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1. Introduction 

One detector technique proposed in some LHC experiments is the Parallel Plate 

Chamber ( PPC ). Construction and parameters of this device are described in [1]. 

The advantages of PPC are: 

•	 fast pulse response ( rise time < I nsec
 

1
• high rate capability (10 7 em -2 sec­

• radiation hardness
 

Fast pulse response gives hope of using ppe for precise Time Of Flight (TOF)
 

measurements. 

Below the electronic channels used in these measurements are described. 

2. Front end electronics demands 

The electronic channel for TOF measurements using of PPC have been 

constructed according to the scheme shown on Fig.l. 

SignaJ from the PPC was given via a small length cable to a special copper box 

where the preamplifier and main amplifier are placed. One of the main amplifier 

outputs was connected to a discriminator and then to the TOC. The other output was 

connected to an Amplitude to Digital Converter (ADC). 

T\\'o type of discriminators \"ere used: 

• Constant Threshold Discriminator ( CTD ) 

• Constant Fraction Discriminator ( CFD )}
 

The p[1~0r in TOF Il,~a:,lJ'E'rne!l~'S is defloed by f.()Uo~)'ing bet.o!"';:
 

1, drift of thre;;hold dming the tlm".:'
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2. uncertainty due to statistic tluctuation of the signal shape 

3. noise on the input of the discriminator 

4. dependence of switching time of the discliminator from signal amplitude 

The time delay of discriminator triggering is detlned by the· following expression: 

~t = tiE~h ( 1 ) 
lJ 

where t r is the rise time of the signal, E th is threshold of the CTD, li is the 

amplitude of signal. From expression it is seen that At varies from t tor 

Timing uncertainty of the CTn depends on the time slope of input pulse so this 

discriminator can be used as a precise timing device only in the case of a small range 

of amplitude of the input signals. Sometimes time con"ection can be done if the time ­

amplitude dependence is known. 

em is used for more precise TOF measurements in detectors with a large range 

of signal amplitudes. In this case expression ( 1 ) is not valid and C.FD effectively 

decreases timing uncertainty defined by statistic variations of signal amplitudes. 

The noise on the input of the discriminator should be takeu into account if high 

TOF precision must be achieved. Noise contribution in timing uncertainty is defined 

by expression : 

Llt 
(J' =(J'- ( 2 ) 

t n Ll1) 

where (J'II is the noise on input of discriminator. AU/I\t is the slope of signal 

p!..~lse. For CTD t!'!e expression looks like this: 
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where t r is the rise time of the signal, L1 is its amplitude. 

ror CFD this expression ~ecomes: 

L "'. + f2cr =: cr -'--- ( 4 ) 
t 0 L.\l: 

where f is the division coefficient of the CFD inverse signal <usually f = 0.5­

0.2),;\V =li 1-l'2 is the subtraction of the direct and the inverse signals on the CFD 

inputs. From ( 3 ) and ( 4 ) it is seen that noise conuibutes more in timing 

uncertainty in case of CFD. But CFD very effectively decreases timing uncertainty 

defined by statistic variations of signal amplitudes so the time resolution is usually 

better in case of large range of input signal amplitudes. 

The expressions ( 3 ), ( 4 ) define the demands of the amplifiers : 

•	 large signal to noise ratio: this factor is very important for high efficiency of 

ppc: time uncertainty due to noise has linear dependence of this factor; 

•	 fast pulse response; since the noise increases as the square root of frequency 

while the rise time slope increases linearly it is evident that de"reasjng of rise 

time has advantages. 

For our application ( time resolution equal to 100-200 psec ) parameters of the 

preamplifiers (and main amplifiers connected) must be the following: 

Gain 5-10 V/~)C
 

Rise time better than 5 n')fC
 

l\oise bettcr than 2000 e
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3. Front end design 

Two different front end designs have been tested on ITEP beam facility. 

One design included preamplifier consisting of an discrete components ( IN}I'N ) 

and there was no additional signal amplification. 

Other design used hybrid preamplifier(ITEP) and main amplifier. 

3.1 Discrete component design 

This type of amplifier [ 2 ] has been mounted with discrete components, using 

conventional mounting techniques. Schematic layout of this device is shown on Fig.2. 

The circuit consists of two cascade stages with an emitter follower. The cunent 

shunt feedback ensures also proper biasing of the stages. The CUtTent flowing in the 

first stage is of the order 0.5 rnA, the whole circuit needs only one power supply . 

The parameters of this amplifier are: 

Gain 5V/pC 

Rise time 3.3 nsec 

Noise 2500 e- ( with no capacitor on input) 

This amplifier was placed in screening box. to decrease induced signals. em was 

used to achieve perfect timing. 

PPC detector have 20 pF capacitance so the rise time of signal from the device 

was 5 nsec. 
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3.2 Hybrid design 

Good time resolution can be obtained if signal to noise ratio is high. In this case 

the demands to amplit1er rise time is not so critical. In Russia amplifier with high 

signal to noise ratio was designed [ 3 J. The scheme of this amplifier is shown on 

Fig.3. 

Russian high frequency low noise transistors (KT396) were involved. Amplifier 

was constTllcted on hyblid technology. On Fig.3 dimensjons of package are presented 

( in mOl linear units). Cascode circuit with current shunt feedback is included in 

design. Only one polarity power voltage is applied. Power supply cun'ent is 13.3 rna 

This amplifier was tested with a sharp charge injection . Injected charge 

cOITesponded to 22 fC. The parameters of step response are: 

Rise time 5 osec 

Fall time 12 nsec 

Gain 1.4 V/pC 

The noise vs. input capacitor was measured for four means of capacity 10 pF, 24 

pF, 39 pF. 51 pF. The picture of noise - capacitor dependence is shown on Fig.4. 

The noise with no capacitor on the input was 1230 eO. This amplifier was placed 

with th~ main amplifit:l in (Oppt:l bo:\,. and was cOBneded via short cable to thi.:: PPc. 

The rise time from PPC was 6 nsee. 

The main amplifier design was based on a differentiallJ.A733 video amplifier and 

full gain reached 7 V fpC. In this case signal to noise ratio was higher ( by factor 2 

but rise time was slm-ver ( by factOl 2.5 ) then the discrete componenl amplitier. 
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4. CFD design. 

For precise TOF measurements in ITEP a simple CFD based on a fast 

comparator AD966H7 was constructed. This comparator has a small triggering delay 

and high sensitivity. The scheme of CFD is shown on Fig.5. 

This M.::heme consists of a CFD ( COi\'l1 ) and an amplitude discriminaroI 

(COM2). The output of COM2 is connected to the latch inputs of COMl. When the 

input signal is more than the threshold of COM2 it produces enable pulse on latch 

input of COM} . If the comparison of the delayed direct signal and the decreased 

inverse signal takes place on COMI during the duration of latch pulse information 

about timing position of the input signal is available on the output of the CFD. The 

trigger chip SOOTM131 is used for time shaping. The transistor circuit on the output 

giyes the NIM level. 

The CFD was tested in ITEP. Test signals were given to the test input of the 

amplifier with PPC capacitance on the input. Time uncertainty was <100 psec (rise 

time of pulse was 2 nsec ) in a range of amplitudes from 20 mV to 1 V. 

5. Conclusions. 

Electronics set-up shown on Fig.1 was ananged on the ITEP beam test facility. A 

CAMAC system connected to Pc/AT 386 was used during the runs. LeCroy 2249 

ADC and LeCroy 2228 TDC were used. 

Time resolution equal to 250 psec was achieved during test nms on both type of 

preamplifiers. 

Some improvements must be done: 

• include new amplifiers with less rise time 

• achieve more higher signal to noise ratio 

• estimate time uncertamty of the expenmental set-up 



7 

• include a new main amplifier for high gain 

• install the preamplifier directly on the ppe. 
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Fig.5 The Constant Fraction Discriminator layout 
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