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The coordinate-tracking detector TREK based on multi-wire drift chambers used earlier in the neutrino experiment 

at the IHEP U-70 accelerator is being developed in MEPhI. Each chamber is equipped with a shaper-amplifier which 

receives electrical pulses from four signal wires of the chamber and forms logical signals in LVDS levels. The setup 

will consist of 264 drift chambers, so it is necessary to create automated facility for testing of amplifiers. The test 

bench makes it possible to quickly measure main characteristics of amplifiers, such as channel thresholds and 

dependence of the duration of generated signals on the input signal amplitude and duration.

IHEP Drift Chamber & Amplfier

     Overall size of the chamber is 4000х508х112 

mm
3
. Sensitive area is  3.7х0.5 m

2
 that is 91% of the 

chamber area. Array of the field-forming wires  

provide a uniform electric field from inside the 

chamber (right figure), so drift velocity of electrons 

can be considered as constant. Ten cathode wires in 

the center of the chamber are at the zero potential. 

There are four sense wires between cathode ones, 

such construction allows to reconstruct projection of 

the particle track to the plane perpendicular to the 

wires. The field strength between cathode and signal 

wires is about 7 kV, it provides gas amplification 

about 10
6
.
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The bench composed with next elements:

 Generator Tektronix AFG 3251

 Oscilloscope Tektronix DPO 30304

 Power source GWINSTEK GPO-74302S

 Testing amplifier and electrical scheme 

The amplifier is supplied by ±5V. At the 4 input 

channels through resistance 130 kOhm received 

generator signal, which amplitude and duration 

changed on PC during the measurement. Parameters 

of the output signals, viewed on oscilloscope, analyzed 

on the PC too.

Oscilloscope

Generator

Amplifier in 

the case

Power supply

Software

With the signal wires DC amplifiers-shapers receives 

current pulses of the order of 10-7 amps. Pulses are applied 

to the discriminator, and, in the case of overcoming of the 

threshold resistor is defined by the trimmer resistor on the 

driver produced signal levels LVDS, its duration for a typical 

signal with DC is 75-100 NS and depends on the amplitude 

and duration of the incoming signal. The amplifier is 

supplied a constant voltage of ±5.5 V.

The software was written in 

LabVIEW, in addition to the standard 

functionality of the environment was 

integrated scripting algorithms written in 

C-figurative language. 

Software implements several 

algorithms for amplifier tests:

 The definition of thresholds.

 The definition based on the duration 

of the output signal from the 

amplitude or duration of the input 

signal.

 Counting the number of pulses 

exceeding the any exhibited 

threshold.
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a Intercept 0,01 0,08

b Slope 0,02 4E-4

Structurally, the modules of the amplifiers implemented on printed circuit boards dimensions 65х125 mm² 

positioned at the ends of DC. Submission signal input, power supply and reading of the four output signals is carried 

out of the 31-pin connector the type of GRPPM-8.

The picture to the top left shows photo  of the unassembled amplifier case. 1 - connector of the signal from the 

generator, 2 - plug power amplifier, 3 - connectors of output channels of the amplifier (1-4), 4 – the shaper-amplifier.

Buffer of the 

oscilloscope:

40 mcs. (100 000 

points)

dt = 0.4 ns

T = 1 mcs (2500 points)

1 amplfier pulse:

Tmin ~20 ns (50 points)

Tmax ~60 ns.(~150 

points)

To measure the amplifier threshold, the amplitude of 

the signal from the generator supplied to the amplifier Is 

gradually increasing. When the duration/amplitude of the 

output signal reaches some specified value, the current 

amplitude of the generator signal is chosen by software as 

the threshold.

In the second and the third mode the input signal is incrementally changing. For each their value the statistics of the 

durations of the generated pulses is obtained. The table in the bottom of the figure is automatically filled with a 

dependence of output parameters from the duration of the input signals, and statistical parameters of this distribution. 

N – the minimum desired sample size;

K – the number of waveforms;

M – the number of signals in the waveform (39);

[ ] – operator of the largest integer. 

The following graphs show results of testing Of 

three amplifiers in the second and the third modes. 

The figure to the right shows that when the duration 

of the input pulse reaches some value, the duration 

of the output comes to plateau. The picture below 

illustrates the almost direct dependence of the 

duration of the output signal from the amplitude of 

the input in all reasonable range.

The third picture presents the dependence of 

the duration of the output pulse from the amplitude 

of the input signal with some statistical parameters. 

Red and yellow (very small) errors is automatically 

calculated standard deviation and average error for 

each point, which is averaged over the set of 1599 

values.

Test results

Sofrware and analyse data 

Experiment for calibration Bench with detector

To check the difference in signal 

registration in CTUDC (TDC) and the test 

bench an experiment was conducted, Its 

scheme is presented on the left diagram.

In the upper part of the figure 

measurement route is shown: the pulses from 

the signal wires of the drift chamber (of 

unknown shape) is transmitted to the amplifier, 

then the generated pulses are registrated by 

the TDC.

The next scheme shows the block 

diagram of the measuring route of the amplifier 

on the stand: the amplifier receives signals of a 

certain shape from the generator, and then it 

forms pulses that are then digitized on an 

oscilloscope and are considered to be in the 

stand.

In the installation an amplifier receives pulses of unknown shape, but at the stand it recieves rectangular ones. It is 

necessary to configure the stand so that the pulses from the generator on the stand were recorded as impulses from the 

signal wires on the CTUDC TDC .

To solve this problem, an experiment was conducted under the third scheme. The pulses from the generator were 

sent to the test connector of the drift chamber, from which they pass straight (through 130 kOhm resistor) to the amplifier 

channels instead the impulses from the signal wires. Pulses formed by amplifier were recorded by the TDC. Thus, 

conducting two series of measurements two different patterns were obtained, and this difference is solely due to the 

difference in the counting of pulses at the stand and at the CTUDC TDC.

For a set of different threshold of the amplifier S-curves of efficiency were built. They illustrate the dependence 

of the efficiency of the pulse registration from the amplitude of the input signal.
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Nreg – the number of registered signals

Nfull – the number of sent signals

Ugen – the voltage of pulses from the generator

Ui_50% – value Ugen when Eff reaches 50%

Uthres – the value of the voltage trimming resistor

On the set of S-curves two calibration characteristics of one 

amplifier was obtained, by the results of the measurements on 

the TDC and on the bench.

By changing some parameters in the bench software 

algorithm, were able to bring together the calibration curves.
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An experimental test bench that allows operational testing of drift chamber shaper-amplifiers was developed. Such 

amplifiers will be used in large quantities in future large installation that is developing in the SEC NEVOD MEPhI. The main 

parameters of the amplifier is measured: the threshold (each channel) and the curves of the dependence of the length of the 

generated signal from the parameters of the input signal.

Eff – the proportion of registered and missed events
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