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Abstract. The PH32 readout chip has been devel oped for measurement of X-rays, beta radiation
and charged ions including alpha particles. The chip has been manufactured in a commercial
180 nm CMOS technology and its applications include dosimetry, spectroscopy, medical di-
agnostics and radiotherapy. Its main capability with connected sensor are hit counting and
measurement of the deposited charge in the range from 2.5 ke” to 10 Me™ in two operational
modes. The signal charge collected by silicon strips can be determined to an accuracy of about
1500 e for a chip calibrated for the charge of 50 ke'. This paper is focused on the measure-
ment of the channel response to the injected charge. The measurements presented here include
channel uniformity, gain, noise, linearity and dispersion during chip calibration.
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1. Introduction

In recentyearsthereis a steadily growing demandfor more sophisticatedpreciseand at the
sametime flexible detectionsystemf diverseradiationfields usedin numerougpracticalap-
plications. The “distributedbrain” of suchsystemsconstitutefront-endchips. The variety of
different applicationsanddemandsorrespondso the usedtechnologyand chip architecture.
The readoutlgip is the most crucilgpart of every such dectionsystem.

Thedriving forcefor thedevelopmenareR&D projectsof largehigh-energyphysics exper-
imentsat CERN, e.g. ATLAS or CMS. The mostcommonsolutionare hybrid pixel detectors
consistingof readoutchips and silicon sensors,connectedogetherby bump-bonding. The
technologyusedfor readoutchipsFE-13 [1], FE-I4[2] or MediPix [3], [4] developecat CERN
hasa large applicationpotential. However,thosechips are too large in termsof relatively
high amountof channelsandthey needexpensiveandcomplicatednterconnectiortechnology
(bump-bonding)This is alimiting factor for manyapplications.

Chipsof the PH32seriescanserveasthe readoutof strip or padsensorarrays. Suchsen-
sor granularityis still sufficientfor numeous applications,allowing to replacethe expensive
bump-bondingoy muchcheapemwire bonding. The detectionsystemwith PH32chip has sub-
stentially higherradiationtolerancethanthe commonelectronicsfor commercialapplications,
thusPH32chipscanbeusel in medicalapplicationslike diagnostis and radiotherag, dosime-
try or spectroscopyvith the minimum amountof hardwareandfor an affordable price. This
articlesummaizestheoverallchip descriptionandevaluatiorof thechipresponséo thecharge
injectedduringthe chipcalibration.

2. Chip Architecture

A block schematiof thechipis shownin Fig. 1. It contains32 identical readoutthannelswith
analoginputs, which canbe connectedo 32 sensitivesilicon strips. The chip is designedo
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Fig. 1: Block schematic of the PH32 chip.

collect the negative charge. Signal from the sensor is lexlitth an AC coupling capacitor to
the input of the channel processed by the Charge Sensitivdi®anCSA).

In order to cover the dynamic range of the charge, we can atfjgsCSA sensitivity in
two modes: High Gain Mode (HGM) for soft X-rays and beta réidrmand Low Gain Mode
(LGM) forions. Each channel includes Digital to Analog Cortees (DAC) for tuning electrical
properties of the CSA of each channel separately. Signal fir@nCSA is led to a discriminator
with adjustable threshold and to a digital part. The chip lbarconfigured to work in the hit
counting mode or in the mode for particle energy measurefmgmhe method known as the
Time over Threshold (ToT) mode with sampling frequency ia thnge of tens to hundreds
of MHz. The power supply voltage of the chip is 1.8 V. Statiasomption is less than 150 pyW
for analog part and dynamic consumption is approximateG/ ¥ for digital part per channel.
The total power consumption is less than 15 mW.

Threshold Tuning

Detection performance like gain, noise, linearity, disp@n between measurement channels,
etc., is closely related to the analog part of the channebrdier to obtain relevant data from
the sensor, the analog part has to be calibrated with thedfelpe charge injected from an
external generator to the input. This substitutes the sfgma the sensor and allows to perform
calibration to obtain the minimal dispersion between iminal channels. A specific charge in
range from 2.5 keto 100 ke for HGM and from 350 keto 10 Me for LGM is used for
calibration with respect to silicon sensor thickness (52% and desirable sensitivity to X-rays
but also to alpha particles. Calibration is performed siemgbusly with the change of DAC
values to adjust discriminator and CSA operation.

3. Results

Here we present the analysis of the PH32 chip response ohaingecinjection at the chip input.
This process allows us to reveal the basic parameters ohipe A&ll measurements were done
without sensor connected to the chip.

In order to determine the dispersion of ToT values betwedivitual channels, various
charge values have to be injected repeatedly to all chadoélsy one measurement. The HGM
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ToT distribution for HGM, calibration @ 50 ke™
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Fig. 2: Response to 1000 injections for injected charge varying frome&.®KL00 ke. The chip was
operated in HGM and calibrated for a charge of 5Q Kéne curves represent the sum of signal from all
channels.

ToT distribution for LGM, calibration @ 5 Me

14000 T T T T T — T
350ke” —+—
400ke” -~

12000 | ? 500ke_ ¥ ]

LT 1M~ =B
, ﬁ 2Me_ — & ]

10000 P 3Me” -G

it 4Me_ - @ -

8000

6000

Number of hits

4000

2000

0 50 100 150 200 250 300
ToT (1ToT=13.3 ns @ 75 MH2z)

Fig. 3: Response to 1000 injections for injected charge varying fromk&5t 10 Me. The chip was
operated in LGM and calibrated for a charge of 5"MEhe curves represent the sum of signal from all
channels.
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ToT Mean () with dispersion (i = 6x10), Resolution (o/y), calibration @ 50 ke
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Fig. 4: Mean value of ToF(u) and resolutior(o/u) as a function of the injected charge (1000 injec-
tions with various value of injected charge) in HGM, for a chip calibratedatea

calibration has been done with the charge injection in thgedrom 2.5 keto 100 ke for the
chip calibrated for 50 keharge (shown in Fig2). The LGM calibration has been done with
the charge injection in the range from 350 k@10 Me for the chip calibrated for 5 Meharge
(shown in Fig.3). The results for both modes are qualitatively comparaBlach individual
peak in Fig.2 and Fig.3 belongs to a specific charge and the width of the peak repiefieo-
tuations of response between individual channels maingytduhe electronic noise, imperfect
calibration method and quantization error. A significarigator of the chip performance is
the resolution. Fig4 represents mean and standard deviation of the measuresréornped in
HGM. The resolution depends directly on the sample frequémen internal oscillator oper-
ated at 300 MHz, which can be lowered by an implemented dividewever, noise contami-
nation has been observed for higher frequencies due to ttegecdrop on power rails inside
the chip. The measurement was provided for a 75 MHz sampledrecy.

4. Conclusions

The PH32 readout chip is suitable for measuring X-rays, tatetion and alpha particles and
can be used in dosimetry, spectroscopy, medical diagisoatid radiotherapy. The PH32 is
able to measure the signal in a wide range in two separatetipesl modes. Both modes
demonstrate very good performance. The signal chargectedidoy silicon strips can be deter-
mined to the accuracy of about 1500fer a specific calibration charge of 50"kea HGM and
approximately 180 Kefor a specific calibration charge of 5 M@ LGM (at 75 MHz sampling
frequency). The noise is approximately 3 kar specific calibration charge in HGM. The chip
indicates some problems like voltage drop due to high samgghequency and crosstalk be-
tween digital and analog parts. These will be solved in the wersion of the chip along with
the higher noise reduction.
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