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Introduction

We are now developing high spatial resolution, low-cost and
multipurpose next generation PET detectors by using APD-arrays.

(1) sensor head
(pixel scinti.)

(2) APD-array

(3)Analog front-end

electronics with ASIC

v" Flexible, low-cost mobile PET w/ sub-mm resol.
v Application to MRI/PET and TOF-PET.

Woody et al. '
(2003)




Introduction

Requirements for APD-PET front-end electronics

- Simultaneous processing of multiple channels ( > 8-channel)
- CSA gain optimized to APD (~50 times)

- Fast Shaping time optimized to decay time of LY SO (~40ns)
» Time-of-Flight capability (< 1 ns)

- High energy resolution
- Low-noise and |ow-power consumption

We have developed an analog front-end ASIC which meets
these specifications in cooperation with JAXA.
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/Zero-crossing method

Apply the most ssimple zero-crossing method

Zero-crossing method

SIEIREL Uil 1. SLOW reaches to signal peak
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2007/5/29 : Completed

* Process : TSMC 0.35pum CMOS
» Chipsize : 3mm X3mm

- Package : 80pin Ceramic QFP

- Number of channels : 8ch

- Power consumption:55mWw

(6.9mW/ch)

80-pin Ceramic Package
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Experimental results : Waveforms
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- Experimental waveforms were consistent with'Simulation results.

- Gain dispersion and offset voltages were within adjustable ranges.



Experimental results : Noise performance
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S/N : 100 times ensured
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- Equivalent Noise Charge (ENC) : 600 ¢ + 28 e /pF (RMS)
- Certain excess exists between experimental and simulation results.
=1t might be the floating capacitance of a relatively large package.




Experimental results : Energy resolution

370V operation
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 Resolution : 9.7 % (FWHM) @511keV
=Sufficient performance for APD-PET
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Experimental results : Time resolution

APD_PET-LSI

Time Inverval [nsec]

Time Resolution : 970 psec (RMS)

@0pF
=achieved by simple zero-cross method.




2nd versson ASIC “TIPPE

Main differences

1 Number of channels : 8 ch — 32 ch
10rder of the shaper : 2 nd — 3 rd
ITime resolution: 970 ps — 570 ps
1Package : QFP — LTCC
1Polo-Zero-Cancellation (PZC)
IPriority chain encoder
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Mobile APD-PET unit
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Summary

Our goal is to realize a high-resolution, low-cost and
multipurpose next-generation PET detectors.

TIPPETO8 (1st version)

- We manufactured 8-channel analog ASIC optimized to APD
- Good energy resolution of 9.7% (FWHM) @ 511 keV with APD
- Good time resolution of 970 ps (RMS) @OpF

- Low-noise of 600 e + 28 e/ pF with low-power of 6.9 mW/ch.

TIPPET32 (2nd version)

- We are now developing and evaluating 32-channel 2nd version ASIC:
- Good time resolution of 570 ps (RMS) @O0pF

- Low-noise of 560 e + 30 e/ pF with low-power of 6.0 mW/ch.

We plan to evaluate spatial resolution with one-pair unit




Thank you !
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2nd versson ASIC “
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Time walk
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Simulation Experimental

600 ps (511 keV =12.5%) 870 ps (511 keV =12.5%)
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PET = Positron Emission Tomography
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PF-AR single-bunch mode
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Coincidence Detector Input Format

rame

Major_Clock

Minor_Glock \_/\ /\_/\ /1 /AN AN

Valid
1 Minor Clock Counts (4 or 5 bit) TAC1 out (8 bit)
<3< > -

<€ >
Timing_ Data _§ v X co X c1 ¥ c2 X c3 ¥ ca ¥ X 110 X 11 X T2 X 113 X 114 X 115 X 116 X T17

Frame No.

< HIT Address (8 bit) >€ >
Add Data X Do ¥ b1 X b2 ¥ p3 ¥ pa ¥ b5 ¥ p6 X D7 Fo X Fi X X X X X X

Frame 2

Major_Clock

inor_clook \_/\_/\_/\/\ /A
Valid

Flag  Minor Clock Counts (4 or 5 bit) TAC2 out (8 bit)
Timing Data X v X co ¥ ¢ X c2 ¥ c3 Y ca ¥ X 120 X 121 ¥ 122 Y 723 X T24 ¥ T25 ¥ T26 X T27

< HIT Address (8 bit) )(FrameN:}
Add Data Y D0 X 01 Y oz X b3 ) b X 05 X 06 X o7 Y o Yt X X X XXX




Coincidence Detector Output (IJ-data) Format

Hit TAC1-out TAC1-out X R

order

Frame Detector-1 Detector-1

Number

TAC2-out TAC2-out X Y
Detector-1 Detector-1




