21 16
14 15 7 14 6 3 11 6
12 13 5 12 12 9 1 12
10 11 3 10 2 15 7 2

8 9 1 8 8 5 13 8
6 7 15 6 14 11 3 14
4 5 13 4 4 1 9 4
2 3 11 2 10 7 15 10
0 1 9 0 0 13 5 0




€E-V

€ 91qeL

€ 91qelL

"SOUTH"

(Outside View)

0 «—> 12 13 <> 25 26 <—> 38 39 51

1 0 0 9 13 0 0 5

3 2 2 11 7 10 10 15

5 4 4 13 1 4 4 9

7 6 6 15 11 14 14 3

9 8 8 1 5 8 8 13

11 10 10 3 15 2 2 7

13 12 12 5 9 12 12 1

15 14 14 7 3 6 6 11

17 16 16 25 29 16 16 21
M| 19 18 18 27 23 26 26 31 | o
51 21 20 20 29 17 20 20 25 | 8
'S | 23 22 22 31 27 30 30 19 |9
<1 25 24 24 17 21 24 24 29 | <
Ul 27 26 26 19 31 18 18 23 | ©
1 29 28 28 21 25 28 28 17 | B
® | 31 30 30 23 19 22 22 27 | ®
g | 33 32 32 41 45 32 32 37 | £
= | 35 34 34 43 39 42 42 a7 | &
= | 37 36 36 45 33 36 36 a | o
= 39 38 38 47 43 46 46 35 | =
o | 41 40 40 33 37 40 40 45 | o
W |43 42 42 35 47 34 34 39 | @
D | 45 44 | o 44 37 | 41 44 | 44 33 | &
5| 47 46 | 3 | w| 46 39 | S | m| 35 38 |3 | m| 38 43 | 8
E| 49 48 | 3 5| 48 57 | g | B | 61 48 |3 5 | 48 53 | &
f | 51 50 | 3 Q| 50 59 | H | 2| 55 58 |13 g | 58 63 | &
| 53 52 | 2 <| 52 61 | 5 | < | 49 52 |5 | < | 52 57 |
S| 55 54 | '3 | 54 63 | | ©| 59 62 |5 | 62 51 | ©
81 s7 56 | & | E| 56 49 | § | B| 53 56 (2 | E| 56 61 | B
51 59 58 | & ® | 58 51 | & | @ | 63 50 |& @ | 50 55 | &5
@ | 61 60 | S 60 53 | 8 57 60 |8 21 60 49 | &
2| 63 62 | @ 62 55 | @ 51 54 |m 54 59 | &
ol| 65 64 64 73 77 64 64 69 | o
™67 66 66 75 71 74 74 79 | T
T 69 68 68 77 65 68 68 73 | 3
51 m 70 70 79 75 78 78 67 | 5
W E 72 72 65 69 72 72 77| ®
5| 75 74 74 67 79 66 66 |8
Ql 77 76 76 69 73 76 76 65 | 1
S| 79 78 78 71 67 70 70 5 | 8
S| 81 80 80 89 93 80 80 85 | B
o | 83 82 82 91 87 90 90 86 | &
S| 85 84 84 93 81 84 84 89 | &
w | 87 86 86 95 91 94 94 83 | &
89 88 88 81 85 88 88 93 | ®
91 80 90 83 95 82 82 87 | &
93 92 92 85 89 92 92 81 | @
95 94 94 87 83 86 86 91 | &
97 96 96 105 109 96 96 101 | &
99 08 98 107 103 106 106 111 | @

101 100 100 109 97 100 100 165

103 102 102 111 107 110 110 99

105 104 104 97 101 104 104 109

107 106 106 99 111 98 98 103

109 108 108 101 105 108 108 97

111 110 110 103 99 102 102 107

113 112 112 121 125 112 112 117

115 114 114 123 119 122 122 127

117 116 116 125 113 116 116 121

119 118 118 127 123 126 126 115

121 120 120 113 117 120 120 125

123 122 122 115 127 114 114 119

125 124 124 117 121 124 124 113

127 126 126 119 115 118 118 123




G-V

$ 91qeL

7 91qeL

"EAST"

(Outside View)

0 <> 12 13 <> 25 26 <> 38 39 <> 51

127 126 126 119 115 118 118 123

125 124 124 117 121 124 124 113

123 122 122 115 127 114 114 119

121 120 120 113 117 120 120 125

119 118 118 127 123 126 126 115

117 116 116 125 113 116 116 121

115 114 114 123 119 122 122 127

113 112 112 121 125 112 112 117

111 110 110 103 99 102 102 107
= | 109 108 108 101 105 108 108 97 | H
8 [107| | 106 106 99 111 08 98 | |103 |2
& | 105 104 104 97 101 104 104 109 | &
5 | 103 102 102 111 107 110 110 99 |
S | 101 100 100 109 97 100 100 105 | &
5| 99 98 98 107 103 106 106 11 | B
2 | 97 96 96 105 109 96 96 101 | 2
S| 95 94 94 87 83 86 86 91 | &
5| 93 92 92 85 89 92 92 81 | &
s | 91 90 90 83 95 82 82 87 | s
5| 89 88 88 81 85 88 88 93 | K
® | 87 86 86 95 91 94 94 83 | &

85 84 84 93 81 84 84 89
g 83 82 g 82 91 Ef o | 87 90 g = | 90 05 | &
5| 81 80 gj 80 89 5| 93 80 5 | 80 85 | B
5 79 | 31 5| 78 | 3| 5| 67 70| 3% | 70 75| 5
® v 6| 8| G| 6 69 | & | G| 73 6| 8| < | 76 65 |
51 15 43| oy 74 67| & | = 79 66 | o | | 66 71 | =
— — g — @)
5| 73 2|8 | 5| 72 65| o | B | 69 7218 | & | 72 77 | g
| T 70 2| B 70 791 5| | 75 8| 2| 5| 78 67 |
51 69 68| = | w| 68 77| 5| ®| 65 68 | 5| © | 68 73 | B
= | 67 66 | 2 66 75| B 71 74| B 74 79 | 5
® | 65 64 64 73 77 64 64 69 | ©
o | 63 62 62 55 51 54 54 59 | S
o | 61 60 60 53 57 60 60 49 | w
> | 59 58 58 51 63 50 50 55 | &
51 57 56 56 49 53 56 56 61 | B
~ | 55 54 54 63 59 62 62 51 | o
° 1 53 52 52 61 49 52 52 57 | ©
Q1| s1 50 50 59 55 58 58 63 |
5 | 49 48 48 57 61 48 48 53 | %
o | 47 46 46 39 35 38 38 a3 | B
&1 45 44 44 37 41 44 44 33| 8
5| 43 42 42 35 47 34 34 39 | =
21 a1 40 40 33 37 40 40 45 | &
39 38 38 47 43 46 46 35 | o
37 36 36 45 33 36 36 a1 | @
35 34 34 43 39 42 42 47 | &
33 32 32 41 45 32 32 37| &
31 30 30 23 19 22 22 27 |

29 28 28 21 25 28 28 17

27 26 26 19 31 18 18 23

25 24 24 17 21 24 24 29

23 22 22 31 27 30 30 19

21 20 20 29 17 20 20 25

19 18 18 27 23 26 26 31

17 16 16 25 29 16 16 21

15 14 14 7 3 6 6 11

13 12 12 5 9 12 12 1

11 10 10 3 15 2 2 7

9 8 8 1 5 8 8 13

7 6 6 15 11 14 14 3

5 4 4 13 1 4 4 9

3 2 2 11 7 10 10 15

1 0 0 9 13 0 0 5




LE-V

G 21q&.L

S 91qeL

"WEST"

(Outside View)

0 > 12 13 > 25 26 <> 38 39 &> 51

0 1 9 0 0 13 5 0

2 3 11 2 10 7 15 10

4 5 13 4 4 1 9 4

6 7 15 6 14 11 3 14

8 9 1 8 8 5 13 8

10 11 3 10 2 15 7 2

12 13 5 12 12 9 1 12

14 15 7 14 6 3 11 6
o | 16 17 25 16 16 29 21 16 |
5| 18 19 27 18 26 23 31 26 | &
g | 20 21 29 20 20 17 25 20 | g
<l 22 23 31 22 30 27 19 30 | <
| 24 25 17 24 24 21 29 24 |
p | 286 27 19 26 18 31 23 18 | »
5| 28 29 21 28 28 25 17 28 | B
£ | 30 31 23 30 22 19 27 22 | «
= 32 33 41 32 32 45 37 32 | &
7| 34 35 43 34 42 39 47 42 | *
=1 36 37 45 36 36 33 41 36 |
B | 38 39 47 38 46 43 35 46 | B
w | 40 41 33 40 40 37 45 40 | w
o | 42 43 | o 35 42 | H 34 47 | o 39 34 | =
£ ] 44 45 | 8 | @| 37 44 | S | W] 44 41 | S | mw| 33 44 | §
S| 46 47 | 3| 8| 39 46 | 3| B | 38 35| g | B | 43 38 | B
& | 48 49 | 9 | 9| 57 48 | 5| 2| 48 61 | 5 | S| 53 48 | 8

< w «

~ | 50 51 | 8 | < | 59 50 | 5 58 55 | o 63 58 |
3| 52 53 |5 | ©W| 61 52 |5 | 2| 52 49 [ | B | 57 52 | &
B | 54 55 | @ | B | 63 54 | 3| 8| 62 5 | 9| 8] 51 62 | B
5| 56 57 | 5 | & | 49 56 | = | & | 56 53 | = | & | 61 56 | &
@ | 58 59 | § 51 58 | 9 50 63 | 9 55 50 | &
2| 60 61 | @ 53 60 | o 60 57 | & 49 60 | 2
o | 82 63 55 62 54 51 59 54 |
| 64 65 73 64 64 77 69 64 | =
9| 66 67 75 66 74 71 79 74 | 'O
2| 68 69 77 68 68 65 73 68 | ©
& | 70 71 79 70 78 75 67 78 | ®
g | 72 73 65 72 72 69 77 72| 8
al 74 75 67 74 66 79 71 66 |
o | 16 77 69 76 76 73 65 76 | @
5| 78 79 71 78 70 67 75 70| 3
1 80 81 89 80 80 93 85 80 | &
S| 82 83 91 82 90 87 95 80 | ®
21 84 85 93 84 84 81 89 B4 | 5
86 87 95 86 94 91 83 94 | ®
88 89 81 88 88 85 93 88 | @
80 91 83 90 82 95 87 82 | @
92 93 85 92! 92 89 81 92 | @
94 95 87 94 86 83 91 86 | ©
96 97 105 96 96 109 101 96 | w

98 99 107 98 106 103 111 106

100 101 109 100 100 97 105 100

102 103 111 102 110 107 99 110

104 105 97 104 104 101 109 104

106 107 99 106 98 111 103 98

108 109 101 108 108 105 97 108

110 111 103 110 102 99 107 102

112 113 121 112 112 125 117 112

114 115 123 114 122 119 127 122

116 117 125 116 116 113 121 116

118 119 127 118 126 123 115 126

120 121 113 120 120 117 125 120

122 123 115 122 114 127 119 114

124 125 117 124 124 121 113 124

126 127 119 126 118 115 123 118
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