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Front-end multi-channel PMT-associated readout chip éaldscope application
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Abstract

For developing a prompt gammaimaging system, we have dasih6-channel readout chip in a BICMOS process to be assdcia
with multi-anode photomultipliers (MaPMTs). Each chaninas one current input and two separated outputs. The ingutdrs
low impedance to minimize electrical crosstalk arfitbets of capacitances. The two outputs serve to, respectoetiect signal
event and quantify signal charge. The channel architedsuaecurrent-mode one, employing a current conveyor to drivid

a bufered current comparator and a charge-sensitive amplifiBAJCThe current conveyor is built with super-common-base
(SCB) transistor structures to obtain input impedance énditder of a few ohms. Circuit design with the use of bipolansistor
components also improves frequency and noise performambeschip has been tested and the evaluated charactensgtsthe
system requirements.

Keywords:
prompt gamma imaging system, super-common-base(SCBgntuwwonveyor, charge-sensitive amplifier (CSA),

1. INTRODUCTION 2 This process allows the use of RF and large-transconduetanc
s bipolar components, which is useful for the design of wide-

References _ _ _ « band, low-impedance and low-noise circuits with improved
lon therapy is an innovating technique used to treat tUMOrS e formances|3].

with enhancedféciency for the dgse deposition co_nforrnatign > CIRCUIT DESCRIPTION
as compared to conventional radiotherapy. It requirestheed

con_tro_l of the dqse localization during i_on therapy, sinlg s The readout MaPMT-associated chip includes 16 channels
deviations relative _to treatment planning may Iea_d to SBVer\ hose input impedance should be very low (in the order of
consequenl():es. \rl]v'fjh the am} of de\éelopmglg_ a prlmalry1b3e6anaen ohms) to minimize crosstalk and wiring capacitarféecs.
monitor (a beam hodoscope) for such a quality control [1], W&, -, channel is a current-mode architecture (shown in Eigjur

propose a prompt gamma imaging system shown in F|gu3r8§ Yefined to allow better achievements in speed and noiserperfo
For typical proton and carbon therapeutic beams, the reduir

hod hould h bility &f it mances. Itis composed of a current conveyor (with two ctirren
odoscope should have a count rate capability Gfiis, with | outputs) as an input stage, and two separated output stages:

aln accuracy of 1fns. Thl'ls h_as lf(?g us to_irr?pler(\;ent tlf)]e System ery rent comparator as a discriminator for signal-evenedet
ploying arrays of scintillating fibers with read out by MaPMT tion and a charge-sensitive amplifier (CSA) for signal ckarg
or mult-channel plates (MCPs) [2]. s quantification. The signal-event detection requires higbhed

The system develpprr_]ent requires a dedicated _mUI_t"Ch%nnSberations for the current conveyor and the current contpara
readout AdSIC rsArF:phl\(;latlli‘oMnTspeémch Inrt]egrattledwai:dwrt]) © .5 \hile the signal charge quantification has a major low-nosse
associated with the Ma S. Each chanhnel shou aVe;;é/eré{uirement for the current conveyor and the CSA.

low input impedance to avoid electrical crosstalk betwegn a
jacent channels and to minimiz&ects of detector and wiring
capacitances (Ceé Cw). Crosstalk between channels may tle-
grade position resolution [3], while these capacitancegdea,,  The current conveyor has a low-impedance input and two
grade both frequency and noise performances [3]. Each ¢chafigh-impedance current outputs, with a 4-bit current gain
nel should also provide two separated outputs correspgrgircontrol to compensateffects of optic fiber ageing and the
respectively to high-speed signal-event detection anerloigse,, MaPMT'’s gain dispersion. Figure 2(a) shows the structure
signal-charge quantification at low counting rate. = of the current conveyor. It employs two Super Common-

This paper presents a readout chip for this purpose. It;haBase (SCB) transistors [4-5] (see Figure 2(b)) to drive demp
been designed in a 0.3% SiGe BICMOS process (AMS). mentary switched current mirrors having variable-gairpatit

ss branches. The current input signal is applied to one SCB, and
*Corresponding author s a referenced current is applied to the other to cancel ifasto
Email addressdeng@ipnl . in2p3.fr () sz contribution to the output signals.

2.1. Current Conveyor

Preprint submitted to Elsevier December 8, 2011
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Figure 1: Prompt gamma imaging using a beam hodoscope
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Figure 2: (a)Low-impedance,variable-gain current convey
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Figure 2: (b)super-common-base SCB transistor structure .

The SCB transistor shown in Figure 2(b) is basically a

common-base topologyQ) with a negative feedback Iod*f:)
(Q). The input impedance of the current conveyor, mamly d
termined by that of the SCB, is expressed as:

86

Z| 1 (1) 87
=
Ao
1+ m) *OmQu+sCa :Z
Ao = ImQ; - RC’SCB ”
91
WA = Omq, /(27 - Cp) ”

93

2

whereA is the voltage gain of), at low frequenciesC, is
the sum of parasitic capacitances at the input node A (imetud
the detector output capacitanCg), wa andwg are poles re-
lated respectively to nodes A and B. At moderate frequencies
the input impedance is given B ~ 1/(A - Omq,)- Thanks
to the use of large-transconductance bipolar componetit&in
SCB, Z;, can be reduced to a few ohms.

The current gain of the current conveyor is given by[6]:

Iout _

OmMP,-MPs y 1
Iin gm,Mpl

sG
1+ E)(l

2
e ()

gmM Py

with C; = Cpe, andCy = XCnodec

where gmmp,-mp, IS the total transconductance of the 4-bit
switched transistorsP, to MPs in parallel. Asgmg,(BJT) >
Onmp,(PMOS) , andC; <« C,, the bandwidth is limited by
ImMP, andCz.

2.2. Current Comparator

The current comparator following the current conveyor de-
tects current signal events. It compares the current camgey
corresponding output signal (typically lasting a few namws
onds) with a referenced threshold current and producesagul
output voltage response.

Figure 3 shows the current comparator mainly consisting of
a signal current mirror and a 2-stage outpuffeu The sig-
nal current mirror employs bipolar transistor componeniet
duce its inputimpedance and to improve the speed perforenanc
of the circuit. This current mirror performs current-tohage
conversion at its output:
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Figure 3: Current comparator for signal-event detection
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The time constants at nodes C and D are respectively
Cc/ngl andTD = CD/gm,Qz with Cc = CCQQ1+CbQQ1+CbQQ2+
(1 + ngz/gds) . Cﬂ,Q2 andCD = CCQQ2 + Cinvertor- ASCc > Cp
andgmg, < 9mo,. the speed performance of the current com-
parator is determined byc. It can be optimized by careful
layout and proper sizing of transistor components to redifee
ferent capacitance contributions@. The 2-stage Miier con-
vertsA Vp to a logic-level pulse.

2.3. CSA(Charge Sensitive Amplifier)

The CSA consists of a lfiered amplifier and &:C; feed-
back network (Figure 4(a)). For a fast input current pulsgrajr*
a timetpusd~ 20ns), the CSA output produces a voltage swifig
given by: 120

127

tpulse

lin(t)dit

128

o

130

After the input current pulsé/ouics a returns exponentially
to its steady level with a time constant determined®(¢s. .,

A Voutcsa= <
0

2

cs4 e %€

A

lin
Byffer AV
Input o Output
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Figure 4: (a)Charge-Sensitive Amplifier
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Figure 4: (b)Amplifiers with feed forward compensation

Figure 5: Microphotograph of the readout chip

The magnitude ofi,(t) can thus be evaluated from the wave-
form of Vgen. By measuring directly the magnitude @, the
input impedance of the current conveyor can be determined by
Zin = AA\I/|I: We have obtained;, = 120Q.

Figure 7 shows signal waveforms of a channel. The circuit
operation is verified by observing the output signal of the cu
rent comparatoloucomp @and that of the CSAVcsa the
pulsed output of the current comparator indicates the signa

event, and the output signal of the CSA gives a magnitude

This time constant is chosen according to the maximum cQunta Vs » from which an input signal charge can be evaluated.

ing rate. 154

The butered amplifier has an input part shown in Figure 4(b),
which is a folded-cascode structure wita andCa for feed-,,
forward compensation [7-8]. The second cascode transgstor
is a bipolar component for better gain, speed/anghase may;,
gin achievements. The input transistdiP; has a large W
ratio to minimize its noise contribution.

139
140
141

142

3. RESULTS AND DISCUSSION

Figure 5 shows the fabricated readout chip. The chip are
including pads is A6mnt. Each channel occupies a surface

area of 68@mx 12Qum. The chip has been tested using a board

shown in Figure 6(a).

The test board includes a structure shown in Figure 6(b), to

generate an input current signal for the testing:

Cq - dVger()

lin(t) = dt

()

For signal-event detection, the detection threshold fer th
current comparator is set by, which can be adjusted from
10QuA to 40QLA.

For signal charge quantification, the conversion gain at the
output of the CSA is 98mNC. The evaluated noise in ENC
(Equivalent input RMS Noise Charge) is 91fC. The maximum
measurable charge before saturation (limited by the ctirren
conveyor) is 10 pC. The dynamic range is 36 dB. The crosstalk
between adjacent channelsis 1.7% (i.e. 35 dB).

a SMA

Figure 6: (a)Test board Figure 6: (b)Structure for generat-

ing input current signal
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Figure 7: Signal waveforms of a channel:the two outM#gcs aandVoutcompso

in response t&gen

Table 1: Summary of characteristics of the designed reafiSiUt
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Table 1 summarizes the measured characteristics of the fead

196

out chip in comparison with post-layout simulation results ;e

We would like to mention that,our readout chip has simiar
integrated functions to a 10-channel chip reported in [QjeZZT

power consumption and chip sizes are also comparable;;
have obtained improved performances especially in terms of uary 2010.
input impedance (12 compared to 180Q), thanks to optimatds

design with the use of bipolar components in a BICMOS l’zé;ch

nology.

4. CONCLUSION

208
209
210
211

= =8 w (~ 1.7%). The evaluated speed and noise performances meet
L ‘ ; 12 the system requirements. We are undertaking a new chip de-
gu—‘ 3 13 Sign with performance optimization to reduce power consump

tion per channel, for high-resolution hodoscopes.
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We have designed a 16-channel readout chip in a BICMOS

process to be associated with MaPMTs or MCPs for developing
a prompt gamma imaging system. Each channel is a current-
mode architecture consisting of three main building blocks
current conveyor, a bfered current comparator and a CSA.
Testing of the chip has shown improved characteristics com-
pared to a reported chip with similar functions. The channel
input has very low impedance- (12Q) to minimize crosstalk
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