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X-ray and Gamma-ray Imaging with Spectroscopy

Astrophysics

Soft X-ray. . .

Hard X-ray

Red: 0.5 keV-1.5 keV
Green: 1.5 keV-2.5 keV
Blue: 4.0 keV-6.0 keV

Red: 15 keV-20 keV
Green: 20 keV-25 keV
Blue: 25 keV-35 keV
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In vivo imaging
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We need to separate
spectrum in multi-nuclide.

Good energy resolution is crucial for
hard X-ray and gamma-ray imaging.
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For realizing Imaging with good spectroscopy

Our best spectrum with CdTe
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« CdTe
» 3mMm X 3mm
» I mm thickness

» Front-end ASIC
» Only one readout chain

» Only analog circuit
(CSA and Shaper)

Our goal is to extend readout channels,

keeping high spectroscopic capability: GOOd
* Resolution ~ 1 keV
* Threshold ~ 5 keV
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For High Energy Resolution and Low Threshold

Our previous ASIC Event-driven readout
Slow Shaper
for energy measurement
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For High Energy Resolution and Low Threshold

Our previous ASIC Event-driven readout
Slow Shaper
for energy measurement
FEZ(: |
' Sample & Hold
Preamplifier |1 +—>--{pac]{san}-{aoc] anc
~ Y v #  Wikinson ADC
@ II ]

Fast Shaper
f?\f\/ signal detection

DAC for

lin . .
tuning baseline

Dual path ¢ Comparator

topology I N l o ;
> . I >+ —DAC Vtho—}HlT
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It was hard to investigate the performance of

the fast shaper gquantitatively.
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Our New ASIC Event-driven readout
Slow Shaper

for energy measurement |Fast shaper
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Our New ASIC
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Event-driven readout
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Our Latest ASIC: KW04H64
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Fabrication process

Chip size

7.12 mm x 8.03 mm

Number of channels

604

Power ralil

+1.65V

Power consumption

2.1 mW/ch

Peaking time

I MGG
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~1.8 us (from simulation)




ASIC Performance from Simulation

v Dynamic range, Linearity v Noise performance

Simulation Simulation| *Leakage current 1pA
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~32000 e- (for each polarity) 33.0 e~ (Slow shaper)
HSTD12 58.4 e- (Fast shaper) 7



Slew-rate Operation

Required current > Current capable of flowing

v

Maximum Current flows.

Shaper Resistance
Circuit
NP, SR
'1C)Ut In |
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Slew-rate Operation at Fast Shaper

Slew rate operation at fast shaper is essential for
insensitivity of trigger timing to input charge.

Experiment| Fast shaper
—-200
E —400
S Qin=-12 fC |
S -600 Qin=-2.3 fC
>
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— Qin=-5.6 fC
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—1000} —— Qin=-7.8 fC
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Time (ps)
Accurate timing measurement Accurate peak capturing
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Slew-rate Operation at Fast Shaper

Slew rate operation at fast shaper is essential for
insensitivity of trigger timing to input charge.

Experiment Fast shaper
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Accurate peak capturing




Slew-rate Operation at Fast Shaper

Slew rate operation at fast shaper is essential for
insensitivity of trigger timing to input charge.

Experiment| Fast
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Slew-rate Operation at Slow Shaper

In our circuit, it has turned out that slew-rate operation

Is also effective for better noise performance. (¢ satoetal, 201
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‘ Slew-rate operation improved ENC for ~10 e-. \




Slew-rate Operation at Slow Shaper

In our circuit, it has turned out that slew-rate operation
Is also effective for better noise performance. (¢ satoetal, 201
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120 - . - . - . . . : :
ot 91.0+59e-
ig) 80} i T ‘
g 60 .\ - 72.2 i ]0.0 e_ |
l — J- L% 5 - y I Slow shaper
PaCkaged O- 60-] i 9.5 e- ¢ Fastshaple):r -
404 ~— 10 20 30 40 50
AS I C Bias current at resistance circuit (LA)

‘ Slew-rate operation improved ENC for ~10 e-. \
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The Problem under Slew-rate Operation

Dynamic range is limited by slew-rate operation
as long as sample & hold circuit is employed.
Normal| |Slew rate Exp.| Slow shaper
“ Dynamic range |
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The Problem under Slew-rate Operation

Dynamic range is limited by slew-rate operation

as long as samp

e & hold circuit is emp

oyed.
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Peak hold circuit is preferred

for wider dynamic range under slew-rate operation.
. — —  _— _— _ _ __ ___ _____ ____ ___________ ___________________________ _ _ _____ __________________»
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Experimental Setup (Spectroscopy)

T

| CdTe

Size 4 mm x 4 mm
| Thickness 1 mm
: 16 electrodes (stnp) s
7Cathode 250 um pitch g
Platinum - ;
fAnode 1 electrodes (plain) EEEE—— ! \‘\.‘
: Indium —
e — 3 — VAR
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Spectrum Measured by Slow Shaper

+ Only single hit events were extracted.

<+ Results of one channel are shown.

Normal operation

« Am-241
« HV 1000V -« Cathode

* Temp. -20 °C

Slew-rate operation
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better energy resolution under slew-rate operation.
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Spectrum Measured by Fast Shaper

Only single hit events/Result of one channel
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0.4 keV peak could be detected clearly.
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We have studied readout architectures for hard X-ray and

gamma-ray imaging with high spectroscopic capability.

HSTD12

( <+ Slew rate operation —» Better noise performance (~16%)

<+ Peak hold circuit enables wide dynamic range under slew-

rate operation.

<+ We have succeeded in noise evaluation at the fast shaper.
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“Development of CdTe
Hybrid Pixel ASIC for
Hard X-ray Imaging”

« TSMC 0.35 um
« 28 x 28 ch

« 250 um pitch

* ENC=50 e-

ZZZZZ

ZZZZZ
ur

1L
SO

15



