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Abstract

Joint progress in Cd(Zn)Te detectors, microeleatoand interconnection technologies open the waaf
new generation of instruments for physics and phiysics applications in the energy range from 1a00
keV. Even working between —20 and 20°C, theseunstnts will offer high spatial resolution (pixeksi
ranging from 300< 300 um?2 to few mm?2), high spectral response agt Hetection efficiency. To reach
these goals, reliable, highly integrated, low n@gsd low power consumption electronics is mandatouyr
group is currently developing a new full-customes#tdr front-end ASIC named IDeF-X, for modular
spectro-imaging system based on the use of Cd(Zd§fectors. We present the most recent version of
IDeF-X which is a sixteen channels analogue readbip for hard X-ray spectroscopy. It has been
processed with the standard AMS 0.35 pum CMOS tdoggoEach channel consists of a charge sensitive
preamplifier, a pole zero cancellation stage, aabée peaking time filter and an output buffer. DX is
designed to be DC coupled to detectors having adiask current at room temperature and is optimiped
input capacitance ranging from 2 to 5pF.
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1. I ntroduction

The evolution of the Cd(Zn)Te detectors propertguires a continuous improvement of the electronic
front-end in terms of geometry, noise, and powensooption. This is why our group is currently
developing a new modular spectro-imaging systenedas Cd(Zn)Te detectors coupled to dedicated full-
custom readout ASIC, named IDeF-X (Imaging DeteEtant-end). The development of the IDeF-X front-
end includes several steps from the set of stamukeaCharge Sensitive preAmplifiers prototypes (CHA)

to a complex multi-channel circuit for high-pixeérmkity Cd(Zn)Te detectors readout. The final device
(ASIC+Detector) is planned to be used in large atameras (100 to 1000 cm?) for space borne
astrophysics, either on focusing hard X-ray telpsc@.g. SIMBOL-X [2], ranging from 4 to 150 ke\d,

on a large area position sensitive detector of gedaaperture gamma-ray telescope (e.g. ECLAIRs [3],
ranging from4 to 600 keV). The IDeF-X chip family iealized using the standard AMS CMOS 0.35 um
technology. The encouraging results obtained with grevious chip named IDeF-X VO, allowed us to
validate the use of this technology for our needd t select one CSA design well suited to ourriitu
applications involving Cd(Zn)Te detectors [1]. Mowver, we demonstrated that our CSA design was
tolerant to the ionizing dose higher than 200 kwalkich makes it compliant for space environmenthis
paper, we present the most recent version of IDefRijgs family. It is a sixteen channels analogusioait
chip intended for use with low capacitive and loavidcurrent detectors.

This paper is structured as follows: Section 2 gmesthe IDeF-X V1.0 ASIC design. Section 3 preséme
equivalent noise charge measurements (ENC) andgsdimm of the influences of the input capacitanod a
detector dark current on the noise performancethdrend, section 3 describes the spectral response

the chip is connected to a low capacitance anddlask current CdTe Schottky detector.



2. |DeF-X V1.0 ASIC design

IDeF-X V1.0 chip is a complete 16 channels analogoet-end. Each channel is fully independent. The
design is optimized for low input capacitance (25fF) and low dark current (1pA to 1nA) hard X-ray
detectors used in the energy range from 4 keV ug0tb keV. Each channel includes a CSA, a pole zero
cancellation stage (PZC), a fourth order Sallen & KSK) type shaper, and an output buffer. The GSA
inherited from the previous IDeF-X VO [1]. It is 4&d on a classical “folded cascode amplifier” wath
PMOS type input transistor. The continuous resstesy is done by a feedback PMOS transistor opegratin
in the subthreshold region. The current that flokwveugh the channel of this transistor is the lgakeurrent

of the detector. The PZC stage is used to avoig ldmration undershoots at the output. Moreover it
amplifies the signal at the output of the CSA atidws optimized DC coupling by minimizing the
influence of the dark current on the gain. The RI&ge is based on reference [4]. The fourth ordaper
includes two second order SK low pass filters viithable shaping times. The SK structure can operate
second order filter with only one active device pdifrers, OTA). Its power consumption is therefore
optimized in comparison with classical filters. Thmable shaping time is done by the commutation of
series resistors in the filters. The ASIC is eqagbpith a test input used to inject a calibratedrgh
through the on-chip injection capacitance placeffont of every channel. Finally, in order to simaid a
detector current or to compensate a reverse deteatent, each channel includes a tunable cuseutce

il. The main characteristics of IDeF-X V1.0 are sumneal in table 1.

3. Resaults

3.1 Equivalent noise charge measurements (ENC)
3.1.1 ENC measurements setup
The first characterization of the circuit consistaneasuring the ENC of each channel as a fundidhe

peaking time f{ea). TO perform the measurements, two test boards Hamen designed. First, the



polarization board allows biasing, configurationjection and response measurements. The polanzatio
board is a standard printed circuit board (PCB)ghesl in a standard epoxy material (FR4). Secdma, t
chip board carries the ASIC. Three chip boards Hasen designed to study the influences of the setup
(JLCC parasitic capacitance, connectors, PCB parasapacitance and dielectric losses) on the noise
behavior of the chip. To reduce excessive noisetdukelectric losses, the chip boards are fabeatatith
glass-Teflon: on the first one (CB1), the chip isunted in a JLCC carrier soldered on the board.th@n
second board (CB2), the chip is directly mountedtim board. In the last board (CB3), the chip soal
mounted on the board but the inputs are not wirelbd to the PCB.
A calibrated signal is injected at the test infdute channel outputs are connected to external phexers,
ADC and acquisition station. In this configuratiame measure simultaneously the amplitude and tis=no
of the channels. To keep the paper clear, we répalne following only results obtained on the chaln#8,
which behaves like all other channels but whiclalso equipped with intermediate test points at yever
analogue stages (CSA, PZC, SK and Buffer).
The lowest ENC with the three boards are reacheggtat 6 ps. The results are summarized in table 2. As
expected, the best ENC is obtained with the CB3dwéere the inputs of the chip are totally discartiad
from the setup - no bonding at the inputs. Thisrthas used to measure the intrinsic performancehef
circuit, i.e. the floor noise of the design. The&MNoor is found to be 35 @ms. This result is in excellent
agreement with the previous IDeF-X VO chip chanazégion [1], where the floor noise was found to be
33 € rms. We derive from these measurements that tiee montribution of the additional stages in the
channel (PZC and SK shapers) is negligible. Theennieasured on CB2 and CBlzatk= 6 pus was found
to be 55 and 100 ems respectively.

3.1.2 ENC vs. additional input capacitance.
In order to predict the performances of the chipnazted to a detector, we need to study the infeieri

the input capacitance on the noise behavior of dineuit. Moreover, this measurement allows us to



understand the contribution of the setup. For thosasurements, we use the CB2 board. At the infput o
channel #8 we solder a set of additional paraatti¢ calibrated capacitances (figure 2). The measmts

are obtained without any leakage currén&(1 pA) minimizing the parallel noise. For eacldiéidnal input
capacitance, we measure the ENC at two differesitipg time values. At a given peaking time, the ENIC

a linear function of the additional input capacgargfigure 3), and we found:

ENC(at7 ., =6Hs) =52 + 6€ and ENC(atr, ., =1ps =111e" + 175€

peak peak

pF pF
The same characterization on the CB1 board leadstlgxto the same noise sensitivity to the pamsiti
capacitance. As expected, the minimal ENC is obthiat the highest peaking time: the theoritical
expression of the ENC at the output of the shaigers

ENC? = c;t(ﬂ ra,, J+a,, 0 (eq. 1)

peak

WhereC,, =C, .4 +C.q +C

tot

Cin is the total capacitance into the chip at the tinpluthe CSA ;

a,is a parameter that depends on the filter ordevelsas the transconductance of the input transisto

the CSA ;a,,,is a parameter that depends on the filter ordevelsas technological parameters and the

area of the input transistorg, is a parameter that depends on the filter ordetfs, the leakage current
injected at the input of the CSA.

When no leakage current is present at the inpthethannelil < 1 pA) the noise is dominated by thé
and the thermal noise of the CSA input transistbe 1/f noise is independent @fea«While the series noise
decreases witlea As a result, the minimal ENIS reached at the highest valuesrgfi To estimate the
parasitic capacitance of the board itself, we cammare this plot to the ENC value found with the3CB
board at the same peaking time. In the case o€Bi#& board, the input is not wire bonded to the dpao
we haveCy,=Ci,. The same calculus can be done at the two pe#ikieg:



The fact that we found the same board capacitantteeawo peaking times demonstrates that the lghral
noise and the noise due to dielectric losses carepkected.

3.1.3 ENC vs. leakage current
The leakage current of the detector is the seceydolrameter which limits the spectral responsealieh
noise) after the total capacitance (including detecapacitance) at the CSA input (series affichoise). In
order to estimate the best spectral resolutioneaalile with IDeF-X coupled to a detector, we neestady
the influence of the leakage current on the noed®bior. To do so, we use the calibrated currenicsol
to simulate the dark current of the detector. Mheurrentcalibration is operated by measuring the signal
fall-time at the output of the CSA, which is invelss proportional to the current through the resatgistor
as described in ref. [1]. The ENC measurements baes done with and without additional capacitance
(Caga = 2.2 pF, ieCiot ~ 5 pF). For each leakage current, we determiaartimimum value of the ENC vs.
Ipeak CharacteristicsENGnin). ENGyin is reported as a function of the injected leakageentil in figure 4

and the fitted curves are plotted using the thigatiexpression as follows (eq.2):

ENC?

‘min

=2\a, o, [C2, 0l +a,, [T (eq. 2)

There are three different regions of interest ia fot:

— At very low dark currenti < 10 pA), the minimaENC s reached at the highest peaking time. For these
IneakValues, the/f noise is dominant and the leakage current haggndisant influence.

— For higher leakage currents (10 pAl< 500 pA), the minimal ENC is reached when théesenoise
and the parallel noise are equal and higher thaf/tmoise. The slope facté? EN%—” is%r.

— For “very high” leakage currentg & 500 pA), the theoretical minimal ENC can notrbached because

the smallerzyeax values of IDeF-X V1.0 is not short enough. Theseois dominated by the parallel

noise, the slope factor tends}@, and eq. 2 is no more applicable.



3.2 Spectroscopy measurements

IDeF-X V1.0 mounted on the board CB1 (JLCC packdge) been evaluated by performing measurements
at room temperature with CdTe detector. We havenected a 444.1x0.5 mnf CdTe (ACRORAD)
equipped with a Schottky contact at the anode aguebed ring at the cathode (1 mm guard ring sumown
the 2 mm? pixel). The detector was biased at 300V. 3pectrum of figure 5 has been acquired using
Tpeak= 6 PS With arf*’Am source. We found that the best spectrum wasraatat the highest peaking time.
This is consistent with the very low leakage cur(éss than 50 pA) measured on the detector af 300e
energy resolution is 1.68 keV FWHM at 59.5 keV dn8 keV FWHM at 13.8 keV. Finally, the very low
energy threshold value of 2.7 keV makes this chifiable for applications at very low energy for
astrophysics [3].

The spectral response is similar to the one oldaivith our first IDeF-X VO chip. Today, these séddory
performances are limited by the setup, and espedglthe excessive parasitic capacitance and arate
losses in the substrate of the detector. In the ftare, improvements of the setup will help tagle much
better performances. We expect for this detecioe {y- 50 pA) and a total additional input capacless
than 2 pF, energy resolution between 0.8 and 1R&¥M at 60 keV (see figure 4).

4. Conclusion

The ldeF-X V1.0 is a very low noise multi channgkeigrated circuit. It is optimized for the readotitow
capacitive (2-5pF) and low dark current (~ 1 pAdw nA) Cd(Zn)Te detectors or pixel arrays [5] foture

X- and gamma-ray astronomy space missions. The mpagformances of this chip are very promisingesinc
the floor ENC was found to be 35 ens. We have studied its behavior with respecth® total input
capacitance and leakage current. We derived fr@setimeasurements that the chip connected to CdZn)T

crystals will permit to reach very high spectrapense, between 0.8 and 1 keV FWHM at 60 keV.
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Tablel

Parameter Value
Chip size 2355 pmx 4040 um
Number of channel 16
Power supply 3.3V
Power dissipated 2.26 mW/channel
Gain 200 mV/fC at 6 s peaking time
Dynamic range -40000 to 40000(é - 176 keV for CdTe)
Shaping type unipolar
Peaking times (in pus 05/09/15/24/3A%6/6




Table2

Test board name

IDeF-X Configuration

ENC at 6ps(ims)

CB1 Packaged in JLCC carrier 100
CB2 Directly wire bonded on board 55
CB3 Chip input pads not bonded 35
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Figure5
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Table captions

Table 1: IDeF-X V1.0 main characteristics.

Table 2: IDeF-X V1.0 Best reachable resolutionswlite different chip boards.



Figure Captions

Figure 1: IDeF-X V1.0 layout. Sixteen analogue cfes for high energy high resolution spectroscopy.

Figure 2: Setup for the evaluation of the inputazdjance influence on the noise performances ofFiRe
V1.0 ; the circuit is directly wire bonded on th&Z board and an additional input capacitafgy IS

soldered at one of the inputs (channel 8) of thp.ch

Figure 3: ENC as a function of additional input @epanceC,qq at two different peaking times. The best

performances are reached at 6us. In that casslape is evaluated to &/jgF.

Figure 4: ENG,, as a function of input leakage current for twofediént additional input capacitances:
measurement results and fits using (eq.2). Faakalge current lower than 10pA, the minimal ENC is
almost constant. At higher leakage currents thallghmoise is no more negligible and the minimal&

increase with the dark current.

Figure 5: Spectrum of a&ff’Am source obtained with a 4x14.1x 0.5 mnf CdTe detector equipped with a
Schottky contact at the anode. The cathode ¥ 2 mm? pixel surrounded by a 1 mm guard ring. The
detector is biased under 300 V at 22°C and is adpddo the channel 1 of IDeF-X V1.0 at a 6s p&gki

time.



