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BR[ADAETRIMEL  |HC-ATLAS: 3/E=4/8=5/B(HL-LHC)
ILC-ILD: 5/&(double layer)

] ATLAS (LHC=HL-LHC) e

HHEtTIL 50x450um(= 50x250um)=> 50x50um? SumOAIiE I FFEE

J\ATUw R) (Fedd Ul —4kEd
SEES  5neESEEES) ImsESBI(-22Z1E)
KBS 3.5%X,L /layer=>keep or less 0.16%X, L /layer(—4ZY)
ﬁ&%ﬁ%ﬁﬁﬂﬁfﬁ 0.5MGy, 10%°n,,/cm?= x10 @HL-LHC  ~ 1 kGy/y, ~10''n,,/cm? /y
rr-toezom - ATLAS NEBFREMR H 25 LD pixel

ATLAS TOMFRLE(T—H)

Z-> pp event from 2012 data with 25 reconstructed vertices

\_R =554 mm
[ R =514 mm

R =443 mm

R =371 mm

LR =299 mm
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TLAS HybridBIpixel

Sensorff LR/OEBZ | "N
SN B
BUMP BOND hoh i s
R
oy
Monoh’rhu:ﬂé;nxel 2l Flip-chip technique
CMOQOS HR-CMOS
[ R/O circuit 11 R/O circuit [
= SOI-CMOS
' 2ZEZLUIC KLY CMOS prOCGSSHiﬁ'ﬂS — R/O ClrCuit
KK e
(B (~ESIEH)

(~&EiEH)

I R/QO circuit [
Deep Well

. ~25
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nll-llill b—{*ﬂﬂscn Eat)b*ﬁl'ﬂ%i CMOS

(Low Resistivity)

SOI PixeldDIHIA2!: e
® Soitec (=E&LF) (CKDERETT/\—

PERIEIE | CMOSEIRSDRUE |

SR T/ \—  RIFAREED SO wafex
S>QRHRCL U (EEZEEERE>Y) T
Lapis Semiconductor (0.2um CMOS)(C KSMPW (High Resistivity)

=»reliable fabrication

. /
8um /{ N LSI Circuit Z_
* form T ey T £
" Handle wafer: 200nm —= #BC/)X(Buried Oxide)# ¢ 1
CZn ~ 700 Q-cm (Default) R A p+(n+) =
FZn > 3 k Q-cm (2009~) 50~500,m (Buried p-Well)
Double SOI (CZn) (2012~) (H'gzt?sff;fé';“ty L \ n(p)
Double SOI (CZp) (2014~) Y . :

»‘ \\ Backside Implant,
Laser Annealing, Charged Particle

K. Hara, CIiRfSE Nov.30, 2015 Al deposit (X—ray, Electron, Alpha, )
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K. Hara et al., Radiation Resistance of SOI Pixel Devices fabricated with OKI 0.15um
FD-SOI Technology, IEEE TNS 56-5 (2009) 2896.

2009-124F P& [sOIEJIVIC KB EL — hREBRBREEIILV] (FiH-F)

M. Kochiyama et al., Radiation effects in silicon-on-insulator transistors with back-gate
control method fabricated with OKI Semiconductor 0.20 um FD-SOI technology, NIM2011

K. Shinsho et al., Evaluation of Monolithic Silicon-On-Insulator Pixel Devices Thinned to 100
um, IEEE NS (2010)

013-17;.4 RS [SEEIERRROISDDERTFA A— > ] (FIL-E)

S. Honda et al., Total lonization Damage Compensations in Double Silicon-on-Insulator
Pixel Sensors, PoS(TIPP2014)

K. Hara et al., Initial Characteristics and Radiation Damage Compensation of Double
Silicon-on-Insulator Pixel Device, PoS(Vertex2014)

K. Hara et al., Development of Fine Pixel Detector for HEP Experiments Based on
Innovative Double SOI Technology, IEEE2015 NS, San Diego
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K. Hara, CiRfSE Nov.30, 2015




EHREIE  FETOD I,-V . BHER

M. Kochiyama et al., NIM A636(2011)S62

NMOS PMOS
| IV curve(dose)(VS0I2=0V) tr_15_nch | | IV curve(dose)(VSOI2=0V) tr 15_pch |
g W g 0 T
g 10-3 .g;f(e(;rrad ...... .......... g 10-3 ..................................
e . @ ' : -
E 10-4 : y ....................... E 10-4 e RN iiiiiieeeeen. @O OKLY L
10-5; 10‘5 I .::. .......
S0 YRS L e /1 : ; b : B\ |\ R S L.
0¥ e tookay WA T
10 il.200l|<Gy.E , 10 E ..... : .E ........... ;.ZOOkGy =
[ e S N | | AR S
] PSR ' J09E b A
o ; VSOI12=0V : : :
10-10 ' , , 10'10 ........... ........... A\
1011 S ntt——— . IIEII 10-11 Iil ......... ;I I ........
1 0.5 0 0.5 1 15 1.5 1 0.5 0 0.5 1
Vgate[V] Vgate[V]

With accumulating dose, the curves shift negatively for both PMOS and
NMOS, influenced by the holes accumulated in the oxide layer.
=limited to a few kGy

K. Hara, CiRfSE Nov.30, 2015
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CERN Test Beam (2011)

: =
K. Shinsho {&5%(2012)
|
= R T I e B B T B B
g 8oF 21 ndf 126.7/78 | =
3 - Constant 301t124 |
70¢ MPV 1441427 |
60;_ Sigma 41.96 + 1.35 _;
50F- -
na CZ3e-100y m@100V -
30E w/ Clustering E
20f- -
10 ‘ E
0: AT AT I AT A A .’-..-.M...- e Tl ..
0 100 200 300 400 500 600 700 800 900 100C
# ADC[ADU]
ﬂ%‘ 140 IIIIIIIIIIIIIIIlIIIIIIIIIIIII|IIII|IIII
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(SOITEC DSOI)

i, i i i, . A i vt S

_ Si:46.7nm v

Si02:158.7nm

Si:84nm

Si02:156.0nm

X1s5eik

513 k W

(SHINETSU DSOI)
/A

28650l [C KD TID Recovery

[

+ + + + + + +

I~

Middle SOI (SOI2)
+ + + + + +

Substrate

oV

ny P-bulk

2012~

Courtesy of Lapis SemiConductor

Negative View

The 15t metal layer

Middle-SOI

apply negative voltage (VSOI2) to compensate
positive charges in oxide layers

SOITEC nCZ

4

SHINETSU pCZ




Co-y Irradiations (Double SOI): TITEGs

Irradiation performed at RT at rate of 0.3~5kGy/h; No annealing

3kGy~2MGy (200Mrad) 0.5kGy~100kGy (10Mrad
18 species each for PMOS/NMOS 11 species each for PMOS/NMOS
tr L[um] W[um] m Comment BR OL20 \év '\1/' LVTCOMMENT
0 U > 4 NVT 1 0.20 5 1 NvT
1 0.50 > 10 NVT 2 0.40 5 1  NVT_S-TIE2
2 1.00 5 20 NVT 3 0.35 5 1 NVI_S-TE2
3 0.20 5 4 HVT 4 0.20 5 1  NVT_S-TE
4 0.50 5 10 LVT 5 0.35 5 1 |OHvVT
5 1.00 5 20 LVT 6 0.35 5 1 IONVT
s o3 s 7 w1 0051 owa
/ UaS2 2 / 'Oth_ 9 0.35 5 1 IONVT:S-TIE
8§ 0.20 > 4 Ivt_s-tie 10 0.40 2.5 2 NVT_S-TE2
9 0.50 5 10 lvt_s-tie
10 100 5 20  Ivts-tie e —
11 040 10 4 nvts-tie2 [HESEIRREE R EE N
12 0.60 6 10  nvt_s-tie2 ,
13 1.00 5 20 nvt s-tic2 |EEEEERGIEEERE
14 0.20 5 4 nvt_multib-tie
15 0.50 5 10 nvt_multib-tie

1.00 5 20 nvt_multib-tie

=
o)

=

20 Io s-tie




Tr characteristics recovery by V¢,
-ld-Vg curves: typical examples

o oy <3 Transconductance (g,,): ld~ 9., Vg

w206y ff ) «<———— Threshold (Vth): Vgae@Id=(100NA)X(WAL)

£ ©100kGy !

Idrain[A]
—
<

102 .......... ,,,,,,,,,,, : ' 1_% SUb—threShO|d SWing (S)
10° g B fet g g NRT
9 o ). ]...VSor=ay (Id multiplied by 10 for
o] Vg iNCrease by S[V/dec))
4 95 0 05 1 15
Vgate[V] S. Honda
 tr10 : nch_L0.50 W5 m20 colvst | IV curve(VSOI2)(dose=2000kGy) tr10_pch |
T W T T -~ 102gT— T
—_— H H H < H ; ;
A0 =BR[] ek PIC— A — § S
5 10°F oo presitad AP f eem—m———l,. - - - pre-irad
3 S SN/ AN AR S = : | ‘
10 NMOS '
10° I 7/ ) A
107 [ e o i B NN NG N
10° [ : : :
10'9 ®VSOI2= 0V © VSOI2=-3V ®VSOI2=-10V @ VSOI2=-25Y ...\
10 ®VSOI2=-1V © VSOI2=-4V ®VSOI2=-15V
10 ®VSOI2=-2V ®#VSOI2=-5V ®VS0I2=-20V |
10 e T s R o | é 10 E,II.---- ..................
1 0.5 0 0.5 1 1.5 A5 -1 05 0 05 1
Vgate[V] Vgate[V]

k. Hara, cirise NoVERNre coverable, but gm degraded=>limited to 100kGy (OK to ILC)



Opt. VSOI2 [V]

S. Honda, TIPP2014
Optimum V¢, for V;, compensation

|

VSOI2 to compensate for Vth to back to pre-irradiation

o

- > o — |

- ~ e N
-5— 9 -5 tL‘““‘*ﬁ HES S % i

= - S g et

- > - RN
10— — ~ R i
10: 8‘ 100 hw\\\
_15% ,,,,,,,,,,,,, 15 \‘%‘; “Q it
20— 20k - st

= - N~ N
_25:_ _____________ _25 FP\/IOD &
g BRI NN RN R A 30" i
* 10 102 10° 1 10 10° 10°

dose [kGy] dose [kGy]

Noticeable differences are observed among various transistor types.
- =»Different VSOI2 settings are preferred to compensate fully the TID for
NMOS, PMOS and each body connections.

K. Hara, CiRfSE Nov.30, 2015



S. Honda, TIPP2014
Example V,, Compensation Schema

Scheme: Average of optimum V., separately for BF and S-TIE2 for NMOS
Average of optimum Vg, for all types for PMOS

|
Residual of Vth shifts
dVth=Vth-Vth(preirrad,VSOI2=0V) : nch
S B A 1 R R R I R R R

>
< 0.
=
o]

dVth[V]

EE ) et BE_NVT

_03__ _______ . : BF_LVT VGHUSHGHS

® 1 S-TIEZ_NVT

1 J'H%o | 10° 0

dose[kGy] dose[kGy]
V, are compensable within £0.05 V for NMOS

and with £0.1 V for PMOS in this scheme.

Need further consideration for PMOS~2MGy

K. Hara, CiRfSE Nov.30, 2015




Response of Irradiated Pixel Circuit . asano

INTPIXh2 : Integration-type pixel sensor (single VSOI2 control)
-unctionality of electronics examined utilizing RESET voltage (V_RST).

VDD

: ad = 4500

() C C ]

STOREX = 5 = 100kGy 1

L]“:T LOAD -c||f > 3 3 4000¢ Recover E

[ O 35001 =

(sensork cl <DE 3000i E

e ~ - _ -

¥ ‘Z’ STORE _I_L|—° |:—) 2500 VSOI2=-11.0V E

v |5 3 S 2000 3

4 _ | .

— ) | 1

-”:l Storage O 8 1500; =

T—— L capacitor 1000F before =

VSS(GNDTL_ > 500; irradiation E

Bias voltage = 100V ]

I t t. T. _ 120 0 i W N W N N U SR WA NN WO ST U NN SANT N NN RN RE AN R R T
ntegration lime = ns 0O 200 400 600 800 1000 1200 1400

/ V RST (MV)

INTPIXh2 response recovered with VSOI2.
Dynamic range is degraded since optimum VSOI2 setting depends on
the transistor types (NMOS, PMOS effectively).
Expect the dynamic range is recovered further if VSOI2 is set depending
on the transistor types.

K. Hara, CiRfSE Nov.30, 2015



IR pulse laser (~10ns)

RED picosecond
pulse laser

SEABAS2
12b ADCx16ch

- 8 parallel outputs

PIXEL on carrier



Response of irradiated DSOI Pixel

M. Asano

Response to infrared laser of 1064 nm wavelength p., ;o
and 20 ns pulse duration.

600 »

. : VSOI2=-10

400
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600

-
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1 VSOI2=0

182 182

180
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166168 170172174 176178 180 182184 186

0 0 Column Adr

16‘?98200 202 204206 208210 212214216 218 16‘?98 200202204206 208210212214216 218

Column Adr Column Adr :'\6000_..|...|...|...|...|...|...|...||||||||_

_ 5 - ® preirrad o

Images after 100 kGy disappeared but 8 ;,,- o -
recovered with VSOI2=-10V. 8 | °100KGyVSOR=I0V o e 1
< 4000F ® o =

S - ® . -

2 3000[ ® e -

© - o® .

Average ADC count vs. the bias voltage. 2000 o :.' -
= Linearity and sensitivity after 100kGy Lo00k- o V_RST(preirrad)=550mV
(with VSOI2=-10V) are similar to pre- : HERSTLOOKEY)=950mY
irradiation Ol
. 0 2 4 6 8 10 12 14 16 18 20

\'Sensor Bias (VV)

K. Hara, CiRfSE Nov.30, 2015



Rolling-shutter R/O

Bt IL5aH U RS
VDD18
conv | Cg}\‘ i
A 182 READX
PL1~
SENSOR
? 4L COL_OUT

* |INe. RSTH b—RSTx
[conv| N2 P;

VRST  [conv]
!\.Ia.% 5

lwo.s| [conv
w0.5 o

w0.5

GND — mi i’
r /
T dem | speciicatons
chip size 2.9mm X 2.9mm
Pixel size 8um x 8um
Number of pixels 128x128
(Rows x columns) x blocks (128x16) x 8
Active region 1024 uym x 1024 um
Outputs 8 parallel/1 global

-
3 V.o, controls for pixel/decoder/IO regions

K. Hara, CIRtSE Nov.30, 2015

FPIX2: Pixel design




Rolling-Shutter Parallel Readout M. Asano

ScanTime=440ns
Bias=40V

NFZ (single as reference)
100 frames averaged

5120

RED asynchronous
laser pulse (100kHz, <1ns)

'h2D_mean |

Int. Time 1200 q)m 120 Int. Time

Q = 440ns x[ (128/8) x127+N ] — $) =440ns x N (N=0~15)
O 100 88 _900us o4

-; =
% 80 1000 =] 50 BN
o v =
q) (7] = -
n 60 Ol sz
O—f N =
< “| &
o | 40 > | 405

: Q
g 20 « 20
Sv 8 T
% 20 40 60 80 100 120 ) 20 40
CA CA
\\\ Images as expected from different Integration times

e s nov a0 £IGNt parallel readout lines active!



DSOI
RO with 8 parallel ADCs

25 30 35 40 45 50 55

CA CA

K. Hara, CiRfSE Nov.30, 2015

5
25 30 35 40 45 50 55

Scan Time M. Asano

Scan Time (digitization time for each
pixel) requires >200ns to keep the laser
spot un-distorted.

digitization by SEABAS2 12b ADCs

FPIX2 is a working DSOI device to
examine the functionality against
radiation

L. = another pixel device with pixel and

column amps optimized for shorter scan

Non-irrad sensor
Vdet = -50V

VSOI2 (I0/DEC/pix)
= (0v/0v/-0.25v)

RESETV = 1500mV

19

25 30 35 40 45 50 55
CA



Response to collimated IR laser M. Asano

ScanTime=440ns

Pedestal subtracted

500 frames averaged e —
=TT === DSO|

<C —_
220 NFz(single) & 120| VDET=-40V
100 VDETZSOV

IR laser (~10ns) collimated on one pixel
(pixel window 2 umL1)

100

80 80

60

"h2D_raw-ped |

<128

@
126

"h2D_raw-ped

§ 84
82
80
78
74
72
70
68
66

64
108110112114116118120122124126128 52 54 56 58 60 62 64 66 68 70 72

CA CA

40

124

Similar profiles for single and double
«raa ¢ SPread caused by carrier diffusion, laser angle and focusing,,,




Performance after 100kGy M. Asano
VSOI2(I0/Dec/pix)=-12V/-12V /-9.5V

DSOI

Response to RED RSTV response: dependence on VSOI2(Dec)
Fully recoverable to pre-irrad

—— non-irrad 0v/0v/-0.25v
—— 100kGy -8.0v/0.0v/-9.5v
—— 100kGy -8.0v/-5.0v/-9.5v
100kGy -8.0v/-8.0v/-9.5v
100kGy -8.0v/-12.0v/-9.5v
— 100kGy -8.0v/-14.0v/-9.5v

S oo VsO=20v_. 3

g’ 3500 &ec E

! ! [ L1 L [ 3000:; é

0 500 1000 <DE o500L  V/SOI2=-11.0V 4

2000F =

RSTV [mv] "5 0

8 1000; before é

= irradiation E

Previous DSOI  _! s, t ]

1 INTPIXh2 w/ a single 8 % 2004006008001000\1/2(;05#400\/
K. Hara, CiRfSE Nov.30, 2015 VSOI2 control > e



Improvement of PMOS g,,, reduction

16 30

14 L=0.2pm, W=10pm O o L=0.2pm, W=10pm
——0KGYSIl  BF core = —Ok&vSE BF core

12

—— 1.1 [KGy(Sil] — 1.1 [KGy(Si}]
E 1 5 e 0 Sy YoV
=1 — 5.6 [kGy{S0] %._ B [kGy(S1)]
E‘- g 22 [kGy(=)] = 15 22 [kGy(50)]
’2_ 5 — 56 [kGy(3i)] % — 55 [kGY(5i)]
= A ) = 10 —— 117 [kGy{Si]]
1 % 112kGy 5
0 0
0 05 -1 15 -2 0 05 -1 15 2
ves [V] Ves [V]
LDD dose: =x6 nominal density
/ gm reduction 80%=20% at 112 kGy

Effective gate length modulation by radiation

|. Kurachi,,, K. Hara, et al., IEEE Trans of Elec.Dev. 62 (2015)2371.
Sidewall spacer

gate

Vt of gate edges is not
controlled by Vg due to hole
accumulation in spacer

LDD (Iightl[ doped drain) POX

K. Hara,CIRTSE WOV.3U,; Z0I>




SOFIST (sol sensor for fine measurement of Space and Time)

< 62.5mm N
< > Ono(fRK)
- e
20pm
€ [7]
g Active area 1. i
= 3125(H)x500(V) pixels = E
)
5]
:
v v =
=1 8bit ADC x 3125ch
£
m
lg‘\l Controller Data transfer interface ; e T —— e
! (Readout/Output) v e column ADC K
) Data output AR e
Tim? str?lmp Time stamp
circuit output _
RST i t <9 L .
comparator .
|:Id| H T [ Siorge demonstrator chip for ILC
| selector
PD Pre-amp 1
e Analog signal
i STORE1 output

Analog signal buffer x 2

e
J_STOREZ i i :
T on-pixel circuit
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