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ABSTRACT

The cirouit consists of three discriminators, an anti~coincidence ciy+
cul®, two delay circuits, a shorting circuit on the input, scalers and powser
supply. It is deslgned for fast positive pulses corresponding in speed tTo those
from electron collection or proportional ccunters, and for slow positive pulses
from ion collection chambers., One discriminator is set to fire onm all pulses
that rige an arbitrary amount sbove noise. The other two determine the upper
aud lower boundaries of a channel w#cse width is asdjustaeble from 1.5 to 7.5 volis.
The position of this channel is adjustable from O to 5O volts. The delay and
shorting circvits make the chance of spurious measurements small, even at rel-
stively high counting rates, Measurements made with apparetus will be described

in & forthcaming report by Philip G. Roontz.
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PULSE HEIGHT ANALYZER = MODEL A

GENTRAL DISCUSSION OF THE PROBLIEN AND CIRCUITS

Fig. 1 shows & block diagram of the whole apparatus. The detector
and applifier are any of the conventional models. The reet of the circuits,
including a meter and power supply, are mounted on two chagses and ons 10z"
panel .

Figs. 2,A and B show %two genoral types of puise which will be de-
livered by the amplifier. The rise time will always be considerably shorter
then the tail. To measure heights correctly successive pulses must not over=-
lep. This can be avoided either by taking counts so slowly that overlap is
improbable or by making the circuit insensitive for a time after each pulse.
The latiter scheme was chosen in the interest of counting speed. The output
of the emplifier passcs through a clemping circuit as shown in Fig. 1 and then
to the discriminators. Discrimivator 1 is set to fire on smsll pulses. When
it fires 1%t wriggers deley 1 (T1) which triggers delay 2 (7.) at some time; d
(Fig. 2, B). This clamps the input to e point slightly below ground es shown
in Fig. 2, ¢. If another pulse occurs in the interval T, (as shown in Fig. 2, H)
it is sbtemiated as shown af I and thus does not register. It is important
thet the pulse rate bs low enough that the probability of cverlap in the rige
time or the time of delay 1 (T;) ve negligible. Since the delay time (Tp) is
always considerably greater thaa the rise time or (Tl) the addition of the clamp=
ing circuit gives a very appreciable gein in counting apesd, Because of the type
of clemping circuit used, there mast be no overshoot at the input, If the input

wave-fora has overshoot like that in Fig. 2, B the amplifier should have a clip=

—' .
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ping circuit installed. PFinally, the output of the amplifior should have a
very low impsdance {such a8 a cathode follower).

The arrangoment of the discriminators is shown in Fig. 3. The bias
of discriminator 1 is adjustable for pulses from 0 to 50 volis. Discriminators
2 and 3 are adjusted simultaneously from cne petentiometer. The interval be-
tween them is set by a tapped battery. The rheostats Ry, Ro, R5 are provided
to match tho zero settings of the three discriminators.

Discriminators 2 and 2 feed the anti-coincidence circuit. 7The wave-
forms at the output of these discriminators are shown in Pig. 2, F and G, re-
spectively. The time b, ¢ will vary with pulse shape but all discriminators
fliy'back &t approximately the same time (4}, So the anti-ceincidence circuit
works on pulses differentiated from tho rear of F and G. 1%t is possible that
discriminator % may recover between £ and d. For this reason the time (Tl)
should be adjusted with a scope for any perticular setup, to make the time (=6
es shori as possible. Also keeping f=d shorlt reduces the chsance of a second
pulse falling in the time (Tl).

The output of the enti-coinciderce circuit is, then, egual tc the
pumber of pulses whose heights fall between the setting of discriminators 2
and %, This is called the differential count. Discriminetor 1 must be set to
count nll pulses because it triggers the delay circuits. This is called the
integral count. A scale of 8 and a driver for a cyclotron type register fol-
lows the anti-coincidence circuit and a Scale of 32 and driver follows discrim-
inator 1,

TECHNICAL SIRCUIT DISCUSSION

Tha complaete circuit drawings will be found in Figs. L, and 5.
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The Clamping Cireuit

The input shorting circult (see left-central povtion of Fig. li) oon-
sigis of a condenser in series with the input, a diode to a positive potential
and a trlode which, when conduoting, provides a shunt path for the signal to
a slightly lower potential. Series capacity is chosen to avoid loss of high
frisqguencies., The impedance of the shunt path can be mede as low asg lOO ohms.
The residual of a pulse that occurs during clamping is proportional to the
speed,of rize muliiplied by the series cepacity and inversely proportionsl to
the impedancs of the clamping tube. To keep this guantity small dilferent size
condensers are used for slow and fast pulses. To achieve low resistance in the
tricde the rollowing precautions are necessary: Use a high Gm tube such as GACT,
64GT, or £J6. Keap some voliage across the triode. In this case the diode is
biased nbout 20 volis positive relative tc the triode cathode which is st plus
150. HFinally one must draw a considerable grid current. In this case the grid
is direct coupled to the delay circuil and draws 3 ma. when conducting. The
clamps are followed by a cathode follower to drive the dizeriminators. Capacities
of the clamp circuit should bs kept low because the toial atray capacity and
the series capacity form a divider on the input, The loss due to this and ths
cethode follower is about 30 percent in the fast position and negligible in the
slow poaition, with the constants shown. If the,rise time of {est pulscs does
not excesd 100 volts per microsecond the series capacity may be increased to
- 200 mmid.

Operation of Clumping Circgit

®ith this circuit well in mind the operation will be described again
in more detail., The input wave=form of Fig. 2, A or B will trigger discriminetor

- n . . A
1 and the shunt tube will be conducting from time d to e, The wave=Torm afbter
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the clamp will be that shown at C, Note that the clamp pulls the sign&i below
the normal baseline. If o secoud pulse occurs in the time interval d-e, us
shown at H there will be a slight feed-through as shown in I. This should be
lower than the normal baseline and the firing point of discriminstor 1. Without
the clamp the second pulse would have been measured wrong by an amount gep
(Fig. 2, H)» The tail of this second pulse will extend beyond time e but as
long as it has a negative slope the series condenser will be charged through the
diode end the baseline maintained. A third pulss falling after & will be count-
ed and the height ﬁill bs wrong by the quantity s-r. However, this is e triple
coincidencs, the probability of which is negligible,

The maximum counting speed will be limited, in most cases by the probe-
ebility that a second pulse will start during the time (Tl) or include the time e,
A second pulse whose rise includes @ will be counted and messured wrong. This
has the samc probability as that of & pulse falling in (T;) and both should be
avoided, IL the input is allowed to have an overshoot es shown in Fig. 2, B it
will cause no error in measuring single pulses as long ss it is completely re-
covered by time e. But a second pulse starting between d and e mey have a
positive slope after e which shoves the baseline up. It is recommended, there-
fore, that overshoot be clipped off somewhere in the amplifier,

Diacriminators

The discriminators (Figs. 3 and L) are a type of trigger circuit, The
feedback path is from the plate of the left pentode to the control grid of the
right pentode and back through the cathodes to the grid circuit of the left hand
tube. Tho right hand tube is normally conducting. A pulse raises the input grid
until the left tube starts to conduct. Then the control grid of the right hand

tubse drops by an amocunt deterwined by the left plate resistor, the plate current
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anc the resistor divider. As the pulso continues to rise, the grid, screen and
cathode of <he left tube act as3 a cathode follower. FNo grid current will be
drawn unless the input pulse exceeds YO volts. Therefore, RC coupling is permis-
sible at the inputs to the discriminators. This RC mualt be large compared to
the longest velue of (T;) (Fig. 2)._ The cathods following continues over the tép
of the pulsc and down the other sids. Because of the reduced potential of the
right control grid due to conduction in the left tube, the pulse must fall to &
value 8lipghily below that ot which it triggered the discriminator before the right
hand control grid regains cortrol and the original conditicn is restored. The
amount of this "hysteresis" may be controlled by varying the plate resistor of
the first tube. In this circuit it amounts to about two velts, This means that
the discriminators won't work on pulses less than two volts because they will
flip and not recover., The small by-pass condenser (grid to plate) is very impori-
ant to increase the fesdback at high freguencies. !

The variable bias has been described. One meter is provided on the
panel and may be switched to measure the bias setting of either polentiomeber
relative to plus 105. To make the zero settings correspond, the following pro-
cedurs may be used. ~Connect the input to a source of pulses of constant known
height. Seb Pl {Fig. 3) so the mater reads this amount. 7Turn the rheostat R,
(Fig. 3) until it is touch and go whether the discriminator fires or not. Repeatb
with discriminstors 3 and L with the battery switch at G volts.

Anti=coincidencse Circult

ey e

if discriminator 3 fires, the wave-form st the plate of the right tube
is that shown at G (Fig. 2). This goes through a condenser to a dlode and G3% of
e 6L7 (Fig, L), The condenser is charged during the time the discriminator is

flipped. Thiz may be a very short time sc the diode is necessary. Al the end

S
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of the pulse, G3 of the 6L7 is driven below cul-off,

Discriminator 2 causes a triode to conduct while it is flipped. At
the end of the pulse, {Pig. 2, F) the triode iz cut off. A4 sharp pulse ls de-
veloped across the inductance in the triode plate and this is coupled to Gl of
the 6L7. If discriminator 2 is triggered but discriminator 3 is not, there is a
signal in the plate of the 6L7 which goes to the differentisl scaler. Note that
there is sotually some slope where the pulse is ocut off at d go tho cut-off
signal to G3 of the 6LT occurs just before the firing signal to Gl. Also, the
recovery time of G3% is made long enocugh to take inte account the fact that dia-

criminator 3 may recover between f and d (Fig. 2, &),

Dolay Circuits

Digcriminator 1 feeds through a coupling tube to delay 1. WVheun delay 1
recovers 14 triggers delay 2 which applies the clamping pulee to the input. The
delay circuits shown in Fig. /4 are a modification of a circult developed at the
Radiation Leboratery, M.I1.T., Cambridge, Hmssachusetts, It 1ls described in tgeir
reporte 32C and 33L. It has the advantage that the width can be ;ontrulled linear=
ly over a wide range by a d.c, voltage. Thus, in this case, the ratio of delay 1
to delay @ is fixed by the grid RC's and both are controlled by one potentiomeler.
However, it required a lot of empirical work to malke the delays traeck over the two
ranges. If anyone should ever consider duplicating this circuit I would recomnend
uging conventional biessd multivibratore with separate controls on delay 1 and de-
lay 2, This part of the circuit should be carefully checked with a double pulser.
Decoupling tubes between stages are quite necessary and, oven so, Tthe shape of
the triggering rulses is quite critical. Also, it will probably be found that if
a second pulse triggers the delay circuits shortly after delay 2 has recovered;

the length of the second deley 2 will be considerably lcas than it was the first
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time. This is a phenomenon common to all types of multivibrators. It is dus
to the fact that the plate to grid condenser does not get fully recharged be=
tween cycles. The effect can be minimized by keeping the plate resistors as
low as poseible., In some cases it may pay to drive this condenser from a cathode
follower.

The rise time of a pulse (Fig. 2, ea~f) dopends on the chamber, the
amplifier, etc., The decay time constant (preferably a aingle RC) is from 3 to
10 times the rise time. Pulse shapes must be cmrefully examined to determins

the proper ratio of (T) to {Tp). In our work we have beon using & ratio of 1

to 25. The deleys cover the following rangea;

Delay 1 Relay 2
For Fast Pulges 2=20 microssconds 50=100 microseconds
For Slow Pulses 100=1000 " 2.5-25 milliseconds

Selection of the proper setiing for sach experiment is made while
obgerving actual pulses on a triggered sweep oscilloscope. (L& Report 99 de-
scribes suitable sweep circuits and delay line).

GENERAL REMARKS

The power supply and voltage regulator circuit in Fig. L4 is convention-
al, No bias supply was réquired. However, a high plate potential ie required
by the cathode follower that succesds the clsmp. This is obtained ahead of the
regulator an& requires good filtering.

Fig. 5 shows the soaler and output chassis. Plug in scalsr units,
(Fig. 7) are used., This chassis 17" x 12" x 2" was mounted "up side down" to

the top of the panel. Actually the whole outfit gets too hot and should be mada
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up in two separate chagses. Precision wire wound resistors and wire wound
potentiometers are used throughout the discrimipator part of the circuit,

Mr. Otto Frisch ﬂas recently suppgested the use of a ghorted delay
iine to produce pulses of a uniform rectangular shape (LA-107). Such a pulss
shape makes the elaborate timing circuits, described in this article, unnec-
ospary. A ten chamnnel analyzer using the delay line will be described in a

fortheoming report.
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