Test of the ‘Bess-Experiment’ Fujitsu Preamplifiersusing a Charge I njector

October 2000, P--R. Kettle

In totd 16 channes in the form of 4 modules were available for testing. The basic test setup is shown in Figure
1. It comprises of a standard negative NIM signad which produces a known charge a the output of the Charge Injector
CC. The sgnds are measured using a LeCroy digital sampling oscilloscope LC574AM.

Setup:

CC 10pF

Figure 1: Test setup using a 10pF Charge Injector CC.

Signal Characteridtics:

Figures 2 & 3 show the input and output signd characteristics for the Charge Injector and the preamplifier
respectively. The five sgna measurements are. amplitude of NIM i/p sgnd (green), and charge, fdl-time, risetime, as
well as the amplitude of o/p signd (blue). Histogram A (light blue) shows the charge of signd 2 and histogram B (red)
showsthe pulse-height of signd 2. All measurements are time gated, shown by the yellow cursors.
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Figure 2: showsthe NIM i/p pulse & analogue Figure 3: showsthe NIM i/p pulse & preamplifier
o/psgnd of the Charge Injector. o/p sgnd aswell asHistogramsof Charge &
pulseheight.

The charge output from the Chargr Injector Qcc is given by Qcc = Vv Ccc (N.B: the measured units of the
oxilloscope are pVs and nmugt be divided by 500 to obtain pC). When measured into 50W, the output voltage of the



Charge Injector Vec »Vm / 5534 . In Figure 3 the preamplifier o/p pulse is messured into 50W, the ouput impedance
of the Fujitsu.

For comparison, Figure 4 shows the preamplifier output pulse when the i/p is shunt terminated in 96W ( i/p
impedance of Fujitsu) —this should be compared to the nonterminated case shown in Figure 3. For correctly terminated
sgndstherisetimetr» 4.5 nsand the fal-timete» 32 nssimilar to the vauesin [1].

Risetimetg» 45ns

Fall-timet g» 32 ns
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Gain Comparison of the Fujitsu Preamplifiers:
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Figure 4: The same as Figure 3 but with 96W shunt termination at i/p to the
preamplifier. The o/p impedanceis50W .

Table 1 shows the measured vaues for the 16 Fujitsu preamplifiers, together with mean and standard deviation
of the quantities. The voltage gain factor Gy is defined as follows Gy = Vpa / Vec , where Ve »Vgm / 5534. It should
be remembered that Ve is measureed into 50 W. The charge gain factor Gg is given by the relationship: Gq= Qpa / Qcc,
where Qcc = Vum  Ccce. It should be noted that the output parameters for dl channels are within a 4% variation of their
respective means.

Preamp. Channel Vnim DVnim Vpa DVpa Intearal | DInteqral Opa DOpa Gv Ga

# # [mV] [mV] [mV] [mV] [nVs] [nVs] [pC] [pC]

1 1 487 0.7 55.1 24 2.120 0.094 424 1.9 6.26 87.06

2 48.8 0.7 51.8 3.8 2.114 0.084 42.3 1.7 5.87 86.64

3 49.1 0.7 49.4 36 2.071 0.030 414 0.6 5.57 84.36

4 48.8 0.7 55.3 1.9 2.154 0.030 43.1 0.6 6.27 88.28

2 1 48.8 0.6 54.6 2.8 2.209 0.028 44.2 0.6 6.19 90.53

2 48.8 0.6 52.2 3.7 2.189 0.028 43.8 0.6 5.92 89.71

3 48.9 0.6 52.3 2.7 2.175 0.029 43.5 0.6 5.92 88.96

4 48.8 0.6 55.6 2.0 2.245 0.027 44.9 0.5 6.31 92.01

3 1 49.6 0.7 55.5 17 2.030 0.026 40.6 0.5 6.19 81.85

2 49.7 0.7 53.5 25 2.025 0.026 40.5 0.5 5.96 81.49

B 49.6 0.7 52.3 2.8 2.002 0.026 40.0 0.5 5.84 80.73

4 49.7 0.7 56.5 16 2.048 0.023 41.0 0.5 6.29 8241

4 1 49.4 0.7 56.3 3.0 2.153 0.075 43.1 1.5 6.31 87.17

2 49.0 0.7 54.0 33 2.149 0.054 43.0 1.1 6.10 87.71

8] 48.9 0.7 53.8 3.3 2.134 0.031 42.7 0.6 6.09 87.28

4 49.0 0.7 57.3 2.2 2.172 0.029 43.4 0.6 6.47 88.65

Mean 49.1 0.4 54.1 2.0 425 1.4 6.1 86.6

0.2 8.3

Table 1: Showsthe measured quantities for the 16 Fujitsu preanplifierstested, aswell astheir statistical significance.
The time gate was 100ns for all measurements and approximately 5000 sweeps were made per measurement.



From the above measurements one can conclude that the mean absolute gain of the Besstype Fujitsu preamplifieris:

Absolutegain factor: 110mV/ pC

Chargegain: 87

This is a factor of two lower than in the Fermilab report [1]. However, it should be noted that this gain is dependent on
the load resstance used, the higher the resstance the lower the gain but the heat disspation is adso sgnificantly
lowered, which was probably a factor for the Bessexperiment. Also the method used in [1] to measure the gan
involved the use a 100 W series resstor. Figures 5,6 below compare the use of series resstor and show that the pulse
shape is affected somewhat (reflections) though the charge and pulse-height remain unchanged.
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Figure 5: Preanplifier o/p With 100W seriesresistor at i/p Figure 6: sameasFigure 5 but Without 100W .
seriesresigor.

|mpedance M easur ement:

A variable shunt resistance R was placed a the input to the presmplifier and adjusted until the o/p pulse
height was equa to hdf the pulssheight for R. = ¥. The measured value of the shunt resstance R. should then equd
the input impedance of the preamplifier, i.e. RL=Z. It should be noted that this
Vdueis 2.2 times lower than the expected vaue
of 9%BW.
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Linearity & Dynamic Range Check;

Table 2 shows the messured gain vaues versus preamplifier input voltage and charge for Preamplifier #3,
channel #4. Figure 8 shows the Voltage gain characterigtics, which dearly shows that the output voltage is linear to only
about 60mV into a50W output.

Att. Factor Vnim DVnim Vce Vpa DVpa Qarea DQarea Qpa DQpa Qin
[db] [mV] [mV] [mV] [mV] [mV] [nVs] [nVs] [pC] [pC] [pC]
8 49.5 0.8 8.9 55.3 1.3 2.063 0.026 41.3 0.5 0.50
0 123.6 0.5 22.3 70.2 0.9 3.586 0.021 71.7 04 1.24
1 110.8 0.7 20.0 70.8 1.2 3.467 0.023 69.3 05 1.11
2 98.3 0.6 17.8 71.1 1.0 3.273 0.021 65.5 04 0.98
3 90.0 0.6 16.3 70.2 1.7 3.220 0.021 64.4 0.4 0.90
4 75.2 0.6 13.6 68.7 2.4 2.856 0.023 57.1 0.5 0.75
5 69.0 0.6 12.5 66.7 3.2 2.684 0.022 53.7 04 0.69
6 61.1 0.6 11.0 62.9 3.2 2.448 0.023 49.0 05 0.61
7 54.5 0.5 9.8 59.2 2.5 2.222 0.023 44.4 0.5 0.55
8 49.6 0.6 9.0 55.1 1.4 2.052 0.023 41.0 0.5 0.50
10 39.5 0.8 7.1 45.6 1.4 1.675 0.027 33.5 0.5 0.40
12 32.2 0.7 5.8 37.0 1.7 1.355 0.027 27.1 05 0.32
14 25.8 0.6 4.7 29.8 1.3 1.091 0.027 21.8 0.5 0.26
16 19.8 0.4 3.6 237 0.9 0.883 0.027 17.7 05 0.20
17 18.0 0.3 3.3 20.8 0.9 0.791 0.027 15.8 0.5 0.18
18 15.8 0.3 2.9 18.2 0.9 0.694 0.025 13.9 05 0.16
22 10.2 0.3 1.8 12.1 0.8 0.446 0.028 8.9 0.6 0.10
26 6.7 0.2 1.2 7.8 0.6 0.283 0.022 5.7 04 0.07
28 4.6 0.2 0.8 5.9 0.7 0.184 0.022 3.7 0.4 0.05
30 3.7 0.7 0.7 5.1 0.9 0.154 0.044 3.1 0.9 0.04

Table 2: Measured gain characterigtics for amplifier #3, channd #4.

Fujitsu Voltage Gain vs Vnim / Vcc
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Figure 8: Voltage Gain linearity Characterigtics. The blue curve shows Vpa vs. Vce
While the red curve shows Vpa vs. Vnim.

Figure 9 shows the Charge Gain characteridics, dso for preamplifier #3, channd #4. Charge saturation occurs at
between (750— 900) fC at the input to the preamplifier.

Charge saturation occursat (750-900) fC i/p charge

Voltage saturation occursat 60mV i/p voltage




Fujitsu Charge Gain vs. Qcc
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Figure 9: showing the Charge Gain characteristics of the Bess-Fujitsu preanplifier. Qecisthei/p chargefromthe
Charge Injector while Qpa isthe preamplifier o/p charge.

CrossTalk:

The crosstak or induced sgnd on neighbouring channds wes investigated by injecting a charge, in this case,
of 458fC to the i/jp of channd #4 and measuring the respective output pulseheights from channd #1-3. Figure 10
shows the output pulse for channel #1, together with the red signa. The crosstak corresponds to about 7.5% on this
and up to about 9% o some of the other channes and has the opposite polarity of the correct sgnd. Table 3 gives a
summary of the measurements. The maximum crosstalk reached when the amplifier is drive to the start of saturation is
about 10%.

Maximum Cross-talk: ~ 10% of output & of opposite Polarity I
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Fgure 10: showsthe crosstalk or the induced charge on neighbouring channels, here scope trace 3 (yellow) showsthe
real signal and trace 2 (blue) showstheinduced signal. Thelight-blue histogram shows the area of the induced signal
in pVs, corresponding to 2.3pC of of/p charge. The red histogram correspond to the pulse-height of the induced signal.



VNim Channd 1 Channd 2 Channd 3 Channd 4
Vet Qc-t Vet Qc-t Vet Qc-t Vpa Qpa
[mV] [mV] [pC] [mV] [pC] [mV] [pC] [mV] [pC]
726+0.5 5.0+ 05 A Y EZ7 Y ¥4 Y ¥4
458 + 0.6 3.7+05 2.3+05 40+04 2.4+ 06 4.4+09 2.4+06 504+1.4 ¥4
180+ 0.4 2.1+03 Ya Y Y Y Y Y Y

Table 3: Measurements of aoss-talk for a 458fC pulseinjected into channe #4. Channd #1 is also compared for
variousinput charges between (180 — 726)fC.

Noise measur ement:

Figure 11 shows the preamplifier output pulse atenuated by 50dB, thus alowing the noise to be measured with the
same settings as anorma measurement (gatewidith). The averaged pesk-to-pesk noiseis (1.6t 0.3)mV
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Figure 11: Preamplifier sgnal attenuated by 50dB showing the averaged peak-to-peak residual noise of (1.6t 0.3)mV.
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Comparison with Other Preamplifiers:

A comparison was aso made to other preamplifiers, such as the Saclay CPLEAR dtrip-preamplifier as well as
fast linear types tha are more suited to digitd sampling techniques such as flash ADCs (FADS) or the ‘Domino
Sampling Chip' waveform digitizer (DSC) [2]. Table 4 show normdized measured vaues of the different preamplifiers
measured under the same charge input conditions. The sigma of the noise in the last line of Table 4 is taken from the
sigma of the pulseheight hisogram shown in Figure 11. Table 5 compares the noise characteristics of the four preamp-

Characteristics Fujitsu Sday LeCroy 612A PSl FA106
I/p Impedance [W] 9% 70 50 10050
O/p Impedance[W] 50 50 50 50
I/p Charge[fC] 502+ 8 502+7 502+ 7 502+ 6
Olp Voltage[mV] 533+1.8 711+1.6 82.7+42 672+ 21
Olp Charge [pC] 413+ 0.7 28.8+0.3 56+0.7 81+02
Gain [mV/pC] 110 142 165 1A
Noise p-t-p [mV] 1.6+ 0.3 11+0.2 14+0.2 13+02
Noisesgma [nV] 214 202 193 187

Table 4: A comparison of preamplifier characterigticsfor a given chargeinjection




lifiers under different conditions. The messurements were done by histograming the pesk-to-pesk pulse-height, 300ns
after the start of the output pulse for a duration of 100ns and over 5000 sweeps. The ddlayed gate ensures only the noise
on the sgnd is taken for the measurement. The vaues in table 5 correspond to the sigma of the histogram. As can be

seen from the measurement of the Fujitsu with power * Off’ most of the noiseis still present.

Noise Characterigtics Fujitsu Sday LeCroy 612A PS FA106
I/p Charge[fC] 487 487 487 487
Gain [mV/pC] 110 142 165 134
O/p Noises [mV] Power Off 160 Vs Y Ya
O/pNoises [mV] Noi/p 162 151 20 179
O/pNoises [nV] withi/p 214 202 193 187

Table 5: Shows the noise characterigtics of the four preanplifiers when measured in a time gate of 100ns, 300ns after
the pulse output (i.e. only measures noise). The values correspond to the sigma of the pulseheight histogram.

Tables 6 and 7 show respectively the measured characterigtics of the LeCroy 612A and the Saclay preamplifiers.

i) LeCroy 612A:;
LeCroy 612A
Att. Factor Vnim DVnim Vcc Vpa DVpa Qarea DQarea Qpa DQpa Qin
[db] [mV] [(mv] [mv] [mv] [mV] [pVs] [pVs] [pC] [pC] [pC]
0 124.8 0.8 22.6 212.3 10.4 639 32 12.8 0.6 1.25
1 112.3 0.8 20.3 189.1 9.3 573 33 11.5 0.7 1.12
2 99.9 0.8 18.1 171.8 8.7 519 31 10.4 0.6 1.00
3 88.5 0.8 16.0 152.5 8.4 439 31 8.8 0.6 0.89
4 74.8 0.8 13.5 133.3 6.7 418 23 8.4 0.5 0.75
5 66.9 0.7 12.1 116.6 6.0 379 24 7.6 0.5 0.67
6 61.1 0.8 11.0 103.9 5.1 348 21 7.0 0.4 0.61
7 54.6 0.7 9.9 91.8 4.5 318 22 6.4 0.4 0.55
8 43.7 0.7 7.9 81.8 4.3 242 22 4.8 0.4 0.44
10 37.4 0.6 6.8 64.1 2.9 225 22 4.5 0.4 0.37
12 28.5 0.4 5.1 50.4 2.6 184 21 3.7 0.4 0.29
14 23.7 0.4 4.3 39.9 2.0 158 20 3.2 0.4 0.24
16 19.3 0.3 3.5 30.9 1.4 121 21 2.4 0.4 0.19
17 17.6 0.3 3.2 26.8 1.3 111 20 2.2 0.4 0.18
18 15.5 0.3 2.8 24.5 1.1 100 19 2.0 0.4 0.16
22 9.8 0.3 18 153 0.8 72 23 14 0.5 0.10
26 5.9 0.4 1.1 7.9 0.4 34 21 0.7 0.4 0.06
28 45 0.2 0.8 6.6 0.4 25 21 0.5 0.4 0.05
30 3.5 0.5 0.6 5.2 0.5 19 19 0.4 0.4 0.04
Table 6: measured characteristics of LeCroy 612A Prearmplifier
(i) Saclay Preamplifier:
Saclay

Att. Factor Vnim DVnim Vce Vpa DVpa Qarea DQarea Qpa DQpa Qin
[db] [mV] [mV] [mV] [mV] [mV] [pVs] [pVs] [pC] [pC] [pC]
0 126.1 1.7 22.8 135.0 3.6 3349 15 67.0 0.3 1.26
1 111.7 1.7 20.2 126.7 3.6 3052 15 61.0 0.3 1.12
2 99.5 1.7 18.0 1184 3.7 2774 15 55.5 0.3 1.00
3 88.1 0.8 15.9 108.0 3.6 2507 15 50.1 0.3 0.88
4 78.7 0.8 14.2 96.4 3.7 2272 15 45.4 0.3 0.79
5 70.4 0.7 12.7 88.4 3.2 2051 15 41.0 0.3 0.70
6 62.3 0.7 113 79.3 2.8 1837 15 36.7 0.3 0.62
7 55.5 0.7 10.0 71.6 2.0 1642 13 32.8 0.3 0.56
8 49.2 0.7 8.9 64.0 2.0 1474 13 29.5 0.3 0.49
9 44.0 0.7 8.0 56.8 1.8 1323 13 26.5 0.3 0.44
10 39.3 0.7 7.1 50.7 1.7 1189 13 23.8 0.3 0.39
12 31.6 0.6 57 40.3 1.5 956 13 19.1 0.3 0.32
14 25.0 0.4 4.5 31.4 1.2 755 12 15.1 0.2 0.25
16 18.5 0.3 3.3 25.6 0.7 553 12 11.1 0.2 0.19
17 16.3 0.3 2.9 22.5 0.8 490 12 9.8 0.2 0.16
18 14.7 0.3 2.7 19.8 0.8 452 12 9.0 0.2 0.15
22 9.7 0.3 1.8 12.4 0.7 287 11 5.7 0.2 0.10
26 6.6 0.2 1.2 8.1 0.5 183 10 3.7 0.2 0.07
28 5.4 0.2 1.0 6.4 0.5 152 11 3.0 0.2 0.05
30 3.8 0.5 0.7 4.9 0.5 116 11 2.3 0.2 0.04

Table 7: measured characterigtics of Saclay Prearmplifier




Figures 12 and 13 show the voltage- and charge-gain characteridtics of the preamplifiers. It can be seen that for
charge sendgitive measurements, such as ADC measurements, the Fujitsu and Saclay preamplifiers are more suited, with
the Saclay one having a larger dynamic range in the linear region than the Fujitsu one. For digitd measurements where
pulse-height is the sendtive meesure the LeCroy preamplifier is more suited, having a much larger dynamic range.

Fujitsu Comparative Voltage Gain vs Vnim
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Figure 12: Comparative measure of the voltage gain & dynamic range of the preamplifiers under study

Fujitsu Comparative Charge Gain vs. Qcc
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Figure 13: Comparative measure of the charge gain & dynamic range of the preamplifiers under study

Post-Amplification Possibilities:

Since the Fujitsu amplifier starts to saturate for input charges above about 900fC, corresponding to an olp
charge of about 65pC or a voltage of 65 mV some pogt-amplification will be needed to dlow digitd sgnd processng
usng the DSC (100-300 mV) or if charge andyss is needed using eg. LeCroy 2249A ADCs (full range 256pC). The
present available possibilities for post-amplification are:

PSI FA106, a 16-fold bi-polar fast amplifier with 2x16 outputs and a gain of 10.
LeCroy 612, a12-fold negative i/p fast amplifier with 2x12 outputs and again of 10.
PSI TFA100A, timing filter amplifier, 6-fold, riseffdl time adjustable and variable gain up to 20.



Table 8 shows a comparison of the Fujitsu preamplifier when combined with the above mentioned three post-

amplifiers.
Fujitsu + PS| FA106 Fujitsu + LeCroy 612 Fujitsu + PSI TFA100A
Saturation Input Charge [fC] 350 820 894
O/p Sauration Voltage [mV] 450 678 1450
O/p Saturation Charge [pC] 364+6 620+ 16 1500+ 16
Table8: Saturation limits of Fujitsu used in conjunction with a post-anplifier
Conclusions:

The present study was intended to find a quick viable solution to read-out the wire and vernier cathode sgnds
from the mini prototype drift chamber of the MuEgamma Experiment. This chamber is to be tested under beam
conditions in the pM1 Area of PSl. The chosen solution is not intended to necessarily be the find one and is rather, a
compromise, to be able to readout both the wire and cathode information digitdly and anaogue wise, in order to
measure the characteristics of the chamber.

The implementation of the Fujitsu chip in the BessExperiment circuit limits the gain to a factor two-times less
than possible, with a nonlinear behaviour darting a about 900fC of input charge. The output voltage is dso limited to
about 60mV into 50W, after which saturation dtarts, reaching a maximum output voltage of 70mV. This has the
consequence that post amplification is probably needed. A summary of the Fujitsu properties found are given below.

Summary of Fujitsu Properties

Risetimetg» 4.5ns

Fall-timetg» 32ns

Absolute gain factor: 110 mV/ pC

Chargegain: 87

Chargesaturation occursat (750-900) fC i/p charge

Voltage saturation occursat 60mV i/p voltage

Maximum Cross-talk: ~ 10% of output & of opposite Polarity

Thetotal number of channdsto be readout during the forthcoming test are:
8 wires read-out at both ends%. 16 anode channdls
3 vernier gtrips per wire Y 24 cathode channds

The proposed read-out system for the wires is shown in Figure 14, here the combination of Fujitsu and FA106
seems to match the characteristics of both the LRS 2249A and the DSC. A similar scheme could be used for
the vernier grips though here ingtead of the Fujitsu the Saclay preamplifier would be used in combination with
the LeCroy 612 or if aufficient channds are avalable the TFA100A could be used since sufficient
amplification would be guaranteed.



Wire OR
all

Figure 14: Proposed read-out scheme for thewires of the P mini-prototypetest charmber.
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