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Design of an Application Specific Integrated Circuits (ASIC) for

Two-dimensional Position Sensitive Neutron Detectors
Hideshi YAMAGISHI

Neutron Technology R&D Center
Quantum Beam Science Directorate
Japan Atomic Energy Agency
Tokai-mura, Naka-gun, Ibaraki-ken

(Received January 4, 2007)

Two-dimensional position sensitive neutron detectors that have performances of a
fast response and a very small spatial resolution are required for various neutron scattering
experiments using high-intensity pulse-neutron sources in a high-intensity proton accelerator
facility. We put forward the development of a micr()—pixel gas chamber (MPGC) filled with
helium-3 gas as the two-dimensional position sensitive neutron detector. The MPGC provides
fast responses and very small signals and requires more than 500 signal channels. Therefore,
development of an application specific integrated circuit (ASIC) is essential for processing of
multi-channel signals from the MPGC. Design and study of the ASIC was performed.

Keywords: Neutron Detector, Neutron Position Sensitive Detector, Neutron Two-dimensional

Position Detector, ASIC, Nuclear Electronics, Neutron Scattering, Neutron Imaging



JAEA-Technology 2007-004

b/

1. FFim
2. AS 1 CORErE FnEeR
2.1 AS 1 COEMHE
22 MP G CHRHIZHAS I CORG
221 MPGCHTDOHNIES
222 MP G CRIHEAAS I COEKHRK
23 AS I COREERMEL S /NEOF
3. AS I COfEBI S alb—vay
3.1 s R PR R AR
3.2 WIS R O — R T A AT
3.3 WEABFEIAR L VD ST
34 Thu WA
4. Hkwm
W EF
ZEICER

O 00 N N NN NN DN -

p— e
(TR ES



JAEA-Technology 2007-004

Contents

1. Introduction

2. Design and basic performances of the ASIC
2.1 Advantage of the ASIC

2.2 Design of the ASIC for MPGC detector system

2.2.1 Signal pulses provided by MPGC device

2.2.2 Circuit composition of the ASIC for MPGC detector system
2.3 Evaluation of frequency characteristics and S/N ratio for the ASIC

3. Operating simulation of the ASIC

3.1 Fast charge amplifier

3.2 Shaping amplifier and base-line restorer

3.3 Discriminator and LVDS driver

3.4 Analog output

4. Conclusion

Acknowledgment

References

O 0 X N0 AN N NN D=

—
SN

15

—
(V]



JAEA-Technology 2007-004

1.

e

EE, BB SRR R TR ISR AR T 5720, ~U U A3 (PHe) HAZER
L EFTARABBTAZEHA LA 707 v AT AF 2 N(MP G C)V AT LAORRS 2D
TWnb, MPGCYAT LADRREICIE, TOEFHAHUIHENT2AS I COFRRERILIELE R
Do TOHBIILITO®@Y Thd, Figl KO2 IZFRFEX L LTRAMPGCEHEEMP
G CRHl A7 AR E T, MPGC
RFIE, M7 4V AER EIZ4 00 Neutron
mfEE T~ N w7 ZWRITKR T A
v 7 & VBB AR A ORI CH T &2 HIv T
FofE Lz iR ch s, MPG
CHEFIL Fig] 1T £ D ICH AMER )
WA SN, TERICE He R Wi@® P
BHABEASHD, THETORIBET =
ROFETITb D, ENEFRIIAS L P
FHET L He BT LORSICED 7 Multichanmel
2k (P) &bV MY (T) OfER

Pressure Vessel

3He lonizing Gas

MPGC Device
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Fig.4. Circuit diagram of the ASIC for MPGC detector system.
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Fig.9. Pulse shapes of neutron signals measured by
using MSGC device and at outlet of the pulse shaping
amplifier with T.C. of 10ns, 20ns, 50ns and 80ns..
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Fig.10. Input pulse shapes with positive
polarity for simulation of the ASIC.

Fig.11. Input pulse shapes with negative
polarity for simulation of the ASIC.
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Fig.12. Pulse shapes at outlet of the charge
amplifier, input pulse condition: positive.
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Fig.13. Pulse shapes at outlet of the charge
amplifier, input pulse condition: negative.
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Fig.16. Pulse shapes at outlet of the shaping
amplifier, input pulse condition: positive.
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Fig.18. Pulse shapes at outlet of the BLR
amplifier, input pulse condition: positive.
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Fig.20. Output linearity of the BLR amplifier.
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Fig.21. Pulse shapes at outlet of the threshold
voltage setting stage, input pulse condition:
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Fig.23. Pulse shapes at outlet of the comparator,
input pulse condition: positive.
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Fig.25. Pulse shapes at outlet of the LVDS driver,
input pulse condition: positive.
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Fig.24. Pulse shapes at outlet of the comparator,
input pulse condition: negative.
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Fig.29. Pulse shapes at outlet of the analog port,
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Table 1. Specification of the ASIC.

Preamplifier

Maximum input pulse height: +10pA

gain: 1.86V/pC

Time constant of integration: 80ns

input impedance: 300k

Maximum output: +400mV
Shaping amplifier

Quasi-gaussian shaping: Differential x 1, Integral x 3

Shaping time constants: 50ns(Differ. and Inte.)
Analog output

Open Emitter: 2k load to -3vdc

Maximum output: +800mV
Discriminator

Threshold voltage: +800mV

Maximum discriminating pulse height: | =1.3pA
Digital output

LVDS: 100Q load, 3.5mA
Power supply .

DC power: +3V
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