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XHIRR X F 2 DIFIK

HEDRERNGXEFEEXEE
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XHIRR X F 2 DIFIK

HAEDARNAEXEEEE
- BEDOHEE : 92<
- REABIE : ASTRO-H (2015F$T5 LIFFE)
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RERDOXIFERXEEEBHFAAIFSOIEY /g HEs
2R X-ray SOIPIX with Active Shield
(1) FWHM <140 eV at 6 keV X—ray
(Readout Noise < 10 electrons) Hard Cosmic Ray
(2) <100 um pitch pixel Field of View ar ............... SOft ................ (Non-Xray-BG)
(3) ~10 ps per event readout T y
(Tngger, Dlrect Plxel AcceSS) ...................................................................... .
(4) Wide energy range : 0.5- 40 keV|xRpIX
(Thick Depletion Stacks) Active
Shield
BB R T B I, \
SOlEY t)bd‘%tﬁﬁwﬁiﬁ\i% : ~L<_-_- / Scintillation counter
Hiciemtbas 2 HEFE (XRPIX).

XRPIXIFE Y hDFA I VT EME
W19 5 M HEREZER D |

R -

/

I

. J

Onboard Processor
- Anti-coincidence (NXB rejection)
- Hit-pattern Selection (NXB rejection)
- Direct Pixel Access (X-ray Readout)
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XRPIX> ') —X

2013 2014 ?
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= 4.3 mm ~ XRPIX3 XRPIX
—
1 Hit
XRPIX2b Detect | [X-ray Imaging area
- —> & m
2.9 mm Position|| 256 x 256 pixels
1L W E S &BEEE & 1 &, | | Output
S 5IRDRED AT |
(2013.06 5ER%) _ —
< 6.0 mm > Pixel Selection
> PARC < Analog Signal Output
XRPIXZ ) —ZX D4

N U AEHRE DL - XIRERORE & BE
> XBWAF U BILDESOH EFHMHAET
> E/I\w T 05> R &EEXIRD
sTHI AT LAMES 2013 @ ZEEH - HH Bh - 9




XRPIX1/1b Design : {£#k

Fyv I 2.4 mmA (BRESE: 1.0 mmA)

o)l X 30.6 umA

EOtILE : 32 x 32 (= 1,024)

2 & )LElEE: Correlated Double Sampling (CDS), kU Al1&E#HH AL

Column Shift Register (32 bit)

oY E . 260 um p
TUYED T /\DIELE o |
== i
'.;I ‘

Czochralski (CZ) -> 700 Qcm e - TRIG oWy

~]TRiG_ouT

Floating Zone (FZ) -> 7 kQcm
BT~ 1 7 : Front / Back illumination

! 32 x 32 Pixel Array
E 1Pixel = 30.6 pm x 30.6 ym

Row Add ress ‘Decoder

S
S
N
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o

LY Column Address Decoder iy T
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XRPIX1/1b Design

£ 7 = )U[o]Eg

"TRIG_COL (SR)
B :
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.‘l.---------
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/'/ U |_—| '  Column Readout
> — 2T 2 :
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Event-Driven Readout Mode

- MY HEHRZH
DIHinAH T -> Event-Drivenznd+ -

Row Address

Column Shift Register

= md s s s s s s s s s sl s s e s EE .

Trigger Detection (OR)

Column Address

Column Amp.

L (SR THME— 1)

USER
FPGA

ADC

SHEIY 27 AFIES 2013 @ MAAH - RE B -

DAQ-PC

A& 71—y oLy bUIEZRILOZFAOJVES
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Event-Driven Readout Mode

(i) EZ©IVICXERD AST

Row Address

Column Shift Register

Trigger Detection (OR)

USER
FPGA

DAQ-PC

Column Address

Column Amp.

ADC
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Event-Driven Readout Mode

(ii) BUXRICKDEEDEREFOBEZEATCS,

Row * Column ARDOHENE TN,

Row Address

Column Shift Register

-----

USER
FPGA

DAQ-PC

-------------------

Row Shift Register
Trigger Detection (OR)

Column Address

Column Amp.

ADC
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Event-Driven Readout Mode

(iii ) RowAHEDEORES (TRIG_OUT)A KU H{EF ERD A

Row Address

Column Shift Register

Trigger Detection (OR)

Column Address

Column Amp.

(ifi) TRIG_OUT
—

Al

USER
FPGA

ADC
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Event-Driven Readout Mode

(iv) NUHESZXRIFTHZET, USER-FPCGAIEZY 7 RL YR YD

stAH UL, EO7 RLADE Y MU Teh ZH

Row Address

Column Shift Register

(iv) TRIG_COL

(iv) TRIG_ROW

Trigger Detection (OR)

Column Address

Column Amp.

29 B,
DAQ-PC
USER
FPGA
ADC
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Event-Driven Readout Mode

(v) XfREHE UK SUSER-FPGAIZEY N UTEEZEILICTZ IR U,

E=ZhISE5.

v) COL_ADDR

(v) ROW_ADD

Row Address

Column Shift Register

R

- e s s s s T s s s s s s e s -

Row Shift Register

Trigger Detection (OR)

USER
FPGA

DAQ-PC

Column Address

Column Amp.

ADC

SHEIY 27 AFIES 2013 @ MAAH - RE B -
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Event-Driven Readout Mode

(vi ) USER-FPGAIEANES ADC =89 & TP F+

/\TXQJM) njlf, |__|—§—.

Row Address

Column Shift Register

Trigger Detection (OR)

Column Address

v

Column Amp.

IS R T LR

1 (Vi) ANALOG_OUT

Analog Signal
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7\\1 75(1!375&:
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I
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O
o
o
S
3 ADC
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Fvent-Driven Readout Mode
(vii) Bflc, BELEFIY LT —4 %#DAQ-PCICE%LT 2.

DAQ-PC
Columrll Shift Regis_ter USER ](Vii)
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XRPIX1->XRPIX1b: HaEXZES

L7 NTFHALYDER X-ray Energy Calibration
-> sense-nodeD Y 1 X =/NS< T 3. 1607
> YUY EHESERENER. XRPIX1b :
T=- VBB=100V
# Sense—node Cap =41 -> 24 fF # 140—(50C ................................. OO ...... ) .................... ........
e Sensitivity = 3.6 -> 6.1 pV/e-
® Noise = 120 -> 74 e- (rms) 120
e AE = 1.5 keV -> 0.8 keV (FWHM) _
Spectrum |n Frame Mode T 100+
QTR 50 °C ' < -
<% 109C( < gl
8 S()»_Ag—KO( 22.2 keV o -
O "I FWHM=810 eV L
0] ﬁ o 5o
: 3 -
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A 40\ ,
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_ o X—ray Energy (keV)
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Column Address (CA) -> 23
Row Address (RA) -> 24

o : TN DS
il 4-3‘ T«R;‘:{‘."&. 3 *‘m. NS 5. \5‘“ ~'t' < -:‘,"'ﬁ

’?

o ey A7 YL 4
5. ?‘(&"n . "_

30.6 um

v

"8
e

’

TR e —— o — ¥ —— . . — s —— ——— ] —— —————  — — —————
N e . e m— e e e e - - O —— S

30.6 um e M—————————————————————————— ]

iy &

WS IO
[

<L

W SIS S S — — S — — — — " — — ——— —— " " ————— . ——— — —

,:). 3
s
alm

bt

-

»
’.'
it

L WS N it B - L — . — — —— | — ————— ——— 0 — —————— L~
WA TR ——— ——— - —— — - ———— el — — T ——— ———— —— . — —— ——— . — —  W———

L ——— . ———— — . ———— ——— . ——— —— . — - —— —

- e — e y— S ee o — - ——— - ——— — -
R s o ) - A s —— —— - # — - -

BN B BE BN AN E R WD ER BERE EmE

' T A e e e e e R A @ e — — ) B —— @ — ————

———— 8 WA @ . - — e e e v A W —— ———

/ 2 SR 2 B BB BB BE BEAR BER B

Laser Spot e e t—— e ———

@il B8 FEN BFE B A EE BM EE En

. 22
-
F - " 9 PV P BT - i — YT —— T S S SO A——— - - —— PW T D D GBS G P T PCWS OO —"

BN T s e s e e - T —— - — e —— — - — S— — ——— > w—

Bl BN B BN BN ER R BEE EREEW

R e e A E e m r——————— — —— - —— T — —

T e e et @ —— P S ——— . ———— . g e ettt G S

=HEl Y 27 AFES 2013 @ AT - RE %5 - 22



~ U B 77 EUER
TRIG Signal Diagram {/RIG:ROW ) 2D Image of Aout (1Frame)lm

& 30
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25
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XRPIX1b : Event-Driven Readout Mode

- Event-Driven readout model(Z & D BVG U fe XER AT L.,
> DX OBFREGFENSENS NS EHR=REICESTZHHAET
E7 /LR tas ld T 5RE) |
Event-driven X-ray Spectra

|

ﬂ 70_[ ] | L L l | I l
- Data | VTH [Exposure
> 13.9 keV
o 60} Cu+Mo |10 mV| 5sec [
U - -
503_ [J Am-241|15 mV| 20 sec é
u | ]
30 [ —
- FWHM N
20— > € —
1.4 keV 17.7 keV
10 | 26.4 keV —

0 20 40 60 80 100 120 140 160
Pulse Height (PH)
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XRPIX Control Diagram

One Circle in Trigger Assert

.. : >
TR|G‘DRV Timing One Circle in Trigger Not Assert: :
Diagram 3 : TRIG_WAIT (exposure= 1ms) :SIG_READIPED_ READ

Analog Voltage 750 x 1ps: 50 x 1pis

VTl
@ Sense-node - I}Vx ray Injection Am y&gnali_&_ﬁ_

RST ¥ plltude -
@PD, CDS, VIH —— L—— P F—— g [ S—
STORE ____ | - 5 : :
Pixel ADDR (CA, RA) XXX X__ & XXX X__HIT Pixel ADDR
TRIG_O : A\__:[™ Hit Timing of TRIG
SCLK (ADD_RD) MWM_T,&LQ.,AQQL%&]“W '
TRIG_COL - 3l .

DATA_TRANSFER XXX
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XRPIX Control Diagram

Reset Timing : Comparator Reset: Reset: Exposure : : Jrigger Info. Readout
Diagram 3 RO '
z z . VTH
"® Sense-node S S - SR
PD_RST | él\, X-ray Injection
VIH.RST | 5 5 ]
CDS_RST /
RST_COMP1 | //
RST_COMP2  ____ (
STORE ___| . \\
TRIG_OUT i A “[Hit Timing of TRIG
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XRPIX1b: Single Pixel Readout Mode

- DHERED RS Z 3K b B 1= 8 D EER.
(cf. Prigozhin et al., 2009)

- 1 E7vIVZEEL 7 FO7 B0 R ZHHm U

- AT A VETTXKROE Y hiRA Y b ZERT.

g 660 Signal Level
XHERD I X)L F— 5 655
-> Signal Level - Base Level 650 averdge
100 samples
645 X-ray byl ] OOUsec
640 1 4it Height
635 \\
Base Level
530 average
100 samples
GZSE. .1 0= 100Usec

0

200

200 600 800 1000
sample number in one frame
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XRPIX1b: Single Pixel Readout Mode

- single pixel readout modelc KB XHEIART ~L.

AE=278¢eV @ 8.0 keV (FWHM) AE= 190 eV @ 1.49 keV (FWHM)
Readout Noise = 14.6 e- (rms) Readout Noise = 18 e- (rms)
20 CI\/[[SI Hi.Stgirai (Bl(,)c;m,) SN CMS }:listlgrafn (‘Elncr‘gy)',hiit1 e
< f Readout Noise : 14.6 e- (rms) - “PF Readout Noise : 18 e- (rms) i
GO0 | | — f 1200 | -
¢ 80 Cu-KX . 1000} Al-K a -
c | 2 _
3 sof | FWHM=278ev{ 5 *F FWHM=190eV -
) = r— -
© ol @8.0 keV S s @ 1.49 keV |
: ] 4001 Soft X-ray g
t w Cu-KP - 201 [ J| -> First Result ! -
OLnLJx ) Luuw ohllu L \M 1 [
0 20 40 60 80 100 120 140 0 lOOO 2000 3000 4000 5000 6000 7000 8000
ADU Energy [eV]
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Bulk & SOI Wafer

- Silicon-on-Insulator (SOI) 7 /\& &, BAAEEZNUT
2DSIV x/\ BT fcBEZH 2B D
- — IR BAEZE T, LS (ICMOS) o 7Ot RIc{EbNnS.

> EER[o

m

Ef

ENTEDYAIRE T dp B & & DIRFEL

50-400 nm § 20-200 nm

< lcircuit —— 2<‘;c;mm >
| BOX(HHA ARR{LIE)
~650 um o
: Radiation
i 1 Sensor
BEEOFEERT T /\ SOl 7 = /\

< Wafer)

31



UNI

BOND™ Process (1995, France LETI) -> SOIT!

Initial silicon wafers A & B Wafer B

Oxidation of wafer A to
create insulating layer

Smart Cut 10on implantation
induces formation of an in-depth
weakened layer

Cleaning & bonding wafer A to
the handle substrate, wafer B

Smart Cut - cleavage at the mean
1on penetration depth splits off wafer A

S
Wafer B undergoes annealing, CMP

and touch polish => SOI wafer complete S1 bulk SOI wafer
Split-off wafer A 1s recycled, becoming = * or \
the new wafer A or B New A New B
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Buried p-Well (BPW)

I,-V,and BPW

wio BPW | with BPW=0V
ANIRAMNCO
INIVINJOV
107 — 107
TR sttt oo MARMBIINH L o 10” -
" A {a" 4
10 : - 10 [~
bacCk channel open
10° If : - - 10
< <
7 107 _ - w0l
10-8 e Vback= — 10-8 . : e " |Vback=
|- 0V - —e— 0V
10° | 5V |- 10° + 5V | —
40 [ 10V 10 | —h— 10V
10 C|esov 7] 10 | sov |7
10™" i L |—e— 100V _| 10t | —e— 100V| _
10-12111 [T T T T N T N N A SR A 10-12_3_le111|111;'111111
-0.5 0.0 0.5 1.0 1.5 -0.5 0.0 0.5 1.0 1.5
Vgs[V] Vgs[V]

BPWEIC KD, Back gateXIR=HH T2 ENTE 5.
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LAPIS 0.2 um FD-SOI Pixel Process

Process 0.2um Low-Leakage Fully-Depleted SOl CMOS (LAPIS)
1 Poly, 5 Metal layers, MIM Capacitor (1.5 fF/um?), DMOS
Core (I/O) Voltage = 1.8 (3.3) V

SOl wafer Diameter: 200 mm¢, 725 um thick

Top Si: Cz, ~18 Q-cm, p-type, ~40 nm thick

Buried Oxide: 200 nm thick

Handle wafer: Cz(n) ~700 Q-cm,

FZ(n) ~7 kQ-cm, FZ(p) ~40 kQ2-cm

Backside Mechanical Grind, Chemical Etching, Back side Implant,
Laser Annealing and Al plating
VDET F B
M5 Pixel Plxel
VGUARD_IO VSS Rings -«
. Bias Ring 0~1. 8V
| I 121 T-T-T-FF: -
m,Buried Oxide(200nm):__:, |
= NMOS PMOS
Si(~40nm)

~260

High Resistive substrate (n-)

Al(200nm) v
VBACK (This figure is not to scale) (Default unit is um)
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XHR DR %)=L

SOl Pixel X-ray Detection Efficiency (Calculation)
100 L L |

lllllliiililllliiil

Cco
-

Si Thickness |
=150um

: p i :
: : o~ : :
M ’ ’ o~ M ’
/.f':' : - :
z s r
~
7

I
)

Detection Efficiency[%]

Back lllumination

TIITITIN IS Ni TSI NI IETENINTETAINETINIIY

N (o))
o o
e e L L L T LT T T T T T T T

at Full Depletion

o Ll 1 l | I I Ll 1 l LAl 1 1 | | T | ' LA 1 1

0 9 10 15 20 25 30

Photon Energy[keV]
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