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Abstract

The new type of a discriminator is based on the idea of simultaneous time
measurements at two different thresholds for each pulse. Instead of using of
two independent electronic TDC channels this discriminator produces an out-
put pulse with the timing taking into account the information from two time
measurements “on-line”. The operation principle, analytical calculations and
experimental results are presented. The time walk of the discriminator at the
level of 10 ps at the range of the input pulse height of 0.2-1.5 V has been

obtained.
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1. Introduction

The Pestov spark counter [1] has been proposed as a base for the TOF system
at the ALICE detector, CERN [2]. The time resolution of this TOF system
should be at the level of 40-70 ps at the total number of counter channels
about 170000. Taking into account the large number of channeéls, each com-
ponent of the channel electronics must be cheep. In this paper we suggest
one of a possible decision of the discriminator problem.

Pulses from the spark counter prototype for the TOF system had a rise
time better than 300 ps, a pulse decay of few nanoseconds and an amplitude
of 0.3-0.5 V [3, 4]. The width of a pulse height distribution of +50% has
been a result of a discharge fluctuation (+30%) and a different position of a
spark relatively to pick-up electrodes (£30%).

The time walk due to the input threshold (ssing time should give an elec-
tronic resolution at the level of 15 ps at a discriminator threshold of 30 mV.
In early works [1, 3] good timing characteristics of the spark counter with a
home made leading edge discriminators (LED) based on tunnel diodes have
been obtained. Unfortunately, this type of a discriminator is not promising
for the VLSI technology, which is planned to be used for the TOF electronics.
The test of standard LED’s (LeCroy 620, LeCroy 623 and GSI 8001) with
spark counter prototype pulses as well as also with generator pulses gave the
electronic time resolution of 70 ps only [4]. Therefore the intrinsic response
time of these models of LED'’s is too bad for this application.

In the MARK III detector at SLAC the electronic resolution was improved




by simultaneous timing measurements at two different thresholds for each
pulse [5]. Following software calculations in principle allow to obtain a start
of each pulse taking into account the input-to-output voltage transfer curve
of LED’s. Disadvantages of this method are necessity of software calculations
and increasing of a number of TDC electronic channels in two times.

The new type of a discriminator described in the paper realizes the previ-
ous idea in one element. The discriminator makes two timing measurements
and produces an output pulse taking into account the information from these
measurements “on-line”. At this case the number of TDC channels of the
TOF system is minimum.

It is necessary to mention two other designs of a discriminator, which
could be in principle used: 1) a picosecond resolution state-of-the-art voltage
comparator [6], which has a good timing but is very expensive now and 2)
a constant fraction discriminator [7], which is ineffective with spark counter
pulses mainly because their shape verifies essentially [3, 4].

2. Operation principle and analytical calcula-
tions

The block diagram of the double threshold discriminator (DTD) is shown
in Fig. 1. This topology comprises three comparators. Two input compara-
tors with different thresholds have current outputs connected to integrating
capacities C'1 and C2. A potential difference from the capacities is applied
to the input of the third comparator. The current and capacity values were
chosen to get the right timing (see section 2.1) of an output pulse.

2.1 The time walk of the DTD with an input ramp

A principle of choosing of the current and capacity values at this case 1s
illustrated in Fig. 2. Fig. 2,a shows two input pulses with different amplitudes
U;; and U;a. When an input amplitude U;; exceeds the U; threshold at the
moment of £1;, current I1 at the output of the first comparator appears and
voltage on capacity C1 starts to change with time. Current I at the output of
the second comparator appears when an input amplitude U;; exceeds the U;
threshold at the moment ¢5;. The time dependence of the potential difference
at the capacities is shown in Fig. 2,b assuming that the response time of
comparators is equal to the input threshold erossing time (ideal comparator).
When potential difference at the input of the third comparator is equal to its
threshold, U3, an output pulse from the DTD appears.

The timing T (Fig. 2,b) for amplitudes U;; and U;s coincides if an equa-
tion

Ua /Uy = (I /1) x (C2/C1) (1)

is valid. Hence the DTD on the base of ideal comparators has the “zero”
time walk for an input ramp with any amplitude value and a rise time.

In practice, an input comparator is not ideal and its time walk includes
the input threshold crossing time and the intrinsic response time. Obviously,
a constant propagation delay in comparators does not influence the time walk
of the DTD changing its delay time only.

A principle of the full compensation of the input threshold crossing time
by the DTD for a ramp is based on a linear dependence of this time on an
inverse input amplitude. If the intrinsic response time of a comparator is also
proportional to an inverse pulse amplitude, the time walk of a comparator
could be completely compensated by the DTD for a ramp. This compensation
could be achieved by changing one (or few) circuit parameter from values
optimized for a ramp (1).

Luckily the time walk function of real comparators is falling down with
amplitude increasing. Therefore the input in the DTD time walk from the

intrinsic response time of real comparators should be essentially compensated
by the DTD.

2.2 The time walk of the DTD with an exponential wave-
form of an input pulse

If the front of an input pulse differs from a ramp, the time walk of the
DTD, based on ideal comparators, depends on a waveform and a ratio of two

thresholds a = U /U,. Fig. 3 shows the results of analytical calculations of
the DTD time walk with an input waveform of

U =Uio - (1 — exp(—t/to)) (2)

at different o, where to is a pulse rise time. For each « the circuit parameters
were optimized for a ramp (1). The calculated characteristic improves with
a decreasing. However, from experiments with the real DTD we have found
influence of a fluctuation of the I; and I> currents on timing stability of a
third comparator output pulse at a less than 3.

The time walk of the DTD for a (2) waveform (Fig. 3) could be improved
by changing the circuit parameters (U, Us, I;, I, Cl or C2) from values
optimized for a ramp (1). As an example Fig. 4 shows the calculated DTD
time walk at different threshold values of Uz, Other circuit parameters were




fixed and they coincided with the values for a ramp at the input threshold
ratio of @ = 3. At Us less than the value optimized for a ramp, the DTD
time walk curves cross the amplitude axis (Fig. 4). Time diagrams on Fig. 5
illustrate choice of the Us value so as a time walk curve would cross the
amplitude axis at a definite input amplitude. In Fig. 5,b the (1) straight line
corresponds to potential difference at the input of the third comparator for
an input ramp, the (2) straight line — for a (2) waveform. Decreasing Uz
threshold it is possible to combine these two lines and obtain for a U;, input
amplitude the same timing, To as for a ramp.

3. Circuit details and 'experimenta] results

3.1 Logic of work of the DTD based on a K1500LP114
circuit

A commercially available K1500LP114 integrated circuit with an emitter-
coupled logic [8] has been used at the DTD (Fig. 1). Similar parameters
are characteristic of a MECL100114 circuit [9]. Both circuits are a quint
differential line receiver. Each receiver consists of one differential amplifier
and an emitter-follower buffer.

The differential amplifier of the comparator at the DTD (Fig. 1) was
used as a threshold element. An emitter-follower provided a fast set of the
initial voltage on the capacitors C1 and C2 (Fig. 1) at an absence of an input
signal. When an input signal triggered differential amplifiers, an emitter-
follower switched off the amplifier outputs from the capacities C1 and C2.
After that the working cycle of the DTD started (see section 2.1). A formula
(1) is valid for this DTD circuit if the Uy voltage value is much higher than
an output comparator threshold value, Us (Fig. 1). It is important that
according to analytical calculations the DTD with an input ramp provides
the right timing also for comparable values of Us and Uy if '

Uz/Ul = (R?/Rl) X (C?/Cl) (3)

An equation (3) coincides with (1) for Us >> Us.

3.2 Comparator characteristics

The gain of about 25 was obtained from the input—tﬂ-outpuﬁ static charac-
teristic of a K1500LP114 comparator, which extends from Ugp,=15 mV to
U,sa:=42 mV at the input and U.,=0.75V and U.=1.5 V at the output

(Fig. 6). The output timing is specified as the time, tref at which the output
signal crosses an arbitrary value U,.s the mid point of the response curve as
shown in Fig. 6. The threshold of the input comparator is equal to the sum
of Uref and an external bias voltage.

Fig. 7 shows the time walk of the comparator at a threshold of 30 mV
measured with a mercury generator (Tektronix 519-PII, serial 94780) at a
pulse rise time of 0.2 ns and with a russian model G5-78 pulse generator at
a pulse rise time of 0.8 and 1.3 ns. The curves with an input pulse rise time
of 0.2 and 0.8 ns coincide practically and hence at this case the time walk is
determined by an intrinsic response time of the comparator.

3.3 Circuit details

In the tested DTD next parameters of circuit elements were used: C1=18 pF,
C2=24 pF, R1=415Q, R2=544Q and R3=50L2. An external voltage source
was equal to 4.5 V.

The U, threshold of the first input comparator of the tested DTD was
equal to Uy = U,y =30 mV. The U; threshold of the second input compara-
tor was adjusted to obtain the best time walk characteristic of the DTD. A
resistance of 3082, used as a Us voltage source (see Fig.1), provided the Uz
threshold value of 150 mV.

These circuit parameters provided the time walk compensation for input
pulses with a rise time up to 1.5 ns.

A length of an output pulse from the DTD was determined by a length
of an input pulse. An emitter-follower in the output comparator provided an
output signal with an amplitude of 0.8 V on a load of 50€2.

3.4 Experimental results

Fig.8a shows the time walk of the DTD at the input thresholds of ;=30 mV
and U>=86 mV with a pulse rise time of 0.8 and 1.3 ns from a russian
model G5-78 pulse generator. The time walk of the DTD at U;=30 mV
and U;=T6 mV are shown in Fig.9a. From these two figures we can estimate
an experimental sensitivity of a maximum value of the time walk curve to
changing the U; threshold value — about 2 ps/mV. :

The measured DTD time walk did not depend on a length of an input

pulse, t; at least at ¢; > 3 ns. This result coincides with the operation
principle of the DTD.

The measured delay time of the DTD was 5 ns. This value coincides
practically with the sum of a delay time of two comparators (2x1.5 ns [8]) and




the calculated capacitor decay time of about 2 ns. The effect of temperature
on delay time of the DTD was measured at a temperature range of 15-35 C.
The average temperature delay time coefficient of 0.7 ps/deg.cent. has been
obtained.

4. Discussion

The analytical calculations of the time walk of the DTD were done for ideal
comparators and ideal elements of the circuit. The real waveform of input
pulses from a generator could also differ from a (2) formula, which was used
for the calculation. Nevertheless a good coincidence of the measured data
(Fig 8a,9a) with the calculations (Fig.8b, 9b) was obtained:

a) The measured time walk curves repeat the shape of the calculated ones.

b) According to the calculations the time walk function of the DTD, is
proportional to a rise time of an input pulse (Fig.3,4,8b,9b). The experi-
mental results (Fig.8a, 9a) confirm qualitatively this prediction.

¢) The dependence of the time walk on al/; threshold value is also similar
for measured and calculated data.

According to our understanding of the operation principle of the DTD,
this coincidence is the result of a compensation by the DTD of the intrinsic
response time of comparators and nonideality of the circuit elements.

5. Conclusion |

The realization of the double threshold discriminator became possible due
to two reasons. Firstly, it was found the simple design of the time walk
compensation circuit allowing with ideal electronics to get in principle the
zero time walk for the input ramp. Secondly, it was shown that this circuit
compensates essentially the time walk of a X 1500LFP114 comparator.

The time walk of the DTD on the level of 10ps at the range of an input
pulse amplitude of 0.2 — 1.5V has been obtained. This characteristic 1s good
enough for an application at the TOF system for the ALICE detector. It is
important that the circuit of the D'TD could be manufactured in the VLSI
technology.
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Figure 1. The double threshold discriminator block diagram.

2V,

Figure 2. Illustration of a time walk compensation principle in the DTD
for an input ramp. a) Time diagram of input pulses for two input amplitudes,

U;1 and Ujz.b) Dependence of a potential difference at capacities C1 and C2
on time.
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Figure 3. Calculated DTD time walk with an input waveform of U; = Figure 4. Calculated DTD time walk with an input waveform of U; =
Uio - (1—exp(—t/t0)) at a ratio of input thresholds, U;/U; (a)1,(b)3 and (c)6. Uio - (1 — exp(—t/to)) at Uj/U, (a) 0.75, (b) 0.83, (c) 0.9 and (d) 1. The
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Figure 5. Illustration of choice of the U/} threshold value corresponding
to a time walk curve with crossing of the amplitude axis at U;q value. An
input waveform is U; = Ujp - (1 — exp(—t/tq)).
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Figure 6. Input-to-output static characteristic of the K1500LP114 com-
parator.
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Figure 8b. Calculated time walk of the DTD at an input waveform of ﬂmplj_tude' Vv
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Figure 9a. Measured time walk of the DTD at the thresholds of Uy =30 mV
and Us =76 mV with a pulse rise time of (a) 1.3 and (b) 0.8 ns.
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