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Introduction

In some papers the best conditions for high t&me resolution
of the photomultiplier counter pulse timing have been well establi-
shed/1'2'3’4/. Various circuits for the timing of the scintillation co-
‘unter pulses are also designed. The problem of the time shift,
caused by the different amplitudes of the input pulses, has been
sol‘ved in tﬁese circuits practically by two ways: by the use of the
. zero crossing technique and by the use of the time shift compen-
cation/ 267189, 10/.

The described circuit relates to the last one-and it. was de-

signed for the use in some experiments in high energy physics,

Method

The time shift compensation, based on the charge storage

effect in diodes, was used. A block diagram of the circuit is
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shown in Fig.1. The bipolar photomultiplier pulse (Fig.2) is applied
to two discriminators
y Bg(t)

triggers the current generator i,(t) at the time t, . This time t,

D, , D, and they trigger two fast current
‘generators i, (t) . The negative part of the bipolar pulse
,depends on the D discriminator level UDl and on the pulse am-
plitude, During the time interval, when the waveform of the bipolar
“pulse is rising and becomes positive, the current generator iy (t)

is triggered at the time T, +t; , where T, is the time of the "ze-

ro crossing point".

Figure 2 also shows the approximative waveform of the bipo-

lar scintillation pulse (dashed curve), composed of straight lines,

For this approximative waveform the ratio of t o and t¢ asa fun -

ction of the bipolar pulse amplitude is constant : ' ;
tg

_t;” - ' . _ (2)

For the real bipolar pulse this equation is also valid in the
defined pulse amplitude region,

The currents 1i,(t) and iy(t) are applied to the charge storage
diode so, that the diode goes to the forward conduction state at
first. When the total diode current i(t)=i,(t)+ i, (t)

se, the diode resistance remains low as long as the stored charge

became rever-

is not completely removed, At the instant t _, , when the diode

resistance is rapidly increased, the output discriminator D, is

trisgered,

Up to this time t ,; the stored charge in the diode can be

approximately described by the equation:

dq a_ .
dt + r =l(t) )

(2 '

where q is the stored charge, i(t) is the total diode current, r
is the lifetime of thev minority carriers, v .
The calculation of the time toy. from eq. (2) for the real
charge and discharge current waveforms i, (t) and iy (t) practically
is impossiblé. " But this s quite easy, when charge and discharge
currents are formed by the step function;ls or by the ramp. functions,
These a’Lpproximati;re waveforms serve especially for a qualitative
description of processes, in the charge storage diode :;onh.ected

in real circuite, but to achieve such waveforms of current pulses

Iin real circuits is “impossible, '
At first, the case of r>T, is given.

Table 1 presents the charge and discharge current wave-
forms and results of the 1t _, calculation,
We see that tor is independent of t, and thé‘fefore-aiso
of the amplitt;lde of the input bipolar pulse for the defined relation .
between k and L1 | These relations are also shown in Table 1,

. 2
By adjusting the- ratio of charge and discharge current am-

1
I, ,
plitudes, one can obtain the optimum amplitude time shift compen-
sation, e,g. 1t o4 = const i

As an example for r of the order of To , the functions
torr =f(Uy)

is the amplitude of the scintillation pulée. The charge and discharge.

, calculated from eq.(2), are shown in Fig.3. Ui

currents were as in Table 1la,
In the described circuit, where charge and discharge currents
of the diode are more real waveforms,' the adjusting of the optimum

I

amplitude ﬁme shift compensation by the ratio of -1—2— is also pos-

sible,



"Description of ‘the Circuit

The complete circuit is shown in Fig.4, The discriminator D,
and the cutrent generator i,(t) triggered by the negative pér’t of
the bipolar pulse are composed of the diodes TD,, BD, and the
transistors Ty , T, . The discriminator D2 and the currént gene-~
rator i, (t) triggered by the positive part of the bipolar pulse are
composed . of the diodes TD2~ , BD: , BD,

T, . T'4 /11/. The charge and discharge current ratio is adjustab-
le by the potentiometer P, . The diode 2D503

and the  transistors

was used as the
charge storage diode. The diodes TD;, BD,, BD, and the transis- i
tor T, form the output circuit. The output pulse is negative, of a

0.5 V pulse height, 15 ns wide and of 2 ns rise-time and fall-time,

Results

The experimental arrengement for the time shift measurement
is shown in Fig.5.

The amplitude of photomultiplier output pulses ‘was adjusted
by the polavrizing filter and the time shift of the fast Htiming circuit
was measured by .a time-—-fo—pu.lse height converter and a multichan-
nel analyser. Figure 6 shows the time shift as a function of the
inpt'xt pulse amplitude, , The result better 'than‘:- 140 ps - time shift
Wifhin the 0.09-10 V and _+70 ps within the 0,6-10 . V input pulse
amplitude range was achieved, -

» . The photomultiplier and fast timing circuits were tested in the
5 GeV 7~ -meson beam. The 7~ -meson time-of-flight befwee_n the

two scintillation counters was measured. Plastic scintillators

25 x 25 x 25 mm and XP 1020 photomultipliers were used.” A time
resolution full width at half maximum of 0.33 ns was obtained, the

channel width being 140 ps .

The overall time resolution curves (A) and (B) are shown
in Fig.7. The second curve (B) was measured,. after. the 2 ns time
delay had been inserted. A time resolution of 0,6 ns (curve (C))

was obtained. with a standard timing circuit, without the time shift

compensation.
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" Table 1

The charge and discharge current waveforms and results of the

calculation
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Fig.1, A block diagram of the fast timing circuit.- D, Dy , Dy -
discriminators; i, (t), iy(t) =~ current génerators,
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Fig.2. The bipolar photomultiplier pulse and current pulses i (t),
i, (1)
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Fig.3. Calculated functions tonn =f(Uy ) for

Dy
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r .
Up, = 0.5V, Uy = 0.2V, kK = 0.28,

5 ns, Ty =3.4ns,
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Fig.4. A circuit diagram for the fast timing circuit.
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Fig.5. The experimental arrangement for the amplitude time shift

measurement, LPG - light pulse generator; PM - photomultiplier;
PE - polarizing filters; FTC - fast timing circuit; DL - delay line
TAC - time-to-pulse height converter; PHA -

lyzer,
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pulse height ana-
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Fig. 6. The time shift of the output pulse as a funct;on of the input

pulse amplitude.
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Fig.7. The overall time resolution curves.
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