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Top Cell Name Chip size Affiliation Designer(s)

VARPIXEL 2.4 mm Osaka Univ. H. Miyake
TOPPIXN 2.4 mm KEK Y. Arai
OKI0612 2.4 mm Tokyo Univ. H. Takahashi, K. Shimazoe, Fuiwara
Achip 2.4 mm LBL P. Denes
OKI_TOP 2.4 mm FNAL(BNL) G. Deptuch
ATEG 2.4 mm JAXA/ISAS H. Ikeda
BTEG 2.4 mm JAXA/ISAS H. Ikeda
CTEG 2.4 mm JAXA/ISAS H. Ikeda
isas_set0612 2.4 mm JAXA/ISAS D. Kobayashi
RADFETI 2.4 mm KEK T. Tsuboyama
HawaiiNSUBSTRATE | 5.0 mm Univ. of Hawaii | E. Martin, G. Varner
detectorPOLY 5.0 mm KEK T. Tsuboyama
TOP_PIXELSTRIP 5.0 mm KEK Y. Ikegami, Y. Arai
TOP_8PREAMP 5.0 mm KEK Y. Ikegami
TOPTEG2 5.0 mm KEK Y. Arai
TOPINTPIX 5.0 mm KEK Y. Arai
TOPCOUNT 10.2 mm KEK Y. Arai
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# 4, % 1 [8] SOI Detector R&D Workshop 7' & 27" 2(2007.3.6)
First SOI Detector R&D Workshop (Tuesday 06 March 2007)(KEK(Bldg. 3 Seminar Hall))
Session 1
10:00 Opening Remark (Takahiko Kondo (KEK, Head Physics Division II) )
10:10 SOI Detector R&D : Past & Future (Yasuo ARAI (KEK) )
10:40 Oki Fully Depleted SOI Technology for Ultra Low Power Applications (Jiro Ida (OKI Electric
Industru Co. Ltd.) )
11:20 SOI Strip Test & Design (Toru Tsuboyama (KEK) )
11:50 Front-end circuit design in FD-SOI (Hirokazu Tkeda (JAXA/ISAS) )
Session 2
13:30 SOI Pixel Design : Univ. of Hawaii (video) (Elena Martin (Univ. of Hawaii) )
13:55 SOI Pixel Design : LBL (video) (Peter Denes (LBL) )
14:15 SOI Pixel Design : FNAL/BNL (video) (Grzegorz Deptuth (BNL(FNAL)) )
14:35  Design of High Voltage MOS Transistor using TCAD (Hirokazu Hayashi (OKI Electric
Industru Co. Ltd.) )
14:55 SOI Detector Simulation by ENEXSS (Masashi Hazumi (KEK) )
Session 3
15:40 SOI Pixel Design : X-ray Counting Pixel (Yasuo Arai (KEK) )
16:00 SOI Radiation Damage Test & Chip Design (Youichi Ikegami (KEK) )
16:25 Discussion : Future Collaboration ( Yasuo Arai (KEK) )
16:45 Summary (Junji Haba (KEK) )
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Two Years ago... Unno san said (detector W.S.@KEK, April 2005)

a "dream"” of detector physicist

1. (high Z) semiconductor sensor

with

2. fully integrated ampl. circuitry and R/O logic 4
using ‘

3. commercially available CMOS technologies

immm) SOl Monolitic Detector!

2007.3.6 yasuo.arai@kek.jp 3

History
'05.4: Detector R&D workshop @KEK. Express interests
on SOT Pixel.

5: Create SOIPIX group, and propose SOI Pixel R&D
to KEK Detector Technology Project (Generic R&D).

6: Negotiate with OKT Electric Industry Co. Ltd.
7: Start SOI detector R&D with OKI.

10: First TEG designs submitted for 0.15um SOI
CMOS process.

'06.1: Characteristics of substrate p-n junctions
were measured successfully.
ENEXSS TCAD simulator was introduced.

3: Process of the 1st TEG chips was finished.

2007.3.6 yasuo.arai@kek.jp




History(2)

'06.4-7: Response to Laser light was measured in strip

TEG.
First Picture was taken with 32x32 SOT Pixel.

Good response to Sr° B-ray was confirmed.
4-10: Presentation at conferences (SNICO6, STD6,
Vertex, LECC, NSS, JSP ...)
12: 2nd TEG Submissions by
Multi Project Wafer (MPW)
run with 17 designs.

'07.3 : 2nd TEG process is almost
finished. --> Test now! .

Raw-Pedestal

0 5 10 15 20 25 30
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Feature of SOI sol

--> |da san's Talk g )
« Full Dielectric Isolation : 8
Latchup Free, Small Area C el N —
« Low Junction Capacitance : B 05fo Fo
High Speed, Low Power b . / - -
o No Well junction, Thin Film : e TS e e 0
Low Leakage, Low Vth Shift (~300 °C Year Technology Qualified

« Small Active Volume :
High Soft Error Immunity

NMOS Gate Electrode PMOS Isolation Oxide NMOS Gate Electrode PMOS Body

i N B

P-well N-well Buried Oxide
P-Sub
P-Sub
Bulk CMOS SOl CMOS

2007.3.6 yasuo.arai@kek.jp




SOI Wafer Fabrication(UNIBOND™ SOITEC)

Initial silicon wafers A & B Wafer B

Oxidation of wafer A to
create insulating layer

Smart Cut 1on implantation
induces formation of an in-depth
weakened layer

microbubbles

hydrophilic
Cleaning & bonding wafer A to bonding
the handle substrate, wafer B
Smart Cut - cleavage at the mean ~5OOOCCMOS

1on penetration depth splits off wafer A (Low R)

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

Split-off wafer A is recycled, becoming * or \ \

the new wafer A or B New B Sensor
(High R)
7

2007.3.6 yasuo.arai@kek.jp

Features of SOI Monolithic Pixel detector

« Bonded Wafer (High Resistive Substrate + Low Resistive Top Si).

« Standard CMOS Electronics (NMOS, PMOS, MIM Cap etc. can be used).
« Monolithic Detector, No Bump Bonds (Lower cost, Thin Device).

« High density (Smaller Pixel Size is possible).

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

« Industrial standard technology (Cost benefit and Scalability)

SOI Pixel Detector v /
Explore possibilityof SOl T |7 /, s / 1
B ; OXE\ 5102 — ' —
detector for future experiments - A T
(ILC, SLHC, Super-Belle etc.)
and other applications Gargor
(Medical, Material etc.) O oo e

2007.3.6 yasuo.arai@kek.jp 8




SOI Pixel Process

Process 0.15um Fully-Depleted SOl CMOS process,

1 Poly, 5 Metal layers (OKI Electric Industry Co. Ltd.).

SOl wafer Wafer Diameter: 150 mm¢,

Top Si: Cz, ~18 Q-cm, p-type, ~40 nm thick
Buried Oxide: 200 nm thick
Handle wafer: Cz, >1k Q-cm (n-type), 650 um thick (SOITEC)

Backside Thinned to 350 um, and plated with Al (200 nm).

2007.3.6 yasuo.a

Pixel Pixel

Guard Ring Bias Ring VSS Ring |« 20um >
(float) (OV) 9 | + ‘

4 (0V)
Si(~40nm
HV Ring 1o LN
Buried Oxide(200nm) A

w=5"* w=250 wm:5 w=1
70u [20u
= 330 - ~600 |
- T um  — am p+/n+ Implant and
_ o Contact formation
High Resistive substrate (n) l
Al(200nm)
(This figure is not to scale) 9

Metal contact & p+ implant

i ¥
Al |
e sy hralidy o) > QY | SutY
PSUB(2CP)
1 2CS (Box window)
=0l ~40nm
. -
B 100
L ; : : yo
',t N v -y
\ Reformulation
PSUB LV

(BF, Implanted)
s 1 500'nm

2007.3.6 yasuo.arai@kek.jp 10




MX925 KE-02#14 (High resistivity wafer) Back pin grounded

1.0E-02
1.OE-03 |- n+ - back
. . J & 1.0E-04 r
p-n junction I-V characteristics  iri|
_ 1.0E-06 —
Z 1.0E-07 r =
@) center guard center =
d(=10um) J . ‘ p+(n+) — —0.6800 Diode
‘e :‘ n+(p+) —10.00] Diode i
guard f; —30.000 Diode [
High-Resistive Substrate :" :
w=0.68, 10, 30 um 0.5 0 0.5 1
back Bias (V)
1.0E-02 g
1.OE-03 ——0.6800 Diode (b) | D+ = back
1.0E-04 ——10.0[] Diode B ‘
1.0E-05 ——30.00] Diode i
= 1.0E-06 - =« Good Diode
= 1.0E-07 e - - . L.
. i Characteristic
~ 1.0E-08 %/ !
J 1.0E-09 / = = Substrate is n type.
1.0E-10 i | —
1.0E-11 :f | 700 Q2-cm
1.0E-12 = (~6 x 10'2 cm™?)
1.0E-13 :
1.0E-14 ——————— 11 ]
-1 -0.5 0 0.5 1
Bias (V)
2007.3.6 yasuo.arai@kek.jp 11

FYO5 MPW run
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Vdd

Pixel TEG

read_x
rst_x M1
Row Address Decoder D——d i
B col_out
read_x —— 20um / sens ni -
X M6
—1 20um B nstore M5
© Ll MO
B
a B B M3 }—D Cs Z
T w7 load 100fF
@]
fa) B Vdet 7
o © ‘
<o( . . .
Crooa : : 32 x 32 pixels :
O~ % — . .
CMOS Active Pixel
Read | > EN Sensor Type
Ve e | 20 pm x 20 pm
REFv vrefh ! L !
StoreEn—{>— len load 1 | I : | i
e | e 32 x 32 pixels
ReadEn —1} ren ! | | ! !
. ! | I I ]
Store ﬂ> Istore ! \? \f \f cee \? IOUT
I I | I I
rst_x ' I r ! F sw_out ! F |
Reset = i : : = : ad_out
o | [_41___1__—1__ ;’ P
. col_sel
{_len ADRDEC
™ |
CAO~4 P Column Address Decoder

2007.3.6 yasuo.arai@kek.jp
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Pixel Layout

2007.3.6 yasuo.arai@kek.jp

Window for Light
lllumination
(5.4 x 5.4 um?)

p+ junction

Storage Capacitance
(100 fF)

14
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Pixel I-V characterisitic

L ]
L
L 2
L
L ]
L ]
L ]
4
:
»
i1
PN I A AN A

Hot Spot observed with infrared 7 7 ]
camera et by bt bt s 10 19

Iback[uA]
A N OO N O~ o, m
|
N

=40 uA, T =1 min Corner of the bias ring

- Smooth the corner at next submission.

(only 45° allowed by design rule in previous run. next +30° and 60°)
2007.3.(

Laser Image

32x32 image view with 670nm
Laser and plastic mask

Raw-Pedestal

Row

0 5 10 15 20 25 30
Column

BT T smE .
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Wdd

B-ray (°9Sr) Signals

out 1 nstore q W

4
M3 load s

col_out

depletion ~44 Mm
Q ~ 3500 e (0.6 fC)

o’
r AN

Ay !

1 R, YO8
gttt N

Expected signal

amplitude was
observed for 3-

msoumwa!v [« -100mv |[ 2.0ms 50.0ksis 20.0ps/pt

R - e ray.

July 27, 2006 00:09:05
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Nmos- Threshold Variation pmos transistor

BGC k Ga"'e EffeCT 0.6 NMOS Floating body 0.6 [~ PMOS Floating body
0.5 Back side 05
_ channel wps ON_ ~
> 04 > 04
Z o3 Z 03
- b
:1 0.2 g -02 )
01 = 02 7
E:‘ U [ —e—r10_™MoOS Z 0 - "“9;?3?58
N Epre (@Va=1.8) 2 o / ‘/ I (@Vd=1.8)
i Core LVt_NMOS g i Core LVt PMOS
Insulator =02 (@Vd-1.0) = 02 / H (@va=1.0)
\ . T o4 | ——Coremvt Na10s s / I _A_(('P;‘f'dﬁ‘l'afnoz’
- (@Vd=1.0) - @Vd=1.
AL ‘Back'Gate AL | e avele ot )
T Silicon substrate ~ 20 15 -0 5 0 5 10 15 20 20 15 10 5 0 5 10 15 20
Back gate Bias Vb(V) Back gate Bias Vb(V)
1
) , 1 Substrate Voltage act as Back Gate,
‘] " I : -
Wi - AP - Laead .
Signal | ‘ " 4 and change transistor threshold.
Input ¢ T : : : ]
- ety e AVENN=0Y, AVIhp=0V
: 15V 3 :
o die e
. [ : M w%q 15 5\/_ |\w~ Vﬁﬁﬂ [
Signal | s \H 7 16v M/ i/
Output it ' MAQW, o
X X h1 1

Slgnal d|sappears at 16V

Vthp=-0.12y o
S Py AVEhn=-0.8Y, AVthp=-0.14V]|

Ej?] 5()0mv
my 100ns

Consistent with SPICE simulation.
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TCAD Simulations

ENEXSS :
3D TCAD Simulator

Back Gate effect can be
reduced by placing p+
implant near transistors.

D = (80, 5, 2 um)

O-4IIII|IIII!IIII|IIII rerrrrrTiy rerryrrrT rrryrrrria
D = S

0.2E i —.____._____l\ :
]

0.0F \

P ¥ —— D=B0um| E

E —#- D="5um E
e —&— D =2um E

-0.4 e
:||||l|1|L11||I1||| 1ol el il |1|1I1|11:
0 20 40 60 80 100

Vhack[V]

|NMOS

A

BOX (200 nm)

Backbias (0-100 V)
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12kkaku_dis.dists6.E

1.40e+06
3.28e+05
7.71e+04
1.81e+04

4.26e+03

Diode Electric Field

1.00e+03

BATIV—FHEL&H

=

ml'

2 oYavhI—/\nHEit

1500 TEHASOpm®OSIHI— N

200

NMON EXCEED CORPORATION Ch ' p Th l nn| ng
» TOPR—T [ £3%R v 4—EARE > EHELEDE > RAESE
Top Page Campany Prafile Business Actvites nquiry Recruit
Moriya, Ibaraki
(near Tsukuba)
I o ') av Silicon
pvuay PEiEH PPESH

BERTIAN-AAZANFEY > Ve k D ilmpiE s
150¢0Si™y = NTE0UMOFE 2R L £ 7,

FomLTTH#H T8 2RE6b8TED, Biosy—v
PR ENTLEY 2= "OREMEZIENTL# 23
LT TEHET,

WL BB O2NTLPTRYETH V74 v¥F—ick3
ML HET 2 EMTEASD LT 2800l L &

P A b 2 AEA e 3 -

‘CMP : Chemical Mechanical Polishing
--> ~30 uwm thick




Before Thinning 290 Mm thlck

ATLAS Si Strip
Thinning Test

Z [mm]

26 deg.C

306nsssd-3D
t=100um

0.450 -0.500
[70.400 -0.450
0.350 -0.400
| 0.300 -0.350
0.250 -0.300
W 0.200 -0.250
0.150 -0.200
0.100 -0.150
W0.050 -0.100
[70.000 -0.050

2007.3.6 yasuo.arai@kek.jp

sssd-3D
290um 0.450 -0.500
T — [H0.400 -0.450
0500 ', 0.350 -0.400
ik ’ 0.300 -0.350
b 0.250 -0.300
S [ M0.200 -0.250
. I | 0.150 -0.200
0.300 | | 0.100 -0.150
0250 | 1 M0.050 -0.100
0.200 1710.000 -0.050
0.150 |
0.100 60
0.050 g
0. DDD e ¥ [mm]

64 mm square sensor
X-axis : Stlip direction

After Thinning 100 um thick

21

FYO6 SOI MPW Run

* 17 designs were submitted on
Dec. 5, 2006

2.4 mmx 2.4 mm --- 10 chips
50 mmx 5.0 mm --- 6 chips
10.2 mm x 10.2mm --- 1 chip

Strip
(KEK)

Photon Counting

Okl

Hawaii
(KEK)

FIPixel (KEK)

BEEIEs

A

2007.3.6 yasuo.arai@kek.jp

20.8 mm
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Top Cell Name Chip size Affiliation Designer(s)

VARPIXEL 2.4 mm Osaka Univ. | H. Miyake

TOPPIXN 2.4 mm KEK Y. Arai

OKI0612 2.4 mm Tokyo Univ. | H. Takahashi, K. Shimazoe, Fuiwara
[ Achip 2.4 mm LBL P. Denes )
(OKI_TOP 2.4 mm FNAL(BNL) | G. Deptuch )
/ATEG 2.4 mm JAXA/ISAS | H. Ikeda

BTEG 24mm | JAXAISAS |H.lkeda
NCTEG 2.4 mm JAXA/ISAS | H.lkeda /

isas_set0612 24 mm JAXA/ISAS D. Kobayashi

RADFET1 24 mm KEK T. Tsuboyama
(HawaiiNSUBSTRATE | 5.0 mm U. of Hawaii | E. Martin, G. Varner)
detectorPOLY 5.0 mm KEK T. Tsuboyama

OP_PIXELSTRIP 5.0 mm KEK Y. lkegami, Y. Ara

TOP_8PREAMP 5.0 mm KEK Y. Ikegami
N{OPTEG2 5.0 mm KEK Y. Arai

TOPINTPIX 5.0 mm KEK Y. Arai

zd;TOPCOUNT 10.2 mm | KEK Y. Arai )

Future Issues

e Wafer Thinning

--> Less material. Super-B, ILC...

o 3D Circuit
--> Higher density.

* Prepare Radiation Hard Cell Library
--> for Super-B, SLHC, Satellite ...

* More sophisticated structure (Avalanche ...) in

SOTI substrate ?

* Go to much fine process < 0.15 um ?

* Larger Detector (Stitching?)

» Cost saving

2007.3.6 yasuo.arai@kek.jp
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Summary

e Since the SOI Detector R&D started, it will be

2 years shortly.

» At First MPW run(FYOB), possibility of SOT pixel is

confirmed.

* At Second MPW run(FY06), 17 designs had been
submitted including designs by foreign lab.

» We are planning Third MPW run in this Autumn.

» We welcome more people to join this interesting

technology.
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