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Abstract

The development of Chemical Vapour Deposition (CVD) diamond detectors requests for
novel signal amplifiers, capable to match the superb signal-to-noise ratio and timing response
of these detectors. Existing amplifiers are still far away from this goal and are the
dominant contributors to the overall system noise and the main source of degradation of
the energy and timing resolution. We tested a number of commercial amplifiers designed
for diamond detector readout to identify the best solution for a particular application. This
application required a deposited energy threshold below 100 keV and timing resolution
of the order of 200 ps at 200 keV. None of tested amplifiers satisfies these requirements.
The best solution to such application found to be the Cividec C6 amplifier, which allows
100 keV minimal threshold, but its coincidence timing resolution at 200 keV is as large
as 1.2 ns.

Published by SIDS—Pubblicazioni
Laboratori Nazionali di Frascati



1 Introduction

Recent progress in the growth of Chemical Vapour Depos{i@tviD) diamonds is chal-
lenging readout electronics developers. Because of @& lbandgap of 5.5 eV and very
low Boron and Nitrogen impurity concentratiordl-5 ppb [1] CVD diamond has a neg-
ligible intrinsic noise at room temperature. In fact, theamdeakage current of a typi-
cal device is less than 1 pA. Combining this with a very higlriea mobility of about

2 x 10~*c/(V/um), allowing for a complete charge collection in few ns (8 as500.:m
thick device biased at 1 \Mm), results in an intrinsic noise charge collected withia th
duration of the signal of the order of0.05 electrons. Except for very slow, cryogenic,
charge sensitive amplifiers, able to reduce the RMS noisddw &lectrons, such preci-
sion is out of reach of modern fast amplifiers. Indeed, th¢ lme@dband amplifiers have
input referred noise RMS aof(* electrons corresponding to the input referred noise of
10 1V (50 ©2 input impedance) in 8 ns signal. Even conventional chargeliiers with
50-300us decay time have more than 200 electrons RMS noise. Therd@yrdiamond
detector applications the dominant (by three-five ordemmafnitude) source of noise is
the readout electronics.

In the present note we present a series of tests on variouarfgdifiers aimed to
identify the best solution for nuclear and particle physipplications. These applications
demand a measurement of both the energy released in thefliblk@iamond by ionizing
particles and the time. These tests were performed usingugaradioactive sources.

2 Experimental Setup

We selected a 4.7 x 4.7mm2, 500 um thick single crystal CVDndiad detector capaci-
tance can be estimated according TO the plain

We selected 4.74.7 mnt, 500 um thick single crystal CVD diamond detector
produced by Diamond Detectors Ltd [4]. The crystal has tveztebdes deposited on its
upper and lower major surfaces, made of few nm of DLC followgdL00 nm of Gold.
Each contact is bonded via a gold microwire onto PCB and théis SMA connector in
such a way that both contacts can be read out independenghgcidr capacitance can
be estimated according to the plane capacitor equatiorigctary eventual fringe field
contribution):

_ epeoA 5.7 x 8.854 x 1073pF /mm x 4.7 x 4. Tmm?
- d 0.5mm

Ch —223pF (1)

This result is in good agreement with the value measured by} 289A capacimeter.



The diamond detector was polarized at 1./ by means of Ortec 710 Bias Supply.
This value remains below detector breakdown voltage (atvl4m discharges, likely
to be attributed to crystal defects or contact disunifoynotcur) allowing for complete
charge collection [3].

In the present work, we used two types of readout: one-saldoat, shown in Fig. 1
and two-side readout, shown in Fig. 2. The one-side readastwged to characterize
energy resolution of of various amplifiers. In this case ti@bnd was polarized by
applying 1 Vium bias voltage from the readout side and the other contactwasected

to ground.
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Figure 1. Schematic drawing of the experimental setup ie cdshe one-side readout.
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Figure 2: Schematic drawing of the experimental setup ie céishe two-side readout.




The two-side readout was used to study ideal timing resmudf the CVD diamond
detector. Indeed, the major contribution to both energytanohg resolutions come from
the readout electronics and in particular from the first afigattion stage. Using the same
diamond detector signal read out independently from oppasies by two separate am-
plifiers allows to study the electronic contribution to timing resolution using realistic
signals.

For single amplifier characterization measurements theaoln detector was con-
nected to the amplifier input through a 2.4 cm Huber & SuhneASNconnector, while
the second SMA connector of the detector was shorted to groy®SMA tap. The overall
capacitance of the system in front of the amplifier (“I” cootwe, two SMA connectors
of detector case and SMA tap) was found to be 6.6 pF.

The amplifier output was connected to the digitizer via 1.5 ubét & Suhner Su-
coFlex 104 cable. The amplified signal was read out by SIS3B@i&izer with analog
bandwidth of 2.2 GHz. The digitizer was operated in fourroiel interleaved 5 Gs/s
mode. For timing response measurements with small sigmaladditional amplifier
Philips Scientific 744 with bandwidth of 1.8 GHz and gaig0 was inserted between
primary amplifier output and digitizer input.

The data measured by the digitizer was acquired through & Wus by Con-
current Technologies VX 813/091 Single Board Computer (5®€ich incorporates a
Tsi148 VME controller. A simple DAQ program was developethgsDMA transfer of
digitizer memory to the SBC memory. The data were saved oilotded Compact Flash
disk and transferred to workstation for the off-line anadys

3 Coincidence Trigger

In order to measure coincidence events and to reduce ablessiergy threshold the
standard SIS3305 digitizer firmware rev.1C.0B had to be frextli SIS3305 digitizer
features three Xilinx FPGAs on-board, two Virtex 5 FPGAsveeas interfaces for the
two 2.5 Gs/s ADC cores, and one Virtex 4 FPGA manages the badie interface.

Partially precompiled firmware of ADC FPGAs was acquiredhirthe manufac-
turer for our purposes. This firmware version 1C.0B includety simple internal trig-
gers: data acquisition is started when one ADC sample goageatr below imposed
threshold in one of digitizer channels. It also includes laridt trigger, which fires when
one ADC sample goes above (below) a first threshold and tufnshen after another
single ADC sample is below (above) a second threshold.

The trigger was modified using the Xilinx ISE Design Suitesien 13.2.

First of all a trigger that fires when a configurable number afples is above



(below) a given threshold was implemented. For the ini&tion of this parameter for
each channel we used bits 30-26 of the corresponding SISBROIGGER GATE_GT
_THRESHOLDSADC1-8 and SIS3309 RIGGERGATE_LT_THRESHOLDSADC1-

8 (0x2020-0x203C and 0x3020-0x303C) registers [2]. Thisved to select the num-
ber of consecutive samples above/below threshold in sslediannel in the range from
1 to 32 (5-bit word) corresponding to time interval from 0.81t0 25.6 ns. The 4.8 ns
long channel’s trigger-valid signal goes on when the nundfeconsecutive samples
above/below threshold in given channel reaches the coefigualue. In case of the 2
or 4 channel interleaved modes (2.5 Gs/s and 5 Gs/s, regplggn asynchronous AND
of the corresponding channel trigger-valid signals is taked then synchronized with
250 MHz system clock to give the final ADC core internal triggehe acquisition mode
is determined by the first three bits of SIS33BYENT_CONFIG.ADC1_4 (0x2000) or
SIS3305EVENT_CONFIG.ADC5_8 (0x3000) register. In this way the real number of
samples above/below threshold in 2 or 4 channel interleavedes is equal to the con-
figured value multiplied by 2 or 4, respectively. The ADC caméernal trigger signal
can be extended from its natural length of 4 ns up to 128 ns hfiguring bits 14-10
of SIS3305TRIGGER GATE_.GT_.THRESHOLDSADC1 (0x2020) register. This 5-bit
word allows to modify the coincidence time window with pi&on of 4 ns.

It has to be mentioned that since many firmware blocks wergiged in a pre-
compiled form we had to follow its existing design. In pautar, the data from each
ADC input channel acquired at 1.25 Gs/s rate are split in AERIGA in six parallel
208.3 MHz flows. This architecture limits the trigger seieity in the 2 or 4 channel
interleaved modes. Indeed, the length of trigger-valishaigrom each ADC channel is
4.8 ns, therefore imposing only one sample above/belovshimid in one of interleaved
modes (2 or 4 channels) there is a probability to trigger otidmntal coincidence of
background hits (whose rafg,,) in selected channels withifit = 4.8 ns time window
of (R, x At)**). In order to prevent this possible background the contynof trig-
ger condition among interleaved channels can be activateah ladditional configuration
flag. Setting bit-15 of SIS3305RIGGER GATE_ GT_THRESHOLDSADC1 (0x2020)
register the difference between indexes of trigger sampidsn 6-sample data blocks
from interleaved ADC channels is checked to be not larger timaty.

The coincidence between two ADC cores (channels 1-4 and$u8plemented in
the VME-FPGA by an asynchronous AND between two ADC corernaktrigger sig-
nals, then synchronized with 125 MHz system clock and exdrid 32 ns length. Set-
ting bit-20 of SIS3305TRIGGEROUT_SELECTREG (0x40) register allows to route
the coincidence signal onto a Lemo Trigger Out connectorusTéonnecting the lat-
ter to the Lemo Trigger In connector and enabling the Exteleano Trigger In bit in



SIS3305CONTROLSTATUS (0x0) register and External Trigger bitin SIS33BYENT
_CONFIG.ADC1.4/5.8 (0x2000 and 0x3000) register allows to measure coinciglenc
events only. The coincidence interval can be configured Witls steps up to 128 ns
as explained above.

Similarly, bit-21 of SIS3305TRIGGEROUT_SELECT.REG (0x40) register al-
lows to trigger on OR of two ADC core internal triggers. Thesafure permits to acquire
both ADCs when one of two ADC cores had an internal trigger.

It has to be noticed that in this modified firmware the Schnridger has been re-

moved and therefore trigger-off setting in bits 25-16 of B85 TRIGGERGATE_GT
_THRESHOLDSADC1-8 and SIS3309 RIGGERGATE_LT_THRESHOLDSADC1-
8 registers (0x2020-0x203C and 0x3020-0x303C) are not reigr@ficant. Moreover,
the internal trigger logic in the 2 channel interleaved m@l& Gs/s) assumes that two
pairs of channels are: 1 and 2, 3 and 4.

This modified firmware is available at [5].

4 NoiseFigure

The noise level referred to the input was measured simuiasig with signal acquisition
by comparing the voltages in the samples before the sigrad fmethe baseline voltage.
This was done for the full digitizer sampling rate of 5 Gs/d aamming four interleaved
channel amplitudes to restrict the sampling rate to 1.2% G3IS3305 digitizer analog
bandwidth is 2.2 GHz). The resulted distributions are shawhkig. 3 and their RMS

values are indicated in Fig. 4.

Table 1: Noise RMS values as referred to input for differenpéfiers measured with 2.2
GHz bandwidth digitizer in 5 Gs/s mode compared to valuesaded by the manufac-
turer.

Amplifier Y measured V/ declared
[1V] [1V]
DBA 1V[6] 78 30 (5 dB at 2 GHz)
CAEN A1423[7] 38 26 (5dB at 1 GHz)
Cividec C2[8] 41 25
Wisnamu TA40[9] 10 NA
Cividec C6[8] 6 1.2

We converted these observed noise distributions in pregeahcertainty on the col-
lected charge and therefore on deposited energy. To thisvenidtegrated noise output
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Figure 3: Noise distributions as referred to input for difiet amplifiers measured by
SIS3305 2.2 GHz bandwidth digitizer in 5 Gs/s mode (top) a8 Gs/s mode (bottom).

of the amplifier in the same time interval chosen to acquieesiignal. The width of the
Gaussian distribution of such integrals was extracted. olitained resolution due to am-
plifier noise is shown in Fig. 5. In this graph, charge (Cividex) and transimpedance
(Cividec C6) amplifier resolutions are also given for conipam. These were obtained
with the same technique described so far, but convertingenamplitude into deposited
energy equivalent.

The results shown in Fig. 5 demonstrate the expected sujerad charge and
transimpedance amplifiers in terms of energy resolution.oAghbroadband amplifiers
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Figure 4: RMS of noise as referred to input for different arfngals. Upper points are for
5 Gs/s mode, while lower points are for 1.25 Gs/s mode.
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Figure 5: FWHM of noise in terms of energy deposited in diathdatector for different
amplifiers. For broadband amplifiers the signal width wageato be 9 ns corresponding
to 500m single crystal CVD diamond polarized by 1M bias.

the best resolution of 150 keV was achieved with CAEN A1423.



5 Energy resolution

The resolution on the measured charge generated by iomarigle in CVD diamond is
dominated by the amplifier noise. Therefore to compare @iffeamplifiers we measured
the charge generated by 5.5 MeMarticles produced b3*' Am source placed at 6 mm
distance. To calibrate the energy scale we assumed thae#legbserved in the spectra

corresponded to 5.05 MeV as shown in Fig. 6.
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different amplifiers (top) and their FWHM resolutions (lmott).

Current amplifiers have poorer resolution, which does nowato distinguish sec-



ondarya peaks at lower energy, leading to almost Gaussian peak shap&tead both
charge and transimpedance amplifiers show more detailadyedestributions. The ex-
perimental resolution was measured for each amplifier bydf thie observed peak by a
Gaussian function. For charge and transimpedance amgldidy the high energy side
of the peak was fitted. The measured resolution of all cumemlifiers lies around 200
keV FWHM, except for DBA IV amplifier which shows a resolutiorferior by a factor
two. The experimental resolution of charge and transimpedamplifiers was found to
be larger than the expectation based on their noise. Thisiaua peak broadening is
ascribed to fluctuations af energy loss in the 6 mm of air (about 400 keV).

6 Minimal threshold

Another important aspect of diamond detector readout isrtimémal achievable thresh-
old. This depends on the amplifier noise and gain charatitsign order to measure the
threshold values we usédSr 3 source with maximuns energy of 2.3 MeV. The digitizer
threshold was set to the minimal value that limit noise rat&@0 Hz. The response of
the diamond detector, read out by means of different amggifis shown in the left plot
of Fig. 7. For different amplifiers thg decay spectrum is cut at different energies. The
cut-off energy determines the minimal achievable thredhiol the right plot of Fig. 7 the
values of the threshold estimated as the energy at whichpetrsim reaches half of its
maximum.

However, because the physigakpectrum was not flat in energy, at low deposited
energies< 250 keV these estimates were not always valid. Indeed, the meashold of
the charge amplifier Cividec Cx was about 50 keV, while thedmmpedance amplifier
Cividec C6 had the real threshold around 100 keV. Insteadthteshold estimate for the
fast current amplifier WisnamTA40 came out correctly to be 200 keV.

7 Pulse shape and timing resolution

We performed timing and pulse shape measurements by studgincidences between
signals from the two opposite electrodes of the diamondati@tewhich were acquired
by the SIS3305 digitizer in 5 Gs/s mode. Waveforms of bothalgywere stored on disk.
The timing resolution was determined off-line. First ofthik signal shapes were acquired
for each amplifier as shown in Fig. 8 in one-side readout mdte.obtained pulse shapes
were parametrized with opportune RC and semi-Gaussianifunsc The pulse shapes of
the three broadband amplifiers: DBA IV, CAEN A1423 and Civd&2 are very simi-
lar and reproduce the corresponding input signals. In tpetse shapes fast oscillations

10
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Figure 7: Deposited energy distribution measured in A@0CVD single crystal diamond
detector using’Sr 3 source with maximum energy of 2.3 MeV acquired at the output o
different amplifiers (top). The threshold values obtainedhee deposited energy value at
half maximum height (bottom).

were observed at the beginning of the pulse. The period skthscillations is about 1 ns,
which is similar to twice the length of closed circuit frometlmplifier input connector

pole through the diamond to the short at the opposite dianetextrode (about 16 cm).

Therefore, these oscillations can be explained by the tedtesof the signal due to in-

complete impedance matching. The Wisnai40 amplifier showed reduced bandwidth
of about 500 MHz, compared to 1.5-2 GHz of DBA IV, CAEN Al423a@ividec C2.
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The bandwidth was deduced from its pulse shape, alteredebig@zintegration and hav-
ing much larger rise-time. The transimpedance amplifierd&e C6 gives relatively fast,
15 ns long, signals with semi-Gaussian shaping rising inebas. The charge amplifier
Cividec Cx generates 350 ns long signals with semi-Gausdaping and rise-time of
about 130 ns. The latter signal was not suitable for timingiaptions, but exhibited best
energy resolution. It was used only as a reference for diaheorergy response.
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Figure 8: Signal pulses due tes from ?*!Am source in single crystal CVD diamond
detector acquired at the output of different amplifiers.i@»e¢ C2 amplifier having lower
gain than the others was rescaled by the factor of 2.

For each measured coincidence event both waveforms, slemnerdmple in Fig. 9,
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were fitted with selected functions to determine two stanes. The difference between
these two start times was taken to be the coincidence tinfereiifice. For large signals
of 5.05 MeV as shown in Fig. 10 the coincidence time difference is neardy$sian,
except for WisnamuTA40 amplifier, which exhibits some tail at the I.h.s. of thaim
peak. This tail is due to inaccurate description of the pslsgpe. The best overall timing
resolution at 5.05 MeV was about 150 ps FWHM, achieved withdéc C2 and Cividec
C6 amplifiers. WisnamuTA40 and DBA IV amplifiers showed- 200 ps resolution at
5.05 MeV.

For smaller signals of 800 keV left bys from °Sr source the timing resolution
was considerably worse. The energy dependence of the neelsoning resolution can
be compared to the naive expectation:

0' .
— noise 2
T dS At 2)

which, assuming linear signal rise, can be rewritten as:

t .
~ rise 3
0y S/N ) ( )

where signal-to-noise rati§/N can be calculated as the input signal peak voltege;
to the input referred noise RMB"s :

oise"

S/N = Ypeak @)

rms
noise

Assuming triangular pulse shape, as in case of signals peatloy 5 particles, the peak
voltage can be related to the total energy deposited in ttextbe as following:

eEdep _ l%eakz

Eeh 2 Rzn

where R;,, is the amplifier input impedance. The signal width, in turan e expressed
as following:

[trwe +'tfaﬂ} ; (5)

d
_ 6
Ueh(‘/bias) ( )
where carrier drift velocity.,, for a given bias voltag&},;,; can be measured as the length
of 21 Am « signals:

lrise + tfall = tien. =~

d
Ueh(‘/bias) = tA—m . (7)

len.

In our case at};,s = 1 V/pm andd = 500 um we measured!™ = 9 ns. This
corresponds to the carrier mean velocity:

500
P 56H™ — 9 x 1071c . 8)
Ins ns

ven(1V/ ) =
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Figure 9: Pulses acquired in coincidence at two oppositéactsiof 50Qum CVD single
crystal diamond detector using 5 MeVfrom 24! Am source (top) ane2.3 MeV 3 °Sr
source (bottom). The source was located at 6 mm distancetfierdiamond crystal in
Air.

Combining the above equations, the input signal peak veltag be rewritten as
following:

By Rin /509
eak — 12 P . 9
‘/p b 3MV1M€V (tm‘se -+ tfa”)/10ns ( )

Finally substituting this into Eg. 3 we obtain the approxienexpression for timing
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Figure 10: Timing difference between triggers from the twaposite contacts of 500
pwm CVD single crystal diamond detector (top) and the corragptg timing resolution
(bottom). The data were obtained with 5 MeX from 24! Am source.

resolution: vrms 1 MeV (1 t 10
Oy ™ byjse S eV (trise + tran) /1005 (10)
1234V Egep Ry /502

In the case of Cividec C2 amplifiéf’”s ~ 20uV and therefore aky., = 0.8 MeV
we obtain:
or ~ 0.2t,ie 11

The above expression describes well the measured timiodutes for ¢,;,. ~ 613 ps.
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This value is in agreement with observed rise time in Fig.r8] aonsists of detector
capacitance;, = RC;, = 50€) x 6.6pF = 330 ps, Cividec C2 amplifier risetime of 170
ps and a smaller contribution due to secondary amplifier aides.

In the case of Cividec C6 amplifier the resolution can be estoh from its sensi-
tivity of 3 mV/fC and its linear gairG ~ 600:

36.9mV  Ey,
G 1MeV -’

This combined with the amplifier noise valt@™s ~ 6.V gives the timing resolution:

oise

1MeV
Edep ‘

‘/peakz = (12)

or ~ 0.1t (13)

At E,;, = 0.8 MeV and Cividec C6 rise time,;;. ~ 5 ns this estimate would imply
timing resolution ofs!" ~ 625 ps, which is factor of 6 larger than the measuegtf’ ~
105 ps. Our noise RMS was measured with 2 GHz bandwidth for a 10@ ktHplifier,
using instead the declared noise valf¢’>. ~ 1.2,V allowed to describe the measured
timing resolution.

Table 2: Timing resolution FWHM at 1 MeV deposited energy atashdard deviation for
MIP in 500 zm crystal (310 keV) for different amplifiers. Starred valuedicates that
this amplifier cannot reach 310 keV threshold and its regmutalue is extrapolated.

Amplifier FWHM at 1 MeV | ¢ for MIPs in 500um
[ps] [ps]
DBA IV 377 516*
CAEN A1423 240 329*
Cividec C2 226 310*
Wisnamu TA40 181 248
Cividec C6 191 262

8 Remote Detector

In many experiments the amplifier cannot be installed clasthé detector. Insertion
of a cable between detector and the amplifier introducesramsl signal distortions, in
particular when the impedance of the cable and amplifier tsaedl matched. This is

particularly important for charge and transimpedance #m@. Standard broadband
amplifiers featuring 5@2 input impedance are almost insensitive to the insertiorhef t

16
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Figure 11: Timing difference between triggers from the twaposite contacts of 500
pwm CVD single crystal diamond detector (top) and the corragptg timing resolution
(bottom). The data were obtained with 2.3 MeV 3 from °Sr source and selecting
events whose deposited energy was from 0.7 to 0.9 MeV.

input cable. In our application the presence af 5 m long cable is mandatory. Hence
we tested transimpedance and charge amplifiers Cividec @8Candec Cx with four
different cables: 150 cm of 5Q/87 pF/m SF105 (indicated as RG58), 150 cm of 767
pF/m RG59, 166 cm of 98/44 pF/m RG62, 616 cm of 189/22.3 pF/m RG114.

The comparison of signals produced by Cividec C6 and Civicbeamplifiers con-
nected to the detector via different cables is shown in F3g. 1

17



600

500

400

300

FWHM A t [ps]

200

100

I Civiciec CI2

320 ps/(Edepll MeV)

o 241/\rn

**}'

Egep [keV]

1200

1000

FWHM At [ps]
D @
8 8

IN
o
=]

200

270 ps/(Edepll MeV)
L L M |

Cividec C6

a 241%\”1

10°
Edep [keV]

Figure 12: Timing resolution of coincidence between two p@®CVD diamond signals
as a function of deposited energy for Cividec C2 (top) andd@&e C6 (bottom) amplifiers.

Using the Cividec C6 amplifier, the insertion of a cable le@dstrong signal reflec-
tions, reducing for higher impedance cables and almostlige185¢) RG114 cablé
From this we deduce that the amplifier input impedance is 8200 2. Using Cividec
Cx amplifier cable insertion leads to signal suppressiopgonal to the overall capac-
itance of the cable. Indeed, the RG62 cable with 44 pF/m d@pee shows smallest
suppression, while RG114 with 22.3 pF/m capacitance et¢hiaiger suppression be-

'However, for another amplifier of the same model we obsergéidations also with RG114 cable.
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Figure 13: Distortion of the signal from diamond detectdraduced by insertion of var-
ious cables between detector and Cividec C6 transimpedanpéfier (top) and Cividec
Cx charge amplifier (bottom).

cause its 4 times larger length. This can be better quanbffedeasuring peak amplitude
of the output signals as shown in Fig. 14.

The energy resolution variations due to insertion of défercables are different for
two amplifiers as shown in Fig. 15. Cividec C6 amplifier enemggolution changes by
about 10% with RG114 and RG62 cables, while no effect is elesefor other cables.
For Cividec Cx amplifier insertion of any cable leads to 304@solution loss.
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Figure 14: Reduction of the output signal amplitude intretliby the insertion of various
cables between the detector and Cividec C6 transimpedangkfiar (top) and Cividec
Cx charge amplifier (bottom).

9 Summary

A number of modern commercial amplifiers for diamond detexcteere characterized for
typical nuclear and particle physics applications. Thaskide four broadband amplifiers
one transimpedance amplifier and one charge amplifier. Wepaoed their energy and
timing resolutions in order to select the best candidaterfeasuring 200 keV deposited
energy signals. Among these amplifiers only Cividec C6 andd€c Cx amplifiers are
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Figure 15: Deposited energy resolution variations inttlby insertion of various ca-
bles between detector and Cividec C6 transimpedance aengdlifip) and Cividec Cx
charge amplifier (bottom).

able to reach energy thresholds as low as 100 keV. Howewverlatker one is charge
amplifier featuring very long signals, not suitable for faning application. The ob-
tained timing resolution at 200 keV of the only amplifier wiimet our requirements, the
Cividec C6, was found to be 1.2 ns (resolution of two Civideg @nplifiers in coinci-
dence), which was factor of 6 larger than our target resofutif 200 ps. This resolution
could be further reduced by a factg®2 by differential readout of the detector, but would
remain factor of 4 above the requirement.
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The WisnamuTA40 amplifier allows to measure 200 keV signals, but theltgsm
Is similar to the one of Cividec C6.

These results call for development of a new amplifier witnalgto-noise ratio
improved by a factor of 10 with respect to the tested ones.
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