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Avetract: Thi&i&f&ﬂﬁi%mﬂmd vaxi&}éia delay unit converts a nagative
}ml% inboe a 3 voll negative level who% width iz adjustable over a
- from 0.3 micressconds to 2.5 seconds. Oreater widths may be

ed by adding capacitance externally. When loaded with 100 chms
i ,mWnt level i3 ~2.9 volta,. f&}.l time is 0.09 microssconds, ami v
Z‘i»ﬁﬁ tim is 0.03 wmicroseconds. A compensebing cireuit for valt&g@
drdf% 1s included which maintains the delay width constant within lsea;t '
%m Bu per cent for a 10 per cent varistion in any aupply voltaga, oy
JSM:M* {2 below O, 1 per cent.
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4409 mloroseconds

Jitter iz kept down teo less than 0.4
pulee width may be verisd coatinuously over the

gecorsls to 2.5 ssconds with 5 coarse positlons. Lo

obtained by

o

adding capacitance externally al the

portput pulze width is affected only slighitly by sapply volt
@.2. for s I per cent change in any supply vollage, the wid

by Jess than 0.3 per cent,

Eﬁ a first attempt in solving the problem of designing s
variable delay unit, a monostable multivibrator was investigated., The
emlttar caupled type was eliminated because »f its undesirable outpub
pulse level, %.e., the output ewing ie not from ground level to -3 volts.
The collestor coupled monostable sultivivrator showed more promise,
However, the following difficulties wers encountered. Referring to Figure
1, note that the delay time is directly propovitionsl to the product of REC“
+ GUPPLY ’
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However, the maximum velue of R1 is limited becauss the d-c base corrent
Tor transistor Q2 rmust flow through R1. I we desire & long delay time

we will therefore find it necessarv to increase the velue of ., This
bringe ue to & second difficulty, namely, that the recovery time (which
is proportional to the praduct RZC), becomes excessive., These problems
were overcome by placing an emitter-follcwer between R? and C as well as
between HL and the base of transistor Q2, This circuit however introducad
too much delay time during the regeneration period (tranéition period)
which resulted in a slower output waveform than could be zcceptable,

It was decided that a monostable multivibrator which depends
upon internal delay for its proper functioning would not be suitable, and
20 & circuit using ¢xterna1 del&y was investiga@ede As shown in Figure 2
%ha negative input pulse seta the flip=flop in the O state, and, after a
time interval, s signal fed back from the RC timing eircult sets the flip=
flop in the 1 state (by definition, the side which is set supplies a
negative level).
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FLIP-FLOP WITH EXTERNAL DELAY

The aet éne pulse coming from the timing circuit was too slow to give a
suitable trailing edge to the output waveform, and so an smitter coupled
bistable multivibrator, also known as a Schmitt cireuit, was added, as
shown dotted in Figwre 2. This provided sn extremsly fast set ons pulse,
A Schmitt circuit responds only when the irpul signal exeeeds o wminisum
amplitude, which is known as the triggering level, This trigeering
is sengitive to supply voltage drifts, se 1o the Liming sdrondt, ang




therefore (n an attemnt to compensate for such drifts, hoth cirenits
ware rupplied {rom the same vo%taga sources., This preatly reduced the
sensitivity of the delay width to suﬁply voltage drifts, Basically this
is the form of the final ecircuit. Fur;her improvements are described
below, |

CIRCULTRY AND OPFRATION
; A block diagram and a circuit schematic of the variable delay
unit are shown in Figures 3 and 6, respectively. 1In brief, the operation
_of the ecircuit is as follows, A negative input pulce is applied to the
input trigger stage. This triggers the flip-flop and sends the output
from ground level tq the ~3v level. At the same time this initistes a
timing eircuit, which compensates for supply voltage drifts, and allows'
A time interval to pase during which the output ie held at the =3v level,
At the end of this time interval the Schmitt circuit is triggered which
in turn trigegers the flip-flop. The flip=-flop then goes through a second
transition returning the output to the ground level, The width of this
output pulse is thereby determined by the setting of R and C only,
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BLOCK DIAGRAM, VARIABL € DELAY ymiIT
v -
In detail, the circuit operation may be described as follows,
In the quiescent condition, assume that the £flip-flop is in the 1 stats
{this ig verified further on), setting the output at grouwnd potential,
When a negative pulse arrives at the inpu%.términalg the collector of Q1
and of Q3 are both pulled towsrd ground, from -3 volts, Tnig starte thes

Iransition of 4he flip=fliop which resiiis in tha collecter af 43 st bl
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at ground potential and the collector of QL, 4s weil as the output terminal
shifting to the -3 level. The output wpulse has now started.

“he bass of Q6 is now pulled to ground which cuts off this
transistor. The voltage across C up until this time had been U volts due
to the clamping action of Q6, Now that Q6 nas been cut off the potential
at. 1ts collector begins to rise from -3 volts toward + 10 volte,  The
iate of rise is inversely proportional to the product RC, The emitter-
follower, 7, foliows directly with the rising voitage at ite base. Q6
and Q7 comprise the timing circuit, '

The signal is now fed intu a drift compensating circuit which
functione ds follows. The assumption isg madeithat transistor Q8 does not
éonduct until its emitter poténtial equals or excesds the potential of
its base, at which time QB with its assoclated load resistor act as &
standard inverter typ@tcircuitg In Figure L is shown & plot of the voltage
at the emitter of Q6 versus time,
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Here the assumption is made that this waveshape iz lihear, whereas it is
inown that thie is an exponentially rising waveform. This assumption is
valid since we are dealing only with a small portion of this waveform at
its beginning where it is nearly linear. 1In this Figure, E volts Tepre=
sent the absolute difference between the ¢10 and -3 supply voltages.

Line AB represents the waveshape for a +10 supply voltage of value +10
volts, Assaming, for the moment, that the base voltage is fixed at =
level which ww._shall call trigger level 1, it is seen that at time tl; the
inverter will start to conduct. Assume now that the supply voltage drops
by an amount delta E-as shown in Figure L at point C. Line AC now repre-
sents. the weveshape at the emitter of Q8. The intersection of this line
and trigger level 1, occurs at a time t2 which is greater than the .
da-tﬂd-tim»'i.;l. One way to compensate for this change in time is= to
‘change the trigger level from trigger level 1 to trigger level 2 which
WAL then cause the intersection to ocour at the desired time, tl. By
‘wimilar triangles it is seen that,

er lovel 2 _

E - AE
T—-

Therefore, ‘
ttdgger level 2 = [ AE] trigger level 1

Thi duﬂ.rcd trigger level. One obvious wey |

mme&am p put the bame of Q8 at this new level,

il may be apoc wide cally by connecting QB as shown in Figure
5. !rummuuwuuznhawm%uuvolme to be
the trigger level., For the condition whera the 10 supply voltage iz
equal to ¢10 volts, the trigger level is equal to

If now the aupply voltage changes by & quantity - AR the new trigger level
will be

iz gives us the mn- of ehu

wigm lovel 2 = g [ - av. ]
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Combining these two equations, we see that
‘ E - AR :
trigger level 2 = [;-1r-_j] trigger level 1

By comparing this trigrer level 2 to the desired trigger level 2 as
determined from Figure l, we see that they are identical, and have thereby
compensated for the chanpe in the +10 supply voltage. Bv superposition,

& change in the -3 volt supply will be, .compensated for in the identical
mammer. Note that the values of Rl and R? do not enter into the final
equatioms, and may therefore drift without consequence, They have heen
chosen to fall within the operating range of Q8,

The collector of Q8 will start rising at a time determined only
by the setting of R and C and not dependent upon the supply voltage level.
The inverting action through Q8 also has associated with it a large gain
which effectively amplifies the slope of the waveform at its emitiaer,

This signal is then raised roughly 3 1/2 volts through:the Zener dicds
and appears at the base of Q9 which is the input to the Schmitt eirouit,

The base voltage of Q9 is held clamped at g peﬁentiaL detarmined
by the constants of the Schmitt circuit, the Zener diode, and ¢ ?@é ¥

resistor. Tharefore the collector of (8 is clamped at a potentisl
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roughly 3.5 volts negative of this., When the collector of Q8 begins to
rise, the base of Q9 rises with it at higher level, The Schmitt cireuit
is set to trigger at a voltage roughly 1 volt positive of ite elamped
voltage. When the Schmitt circuit triggers, the collector of Q10 sharply
rises from-about -1.8 volts to a level slightly above ground, which ocuts
off Q2. This triggers the flip-flop and forces a transition to take
place., The ocutput at Q5 now swings from its -3v level to the ground lewsl
which thereby terminates the output pulse., The recovery time has besn
minimived by allowing C to recharge through the collector current of Q6.

Variations in the -15v supply alter the delay time by affecting
the quiescent base voltage of Q9. However, by adding the 12K resistor
from this supply to the base of QB, & correcting signal is generated
which compensates for such drifts,

The assumption made in the second paragraph of this section may
now be verifisd. If the flip-flop wers to remein in the O state, the
timing circuit would begin functioning (since Q6 would bs cut off), and
this would be fed through to the Schmitt circuit, which would eventually
trigger. Once triggered, the collsctor of QIO jumps sbove ground
pﬁt@ntial, and this is fed to the base of Q2 which muat therefore stop
aemating. If Q2 is not conduecting, the flip-flop smet switch to ite 1
state, Q.E.D, ‘

g E‘igure 7 shows photogrephs of the waveforme at eritical points
in the aiz*amitg The delay time was arbitrarily set st 10 mw«wwmﬁm
Hote t&m nm&r riss in voltage at the base of 7 s and the amplifisd slope
_ af this rise at the input to the Sehmitt cireuit. Note also fhet the

qmm level at which. ‘the output signal setiles 1s & few Leatbs of s
volt mbowe ground, This allows direct eoupling to & tremsistor base,
without aﬁﬁmg positive bias, X‘b w also bs ssen that the 100 obm Load
hardly alters the wutput swing.

Figurs 8 shows the varistion in output pulse widibh as s funciien
of tha BUDT LY wﬁ:ﬁgw? for s pulse widbth of 100 micromeconds, Note “hab
for s & 10 por cent chenge in supply wlﬁa@asﬁ the pulise width remeins
constant within ¢ 0.3 per cent,
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As is the practice with such circuits a number of margin check
plote were made which proved quite satisfzctory, giving wide margins for
varistions in the important paramesters,

Further data in this respect may be found in lLincoln Laboratory
Computation Bock Mumber 1307. '

SPECTFICATIONS AND RANGE:
1, Input: Requires a negative pulse whose rinimum amplitude
is ~1.5 volts and whose duration should be at lsast
20 per cent less than that of the desired output
pulse,
2. Output: (a) Minimm delay time: 0.3 misroseconds,
(b) Maximn delay time: 2.5 seconds,
. Notet lLonger delays may be obtained by adding external
capacitance at the terminals provided.
(¢) TFall time unloaded: 0,05 microseconds
Rise tims unloaded: 0,03 microseconds
Fall time loaded with 100 ohme: 0,09 micro=-
- seconds
Rise time loaded with 100 ohms: 0,03 micro-
seconds
(d) Output swing, unloaded: -3 volts
Output swing, loaded 100 ohme: - 2.9 volts.
3, Maximum pulse repetition frequency at minimum delay times
3 megacycles ’
ho Jitter:s 0.1 per cent
S. Supply voltages:s 410, #10 MCV, -3, -15. Note: Thia
eireuit can also be changed for operation at -10 instead «f
=15 volts.
6. Semi-conductors required: 7 Philecc type L-5122 tranrisbors,
3 Phileo type L-513L transistors, 1 Texas Instrument type
65000 Zener diode.
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7. Delay Range:
Delay Positien R ¢ , Delay Range
Position 1 1X-100K ko PF 0,3 psec = 7.5 pasc,
Position 2 " 01 M 1.7 psec = 14O psec,
Position 3 » 022 WP 25 pmec - 2,5 ms,
Position kL " 6 W 0.65 ms, « 90 ms,
Pesition 5 " 180 wr 19 ma, - 2.5 Bec,

Note: When adding external capacitance to cbtain longer delays, put a
17 ohm resistor in series with the capacitor to limit excessive
currents,

8. Polarity of Output Signals The circuit described in this
note gives an ocutput that 1is quiescently at ground potentisl,
and then drops to =3 volts for the duration of the pulse,

If desired, an output may be obtained which normally
supplies a -3v level, and rises to ground potential for the
duration of the pulse., This msy be accomplished by feeding
the cutput into a clamped inverter {for low power spplica-
tions) or into an inverter-cascods combination {fer higher
power applications) as is used in the TX-2 computer ‘
cirenits,

Attachments: _
Figure 6, Dwg. No. B-83082
Figure 7, Dwg. A-83295
FPigure 8, Dwg. A-83265
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Abstract: The v&blo delay unit described in 6N-216 has been slightly
modified for use in the TX-2 computer. Key points in the circuit are
brought out to pins on the plug. The wmit may be used in various ways
according to the pin comnections mede on the plug. The proper delay range
is also chosen by externmsal pin connections. The maximm output current is
15 ma. at -3 volts, and 6 ma. at ground. The delay umit synchromizer, the
delay unit suxiliary, snd the variable delay coupling unit are described.
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The besic variable delay circult hes been elightly modified and
sdepted for use in the TX-2 computer. The -15 volt supply voliage hes
been changed to -10 volts, end much greater flexibility for use in TZ-2
has been achieved by bringimg out certain key points in the circuit to
pims on the plug. There have also Leen some changes in circuit vealues
in order to achieve more relisble opeyetion. The circuit, as it is used
in TX-2, is given in Figure 9. Figure 10 is a block schemetic. The
complete sssembly and composite of the plug-in unit is given by D-8%175.

For normal operation, pin J is connected to pin D, and pin N is
comnected to pin L. The proper cspa.citance 'is selected according to the
delay renge desired. The fine delay is adjusted by meeus of the trimpot
vhich is & special wire-wound Bourns Trim-r mede to have & pinisumm end
resistance of only 100 obme. The recowsry time is constant for any
given cepacitance. The delays available and the proper in connectiomns
are given below.

Pin
Position Connection Hiniwum Delsy Meximum Delay Recovery Time
1 K-L 0.3 usec. 6.0 usec. 0.2 usec.
2 A-L-T 1.7 usec. 110 usec. 0.5 psec.
3 H-L-H 34 usec. 2.4 millisec. 5.0 usec.
i B-L~-M 1.0 millisec. 80 millisec. 130 usec.
< K-L-R 26 millisec. 2.2 seconds 8 milligec.

The delay as & function of capecitance is given spproximately by
.10 < £<12C, vhere C is the cspacitance in ufd and t is the lemgth of
delay in seconds. This bolds omly for t7 .5 pseconds.

For longer delays than are available from the capacitances in tbs
unit, sdded ceapescitance may be connected between pin L and the -3 volt
supply. For example, & kOO0 ufd condenser vwill provide a delsy
verieble from 900 milliseconds to 5k seconds with a recovery time of
0O milliseconds. A 22 oha resistor must be used in series with the
capecitemce to limit the charging current if C is greater tham 10 ufd.
8light veristioms in delay in any one range will be aoticed from umit
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to unit, csused by the 20‘70 capacitor tolerance. 8ufficient overlap is
provided to teke care of this, but in general the cspacitor should be
ckosen so as not to use the very end of any ome range.

For synchronized operation, pin J is not comnected to pin D.
Instead, & gating circuit built from a P-5 unit is inserted as shown in
Figure 11. The output of the Schmidt circuit, obtained from pin J,
swings from ground to -3 volts. However, the -3 volt level is supplied
by & 820 obm resistor to -3 volts, which makes it necessary to use two
transistors in parallel in the P-5 unit. The output of the P-% unit
vill be a positive pulse from -k volts to ground, which will occur on
the coincidence of a negative 2.5 volt symchronizing pulse and a
ground level output from the Scimidt trigger of the delsy unit. Thus
during synchromized operation, the delay time will equal the length of
the variable delay setting plus the time until the next synchronizing
pulse comes along.

In order for the delay unit to be centrolled from the output of a
decoder, pin J is connected to pin D as usual and pin N is not connected
to pin L. Instead the auxiliary delay unit (Figure 12) is inserted.

Any or all of pins D, J, N, and T of the auxiliary unit are connected
to pin L of the variable delay umit. The length of delay will be
controlled by the settings of the variable resistors in the auxiliary
unit, by the decoded inputs to the diodes of the auxiliary unit, and
by the capacitance range chosen.

The input t. ibe delsy wnit at pin B may be a negative 2.5 volt
0.1 psec. pulse or s negative-going 3 volt level which is at least
20% shorter than the maximum desired delay time. The collectors of
other gated pulse impwts may be comnected at pin T as ia the stamdard
two transistor gate to the "one” or "sero” imput of a flip-flop. A
positive going level may be used to trigger the delay by forming a
negative pulse from it and triggerimg at pim B. A circuwit whieh will



accomplish this is inciuded in the variable delay coupling unit, tC oe
described below.

The output >f the delay unit is pormally at ground, and goes to
-3 volts during the delay. The maximum output current is 15 ma. at
.3 volts, and & ma. &t ground. Thus the output will drive 10 inverter
bases, or 10 em‘tter-follower bases. or any combination of these two
not exceeding 15 ma. a% -3 volte. The output may alsc be used to drive
the emitter of & single pulsed transistor.

It may be desired to have a delay whizh will last for a given time
after the last of & series of pulses. This can be done by using two
varisble delsy units snd the variable delsy coupling unit. The circuit
schematic of this unit is given in rim 13. {Thn ou@put of VDy is

) -
connected to ptn_B of the cupling unit, and the outpu: of VDy 1s
connected in pin J. VD, Is triggered from the negative pulse obtained
from pin L of ths coupling ucit. Pin B of the coupling unit is
connected to pin L of VD,. The desired delay is obtained from pin V
of the coupling unit. It is a level which is normally at -3 volts,
and goes to ground for the length of the delay. The level goes to
ground at the first pulae, snd stays at ground for a length of time
after the last pulse equal to the length of the first delay plus the
length of the second delay. The maximum output current is 10 ma. at
-3 volts, and 6 me. at ground. In adjusting the length of the delays,
YD plus its recovery time must be less than VD,. In sdditien, YDy
sust be greater then the rezovery time of VDp. The minimum resolution
time of this circuit is equal to the length of VD; plus its recovery
time.

Attachments!

Pigure 9, Dvg. No. 8B-83602
Pigure 10, Dvg. Bo. SA-85430
Pigure 11, Dvg. No. 8A-85603
Figure 12, Dwg. No. 8A-8560h
Figure 13, Dvg. No. 8A-85605
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