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CMOS Charge amplifier for liquid argon Time Projection Chamber detectors

E. Bechetoillé, H. Mathez
L IPNL, Universite Lyon 1, CNRS/IN2P3, 4 rue E. Fe8622 Villeurbanne, France, e.bechetoille [atllip2p3.fr

1. INTRODUCTION 3. IMPLEMENTED DESIGN

We developed an integrated circuit (IC) for thedeat of We started with the characterization of a previous
LAr (Liquid Argon) TPC (Time Projection Chamber) existing circuit [1] built for another applicaticat room
neutrino detectors. These detectors employ LAemperature but with the same technology. Thisudirc
simultaneously as massive target and detectionumedi was oscillating when tested in LN (Liquid Nitrogefihis
The detection of secondary particles produced utrm® led us to pay particular attention to the phasegmaof
interactions is achieved by collecting, on a systein our newly designed circuit. We included into thesffi
wires at the sides of the detector, the electrargds from  version of our chip three identical preamplifieeed on
the ionization losses. This is obtained by driftiag Fig. 1) with a different feedback loop (two diffete
constant speed the electrons with a high intereddgtric  integration time constants and a fully capacitive
field. Two planar coordinates are measured by thhesw integrator). We also added some isolated elements f
geometry, the third, perpendicular, coordinatelitamed temperature characterization of the resistors anth®

by measuring the drift time. Typical signals arewsd 3
fC per particle per wire but they can go up to @20Fhey
necessitate of low noise electronics for the readbhe
goal is to achieve 1000eENC (Equivalent Noise
Charge) with a detector capacitance of 250pF. Thi
distribution of charges collected by the wires lert
representative of a 3D image of the tracks of th®
secondary particles from the neutrino interactior:
Normally the readout electronics for these detacter |
located externally to the cryostat, implying the 0$ long
flat cables to bring outside the signals collecbgdthe
wires. In order to limit cable capacitances (aneréfore
the noise), we studied the possibility to insthi tfront-
end electronics into the Argon vapours, above the L 4. CIRCUIT DESCRIPTION

filled volume. Argon is liquid between 83 K and B7 A The general purpose of the circuit is to measuee th
typical temperature around 120K is reached in thgoA amount of charge at the input of the system andithe
vapours. Such environment may further improve thef the charge pulse. Since a pure integrator waillisite
electronic noise which decreases with temperaturafter several pulses, a resistancg R parallel to the
However, the circuit should dissipate as little thaa Capacitance g is needed, see Fig. 2, in order to discharge
possible to prevent additional warming of the detec the integration capacitancg L
The requested characteristics of the circuit aapabilty @~ oo _

Fig. 1: layout

of working at low temperatures, low noise, low heat Detecto]  Pre-Amplifier external shaper
dissipation, high reliability, low cost. In order bptimize etecto : |-A ; /I—N—
the cost per channel ratio we selected a stand&%l 0 C J_ | | c | H. b
D ! I H = 0
CMOS technologyAM SC35B4. 250pF—|_ | Il (P = vt )2
1 | —pa !
! — i 7= [20ns - Jus]

2. ENVIRONMENT CONTEXT b !

The 'spectre' simulator used to predict the behavio F'g' 2: smplified satup schematic )

of the circuit allows simulating at temperaturesvddo - The resistance jzneeds to be large enough in order
250°C, but not beneath -250°C. Yet, as specifiethn 0 avoid ballistic effects that would reduce theaswred
process parameters document, the process is gdaiifi Signal- The integration of 28 or 20MQ resistances in
the temperature range -40°C <= Tj <= 125°C, whris T the chosen technology can be achieved with rpolyhc
the transistor junction temperature. The tempeeatuféSistances within a reasonable size. “rpolyhchatéor
dependent parameters are extracted in the temperatiResistance of High Resistive POLYsilicium with
range 25°C < Tj < 125°C. The provided 'SPICE' msdeParasitic Capacitance model”. The temperature efiec
are valid in the temperature range -40°C < Tj <°C80 resistance is given in the documentation as a seoafer

Thus, there are no warranties on the simulatedielia €9uation, see (1). Using a QuadTech 7600 RLC meter,
underneath -40°C, it is just coming from a mathécaht extracted from measurements the temperature ciseffic
extrapolation. We have then considered the resfitse  (RTO, TCR1, TCR2), through bounding and pad, of the
simulations just as first order guidelines and tethra integrated 35Q rpoly2 (R10 on Fig. 3) and 2R rpolyhc
systematic campaign to qualify the components ar§Sistances. See Table 1.

compare, as a function of the temperature, the ®&€l$ R(T) =1+TCRYT -TO)+TRC2(T -T2 (1)

and the noise values to real measurements. R(TO) B
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TO RTO TCR1(10°Q/K)| TCR2(10%Q/K) comparison to the theoretical values obtained by
27°C | spec| exp exp exp simulation.

rpoly2 | 35@2| 4000 0.70 1.17

rpolyhc| 2MQ | 1.8MQ -2.37 5.70 Qin

Table 1: specification vs experimental resistance coeff. Qhoise

The coefficients experimentally measured in the—||

Frvdievd o ficat T
rangg_[l%, +30°C] are S|_m|Iar to the specificatio Cinj CDTl _|—_C (A
coefficients (not stated here) in the modelling perature A P
range validity: [-40; +180°C]. Furthermore, we maasl Fig. 4 : Noisetest equivalent schematic
temp (°C)| -196| 75 | +25 the threshold voltage of _ Que - AVaoe (2)

Vih 118309220733 & PMOS transistor (see ENC = Y

_EXp | 2. 2 2 left) with parameters ) q ) q ot )
Vth_th |1.1330.911/0.731 Wtot=10Q:, L=0.3% Due to higher input impedance, the pure integrator

and ngate=10. Since the measured values are cdse t channeél is more sensitive to noise from power suppy
theoretical ones given by the simulator, we are noRPWering this channel with a battery, we pinpoirgeldck
confident that the behaviour of the circuit can b@F Power supply noise filtering at low temperature.
predicted also in the temperature range [-200;-#0°C reduction of the decoupling capacitances at -1986Gld

explain why the experimental results in Table 2 lass
pﬂgw /‘chu&‘éﬂiim'\r le
oz 2 3 < 128 e

good than expected.
<
T114 “22
i ¥ O <o, :Ou _casc
o= £ 457 t 30 | 2044 2261)1530| 1590| 2225/ 2720 1272| 1648
H; -111)1722|1847](1002| 1166/ 1811|2111 887 | 1171

T

Chip R,. = 2MQ Ry: = 20MQ
temp| Pre-amp.| +s shapgr Pre-amp.| +jks shapef
°C | th | exp|| th | exp| th|exp| th | exp

-2 -1961145|1990] 599 | 1078 1363| 2545| 581 | 1310
' Table 2 : theoretical vsexperimental ENC summary
j MN34 3;‘: ;J35LMN53
M2 ‘

thede

247uA 203.9UA
Fig. 3: Pre-Amplifier schematic

The temperature variation of the DC voltaggs\of
the input transistor T1.4 on Fig. 3 was also susfody
checked. The biasing circuitry was designed in otde
naturally drive more current when cooled down. Tthge
with the phase margin compensation of [2] with @@ a
R10 on Fig. 3 and the current increase, the phasgim 5 :
stayed relatively stable in the studied temperatarge. ~ Fig. 5: 3fC input Charge after 1psshaper
The pre-amplifier integration capacitance, €onnected Fig. 5 represents a typical input signal out ofribese.
between “in_pa” and “out_casc” had been set to R.5p
Our major issue was the input detector capacitéacgo 6. SUMMARY AND CONCLUSION
be compared to & as an input equivalent capacitance  This prototype version of the ASIC Pre-Amplifier,
(Fig. 4). G has to be negligible with respect to Cpa*Aproduced in June 2007, was fully satisfactory wetspect
where A is the Gain of our circuit (75dB@+25°C,to our goals and allowed us to understand and mtste
79dB@-196°C), in order to integrate the input cBarg behaviour of these circuits at cryogenic tempeeatlihe
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properly. results will be presented at this conference. A new
produced circuit which consists in a fully integeht
5. NOISE PREFORMANCE multichannel version of the ASIC with preamplifiers

The aim of 1000 eéENC while expecting a signal of shapers, line buffers and further improvements el
18 000 & had to be reached for a temperature of -150°¢gsted soon.
There are many ways of measuring the ENC such as
explained in [3]. But since ¥ = KpaQn and Vioise = 7- REFERENCES

KpaQnoise Where K, is the global gain, we considered thg1] P-E. VERT, Thesis, Universite Clermont-Ferraltd
measurement of ENC as given in Equation (2). Thema http://tel.archives-ouvertes.fr/tel-00165738/fr/
electronic voltage noise contribution often labetllas [2] W. Sansen, Feedforward compensation technifpres
‘en” was measured, in absence of input signal,hat t high-frequency CMOS amplifiers

output of the system with the ‘sdev’ (standard d#en) [3] D.V. Camin, C.F. Colombo, V.Grassi and G. Peasi
functionality of our oscilloscope. The ¥ value was A cryogenic charge-sensitive preamplifier basedttom
measured with the function ‘max’. Tests were caroet “super-fet” structure, WOLTE4

with or without Jus shaping on the channe}.R 2MQ

and R, = 20MQ and are shown in Table 2 with a



