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Our SOl Pixel Sensor for X-ray Astronomy

“XRPIX"” = Silicon-on-insulator (SOI) pixel
sensor for X-ray astronomy
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First Prototype Device: XRPIXI
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Readout noise: 29 e (rms)
Node gain: 3.6 pV/e




First Prototype Device: XRPIXI
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Sensor layer thickness: 250um (1ADU =244 pV = 0.25 keV)
Format: 32 x 32 Ryu+201 1
IEEETNS, 58,
Energy resolution: 5.4% FWHM @ 22.2 keV 2528

Readout noise: 29 e (rms)
Node gain: 3.6 pV/e Node gain is not so high

We found the node capacitance is dominated by a structure called BPW

In order to increase the gain, we reduce the size of BPW




Buried P-Well (BPW)
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* Need thick depletion layer to detect high energy X-rays. Arai+201 1 NIM A,
636,531

* High Back Bias Voltage = Back Gate Effect
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* BPW is introduced to suppress the Back Gate Effect.



Buried P-Well (BPW)
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* High Back Bias Voltage = Back Gate Effect
* BPW is introduced to suppress the Back Gate Effect.



[Device with Large BPW| ;. cuoscieuts NS

-2
T

Buried P-Well (BPW)

with BPW=0V

Buried
Oxide 7~

¥
(BOX) /v | | A 4 i

e

Sensor
layer

>250um

\4

Vbias

* Need thick depletion layer to detect high energy X-rays.

* High Back Bias Voltage = Back Gate Effect
* BPW is introduced to suppress the Back Gate Effect.

* BPW dominates parasitic capacitance of the device.
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Device with Small BAW| ¢,  cvoscieuts NS

Buried P-Well (BPW)

with BPW=0V

Buried
Oxide 7~

BOX
( ) ’/v( < >I4pm)

P+

Sensor
layer

>250um

\4

Vbias

* Need thick depletion layer to detect high energy X-rays.

* High Back Bias Voltage = Back Gate Effect
* BPW is introduced to suppress the Back Gate Effect.

* BPW dominates parasitic capacitance of the device.

ey e I

0.0 0.5

Arai+2011 NIM A,
636,531

Ryu+2013 IEEE/TNS
60, 465

*In order to increase a gain of the device, we developed new device with small

size of BPW




Device with Small BPW, XRPIXIb

Pixel size BPWV size Gain Energy Readout
resolution noise
XRPIXI 30pum x 30pm 2lpm x 2lpm 3.6 pVie >4% FWHM o0 e)
(first prototype) @22.2keV
XRPIXIb 30um x 30um

(smaller BPWV)



Device with Small BPW, XRPIXIb

Pixel size BPWV size Gain Energy Readout
resolution noise
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Device with Small BPW, XRPIXIb
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Device with Small BPW, XRPIXIb
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A New

Large BPW
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A New Problem of XRPIX
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A New Problem of XRPIX
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A New Problem of XRPIX
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A New Problem of XRPIX

Large BPW
Node
/
A
Pixel ;/
30 um
\ 4
BPVV size 5
Pixel size 45%

Small BPW Large Pixel with Small BPW
A
t 60 um
30 MM ® ®
% Nakashima+
b 2013 NIMA
207 >% 731, 74

As the area of BPW occupied pixel is decreased, tail component becomes larger
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A New Problem of XRPIX
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In order to investigate the place where charge is lost, we made beam test in a photon factory




Pencil beam irradiation at SPring-8
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Relative Quantum Efficiency
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Relative Quantum Efficiency
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Energy Spectra
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Back Bias Dependence

10

NC:79%
@ Pixel corner

NC: 95%

8keV beam, Vpias = 20V

Normalized Counts (NC)
OO0 —

@ Pixel boundary

8keV beam, Vpias = 5V

100

Counts /bin

@ Pixel

20 boundary
60.

40-

Channel [ADU]

NC : 100%
@ Pixel center

8keV beam, Vpizs = 200V

NC:25%
@ Pixel corner

Normgdlized Counts (NC)

8keV beam, Vpias = 20V

160

Counts /bin

@ Pixel

- boundary

120~

140

moé
a0
605
40"
20/

0(:) 020&..30;44') 50 6313_.}0.._|
' c 80

Channel [ADU]

100

Counts /bin

NC: 100%
@ Pixel center

NC 83%
@ Pixel boundary

8keV beam,Vpias = 200V

90 @ Pixel
“ boundary
70

60:

s0;

40

Channel [ADU]




Back Bias Dependence
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Back Bias Dependence
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Discussion

* Charge generated at the pixel boundary is
not lost.

* Charge moves along the electric field in the
sensor layer.

* So, we expect that the electric field converge
into BPWV.

* We found larger charge loss and larger dead
layer

* Charge generated at shallow place does not
arrive at BPWV.

* Suggesting that the charge is transferred the
interface not covered by BPWV.

* The electric field will not be converged into
BPWV.

BPW CMOS circuits

Buried
Oxide ~ >
(BOX)

P+

Buried
Oxide ~ >
(BOX)

P+

We simulate the electric field

using TCAD simulator
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TCAD Simulation of Electric Field
Vo =5V |
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* Electric field converge into BPWV.

e Signal charge event at the pixel
boundary is collected.

* Electric field penetrates into BOX.

* Signal charge moves to the interface
region between Sensor and BOX.

* The signal charge would be trapped and
lost at the interface.




sSummary

* We developed the device with small BPWV in order to reduce the
capacitance and increase the gain.

* We investigate the sub-pixel response by irradiating with pencil X-ray

beams.

* Relative quantum efficiency and charge-collection efficiency at the pixel
boundary are not well.

* At a high back bias voltage, we found a thick dead layer and lower
charge-collection efficiency.

* From TCAD simulation, we found that the electric field penetrates into

the BOX layer and charge move to the interface region between Sensor
and BOX.
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Single-pixel event
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Back Bias Dependence
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TCAD Simulation of Electric Field
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Experimental Setup
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Motivation in X-ray Astronomy

Suzaku

(c) JAXA/ISAS
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Standard Detector
= X-ray CCDs

= Suzaku XIS,

new imaging spectrometer
capable of high speed reaout

and low background

“Our Goal”

X-ray from
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Cosmic-rays
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Trigger driven
readout

(100 kHz)
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positional Energy Timing observable
resolution resolution resolution energy band
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SOl pixel <30 um [2% FWHM@6 keV| <10 usec | 0.5 -40 keV
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