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2. SOl

Y T & SOl Pixel

Aluminim Interconnect

Channel Oxide In=sulakar




7L D 5 S ik Pixel#d B 25 (Hybrid Pixel)

semiconductor
sensor chip

flip-chip
bump bonding ;-
connections 1"

single pixel

read-out cell

COHIOS pixel
read-out chip

insulator ———
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particle track

metal

sensor

0.1 mm

bump

~ diode —implant

doped silicon

Bias voltage electrode

8



RERDEVZILEHBIANDEK

s ROTYMEZRLLI=LY

s fIE D fEEEET LT

c RHZNEZE EIF1=0)
EVEILBICEERESLEEZITOV L
 AIEL—RZELEIFT=0Y

c SRAHLEEZ EIT1=0N

o & ZE T IF7=0)

- Silicon-On-Insulator (SOI) i ffixFIRALT-
Pixell g2 MNE Wz DV ED,



Bulk and SOI (Silicon On Insulator) Wafer

50-400 nm 20-200 nm
< Jcircuit —> zécircui’r >
‘ | BOX(Buried Oxide)
r \
~650 um Physical
B 1 £ Support L
i J T T val

Bulk Wafer SOI Wafer

10



UNIBOND™ Process (1995, France LETI) -> SOITEC

Initial silicon wafers A & B

- Oxidation of wafer A to
create insulating layer

~ Smart Cut 1on 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
ion penetration depth splits off wafer A

Wafer B undergoes annealing, CMP
and touch polish => SOI wafer complete

Splhit-off wafer A 1s recycled, becoming
the new wafer A or B

Wafer B

microbubbles

hydrophilic
bonding

~00°Cmos

(Low R)

SOI wafer
or N\ \

New B Sensor
(High R)
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OK I Open up your dreams

Current Status of PD-SOIl and FD-SOI

& PD-SOI (Partially Depleted)
High-speed microprocessors
- IBM: PowerPC , mainframe CPU’s, Wii(Nintendo), Xbox
- Free scale: PowerPC
- AMD: Athlon processors
- Sony (with IBM and Toshiba) : Cell, PS3

& FD-SOI (Fully Depleted)
Low-power application
- Oki: solar cell watch, long-wave RF decoder

Technology Node option beyond 32nm, Next 3D Tr.
- Intel, many major companies

http://www.casio.cojp

At present, only Oki has an experience
of mass production of FD-SOI

Copyright 2007 Oki Electric Industry Co.,Ltd 12



High Soft Error Immunity

Charged Charged
Particle Particle

...................... 't

Bulk Device SOl Device

Higher soft error immunity due to ultra thin body Silicon.



SOl Pixel /i 7

nE,

« SRS Bk SELLIERS Bz R E ZE o L TRE

o SLEIEITERICp—n junctionZ&ERKL. oY —E¢ET B,

o #@%% B (BOX: Buried Oxide) [CynZRITE Y — L ERA
P,
Z
ﬁ_-[LPMOEI_TNMOS
S102 BOX(Buried Oxide)
n+ fT P+
; Sensor
Monolithic Radiation N l e
Sensor &L THEER L | /

s 2y )




Box (Buried
Oxide)
(200 nm)

SOl Pixel Process Flow
_ SOI (40 nm)

I -

50~650um
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OKT 0.2 um FD-SOT Pixel Process

Process 0.2um Low-Leakage Fully-Depleted SOl CMOS (OKIl)
1 Poly, 4 Metal layers, MIM Capacitor, DMOS option

Core (1/0) Voltage = 1.8 (3.3) V

SOl wafer | Diameter: 200 mmg,

Top Si : Cz, ~18 Q2-cm, p-type, ~40 nm thick

Buried Oxide: 200 nm thick

Handle wafer: Cz, 700 Q-cm (n-type), 650 um thick

Backside | Thinned to 260 um, and sputtered with Al (200 nm).

VDET 2
M4 Pixel Pixel

VGUARD_IO VSSRings [« sl

Bias Ring 7 T 0~1.8V
5o, [[HVRing —I- III o Buﬁer\l T T T nﬂ An example of a
Buried Oxide(200nm) N N N Y AN SOl Pixel cross

n+ p+ NMOS PMOS section
Si(~40nm)

~260

High Resistive substrate (n-)

Al(200nm) ¥
VBACK (This figure is not to scale) (Default unit is um) 17




Metal contact & p+ implant

Copyright 2007 Oki Electric Industry Co.,Ltd
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SOT Pixel X§Zf&H3h 3R
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3. SOI Pixel Detector® B F 4Kk
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KEK SOI Multi Project Wafer (MPW) run (2008.1)

OKl | KEK “ KEK l OKI
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Integration Type Pixel (INTPIX)

Vdd

I

read_x g

Vsense

T-“ﬁ—| .;‘ !

RST ——

col_out

128 x 128 pixels
5 x5 mm?

20 um x 20 pum pixel

B eS8

23



Counting Type Pixel

T

A 4

+Vdet

‘a&\\\\l‘

él‘e \ \\\
Energy window and
counting in each pixel. NS
e
xout |
Data
vib Dual
1 Discri Counter
" T
— —— VvthH —
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Amp

] -
>_/ Double

16bit
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-
|
1
=
|
16
|
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|
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:_ fineL 3bit Control
“““““““ ~ 7| Registers
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ret
select
Csr_Xx
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CNTPIX?2
Pixel

~600 Tr/pix
X 128 x 128
= 10,000,000 Trs

60x60 um?



SOI Pixel Laser Images
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:j T'

1.,.311
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X-ray Irradiation Test

X-ray Generator : Rigaku FR-D

Target : Cu (Cu Ka ~8keV)

Power : 30-35kV, 10-30mA (max 50kV,60mA)
Intensity : ~104 photons/pixel/sec @30kV,10mA

27



Result of int2-31-1567to1570ave (400%)
128128 pixels; 16-hit {inverting LUT); 32K

Position resolution INTPIX2

(pixel size=20um x 20um)
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X-ray Test Chart

25 um Slit is well separated.
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127-ROW

Brass (Cu/Zn) mask image (CNTPIX2.1)

400

. - (Log scale!)
120 = |
; 350 3
- < 10°
100[8 2
30 2 G
=
% I
250
107

200

—150

10

40

III.jIII]lllll]ll'l]lllllll

% 20 40 60 80 100 120 0 0 50 100 150 200 250 300 350_ 400
COL counts/pixel

Counter works fine!

Integration time 1.6ms
Vback =20V, Vref=1600mV, vthI=1400mV
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Power
3.3, 1.8, 1V
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Max Readout Speed ~300 frames/sec (200 ns/pixel)
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CNTPIX3

84um

X
64um

* 4 kinds of Pixel Block
216 x 72 (15,552) pixels

* 5.0 x 15.4 mm? chip size
* 64 x 64 um? pixel size

* Enable Tiling

Pixel Block A Pixel ©

(Standard) (64x8)
(64x64)

Tiling

Pixel Block B
(P well)
(64x72)

Pixel Block C
(P Well2)
(64x72)

Pixel Block D
(Time Count)
(24x72)

LN B

Column Control

50mmx15.4 mm

— 16 bit Data

Column Address Decoder

Control Signals

Address Signals
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di Ci

16bit
VihH— windowy . gfunter
#—Double
-7 Discri » count
! (Time) <
' Logic
VthL '
.
A A \
L 16 .
L | fineH3bit | T ____ I _
L ___|__| finelL.3hit |- _____|____ I N _C;ntr_ol
TI% ”
Pixel 8
tclk gate clr do sfti sclki  rst co

CNTPIX3 Pixel Circuit




Z DIt DR&D

« Buried P-Well process$ fiir @ B $
« 3D(Vertical) Integration

« APD

& Study
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BPW

Normal Implantation

et ||

Oxide
—

[~

PSUB

* Cut Top Si
» High Dose

Buried P-Well (BPW)

SOI Si

« Keep Top Si
* Low Dose

« Suppress back gate effect.

» Reduce electric field around p+ sensor.

* Less electric field in BOX to improve
radiation hardness
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BPW

Suppression of Back Gate Effect with BPW

Without BPW With BPW

4.0E-04

Vback U %

e e
X
2 0E-04 /// P
HEiE:
e

Vg [V]

Id [A]

AREAR IR

o
o
o
—
—
[$5]
o

BPW Layer is very effective to suppress back gate effect.
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3D

Vertical (3D) Integration

ZyCube(Tohoku Univ.)
+ OKI + KEK/LBNL

ZyCubett Mpu-bump bonding (~5 um pitch) FffiE{#FE->T. SHIZEERE
IEDHEEHITOTLNS.

7

50~
300um

PAD PAD Back Gate Adjust Electrod
|

L & =

<10um
pitch

BOX(200nm)

a3
=

>
N+

High Resistive substrate (n-)

TP

Pixel Pixel

Al(200nm)
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3D

Upper Ch_ip___

% BondPad

Upper Chip

Lower Chip

Cross section

Spm

ZyCube + Tohoku Univ.

5um pitch p-bump

aisy Chain with 10* m-bumps

T e T m———

Plain View (IR microscope)
Tohoku Univ. / ZvCube
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3D Vertical Integration
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APD

SOI APD Pixel{EE DA
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plural Data
le+21 — le+20

1e+20
le+19
le+18 —le+15
le+l7
le+lt
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le+13
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— 100000
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¥AmS

- Accep
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—&-T1
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9-11Vr=40
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guardring_dis.distsé. |l

| 1 | ! | 1 | 1 »
z 3 4 3

1
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25— 3um
H—KY>5% Bum

BRAA LR

Preliminary

[ Em™-3ss5 ]

I Z40e+19

e0le+17

1.69e2+15

1.4Z28+13

1.13e+11

1.00e+03
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