ITL TNTEGRATED CIRCUIT TECHNOLOGY

SECTION 1, CENERAL

1.1 Logic Set

Circuit'TXEe : - Function ' : Number per Package
A " 2 input AND-INVERT L
B Ty if 1 n o . ‘ o 2
c 2 + 2 AND~OR-INVERT 2
D D BISTABLE " 2
E 7 JK BISTABLE 1
; F 8 input AND-INVERT -1
e 2

4 input POWER AND-INVERT

l.2 Logic Rules
1.2,1 Virtual Gates

Outputs of elements may not be commoned to provide a virtual gate.

1.2.2 Unused Iﬁputs"'

Unused inputs to gateé must be conneeted to the input which is
used. This does not increase the loading on the previous circuit
but not more than four inputs may be commoned. The use of spare
inputs for ecmmissioning purposes etc. is covered in para. 1.k4,
Where an unuscd input cannot be paralleled with another input,

as with say the § and R lines to a bistable, then they must either
be connected to a suitable positive level, to the outmut ef a gate
held pe“manently 13 the high state or, if it is legieally
apprqyrlate, grounded.

10203 Fali‘“out . oo ﬂ

- The fan-out of all the elements in the set, with the exceptlon of
'the power gate Type G, is limited to 9. Where a greater fan=out
is'requirgd the power gates must be used and the fan~out of thls

gate is limited to 30. - ' o

1.3 Power Consumptlon s

éi‘B. All the eircuits operate.with a single power supply line of +5V°
fo.sv.,

1e3.2 The maximum value of the mean power supply current taken per.
paekagé is given in later sections of this document for eaeh of
the paskage typec. This max. value assumes that the gates are
heing operated on a 50 : 50 'ON' to 'OFF! ratioc at a low frequency.,
If wnder-Any conditions the number of gatec in the 'ON' state is
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higher than the rumbor in the 'OFF' state, then the pO4eT supply
roqulrements aTe, 1ncreased by a % which can be calculated by
takin the,p of the gates in the ON statc and subtra01nt 50%.
For iggher freqpen01es these figures should be 1ncreased at the.j
rabs of 12 5% per mega~cycle (The mean operatlngfrequency of
- bbs c1rcu1ts uoed in the PF50 test bed aopears ta be very low)
113.33 Theychances of gettlng a set of 1000 or S0 packages all taklng '
the me

* are

1ax1mum value of current allowed by the clroult spe01flcat10n

‘
n""f-x '»

>bv;ously remote. How close any set of 1000 will come to the
max1mud flgures has yet to be determlred. Tentatlvely it 1s proposed

A'that power supplies should be de81gned to oaqer for 757 of tkese

- maxiitur £igiresit- Claw gk BRI

1.4 /ﬂ‘FoTclng ofLégical Condltlons for the Durpose of“@dmm1381onlgg -
| ox faplt finding

. \5'[ < "'—"" ,‘Ax,
1441 Wb;l,kths circuits are protected against acc1dental shortlng to .

ground of the outputs, they should hot be so shorted for long
pgrlods of tlme. It follows that this should not~be done.for the

il

purposs of comm1ss1on1ng or as a means of flndlng faults.

1.4.2 Lo,bcal condltlons may be foveed by dlsconnectlng the 1nput of

J ’\1 J v e

a gate from the prev1ous element and then connectlng 1+ to elther
L L~ . ) _‘

ground by a sultable + voltage. An extender board 1s belng
Brovided Which will bave alterable links for+this'purpose. The
FEESiGr $510e8 on this board will be such that damage to circuits
will %6 mfmmsed if by mistake the output ratierithan the .input! -
of a 01rcu1t is sSo linked to ground or the pos1t1ve voltage. ,;_'
1.4.3 Fﬁbére it is de51red to prov1de facllltles for forclng loglcal *

IRk ..:-u__J i

condlt}ons w1thout the use of extender boards, Spare 1npu£s 40
iTv:“""

-gates may bewconnected to a potential divider aeross the- supply
and |these may thereafter be taken to the ' level By grounding’

them. R X . “;"“" 3 ok

b e e,

ﬂ;Blannlnngples e ' o fon e e tE g o
These plannlng rules w111 apply &0 all the clroults 1n ghe famlly.
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" The 01reu1t packages w111 normally be saldered 1nto prlnted
[
boa-ds and these boards plugged into edgo ﬁonnectors ‘and conneetd
together with back-wiring. In the case of small boards hou51ng a

T

Pei Hodiles, ‘these are likely to be double sided .printed boards:in -

order to.minimise eests. With large arrays ‘of .modules’a four layer
beardr construction is to be preferred as this"proyides N 5 N
e SO B9 S e

,.

- R R

”« Contlnued...........3



better«earthznzigzéen%enents and mlnlm;ses proestalkﬂbetween s
conducﬁors on the board " Low impédance earth paths between o
packdges 15 very 1mportant On" the small double’51ded boards
add1t10na1 earthlng straps are neeessary to mlnlmlse’the earth "
1mpedance., The back pl&ne will be in the. form of a contlnuous'.
eoppen sheet to malntaln a low 1mpedanee between eonnectors. fﬁ‘:
It may be that rules w1ll have to be 1ntrodueed for the wlg;ng
layout on the boards, but for the moment tnese rules[are eenflned
' te the back~w1r1ng and assume that reasonable precautlons are o

Ta

taken w1th the board w1r1ng

LU ETE e e e e
i [T R EL S o T ]

1e563 The back-w1r1ng will be in the form of open wiring .er. tw1sted
éalrs. Open.yixeés are -restricted to a strlng length-of lBULnRhes.
Tw1sted palrs may be used up to a string length ofil fee

the distance between the output of one element ‘and tie inputtlof’

another should not normally exceed 2 feet, B JTE VR
’j, o 'h‘-‘(

In ealculat;ng the max1mum permitted length of a conductor whlch

is partly open and partly tW1sted the tw1sted length shall Be

divided by Tour, and added to the length of the,openmmlreﬂso 5ﬁa¢
the total does not exceed 15 inches. ' SelEs B

BN IO R = Ty "“" PR TP $4e] r-v
L aeil

1.5.4 Where the. di:skanee between the driving and the recelv1ng element
zekeeeds twofeet:, then eoaxial cable driven by the pouer. elemeng
type G and terminated as specified JAn para 2.%. shall be used. ;.

("““f' o -

~1.6 Voltage Levald ’ T ‘:’f_ A?‘“.f;:'.-f:".?"“i 5 1o
'\V/\ o '5"3»2 'Y""VIL, » l olioh At o o
1.6.1 The acceptable output voltage levels of the elreults, as.meesured
between the outpnt pin and the earth pin of that rlneqlt aress ¢
SO0 ot ovETm gty
s Hbghov+24 4/ to +4.0 volts ST omEnm Lasi bous
Low .5 to +0.k4 volts.

1.6.2 The aeceptable 1nput voltages to the c1rcu1ts, as measﬁredibetwéen

“the 1npug pin’ “and the earth pin of that eircuit aredlii I
S IR T ‘\ ~'<‘- - . f—\fa‘}f? :’"'r:,“«'\" '_\_::

i, o High 4146 to +4,0 volts
) - qu -0.5 to +1.05 volts.,

Lol o e
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«—It is to beréxpeectéd.that the input voltages will onlylapgroaphm
8 “these limits under’ pulse noise eonditions. L FNEiRG oF wahmg

(:}.6.3 The above liéitgiépél& over the device temperature*fengeﬂilfﬁdkﬁ
. +60°C and even the worst circuits should operate with better
limits at normal temperatures. The average circuits will be

' appreeiably better,

1.7 Timing
A}] timing information in this doeument is given in the form of
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propagation -delay times. These are-the time del&yS‘bBﬁQ®eﬁ:£E®:g
50% point of the imput change and the 50% point of, the output
change, . ‘ o : :

B

There’|are conditioﬁ% under whieh it is desirable to makexgn'
added jallowahce for transitidn delays (delays from 10 t6,90% ef
transitien). ﬂ$his will be further explaingd in a later ‘addition

L
te sthis @ccunent.
: I

i % B ° .1"‘ l .
SECTION 2: [GATING CIRd%iTSQV

2.1 Type A .

‘24161 /Ihié qsﬁpriseé four two imput gates as shown:~

The‘méx power.sppply current on a 50 : 50 low frequeicy duty
eycle is 20 mA. o '
|

!
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This compises two four input gates as shownie

R
B

4

(&)
aE

o O - o O O 3)
! 2 3 4 5 ©i7
i "} N C O V

The max power supplycurrent on a 50 : 50 low fregjieney duty|

B eyclé is 10 mA.
This comprisés two sets of AND-OR gates as showh:
Ve N\ e (c
4 13 12 i o) )

. B
L L S

INeS
o

) The max power supply current on a 50 : 50 low fregueney duty
cycle is 14.5 mA. )
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2.2

2.3

Type B

This comprises two four input gates as shown:-

VC NC | -
14 {2 Vi i 10 9 3
@] @) ¢ G O (P
! |
. X l
X
X .
~
o o o & 4 4
1 2 3 4 5 G 7
- Nc¢ ~ . oY

-

The max power supply current on a 50 : 50 low frequeney duty
cyele is 10 mA. S

Type C
This comprises two sets of AND-OR gates as shown:-

Ve \ lc e
4 13 12 i |O 9 B

T §_ 2 ° 9 9 9

T &0
OO

The max power supply current on a 50 : 50 low frequeney duty
cycle is 14,5 mA. )
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2.4

2.5

Type F
This i5 an eight input gate as shown:-
S
Ve
14 13 12 T 10

20 S S N

O ~0
—0O oo

‘o o o o o O o
U 2 3 4 5 6 %
N ov

The.maxlpower éupply'current on a 50 : 50 low frequency duty

cycle is 6 mA.

Type G
This cémprises two fQur input power gates each having a fan-out
of 30,

Ve ' Nc

|4 12 (2 i\ HD

TS 9 8
R D 77

ésé

3
. Nc .

O

o 0
2- .

o
<

v

The max power supply current en a 50 : 50 low frequeney duty

cycie is 31 mA.
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Propagation Delay Times

The propagation delay times as defined in para. l.7. for a1l

the gates are as follows:-

With a string length of 1 foot of wire
on the output

Positive Delay - : - Negative Delay
Min., = - Max. Min. Max.
F.0. =9 F.0. = 30 ..
5 25.n8 45 ns 2 20 nS

With a string length of U feet of wire
on the output

Positive Delay = . - | Negative Delay
Min. . . L Max.. . Min. . _ Max.
) Fu0u =9 - RO. =30 . . R
8 35S - . 5518 3 3008

. Driving Coaxial Cables . .

The power gate fype G may be used to drive .coaxial.cables.-

‘having an. impedance of 50 chms. Such cables may“be.run.betweeﬁ
. separate pieces.of equipment providing thet the difference

between the earth. points at which the cable is connected does
not exoceed O.1l volt.

When this arrangement is used, the line should be terminated. as
showz ‘below and the fan-~scuty which.can be connected at either-or

both.ends of the line, should be limited to 8.

m
<

120

O

ANY ELEMENT
IN SET.

H|

nNo
N
C -

The circuit propagation. delay time for cable lengtha-ﬁb to
12 feet can be taken to be the same as the figures quoted in

“para. 2.6. for a fan-cut of 9, plus 1.6 nS for each foot of

cable length,

Continuedooa‘o'c’v'g
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SECTION 3:  BISTABLE TiPE D

30l Genoral

3.1:1 This is a D type biatable snd there are twd in esch package,
It bas very 1little or no immunity Yo clock skew and it should
therefore not be used in any application invelving the transfer
of data between successive stages where the same clock pulse is

applied to both stages.

312 This D type bistable is likely to stay at about half the price
(per bistable) of the type £ aund, whore clock sxey immunity is
not required, and the more limited input facilities arve sufficient,

it should be used in prefercrncs to the type E,

|
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3.3

Sokt
3ohal

3.4.2

L]

"."/5

Loading Rules

D input

S 12}

'R 1
Clock "

Logic Function

Set~Unset Operation.

To operate in this mode the clock input must be held low but

1 unit load,

1
2
2

the D line can be in either state,

/

/@he state of the bistable can be altered, in aceardance with
lthe following equations, by taking either the S or the R input
into the low state. The bistable stays in the chosen state when

the appropriate B or R

Q =
Q =

Clocked Operation

To operate in this mode both S and R inputs must be held high.
When the clock input is taken from the low state to the high -

s

ol

line is returned to the high state

state, the binary takes up the state of the D line.

In order to do this succes&fully; thé D line must be steady over
a period of time either side of thé time when the clock input

goes high (i.e. over time periods t set-up and t hold). Once the
bistable has been set in this way, the D line is 'locked out! .

i.e. at the end of the t hold period of time the D line may be

Q =

Q =

D

)

altered with the clock still high without changing the state of

the bistable,

time Touf after the time when the cloek input goes high. The

clock input may ke returned to the lew state any time after TOu

The output from the bistable is avairable at a

without affecting the state of the bistable,

Performance
e R S —
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305.2

3.6
3.6.1

e e

e S

S€t~Up Hold
< INPOT_ < QuUTPUT
PRESENT AVAILABLE
t set up 20 mS{ min,
t hold 10 nS " min.
i 1t of wire bt of wire
to output (to a;'O') max "~ 50 nS max 61 nS max
" (to g '11) M 35 nS max k6 nS max

| : .
The max figures for ¢ output apply for both eleeked and set-

unset operatisn.

The minimum*figures:for t output is not defined and no reliance

should be placed on this being greater than zero.

o4

. _ . }
Power Requirements

The max power supply current for lew frequeney operatien is
35 mA, '

SECTION 4: FASTER TT2 CIRCUTTS

LN

Specifieatioﬁé will later be written for a nuuber of faster
éating eircuits, as the position with the suppliers of these
circuits becomes eclearer. The actual gate funetions have yet te
be selected.

' The circuits sélected will be fully eompatible electriesally and

mechanieally with the ones that have been described.

Subject to the wiring »ules being obeyed, it will be possible

to rﬁplaoe existing cireuits with the faster one inader to

speed up a givem array of legie.

C@ntinuedo casoeess «11
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'

These additional oircuits will be approximately twice as fast,
l.eo max of 12 nS with worst fan-out and one foot of wire

instead of a max of 25 ngS.

The wiring rules with these cireuits have yet to be worked
out, but it is likely that the limit to open kack wiring will
be the order of 8" and that their use will really be confined
to internal connections on multi-layer‘macro boards. Logical
designers envisaging the future substitution efﬁexisting
circuits by the faster circuits should think in terms of only

doing so in this way,
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Half of Type B Paekage

Multiple Emitter Thamsistor Tuput providss faster tymp-off thap
-other legie forms, thereby minimising propagatien time. Output
structure uses aetive pull~up and pulledows to provide lew impedance
driving souree in beth logie states. This alse mipimjses pRepagation
time, ever iy high fan-out applieations, Current limiting resistor
in aetive pull-yp path gives short~duration shozt-cirvruit protection,

Supply veltpge 52 0.25V
Miz Input Veltage te maintain "Low" Output 2,06V @ 40 uA In

© Mgx Tmput Voltage to maintaiy "High" Output 0,8V @ l,é:@@ Out
Min "High" Output Voltage (fyll load) 2.4 v @ 0.4 ma out
Max "Low" Output Voltage (full load) 9.4 V@16 ma In

Fan-out 16

I
INPUT aﬁ% , N
OUTPuT-§J ;

. —
85 , 18nS
AYERNGE ANERAGE

Propagation Time:




