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For developing a prompt gamma imaging system, we have designed a 16-channel readout chip in a BiCMOS process to be associated with multi-anode photomultipliers (MaPMTs). Each channel has one current input and two separated outputs. The input has very low impedance to minimize electrical crosstalk and effects of capacitances. The two outputs serve to, respectively, detect signal event and quantify signal charge. The channel architecture is a current-mode one, employing a current conveyor to drive both a buffered current comparator and a charge-sensitive amplifier (CSA). The current conveyor is built with super-common-base (SCB) transistor structures to obtain input impedance in the order of a few ohms. Circuit design with the use of bipolar transistor components also improves frequency and noise performances. The chip has been tested and the evaluated characteristics meet the system requirements.

INTRODUCTION

monitor (a beam hodoscope) for such a quality control [START_REF] Testa | Monitoring the Bragg peak location of 178 73 MeV/u carbon ions by means of prompt -ray measurements[END_REF], we 9 propose a prompt gamma imaging system shown in Figure 1.

10 For typical proton and carbon therapeutic beams, the required 11 hodoscope should have a count rate capability of 10 8 pps, with 12 an accuracy of 1ns. This has led us to implement the system em-13 ploying arrays of scintillating fibers with read out by MaPMTs 14 or multi-channel plates (MCPs) [START_REF] Achenbach | In-beam tests of scintillating fiber detectors at MAMI 181 and at GSI[END_REF]. 
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Each channel is a current-mode architecture (shown in Figure 1) 37 defined to allow better achievements in speed and noise perfor- termined by that of the SCB, is expressed as: 

61 Z in = 1 (1 + A 0 (1+s/ω A )(1+s/ω B ) ) • g m,Q 1 +sC A (1) A 0 = g m,Q 2 • R C,S CB 62 63 ω A = g m,Q 1 /(2π • C A ) 64 65 ω B = g m,Q 2 •R C,S CB 2π•(1+g m,Q 2 •R C,S CB )•r π,Q 1 •(C π,Q 1 +C µ,Q 2 ) 66 67 C A = C DB,M 1 +(1 +g m,Q 2 •R C,S CB ) •(C π,Q 1 +C µ,Q 2 ) +C π,Q 2 +C D
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The current gain of the current conveyor is given by [START_REF] Anghinolfi | ICON, a current mode preamplifier in 197 CMOS technology for use with high rate particle detectors[END_REF]:

I out I in = g m,MP 2 -MP 5 g m,MP 1 × 1 (1 + sC 1 g m,Q 1 )(1 + sC 2 g m,MP 2 ) ( 2 
)
with C 1 = C be,Q 

△ V D =        △ I c • g m,Q 2 g m,Q 1 • 1 g ds +g ce,Q 2 when △ I c = I in -I re f > 0 0 when △ I c = I in -I re f < 0 (3)
The time constants at nodes C and D are respectively We would like to mention that,our readout chip has similar

τ C = 94 C C /g m,Q 1 and τ D = C D /g m,Q 2 with C C = C ce,Q 1 +C be,Q 1 +C be,Q 2 + 95 (1 + g m,Q 2 /g ds ) • C µ,Q 2 and C D = C ce,Q 2 + C invertor . As C C ≫ C D 96 and g m,Q 1 < g m,Q 2 ,

References 2 Ion

 2 therapy is an innovating technique used to treat tumors 3 with enhanced efficiency for the dose deposition conformation 4 as compared to conventional radiotherapy. It requires real-time 5 control of the dose localization during ion therapy, since slight 6 deviations relative to treatment planning may lead to severe 7 consequences. With the aim of developing a primary beam8
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  The system development requires a dedicated multi-channel 16 readout ASIC (Application Specific Integrated Circuit) to be 17 associated with the MaPMTs. Each channel should have very 18 low input impedance to avoid electrical crosstalk between ad-19 jacent channels and to minimize effects of detector and wiring 20 capacitances (Cd + Cw). Crosstalk between channels may de-21 grade position resolution [3], while these capacitances may de-22 grade both frequency and noise performances [3]. Each chan-23 nel should also provide two separated outputs corresponding 24 respectively to high-speed signal-event detection and low-noise 25 signal-charge quantification at low counting rate. 26 This paper presents a readout chip for this purpose. It has 27 been designed in a 0.35µm SiGe BiCMOS process (AMS). This process allows the use of RF and large-transconductance 29 bipolar components, which is useful for the design of wide-30 band, low-impedance and low-noise circuits with improved 31 performances[3].
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  The readout MaPMT-associated chip includes 16 channels 34 whose input impedance should be very low (in the order of 35 ten ohms) to minimize crosstalk and wiring capacitance effects.

  38 mances. It is composed of a current conveyor (with two current 39 outputs) as an input stage, and two separated output stages: a 40 current comparator as a discriminator for signal-event detec-41 tion and a charge-sensitive amplifier (CSA) for signal charge 42 quantification. The signal-event detection requires high-speed 43 operations for the current conveyor and the current comparator, 44 while the signal charge quantification has a major low-noise re-45 quirement for the current conveyor and the CSA.

46 2 . 1 .

 21 Current Conveyor 47 The current conveyor has a low-impedance input and two 48 high-impedance current outputs, with a 4-bit current gain 49 control to compensate effects of optic fiber ageing and the 50 MaPMT's gain dispersion.Figure 2(a) shows the structure 51 of the current conveyor. It employs two Super Common-52 Base (SCB) transistors [4-5] (see Figure 2(b)) to drive comple-53 mentary switched current mirrors having variable-gain output 54 branches. The current input signal is applied to one SCB, and 55 a referenced current is applied to the other to cancel bias offset 56 contribution to the output signals. 57 Preprint submitted to Elsevier December 8, 2011

Figure 1 :

 1 Figure 1: Prompt gamma imaging using a beam hodoscope

  68 69 where A 0 is the voltage gain of Q 2 at low frequencies; C A is 70 the sum of parasitic capacitances at the input node A (including 71 the detector output capacitance C D ), ω A and ω B are poles re-72 lated respectively to nodes A and B. At moderate frequencies, 73 the input impedance is given by Z A ≈ 1/(A 0 • g m,Q 1 ). Thanks 74 to the use of large-transconductance bipolar components in the 75 SCB, Z in can be reduced to a few ohms.

  1 and C 2 = ΣC nodeG 77 where g m,MP 2 -MP 5 is the total transconductance of the 4-bit 78 switched transistors MP 2 to MP 5 in parallel. As g m,Q 1 (BJT ) ≫ 79 g m,MP 2 (PMOS ) , and C 1 ≪ C 2 , the bandwidth is limited by 80 g m,MP 2 and C 2 .

81 2 . 2 .Figure 3 Figure 3 :

 2233 Figure3shows the current comparator mainly consisting of

  the speed performance of the current com-97 parator is determined by τ C . It can be optimized by careful 98 layout and proper sizing of transistor components to reduce dif-99 ferent capacitance contributions to C C . The 2-stage buffer con-100 verts △ V D to a logic-level pulse.

101 2 . 3 .Figure 5

 235 Figure 5 shows the fabricated readout chip. The chip area

Figure 4 :Figure 5 :Figure 7

 457 Figure 4: (a)Charge-Sensitive Amplifier
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Figure 6 :

 6 Figure 6: (a)Test board Figure 6: (b)Structure for generating input current signal

Figure 7 :

 7 Figure 7: Signal waveforms of a channel:the two outputs V out,CS A and V out,comp in response to V gen

  144

Table 1 :

 1 Summary of characteristics of the designed readout ASIC

		Post-Layout results Test results
	Power consumption		
	/channel(under 3.3V) @ current gain	15 to 22mW	16 to 23mW
	from 0.25 to 2		
		50µA(525 f C)	
		@gain 2	
	Input dynamic range	-	-
		2.4mA(25.2pC)	
		@gain 2	
	Input impedance @ working frequencies	4Ω	12Ω
	Current Conveyor Bandwidth	200MHz	-
	Current comparator Bandwidth	667MHz	-
	CSA Peaking time	30ns	28ns
	1-full-channel ENC	42fC	19fC
	Xtalk	-	1.7%
	Chip Size (including pads)	6.61mm 2	6.61mm 2

Table 1

 1 summarizes the measured characteristics of the read-143 out chip in comparison with post-layout simulation results.

integrated functions to a 10-channel chip reported in [START_REF] Ollivier-Henry | A front-end readout mixed chip for high ef-209 ficiency small animal PET imaging[END_REF]. The 146 power consumption and chip sizes are also comparable. We