mJjgog

SOlgddooooobooooboooood

gboboooooobob ooooboobobo

g O

g O

yasuo.arai@kek.jp
on behalf of SOIPIX 0O 00 O [1]
2007 06 010

1. ODO0O0O

gboboooooboobobooobooobooboboonoo
gboooooboboboboooboobuoboobooboba
goooLsiIooooooooooboooobooooooog
goooan

gbobooooobobobooboooooboboobo
goooooboboboooboobobobooooobo
gbooooboboboobobooboobobooboooboobo
goobooboboooooooboobobobo

gboboooobooboboboooog

() OO0ODO0OD0O0OD0OO0DO0O0OOOOO0DOOOODODOOO
oobooOoooOoooOooooooLsIcooooag
gboboboobooboobooboboobo

(b OOODODOOOOODODODOOOOOOUOOODODOOO
goooooboboooobobobooboboobo
gbooooobobooboooboboboobooobo
gooogoog

goooooboboboooboobobobooooobo
goboooooooooobo LsIocgoooooooog
oooooooooooooooopREooooooon
gbooboobobooobooobooobooboobobooboo

oooooooobOO0OOOooposiobooosio,0d
000oo00o0oooooo0oooooooooooooood
000000000 DO0OO0ODOO0O SsoIn Silicon-On-
Insulator0 0000 0ODO OIBM Power PC, AMD Athlon,
SONY Cell OO OOOODOODOODOODODOOOOOOO
gogosolgnodboOoDbOo0on Buk CMOSODOODOO
000000000 O0oDO0oDooDoDoDOooooo Lstood
Jooooooooooooooooog

SOl Doooooobbooooooooobooooboog

0000000 SOITECOBODO0O0O0O SmartCut OO0
10o0o0000oobo Ssiboooooooooooooboboog

gbobooobooboboboooooboboobooooo
gbobooboboobobobooooboboboooboo
gbobooobooboboboooooboboobooooo
gbobooboboobobobooooboboboooboo
gbobooobooboboboooooboboobooooo
gbobobd

gbooooz20050 400 KEKOOOOOOOOOOO
Odooo0oooooooooooooooooooooo
gboboooobooboboboooobobooboooboo
gobobooboboobobobooooobobobooooo
gooosolocgoboogoooooooooo

000D00000000000000 SoI000000
00000000000000000000000000
0000000000000000000000 SoI00
00000000000000000000000000
00000000000000000000000000
0000000000000000000sSoI00000
000000000000000000000 SoI000
00050

Tnitial silicon wafers A & B Wafer B
Oxidation of wafer A to
create insulating layer

Smart Cut ion 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 B

=
Wafer B undergoes annealing, CMP -
and touch polish => SOI wafer complete . SOI wafer
Split-off wafer A is recycled. becoming ¢ \ Sensor
the new wafer A or B S New B

(Hi R)

O 1. Smart Cut OO0O0 SOI OO0OO0OO0OO0O0OO00OO0
SOITECUO WebO OO

o000 siooooo0ooo0o0ooo0o0ooo0ooooooo
ooOococMosOoOOoOooOoOoooon



2. SOl000booooboo

solooOoOoooocoMosOOOOOOOOOOOOO
gobobooooooooboooboog soroooog
gbobooboooooobooD sm O0O000DODOO
gbooooobobobobobooboobobooboooobo
O00o0oooogleMioo wWelOOOODODOOOOOO
gboboboob cobooboobooboboobobo
goooooboboboooboobobuobooooobo
goooano

gooSsolgooooooooooooooooooo
gbooooboboboboboobooboboobooboba
gboooooboboboooboobooboboooooo
gbooooboboboboboobooboboobooboba
gboooooboboboooboobooboboooooo
gbooooboboboboboobooboboobooboba
gboooooboboboooboobooboboooooo
gbobobobooooooboobobooboboobo

ooooooobobooooboboooDbOn 0.15um
cMossoIODpoOo@RuoOoOoosoloooooooon
oooogng1o,11,12,13,14]00 2 000000O0O0OO
SOl Dooobouoooboboooboooboooooooo
gbooboboovObiasringODOOOOOO0OODOOOO
go00o0o0oboD guard ring000000O0O0ODDOO
U0 substrate 000000000 HVringdOODO

Handle wafer 00000 SiOOOO0OO0O0ODOO20keV O
0000 X0Ooooooooooooooooooo BO
Lod0ooooooooooooooooooooog
0000000 Ohandle wafer 0 00 GaAs, GeO O DOO0O
Jooo00oDoo0oDooooooooooooooood
gooooooooooooooogooogoooood
gooooooooono

Pixel Pixel
Guard Ring(%i\a/? Ring VSS Ring %—4
(float) : (ov) 0~1
SOI Si(~40nm) NMO: . PMOS
' o . TTLLTL

BOX [} Buried Oxide(200nm) || [ I U
w=5"+ w=5 w=5 w=1 p+

70u 20ul
<] 330um ~600um
-

HV Ring

~350um
Handle Wafer
High Resistive substrate (n)

Al(200nm)

(This figure is not to scale)

g2 sologooogoooooon

21. SOlOOCOO

gopooSsolocooooooooboiiooogosoroood
obdpibbOdobOobO0obobocobOoD nODbODbOD

0 1.S010000 0.15 gm Fully-Depleted SOI CMOS O O
goood

0.15 pm Fully-Depleted SOI CMOS process,
1 Poly, 5 Metal layers

Process

Diameter: 150 mme

SOI Si: Cz,~ 18Q-cm , p-type, ~ 40nm thick
Buried Oxide: 200nm thick

Handle wafer: Cz, > 1kQ-cm

SOI wafer

(~ 7009 - cm after process), n-type

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

nm)

Supply V' | Core 1V ,1/0 1~ 1.8V

OO00OoO00DOOoO00oO0O0DoOOkQ-em 00000
gbobooooooobooooboboboboon
700Q-cm 0 0 0 0 0 BOXO Buried OxideDOOOOOOO
00000 p'/n"00000000000O0OOOOOODO
gbobooobooboboboooooboboboooo
gbobobooooTEMOOO0OO0O0 30000

oooodooogesoemdnooonOn 350pm 00
0oo00o0ooooog AlD200cm000000O0DO00OO
ugbobo3pemObobooboOobOOoOoooboobOobOon
gboboboobooooboobobobooooo

A IR T

PSUB(2CP)
2CcS (Box window)

Reformulation

PSUB layer
(BF, Implanted)

=1 500'hm

03.BOXOOOOOOO p*00000000O0OO BEO
goobooooobobobooooobobobooooo
00 TEMO Transmission Electron Microscopel [

22. OOOOOOO

Handlewafer 00 OO0 p-n OO0O0O0OO0ODOOODODO
O4() 0000000000000 0OO0OIVODOOOO
O0o0o0oooo0 4pb) 000000000 OOOODODOO
ooooooo

00000 0O00O000o0O0o0O0oDbO0OOOO 460 pm O
OO0050mO00000 prstrip 00000000 OO
000000000000 ODoCMPO Chemical Mechanical
PolishingD 000 ODO0OOO0O0OOOODOOOOOODO
00000000000000000000 handle wafer




gbhobobooboobdobddstipO00O00O0O0O0DOO
gbooooobooboboooboobooboboobooooo
gboobobobooosbooog

d center
@) center 7 guar

=10,
cromm) . ‘p:(_m)

-.n+(p+)
I}

guard o

n

)
i

High-Resistive Substrate :"
w=0.68, 10, 30 um
back /.

1.0E-02
1.0E-03 ——0.680 Diode - (b) W=30um
1.0E-04 ——10.000 Diode F W=10um -
LOE-05 | 30,00 Diode r /k
_ LOE-06 \
::’; 1.0E-07 - W=0:68pm
E 1.0E-08 "
£ 1.0E-09 /
= 10E-10 7
1.0E-11
1.0E-12 — =
1.0E-13
1.0E-14 i
-1 -0.5 0 0.5 1
Bias (V)

04.(a) D0ODDOOOODODODOOO (b)IvOO

w«
o

ADC (counts/5um)

ADC (counts/5um)

| | | | | | | | |
-400 -350 -300 -250 -200 -150 -100 -50 0 50 100
Position (um)

05 50pmO000SOIStrip0 0000 A=890nm
Jo0ooooDooooooooog

0000 strip 00000000 strip000000ODOOO0O
Jo0O00000Strip0 0000000 O0OOOODOODODOODOO
goooboboooobobooooboobo

gooD strip 00000000000 OO0OO0ODO strip
gbobooobooboboboooobobooboooboo
gobobooobooboboboooboobobobooooo
gbobooboob

3. PIXEL CHIP

SOl DO0oOobooooooooobooboboboooo
gbobob20ymOd000000 32x32000 pixel O
gboboboooooobobobobooo e 70O
god

0ooo0ooooooooooOoooooooooo
O000 activepixel OO OO0 OO0OOOOOOOOO
0ooooooooooooooouooooooooog
00000000oooooooo0ooooooooooog
O00Oread xOOODOODOOOOOOOcol outO0OODO
0000000o0oooooooo0ooooooooooog
ooooooooooo

gbobooooboobobooboooboboobooon
gooboboboooooooboobooboboobooo

gboobooooooobgoiwbpsdbobobobaob
oo0b000b54umx54,m00000000000O00C0
gboboooboobobobooooboboobooobooo
gobobooboboobobobooooobobobooooo
OO0o0ooooop» 000000 100fF O MM
0 Metal-Insulator-Metal D D 0 0D 00000000

col_out

read_x— 20um
® «

X
—T—] 20um

e
R [ )
Addross . . 32 x 32 pixels
Decoder | .
. .
RAQ- s :
Read —(EN T LR
col_out
Iref —| Bias

SR

Column Address Decoder

Bd analog

col_sel

0 6. 32x32Pixel TEGO OO OO0 (b)O Pixel 00 (a)
0000000000 20um x 20 gm O



0 7. 32x32Pixel TEG O O
00000000 24mm x24mm 0O

3.1. IvODO

Handle wafer OO0 OO p-nO00 -V OOOOOOO
gooog8ooooevooooooonoooooooo
gooooobOooDooO0obDob0 YWpemOOOOOODO
Jooooooooooooooooooooooood
Jooo0ooDoooooooooooooooooood
000000 bias ringd 0 2000000000000O00
0000000ooo00oo0oo0oooooooog ring
Jooooooooooooooooooooooood
goooooo

10

|

Ln

lback[uA]

O

_5|| reo b beren been b b B P Per e s

0 20 40 60 80 100
Vback[V]

O 8. Pixel ChipO0OUOOODOOOOVbackDODOOOOO
oooO0OIbackDOOOO

32. DO0ODOOOOOOODOOOO

goboboooooboboboooooobobooog
gbogobobooberonm 000000000 OO0OOODOO
goobooboobobOo nnope0oboboobobo

wovoooooTwecOOOOODOOOOODOOOOOO
gboboooboobobobooobooboboboobooo
gboboobobooboboboooobobobooboo
gboboooboobobobooobooboboboobooo
gboboobobooboboboooobobobooboo
gbobobobooobooooog

gbobooooobooboooobooboboosftFon
gboboboboooobooobooog

33. pOOOooOOonO

00*Ssr00000000 00000000000
goboooooooobopObOO0O0OOOOOOOODOO
gobobooromvVODODOOOOOODODDOOOOOODOO
OOO00o00003s00edo06fCO0O0OOOOOOOOO
gooood

3.4. Back Gate O[O

SOl 000000oooOon0 BoX Oooooooooo
go0o00o0O00DOOO0o0OOooOOoOo NMOSODOOOOODO
PMOS 00000000 000O0O0ODO1IOVOOOOO
NMOSOOOOovOOOOOOOoOoOOoOoooo

O00000000000oooooooO p ooooa
goovoOOoOoOoOoooOoOooooOomoo TEGOOI/0
gbobobooooboobobobooobobonoisyv
gbobooooboobobobooo

4. TCAD SIMULATION

OO backgate 00000000 OOOOOOOOOODO
Oo0o0oooooooooooouoooooooooog
00oo0Do0o0obOoOO0O0oooOoooooOono TCAD
0 Technology CADOODOOOOStanford 00 O0O0O0D0OO0O
goooooOoOoQooQooopopopoopoopooo

0000000000000 VDEC[L)OOOooooOo
g0 TcADOOODOOOOOOooOoOoOoooOoOooDooo
gbobobobooboooooboon

gboooooobooboboboobwobobog
O SELETE[1600000000000000O00O00OO0O
00000 TCADOOOOOOOENEXSSOOOOOOO
gobobooobooboboboooboobobobooooo
0000000000000 O0O0OO0OO0OO TCAD Interna-
tional Inc. 0O OO0O0O0OO0OODO

Oo0ob00oooooobDOoD 120p6e0 000000 back
bias OO0 O0O0OO0OODOOOOOODOOOOOODOOO
NMOSOOOO p"00000000MO0O0OO0OOOO
gbobobobobowgps0oboono



OO0 ENEXSSOODOOOODOOOOOoDooooooo
gbobobooboobobo 44dps0O00OODLOODO
goooooboboboooboobobobooooobo
gbooooboboboobobooboobobooboooboobo
gooogd

5. MULTI PROJECT WAFER RUN

gboobooobo solooooobooboboboooog
gbhobooboooob 206000000000 0O0OO
oo solpIXooooobooooooooooobooo
00000000 share OO OMulti Project Wafer (MPW)
goooguooooooooooooooooaooaa
FNAL, LBL, U. of Hawaii, JAXA, 000000000 17
gboboboboboboboboboobD 1mpr0obO

gbobo 3obooboooooboboboboooog
goooooboboboooboobobuobooooobo
gbooooog

gboobobooboMpwOODODOOOOO1emOOoQonQo
gboobobobooooog

51. 128x1280 000 XOOODOOD

XOoOoooooooooooooooooo xXooo
000000ooooooo0oo0ooooooooooog
0000000 MEDIPIXOOO[RIDOOUOOOOOOO
0000 128x12800000 XOOOOODOOO sO1d
goooooooooob sbbbOOObDOOOODOO
000000ooooooo0o0ooooooooooog
oooooooooooooOoooooooooooog
0000000 (double discriminator logic)J16 0 0 0O 0O O
gooooooooooboo yboooobooOooDoo
g0oooooswmO0000000D0OC0ODODOODOO
O 160p70 0000000 MEDIPIXDO 14000000
O005mi0000000000C0O00DOCO0O0O0OOO
OO0 MEDIPIX OOO0O0O0OO00OO00OO0O0O0O0O0O00O0O0
000000ooooooo0o0o0oooooooooog
goboooobooed0O0DOOOOOOOODOOODOO

0000000000000000000000000
00000000000000000000000000
000000000 Xtrigl63:0)0 Ytrig[63:0) 000000
00000000000000000000000000
00000000000000000000003000
000000000000000000000

0000000000000 170p7000000000
000102mmx102mm 0 0000000000000 0
00000000000000000 HY ring, guard ring,

rite
test_in (a) xout Data

y
; vinH I
Le ;
Double 16bit
Discri Counter g

Logic [ T™CLK

) 1]
Wet  'Shiect T
CSr_ ‘ ‘

VthL

Control ’g‘
Register —1-¢

v

XTrgAll  XTrig[63:0] /
w1 s

X Trigger%nal Output |
I 7z

ReTP _ﬂ\; 50um y 4

— 50um [
iml -
5| |1 i
8 A 3
o
a . =
% 5
] 128 x 128 pixels g
g N
RALS0] e e 3 . . 8
=
x
o
= =i v | —|>—Y'rrig[63:01
e e ;
REF} Bias i{}YT"gA"
[ cee (L qq
store X {>= Dout[15:0]
[ Din[15:12,4:0]
CA[6:0] —‘>—‘ Column Address Decoder ’_‘ <[+ write

09 128x1280000 XOOOOOOOOOOODOO

bias ring 0000000000000 0OOO00OO0O back
gate 1000000000 Op" 00 handle wafer 00 00O
gobooboooboooooboooooooooooog
coo00b0b0moboobOoboobooooooobOobob

6. 00O

gbobooooboobobooboooboboobooon
0000000 SOIpPixelOUOOOOOODDOOODO

goosolgooooboobooboboomoxooo
gboboooboobobobooobooboboboobooo
gbobobooooobo sisgogobogoeMosonog
gboboooboobobobooobooboboboobooo
gbobooooobobobooboooooobooboboobo
gboboooboobobobooobooboboboobooo
ooooooobooboboonogon 32x320000 TEG
goboboooobgopgbobobobobobobobo
gbobooboboobobobooooboboboboo
gboboooboobobobooooobobobooobooo
0O TCAD OOO0OOOoOO/oooOooooopooooo
gbobobobooobooooboonoo

gbobobobobobuoboobooooooog
MPW OOOOOOOOOOOOOXOoOoOooooao
gbi128x1280000000o0ooooooooooo 17
gboboooooo



goboboooooboboboooooobobooog
gbooooboboboobobooboobobooboooboobo
goooooboboboooboobobobooooobo

l 2.00e+06

4.37e+05
gbobooboooood
SOl DOO0DOOoO0O0oDboOOoooboooooooooog 9.56ex04
gbobooobobobobobooboobuoboobooboobo

2.09e+04

gbooboooooon

I4.5?e+03
1.00e+03

O 12. ENEXSSOODOOOOOOOOOooOoOooooooo
goobooooogon

distance
(40,30,20,10,7,6,5, 2um) NMOS
BOX
- : : A
~ (5 pm wide P+, 1 x 10% cmr?)
Bulk: N- (~7000hm cm, 6 x 10> cm™@) | [0
Backbias (0-100 V)
Vth[V]
0.5
i S e 2u
0.4 —_— T

o W
0.1 \ \ \ —%—10u
S VA .

gi10. 0ooobooboobooo \ \ 50 \ —+—30u

-0.1 .
0000000000000 »*'000000000000000 " \ 40u
00000000000000000 -0.2 x
-03
VB (V)

Raw-Pedestal

013.NMOSOOOOODOOUOOoOOp00000movo

0
O0d00o0o0oo0ooooooooooooao
5 000000000 s5umO0O0O0O0 p' 000D 0O back bias O
joovooooooooalvoooooodo
10 1.1 < 1.5e-06 -
! ; IBACK
% 15 0.9 1e-06 — “(4_»»3{
o g T
0.8 |- L
20 0.7 5e-07 B MOS Tr
25 Y R— ot
Zoal ‘%;;:_:: =
I | —e— Idrain
30 0.3 | Se07 [ ‘ [ Ibias
o 1B e
0 5 10 15 20 - el ‘ BIAS —i
Column SrOTTTF ‘ ‘I Charge deposit —— Func_Alphal
o L
O 1. oo oooooooooooooao [P I B T R P R T R

god

ooooooboooobodg rusecOOOOODOO10VO

-le-18-15 le-14 le-13 le-12 le-11
t

le-10 le-09 1le-08
s

0 14. ENEXSSOOOOOOOOOO0ODOOOOOO



0. MPWOOOOOOOOO
gooooooooobD1lemO00O0O00O0OOOO

O16.XO0OODOOOOOOOOoDOO
o000 s0um0Odn

017, 128x1280 000 XOOOOOoOOooOoooooOoa
000000 10.2mm x10.2mm O

7. 00O

000000000000000000 KEK 0000
0 000000000 0000000000000 00
00000000000000000000000000
0000KEK)DOOOO@AXA/ISA)DOD000000
000000000000000000000000

gi1g2o40270 00 00000ODO0ODOOOO

goog

[1] SOIPIX O OO 0O: KEK, U. of Tsukuba, JAXA/ISAS,
TITEC, Niigata U., U. of Hawaii, SLAC, OKI Electric
Industry Co. Ltd., http://rd.kek.jp/project/soi/

[2] X. Llopart et al., “Medipix2: a 64-k Pixel Readout Chip
With 55-um Square Elements Working in Single Photon
Counting Mode”, IEEE Trans. Nucl. Sci., Vol. 49 (2002)
2279-2283.

[3] SOITEC, http://www.soitec.com/

dooo00o0oooO0o0ooOOo0moooo0oooOo
gboobog240 20020050 900p. 122.

[5] A. Uchiyama et al., “Fully Depleted SOI Technology for
Ultra Low Power Digital and RF Applications”, IEEE
Trans. on, Electron Devices, Vol. 49, Issue 12, Dec. 2002,
2296 — 2300.



[6] J. R. Schwank, et al., “Radiation Effects in SOI Tech-
nologies”, IEEE Trans. on Nucl. Sci., Vol. 50 (2003)
522-538.

[7] A. Makihara et al., “Hardness-by-Design Approach for
0.15 um Fully Depleted CMOS/SOI Digital Logic De-
vices  With Enhanced SEU/SET Immunity”, IEEE
Trans. on Nucl. Sci. Vol. 52 (2005) 2524-2530.

[8] K. Morikawa, Y. Kajita and M. Mitarashi, Oki Techni-
cal Review, 196 (2003), 61.
http://www.oki.com/en/otr/196 /downloads/otr-196-R1
5.pdf.

[9] Y. Arai, M. Hazumi, Y. Ikegami, T. Kohriki, O. Tajima,
S. Terada, T. Tsuboyama, Y. Unno, H. Ushiroda, H.
Ikeda, K. Hara, H. Ishino, T. Kawasaki, E. Martin, G.
Varner, H. Tajima, M. Ohno, K. Fukuda, H. Komatsu-
bara, J. Ida, “First Results of 0.15um CMOS SOI Pixel
Detector”, SLAC Electronic Conference Proceedings
Archive.
http://www.slac.stanford.edu/econf/C0604032/papers/
0016.PDF.

[10] Y. Arai, et al, “Development of a CMOS SOI Pixel
Detector”, Proceedings of 12th Workshop on Electron-
ics for LHC and Future Experiments (LECC 2006),
25-29 September 2006, Valencia SPAIN.

[11] T. Tsuboyama, et al, “R & D of a pixel sensor based
on 0.15 um fully depleted SOI technology”, Sep. 2006,
Perugia, Italy, Vertex 2006, submitted to Nucl. Instr.
and Meth. A.

[12] Y. Arai, et al, “Monolithic Pixel Detector in a
0.15 pm SOI Technology”, IEEE Nuclear Sci. Sympo-
sium, San Diego, Oct. 29 - Nov. 4, 2006, Conference
Record, Vol. 3, Oct. 2006, 1440-1444, Digital Object
Identifier 10.1109/NSSMIC.2006.354171.

[13] Y. Ikegami et al., “Evaluation of OKI SOI Technology”
presented at the 6th Hiroshima symposium of Devel-
opment and Application of semiconductor tracking de-
vices, Sep. 11-15, 2006, Carmel, California, U.S.A., and
submitted for publication in Nucl. Instr. Meth. A.

[14] T. Tsuboyama, et al, “R&D of a pixel sensor based
on 0.15 pym fully depleted SOI technology”, submitted to
Nucl. Instr. and Meth. A.

(15) 0 0000000000000 0ooUoooooo
http://www.vdec.u-tokyo.ac.jp/.

[16] SELETE, http://www.selete.co.jp/.



