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Abstract—Progress in the fields of Cd(zZn)Te detector
development, microelectronics and interconnection echnologies
open the way for a new generation of instruments fgphysics and
astrophysics applications in the energy range from to 1000 keV.
Cd(zZn)Te based instruments operating in the range &ween —20
and 20°C, will offer high spatial resolution (pixel size ranging
from 300 x 300 um? to few mm2), high spectral response andghi
detection efficiency. To reach these goals, relighl highly
integrated, low noise and low power consumption eb&ronics is
mandatory. Our group is currently developing a newfull custom
ASIC detector front-end named IDeF-X, for modular gectro-
imaging systems based on the use of Cd(Zn)Te detes. We
present here the first version of IDeF-X that consits of a set of ten
low-noise charge sensitive preamplifiers (CSA). Ithas been
manufactured using the AMS 0.35 um CMOS technologyThe
CSAs are designed to be DC coupled to detectors g low dark
current at room temperature. We have optimized thevarious
preamplifiers to match detector capacitances in theange from 0.5
to 30 pF.

. INTRODUCTION

Imaging Detector Front-end. This device will be dige large
area cameras (100 to 1000 cm?) for space bornepagsics,
either on focusing telescope (e.g. SIMBOL-X [2] aMid\X
[3]), operating in hard X-rays (4 to 150 keV) omgaa-rays
(511 and 847 keV), or on a large area detectorctmed
aperture instruments (4 to 600 keV) (e.g. ECLAIBS.

This paper is structured as follows: Section llserds the
IDeF-X ASIC design. Section Il discusses its perfance in
terms of noise measurements, and the spectralrmespif one
of the charge sensitive preamplifiers (CSAs) cotetbto a set
of moderate capacitance CdTe detectors (< 5 pHall
section 1V is devoted to the results of Total IamjgzDose tests
performed on the chip with®Co source up to 224 krad.

Il. IDEF-X ASIC DESIGN

The development of the IDeF-X front-end ASIC wiltiude
several steps from its first version as a set ahdtalone
preamplifier prototypes to a complex multi-chan{ to 256)
circuit for high-pixel density CdTe readout. Weegent here

SINCE our prewous development, IBIS/ISGRI gamma-rayhe Very first version of IDeF-X.

camera [
demonstrated that it is possible to reliably udarge number
of CdTe detectors associated with microelectrofimst-end in
space. On the other hand, progress in the manufagtof
CdTe detectors in terms of crystal quality and wadusize and
progress in the field of microelectronics and iotemection
technologies open the way for a new generation taf 1000
keV photon energy detectors for physics and asygipb. The
next generation of instruments based on these dduiies will
have high spatial resolution (pixel size: ~ 30800 um? to few
mm?2), high spectral response and high detectioitiefity
operating in the range between —20 and 20°C. Tohrézese
goals, reliable, highly integrated, low noise amav Ipower
consumption electronics is mandatory.
Our group is currently developing a new modularcte

] on board the INTEGRAL Satellite, we have

TABLE |
IDEF-X CSAS CHARACTERISTICS

CSA# Input Input transistor Input Detector
transistor size W/L capacitance  application
type (pm/pm) range (pF)
0 PMOS 310/0.5 0.5 NA (no pad)
1 PMOS 1000/0.5 2t05 Cd(zZn)Te
2 PMOS 1550/0.35 5 to10 Cd(Zn)Te
3 PMOS 1600/0.5 5 t010 Cd(zZn)Te
4 PMOS 1400/0.75 5t0 10 Cd(Zn)Te
5 NMOS 1550/0.35 5to0 10 Cd(zn)Te
6 NMOS 1600/0.5 5t0 10 Cd(zn)Te
7 NMOS 1400/0.75 5t0 10 Cd(zn)Te
8 PMOS 4000/0.5 30 cooled Ge
9 PMOS 2700/0.75 30 cooled Ge

The goal of this first prototype is to evaluate tAMS
0.35 um CMOS technology capabilities for low noésel low

imaging system based on CdTe detectors coupled topawer consumption analog design (less than 60releshoise
dedicated full custom readout ASIC, named IDeF-X forms for 50 pW per CSA). Therefore, we have busetof ten
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low noise CSAs, well suited to high energy detextor

The CSAs are designed to be DC coupled to detestitisa
low dark current (< 5 nA). The geometry of the ihpu
transistors (W/L) has been optimized for detectpacitances
in the range of 0.5 to 30 pF (see table I). Moghef CSAs (#1



to #7) are designed for low capacitance detectiks |
Cd(Zn)Te small crystals or pixels. Nevertheless,hage also
designed two CSAs (#8 and #9) matching larger tmtec
capacitance (e.g. cooled germanium). CSAs werenekfio

study thel/f noise behavior with respect to the type (NMOS

and PMOS) and gate length (L) of the input transidh order
to secure the tests, the input pads are equippédanti-ESD
protections.

The CSA electrical design is based on a “foldedcads
amplifier” [5, 6] with either a PMOS or a NMOS inpu
transistor. The value of the feedback capacitasn@00 fF for
CSAs #0 to #7, and 500 fF for CSAs #8 and #9. Ti@ D
feedback is done by a PMOS transistor biased bylétector
leakage current. Each CSA output is connected thOa
voltage gain stage.

These stages are multiplexed toward a low outppedance
buffer. All channels are connected to an input pxdept
CSA #0. Inputs can be connected to a test ikfgutestith an
individual 300 fF and 500 fF on-chip injection cajtar,
respectively for CSAs #0 to #7 and CSAs #8 and #9.

On the other hand, in order to simulate a detendorent or
to compensate a reverse detector current, eacimehiacludes
a tunable current sourdedriven by the gate voltagé (Figure
1). The IDeF-X layout is represented in Figure 2.
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Figure 1: IDeF-X synoptic: Ten CSAs are placed befa gain amplifier, a
multiplexer directed to a low impedance output buff\t the input, each CSA

has its own test capacitor. All CSAs are connetdealpad except CSA #0.

Il. RESULTS

A. Equivalent noise charge measurements

The first characterization of the circuit consistsneasuring
the Equivalent Noise Charge (ENC) of each chanmelaa
function of the peaking time when the CSA is plagtdhe
input of a tunable CR-RC2 or CR-RC filter. To penfothe
measurements, the circuit is packaged into a stdndlaCC
chip-carrier and mounted on a standard printeduitifeoard
(PCB) into the setup described below.

2mm

2mm

Figure 2: IDeF-X Layout. Ten preamps are placedhenleft hand side of the
4 mm? circuit.

1) ENC measurements test bench

The JLCC carrier is mounted on a test board allgwin
biasing, configuration, injection and response me&BeNts.
This board is inserted in an automatic ENC vs. pepkime
test bench shown in Figure 3 [7]. This setup inekid CR-RC2
filter with tunable peaking times ranging from 26 op to
10 ps. It also includes a wave form generator. diise shapes
and the noise are alternately recorded on a diggeilloscope
for the various filtering time-constants and anatyzwith a
computer. ENC measurements for larger peaking t{meso 1
ms) are done manually with a CR-RC filter but amt n
performed systematically.

CR-RC? Filter
Figure 3: Setup for ENC measurement is operatech weibh external
programmable CR-RGshaper.

2) Main ENC results for all of the CSAs

A significant part of the noise is due to the settgelf
(JLCC parasitic capacitance, connectors, PCB gdarasi
capacitance and dielectric losses). Therefore, veweh
performed two types of ENC measurements:



OIn the first, the inputs were totally disconnectiedm the
setup - no bonding on the inputs - in order to meashe
intrinsic performances of the circuit, i.e. thedtonoise of
each CSA.

OIn the second, the inputs were connected to theClt&rier
with wire-bonding thus allowing the chip to be useith a
detector. Nevertheless, the JLCC input pads were
connected to the PCB nor to the connector. Detect@re
installed directly on the JLCC by wire soldering.

3) ENC vs. peaking time for CSA #0, #3 and #6
We have measured the ENC vs. peaking time chaistatsr
with the CSAs input pads bonded to the JLCC chipiera
without connecting any detectors. The minimum ndésel in
the ENC vs. peaking time characteristics was 66tmlas rms
at 9.1 us for the PMOS type input transistor (CS) &nd 76

rm@lectrons rms at 4.5 ps peaking time for the NM@put

transistor (CSA #6). In NMOS type CSAs, injectiofi &
current il is required for proper response. This current
compensates the reverse current from the anti-EXgat i

We measured the ENC for each of the ten CSAs withodiodes but adds a parallel noise contribution ® ENC vs.

bonding, the results of which are shown in TableTihese
measurements illustrate the intrinsic performanegthout
assumption on the setup quality. Depending on thguti
transistor type and size, the floor noise was fotndbe
between 31.5 and 49.3 electrons rms. In this seegsis, the
CSAs were polarized with 1 mA / 3.3 V to reach tleey best

performances.
TABLE Il
IDEF-X CSAMAIN PERFORMANCES

CSA# Min ENC Peaking time at ENC min (us)
(electrons rms)
0 12.4(no pad) 8.9
1 315 9.1
2 33.1 9.1
3 323 9.1
4 34.1 9.1
5 44.8 4.5
6 49.3 4.5
7 47.6 4.5
8 30.4 4.5
9 29.2 4.5

We have estimated the influence of additional pacas
capacitances on the noise of each CSA. The measotem
were taken with a 9 ps peaking time for PMOS tygA€and
4.5 us for the NMOS type (values for minimizing theise
level when no detector is connected). We obtaiBe 5
electrons/pF for PMOS type CSAs and 5 to 6 elestyn for
NMOS type.

In the following sections, we will concentrate ¢ tPMOS
type CSA #0 and CSA #3, and on the NMOS type CSAt@t6
analyze their performance in greater detail. These2 chosen
for the following reasons:

CSA #0 does not have any input pad thus can beasse
a reference for the design noise behavior (notithens
to external noise sources).

of the same type optimized for the range from 3.@o

peaking time characteristics. This is the reasory lne
minimum value of the noise occurs for shorter pegkimes
than in the PMOS case where no additional current i
necessary. On CSA #0, without input pad, we cansorea
intrinsic performances and limits of the desigis. mtinimum
noise level is 12.4 electrons rms for a 9.1 us pgakime.
ENC vs. peaking time characteristics are plottedG8A #0,
CSA #3 and CSA #6 in Figure 4.

Forthcoming ENC evaluation on new IDeF-X versior w
be done using a ceramic board (or another typeouf |
dielectric loss factor material), to maximize théipts
performances.
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Figure 4: ENC vs. peaking time measurement refult€ SA #0, CSA #3 and

GCSA #6. The CSA #0 has no input pad. On CSAs #3#hdhe inputs are

connected to the JLCC chip carrier but no detdstpresent. CSAs are biased
with 1mA current through the input transistor.

The PMOS CSA #3 has the least noise among the CSAs 4) ENC behavior with different biasing conditions

Until now, our tests were performed under condgiamf

pF (see Table 1). This preamplifier best matches tHigh power consumption — 3.3 mW i.e. 1 mA. The powe

typical CdTe pixel detector capacitance.

consumption can be reduced by limiting the totalremt I,

The NMOS CSA #6 was used to test the NMOS typRassing through the input transistor. We have dembrthe

and because it has the same input transistor diorens Noise behavior of the CSA #3 as a function of200 pA i.e.

as CSA #3.

660 pW and 50 pA i.e. 165 pW) and present the tesal
Figure 5. As expected, when the total currgih the CSA is
reduced, the series noise increases. The series isanversely
proportional to the square root of the input tratsi



transconductanceg,, (see eq. 1), and
proportional to the square or fourth rootlgf(egs. 2 and 3)
depending on the input transistor regime (weak, erete or
strong inversion).

2
ENC2,..0 & (eq. 1)
O
gmstronginversion = 2/,1 Cox% lO (eq 2)
ha, (eq. 3)
gmweakinversion n kT

where :

— Cis the total input capacitance,

— M is the majority carrier mobility,

— Cyis the gate oxide capacitance per unit area,
— nis the sub-threshold slope factor (n > 1),

— kis the Boltzmann constant,

— T the temperature

— andqthe electron charge.

For instance, the PMOS CSA #3 operates in weaksioe

roughly inversely B. Spectroscopy measurements

These promising results allowed us to consider racti
application for spectroscopy. We connected the PNDS3 #3
of IDeF-X biased witHg = 200 pA (660 uW) to a set of CdTe
detectors at room temperature (21-24°C). The dmteatere
DC coupled to the input of the CSA, whose outputs wa
connected to a Canberra 2025 amplifier with an stdple
Gaussian shaping time in the range 0.5 to 12 usesmonding
to a peaking time of 1.5 ps to 36 us.

Firstly, we plugged a % 2 x 2 mn? Travelling Heater
Method grown (THM) CdTe detector (Eurorad) equippéith
quasi ohmic platinum electrodes. This detector sltber dark
current of 5 nA when biased at 100 V. The intrinsic
capacitance of the CdTe detector is ~0.2 pF. Howyetis
value is negligible compared to the other parasiitd
interconnection capacitances of the setup that atrtou~5 pF.
The lowest noise was obtained for a 0.5 ps shapimg As a
matter of fact, the parallel noise increases rgpisith the
shaping time because the current is not negligible series
and 1/f noise are moderate thanks to the low input
capacitances. We obtained satisfactory lines witB.5akeV

when lo=50 uA andlo = 200 pA and operates in sWONgrywWHM at 59.5 keV and 2.2 keV FWHM at 17.8 keV (see

inversion wherpg= 1 mA.

For long peaking times (above 8 ps), the paraltel Hf
noise contributions begin to dominate and the erfe of the
bias condition on the ENC drops significantly.

We conclude that our design can be easily used lowa
power input stage if large peaking-times (> 8-10 pmse
applicable. This requires detectors with leakageet as low
as possible. This current has to be lower or etughe chip
internal leakage currents we found to be primadilyg to the
anti-ESD diodes of the input pads. The dark curherst to be
less than few picoamperes, as shown in section AV.
moderately cooled — around 0°C — Schottky CdTeateteor
pixel CdZnTe detector can reach such values.
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Figure 5: ENC vs. peaking time as a function of thas current in the
CSA #3 input stage of IDeF-X. The ENC are obtaiord chip without input
bonding to avoid noise due to the setup conditi@®SB, JLCC, connector
contributions).

Figure 6).
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Figure 6: Spectrum of #'Am source obtained with a22 x 2 mn? CdTe
detector equipped with Pt contacts on both eleesdg@&URORAD, France)
plugged on CSA #3, biased with 200 pA. The detesttiiased under 100 V
at 24°C. The spectral response is good (3.5 keV MWt 59.5 keV). The
broadening on the left hand side of the 59.5 ke¥ is mainly due to the
charge loss and ballistic deficit in the 2 mm thidiTe.

Using the same setup, we connected CSA #3 to a 4.1x
0.5 mnf THM grown CdTe (ACRORAD) equipped with a
Schottky contact at the anode and a guard ringeatathode (1
mm guard ring surrounding thexX22 mm?2 pixel). The reverse
dark current of the CdTe diode is very low (< 10 ypAder 200
V bias voltage at 21°C) and the capacitance opikel is 0.7
pF. The spectrum shown in Figure 7 illustratesrédwilts with
2 us shaping time: 1.6 keV FWHM at 59.5 keV and Ke¥
FWHM at 13.8 keV.

In the ISGRI CdTe gamma camera equipped with mixed
analog and digital ASIC [1, 8, 9], 2.8 mW power soming,



the best spectral resolution measured during theungt
calibration phase, with 4 4 x 2 mnm? THM CdTe crystals

(ACRORAD), biased under 100 V at 0°C, was 5.6 keV

FWHM at 60 keV.
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Figure 7: Spectrum of &'Am source obtained with a 44.4.1 x 0.5 mni
CdTe detector equipped with a Schottky contacthatanode (ACRORAD,
Japan) plugged on CSA #3, biased with 200 pA. Tthade is 2 2 mm?
pixel surrounded by a 1 mm guard ring. The detestbiased under 200 V at
21°C. The spectral response is very good (1.6 K&XHM at 59.5 keV and
1.4 keV FWHM at 13.8 keV). The very low thresholalue around 3 keV is
noticeable.

IV. IRRADIATION WiTH %°Co

Since the development of the IDeF-X ASIC is intehdier
future space-borne application in astrophysiceja$ necessary
to evaluate our first prototype’s sensitivity todiation. We
irradiated two IDeF-X circuits with a 589 GBYCo source
during 224 hours. The ASICs were placed 13 cm fitbe
source and were thus subjected to a 1 krad/h duise We
performed a set of nine irradiation tests starfiogn 10 up to
224 krad of accumulated dose.

One chip was used to analyze the behavior of thO8€pe
CSA #3 and another for the NMOS type CSA #6. BOBAE
were correctly biased to ensure their functionatitying the
runs with a 200 pA current in the input transistal. other
CSAs in the chip were also biased but not multiptexo the
output and therefore, not systematically monitofedring the
irradiation runs, the injected curreihtin the reset transistor of
the NMOS type CSA #6 was raised high enough to emsate
a potential shift of the internal leakage curreninimizing the
effect of this shift on the preamplifier that codause it to stop
working. The spectral response of the two circuas
monitored during each irradiation stage. A calibdatnjected
signal was sent to the ASIC inputs and we recotbdedesponse
using a 3 ps shaping time amplifier (ORTEC DUAL SPE#55)
and a standard acquisition chain. Between irraghatuns, the
two CSAs #3 and #6 were fully characterized (EN&ngrise-
time and fall-time, polarization currents) with tiest bench
described in section lllI-A-1. During fine chara&ation, the

compensation current of the NMOS CSA #6 was reésfju
its optimal minimum value.

A. Results

1) Amplification gain
We monitored the amplification gain of the CSAstighout
the irradiation, and measured the output voltagel ldirectly
after the output buffer. No shift was found in eitthe PMOS
or the NMOS type CSAs. The amplitude was found o b
constant at 37 mV and 35.5 mV respectively for@iSA #3 and
#6 when a 4 mV square signal was injected throbgh300 fF
internal injection capacitor.

2) Output signal rise-time and fall-time

The signal output rise-times were also found to aiem
constant in both CSAs at 35 ns and 38 ns for the £35and #6.
However, we noticed that the irradiation causeghslchanges
in the output signal fall-times in both preamplifie
O CSA#3: for this type of preamplifier, the currehtdugh
the reset transistor is very low in nominal cori§ (~ 380
fA). Consequently, the output signal fall-time @ngy (> 35
ms). Fall-time decreased to 13 ms after 95 kradl an
dropped to 10 ms after 224 krad. This effect ischity
associated with an increase in the curdgnthrough the
reset transistor that acts as a feedback restgtonversely
proportional tolr (see eq. 4). After 224 krad, the current
through the reset transistor was found to be ~A.5 p
CSA #6: for this type of preamplifier, we had tmé the
compensation curreiitafter each run in order to reach fall-
time values as long as possible. Therefore, thtuton of
the fall-time is not directly related to the effecof
irradiation. We will detail this point later in thpaper.

R, = inﬂ (eq. 4)
le 4
3) Power consumption
At the end of the campaign, we measured the power
consumption (current level in the 3.3 V power syppind we
concluded it was not affected by the irradiatiohe Tmeasured
current is the total current of the circuit (TenA3Sameplifiers,
multiplexer and output buffer). It is not possilidedistinguish
between the NMOS and PMOS CSAs in this case.
4) ENC measurements
We systematically measured the ENC vs. peaking time
characteristics of the CSA #3 and CSA #6. As shinwFigure
8, the minimum ENC increases linearly with incregsdose.
Furthermore, the two CSAs appear to be slowly déggaat a
similar rate (0.09 and 0.1 electrons rms/krad retbpely for
PMOS and NMOS type CSA). The minimum ENC valuesewer
found to be between 1.8 and 4 us peaking timehleNMOS
CSA. This short peaking time was constrained by the
compensation curreiilt, unfortunately causing a strong parallel
noise structure. But for the PMOS CSA, the minimEMNC
values occurred at 9 ps peaking time until 111 kiFad higher
doses, the minimum ENC occurred at 4.5 pus peakimg t

O



which is typically associated with a progressiveréase of the

parallel noise contribution.

1) Noise structure in PMOS input CSA
Figure 9 illustrates the ENC vs. peaking time cbtanastics
for the PMOS CSA #3, before and after irradiatibhe shape

120 ' ' ! ' of the curves clearly reveals the high frequenayesenoise,
e—a CSA #3 — PMCS g . .
e--~ 03A 5 — NMOS . { the low frequency parallel noise and the base l&lfehoise.
i ) | Using the AMS CMOS technology parameters, we hittedf
T the date and derived the total capacita@cat the CSA input,
& 1001 - ] the transistor transconductangsg the total parallel noise and
,E the 1/f noise level.
(3]
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Figure 8: Minimum of the ENC vs. peaking time clraesistics as a function [
of the absorbed dose in PMOS CSA #3 and NMOS CSAB#th CSAs are
polarized under 200 pA / 3.3 V conditions. A linéanction fits both sets of
data.
In order to monitor the evolution of the CSAs respm
following the irradiation campaign, these were aieeé for 0L s i i e i
1078 10°7 1078 1075 1074 1073

two months at room temperature. No further postdiation
degradation or recovery was observed, and the itirci
characteristics remained remarkably stable.

B. Discussion

In this section, we focus on the analysis of thdéseo
structure for the PMOS and NMOS CSAs, before atet dfie
224 krad irradiation dose. Results and parametersierived
by fitting the ENC vs. peaking time characteristitzda to the
following equations 5-8 [10]:

2
ENC:eries: AXC—IXi (eq 5)
gm TP
ENG: = B{Zq(il + Ip)+4kT}x I (€q. 6)
Re
ENG —cx S (eq. 7)
/£ WL
ENC? = ENCZ,..+ ENC? + ENC?,, (eq. 8)

Where:

—  ENGriesis the equivalent series noise charge,

— ENG,;is the equivalent parallel noise charge,

— ENCGCis the equivalent/f noise charge,

— Iy is the total current from the pads as definediguie
10,

— AandB are constants that depend on the filter order,

— Cis a constant that depends on the filter ordevedsas
technological parameters,

— Ipis the peaking time.

Peaking time (s)

Figure 9: ENC vs. peaking time for the CSA #3 befand after 224 krad of
irradiation. CSA #3 is polarized with 200uA curretitrough the input
transistor. Lines represent the noise model tistHie data.

We found that the series noise was not affectedthisy
irradiation which means that the transconductaridbeninput
transistor (3.2 mS for 200 pA) remained unchangét the
dose. The total capacitance was estimated to bpF6.At very
low frequencies, the noise is totally dominatedthy parallel
noise contribution that increases with the doseis Tis
consistent with the decreasing of the output sidgiétime as
it was presented in section IV-A-2. The total cotré,,,
responsible for the parallel noise, includes thdofang
contributions (see Figure 10 for current definiiin

O The pad leakage current-l , (two reverse bias diodes),

0 The compensation curreihtdriven byV;

O The reset transistor noise, dependindqonl, - 11+ il

The total currenty, is defined by the following relation:

2q 0, =2q0{l, +1, +il +1g) (eq. 9)

The currently is derived from the CSA output signal fall-
time. The currentl is derived from the CSA #0 output signal
fall-time. In fact, since CSA #0 has no pad,is equal toil.
WhenV; = 0V in the PMOS case, we fouild- 200 fA before
irradiation and~ 1 pA after being subjected to 224 krad. This
increase is probably due to the threshold voltdgé ef the
NMOS current mirror transistors. As mentioned befothe
current through the reset transistgrincreases and goes from
380 fAto 1.5 pA.



The model fitting of the parallel noise allowedrexting the The gate of the compensation current mirror (sgergi 10)
total currentl,,. It was found to be 8.7 pA before irradiationwas set td/; = 198 mV prior to irradiation and drifted upwards
and increased to 17 pA after 224 krad. to reach 235 mV after 224 krad. In order to detaamihe

At this point in our analysis, we can conclude titfa¢ corresponding values of the compensation curiéntwe
reverse current of the anti-ESD pad diodes is bytifa main measuredy usingthe output signal fall-time of the CSA #0 for

parallel noise contribution, even if the currenbtigh the reset whichlzr=il. Since all CSAs have the same compensation
transistor increases more rapidly with the dose. current source, they all have the saimé\s mentioned before,
We also noted that the ENC vs. peaking time charitics the fall-time is directly linked to the current tlugh the reset
shows a 25% increase of thé noise with the dose. transistor. We found thdit was ~ 40 pA before irradiation and
—_——— ~ 80 pA after.
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Figure 10: Scheme of the CSA. Definition of thereats:I; andl; are the 224 krad of irradiation. CSA #6 is polarized withQ@pA current through the
reverse bias diode currents of the pdds the compensation current (or jnpyt transistor. Lines represent the noise mdu fits the data.
residual current whexfy = 0 V), Iris the current through the reset transistor.

Model fitting of the ENC vs. peaking time charaddtics for

2) Noise structure in NMOS input CSA CSA #6 give us the total current responsible fa parallel

Figure 11 illustrates the ENC vs. peaking tim&gise. This total current includes the pad contidoy the
characteristics for the NMOS CSA #6, before anceraft compensation current levitland the reset transistor noise. We
irradiation. We see that the series noise is nigicfd by the o nd lot ~ 80 pA before irradiation and ~ 160 pA after 224
224 krad irradiation dose. Therefore, the transoot&hce krad. Finally, measuring the output signal fallion the CSA
appears to be stable at ~ 3 mS for 200 pA polasizaNote 45 e found the current through the reset tramsisk
that the CSA #6 NMOS has exactly the same dimessisrthe gecreased from 35 pA before irradiation to 2.5 fi&raFrom
CSA #3 PMOS input transistor. We saw a similar gadfithe 5| those estimations, we derive + 1, ~ 5 pA for the pad

transconductanagy, for both CSAs, as expected. current before irradiation and ~ 80 pA after irgitin.

At very low frequencies, the noise is dominatedthg  The ENC vs. peaking time characteristics shows % 35
parallel noise. It increased with the dose becat$® ,crease of tha/f noise.

compensation currerit had to be raised to ensure CSA #6
proper response. Note that NMOS or PMOS CSAs nked t \ye conclude for the NMOS type CSA #6:

currentlg = lptil to remain positive for proper operation. In 7 The main noise source is probably the anti-ESD pad
the NMOS case, this means that the compensatioertuif| leakage currert+l .

has to stay larger than the current from the pdel. The O This pad current generates a negativavhich obliges
necessity to enforce a positilecurrent in the NMOS CSA us to use a strong compensation curilerieading to an
seems to demonstrate that the currgnts negative. In the even more important parallel noise.

PMOS CSA, since no adjustmentibfs necessaryly must be 0 The pad current is strongly sensitive to the raalit
positive (see Figure 10 for current sign definijiohhe current
Ip is negative in the NMOS CSA probably because tite gf

the input transistor has a much lower voltage ¢ty 0.5 V) . i .
than in the PMOS CSA (typically 2.8 V). IDeF-X is the very first version of our analog fteand

electronics mainly devoted to Cd(Zn)Te spectro-imgg

V. CONCLUSIONS



systems in space where low noise, low-power consompnd
radiation tolerance are essential design requiresnen

We have designed and tested a set of ten very twsen
charge sensitive preamplifiers manufactured udiegstandard [3]
AMS 0.35 pm CMOS technology. Depending on the tspd
size of the input transistors, we could obtain @offl noise
ranging from 31 to 49 electrons rms using 3.3 mVgafer in  [4]
the CSA. However, we can obtain almost the sanw fhoise
with a much lower power consumption of 165 puW.

We have identified the PMOS type input CSA as thetb [5]
candidate for future use in a fully integrated $pEsTopic
chain. As a matter of fact, its noise level is loviean the (61
NMOS type design and works properly without makirsg of [7]
any compensation current source, limiting intriaflic its
parallel noise. Hence, it is well adapted to lowrrent
applications with CdTe detectors at room or moddyalow
temperatures.

Inspired by these results, we used this chip fod h&Ray
spectroscopy at room temperature with CdTe detectamd
obtained a spectral resolution of 1.6 keV FWHM at55keV
with only 660 uW to the CSA. Compared with the 1SGRIL0]
detectors and ASIC, this represents a spectrallutéso
improvement of more than a factor of 3.

We irradiated the circuit with ¥Co source up to 224 krad
at 1 krad/h dose rate and demonstrated the goedatule of
the design submitted to the total ionizing doset. t&¥e
observed a slow increase in the noise level (~306t)
irradiation doses much higher than those of typisphce
conditions for high-energy astrophysics experimefts 1
krad/year). We believe that this increase is priiyaue to the
standard AMS pads and not to the CSA design it¥éd.did
not expect such a high leakage current in the BSD- pads.
Future designs will need specific pads with liglegmnti-ESD
protections to limit their contribution to the pbehnoise.

We conclude that the AMS 0.35 um CMOS technology
appears to be well adapted to a low noise and lowep
consumption analog front end design devoted to kigérgy
spectroscopy with CdTe. Furthermore, our irradiatiests
show that this technology is also tolerant to gamays
irradiation.

(8]

(9]
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