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Pixel Detectors, L. Rossi, P. Fischer, T. Rohe, N. Wermen, Springer,
ISBN 3-540-28332-3

«Semiconductor Detector Systems, H. Spieler, Oxford University Press,
ISBN 0-19-852784-5

«CCD/CMOSA A —< - T HDEBEICA. KE—or, CQHkk. ISBN
978-4-7898-3626-5

«Silicon-On-Insulator Technology: Materials to VLSI, 3rd Edition, J-P
Colinge, ISBN 1-4020-7713-4



Bulk and SOI(Silicon—-On-Insulator) Wafer
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UNIBOND™ Process (1995, France LETI) —> SOITEC

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
_ hydrophilic
Cleaning & bonding wafer A to bonding
the handle substrate, wafer B
‘—~
Smart Cut - cleavage at the mean ~5000CC|\/| 0S
1on penetration depth splits off wafer A

: : (Low R)
Wafer B undergoes annealing, CMP : V 4

and touch polish => SOI wafer complete SOI wafer \

New B Sensor
(High R)
4

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




Bulk CMOS vs. SOI CMOS

NMOS Gate Electrode PMOS Isolation Oxide NMOS Gate Electrode PMOS Body
s Rl N Em /

Buried Oxide

P-Sub
P-Sub

Bulk CMOS SOl CMOS

Aluminum Interconnect

In SOI, Each Device Is

completely isolated by -
Oxide. b
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Features of SOl Monolithic Pixel detector

« Bonded Wafer (High Resistive Substrate + Low Resistive Top Si).
o Standard CMQOS Electronics (NMOS, PMOS, MIM Cap etc. ).

« Monolithic Detector, No Bump Bonds (Lower cost, Thin Device).

o High density (Smaller Pixel Size is possible).

o Small capacitance of the sense node (High gain V=Q/C)

o Industrial standard technology (Cost benefit and Scalability)

SOT Pixel Detector

/
RV v
,)-_/fT PMOS' _ITNMOS

Explore the possibility of SOI, " 5= sz | 7
detector for future experiments

(ILC, SLHC, Super-Belle etc.) and
other applications (Medical,

Material etc.)

i i —
n+ p+

Sensor
(High Resistive
Substrate)




O K I Open up your dreams

FD-SOI Structure

Cross Sectional SEM
Photograph

Contact

Hole

PR et
£ Ty A

Ultra Thin Si Layer

(40nm) Buried Oxide
R i ey
‘1}:‘:‘! ety

- Si Substrate (High resistive)

Close up of MOSFET

GATE

BOX (Buried Oxide) —»

Ultra Thin Si Layer (40nm)
Cross Sectional View of FD-SOI Device

Copyright 2007 Oki Electric Industry Co.,Ltd



OK I Open up your dreams

Current Status of PD-SOIl and FD-SOI

€ PD-SOI (Partially Depleted)
High-speed microprocessors = PR
- IBM: PowerPC , mainframe CPU’s, Wii(Nintendo), Xbox
- Free scale: PowerPC AMD
- 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. (R&D)
- Intel, many major companies

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

Copyright 2007 Oki Electric Industry Co.,Ltd g



Features of (FD—)SOI

e Full Dielectric Isolation :
Latchup Free, Small Area,

Good Circuit Isolation
No Back Bias Effect

o Low Junction Capacitance
High Speed

o Steep Subthreshold Slope
Low Power

e« No Kink Effect
Good for Analog Desugn
e Less Impurity in Body

Good Vth Matching,
Less 1/f Noise

Relative Performance

«No Well junction, Thin Film :
Low Leak,
Low Vth Shift (High Temp).

«Small Active Volume :
High Soft Error Immunity

o1 ID compensation by Back Bias



Latchup Free Structure

>)

Bulk CMOS SOl CMOS
Vdd
M [PH N
N-well
N S
9 ~L T Silicon substrate "
~ P-type substrate N

(Ref. 'SOI Technology' by Jean-Pierre Colinge, Springer)

No Parasitic PNPN Structure
SRR INADIZ KD FEAFE YKL,




Isolation between Analoqg and Digital Part

10-40dB lower than Well isolation of Bulk, when High-Resistive
Substrate is used

Bulk |
Noisy Digital Part : Quiet Analog Part |
MOSFET MOSFET I l
T
X 4

& Fox — Fox
-\- Well

Si Substrate

|
Noisy Digital Part | Quiet Analog Part | \
MOSFET 1 MOSFET | l
:
ox y e L Fox 7 T Fox
Buried Oxide (Box) A
""""""""""""" Si Substrate
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Smaller Junction Capacitance

Bulk

il e
T ST

Cj is 1/10 of Bulk technology.

Gate Capacitance is 30-40%
Lower.

High Speed / Low Power

Delay Time (ns)

SOI

O
__ll,__
I;

0.5

0.4

0.3

0.2

0.1

0.15 um CMOS
Inverter
F/O=1
Bulk
High-Vth
FD-SOI
High-Vth
Bulk
Low-Vth
FD-SOI
Low-Vth
. . . . . D
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3

Supply Voltage (V)

Copyright 2007 Oki Electric Industry Co.,Ltd
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Steep Sub Threshold Slope
1E-02 I 105
f:g;?iium'ojaum _ Idoff o 10°VtwS
1E0 e /"’“""'M
- e o ‘a T 10,7 - -
Pch \ sol /| G ! Bulk PMOS -
LE06 - — (S=95mV)
= Bulk E 109 .
= e ‘ 2 i Bulk NMOS
= 8$=67m eg 1k -
e | ooomVigge 1 P = 100 (5=70mv)
‘ / Ideal
- | \’\ | (8=58mV) i
1E-14 LY. SYAAN L AN 1015 | 1 1 1 1 1 1 1 )
oo e 008 e 0.0 0.2 0.4 0.6 0.8
Vgs (V
gs (V) Vth (V)
Gate voltage is not wasted to deplete F.Ichikawa et al., SSDM, 2004
the bulk.

Lower Threshold (Leakage Current) is possible without increasing Leakage
Current (Vth).

Copyright 2007 Oki Electric Industry Co.,Ltd 13



Vth (V)

Small Temperature Dependence

NMOS Tr PMOS Tr
045 -0.65
P -0.6 e
B -0.55 N Bulk —
o\ tel Bulk 05 NS 1.91mV/°C
~. -1.22mV/°C -0. A =
0.35 P _ -
S0 S 049 :
-0. 65mV/°C \Q é -0.4 0\\1 a
. . ¥ '\
03 A T
-0.35 S0l
0. 46mV/°C
0.25 =t
-0.25
0.2 -0.2
0 50 100 150 0 50 100 150
Temperature(°C) Temperature(“C)

due to less change in depletion width

No latchup, Less leakage, Less Vth shift

— FD-SOI can be operated in 4K to 300°C.

Copyright 2007 Oki Electric Industry Co.,Ltd



High Soft Error Immunity

Particle
\

Charged

Gate Oxide

e e e e

e e e e o

~

Layer

\

Charged
Particle

Depletion

SOl Device

Bulk Device

ICon.

body Sili

INn

ty due to ultra thi

Immuni

Higher soft error

15



SOI Pixelt&E g5
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Pixel

~3um
Si

BIRIVF—EBF. BZX..

A
@5 >300um Si

/
+ - .
"/- I ~40um Si
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J Pixel

\ 4
EBE:
AJfRJE ~ 1e-h/1photon
X$R ~ 3000 e-h / X-ray@10keV
R E LT ~ 3000 e-h / track@40um
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IRFEDREIHPixe | #H 25 (Hybrid Pixel)

semiconductor
sensor chip

flip-chip i
bump bonding ;-
connections "

electronics chip

0.1 mm

singlepixet |/
Derz;gi:l-ol:lt cell . E
metal

insulator ——__

CMOSngixel
read-out chip

diode —implant
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SOl Pixel Process Flow

SOI (40 nm)
o 1
Box (Buried
Oxide)
(200 nm) / 650um
50~650um
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OKI 0.2 um FD-SOI Pixel Process

Process 0.2um Low-Leakage Fully-Depleted SOl CMOS (OKI)
1 Poly, 4(5) Metal layers, MIM Capacitor, DMOS option

Core (I/O) Voltage = 1.8 (3.3) V

SOl wafer | Diameter: 200 mmg,

Top Si: Cz, ~18 Q-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 —
Pixel Pixel
VGUARD_IO VSSRings |« e >

Bias Ring \ e O 0~1.8V |
-H- E 0 Buﬁer An exa_tmple of a
Buned OX|de(200nm) SOl Pixel cross

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

~260
High Resistive substrate (n-)

Al(200nm) \4
VBACK "~ (This figure is not to scale) (Default unit is um) 21
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Integration

Type Pixel

(INTPIX)
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Counting Type Pixel

Energy window and cou

nting in each pixel.
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CNTPIX2 Pixel

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

60x60 um?
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Pixel Layoutfs
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0.20umSOI

R AR Low-Leak
;40.2 mm SOI CMOS Process with Sensor option ECOLC VN iy
-rovaa . 1.8/3.3V
= Gate Length 0.2um
= Gate Oxide . 4.5/7.0nm
*Core Ion . 210/-90
“N/P (uA/um) - (@1.8V)
“Ioff . ... | <0.1pAum
e ‘- (I'0<0.1pA/um)
Layers & Contacts - Wiring Pitch. 0.9um
- RF/Analog MIM, Inductor
O\ . Option | Low Vt, DMOS
PV
/) Y] ‘:‘.—,_ T4M & =70
T3 ! ILD-3
' TaM E=4.1
T2 7 ILD-2
£=4.1
T1 | [~
] ILD-1
. £=4.1
Sl -1 . [
TMD 1 2 = M-ILD T
T oy ol o
T77 7RI J 7 777 /777777777770 %
Polycide Field Oxi. rBOX
L ==
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Design Rule (Drawing Rule)

Gate —

d)

d4 153 m2§
|
Wtr A
d < > wl
\ 4
A
ml
d2 dl
N
T +
B
d3l d3 <>
d3
N+ or P+ AC

N+ or
P+ AC
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FLINTGA—A

v—hEIn

i
gl

Contact, Via

Metal 2R <

1 mA/um
< 0.78 mA/{&E

Metal 2R E

DB AR —k 10 Q/sq
)Y ARELIEER 250 Q/sq
A3 )L 0.06 Q/sq
Contact 12 Q/1&
Via 3 Q/1H
REH 410 Q/sq
MIM Capacitance 1 fF/um?
Gate &= 8 fF/um?

~0.05 fF/um?
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