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-/ 'SOI PIXEL DEVICES

—
4
s ~ =F=  CMOS Circuit ]
SOIl: SILICON-ON-INSULATOR EE-_ m—— AE—— =
CMOS circuitry fabricated on | MiddieSi_—— o EC-.@-S— LI A
- . B R | —~ 1| C
buried oxide(BOX) BOX(Buried Oxide) |/ |
\ LAPIS 0.2um FD-SOI Yy P ./ y - =l
Buried-N  Buried-P | |/, —
Features: 1
 Monolithic (no metal b_umps) Sl Sensor A
« SOI-CMOS (FETs fully isolated) (High Resistivity A
« Can choose* substrate of optimum Substrate) oA ! P= /
resistivity (fully depleted CMOS e L
sensors possible) Back Plane Radiation
*SOITEC SmartCut™ (X-ray, Electron, Alpha, Charged Particles, ...)
. many excellent features
 Material budget - speed - single event effects &
« S/N . cost  latch up

« power dissipation . Pixel size °* Operation temp. (0.3K~570K)

TID tolerance improved to 1MGy by introducing double SOl wafer (HSTD11) N
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GRANT-IN-AID (FY2013-17) ~—
INTERDISCIPLINARY RESEARCH ON QUANTUM IMAGING
OPENED WITH 3D SEMICONDUCOTECTOR

w . —
Imaging Mass
Spectrometer
Rapid Analysis
Imaging
Synchrotron | _
Radiation (i1
AuNano Particle : : ' SOIPIX(H &)
Ax = ~10 nm RV Digtant X-ray |
o ;(FEL Exploration of . .
100 n . femto Second Primitive Black Background N
> 1nm Resolution Holes Reduction

K. Hara, US-Japan Science Program, March 2019, FNAL d \_/



I'yGl:I—I{IGHT-Z (INTPIX4) —

3D CT Imaqging at KEK PF INTPIX

-/

Integration
&global shutter

- Dried
- Sardine

Sensor:INTPIX4 FZn, Backside lllumination

HV:200V. Integration Time:1ms, ScanTime:320ns/pix,
1000frame/event ’

KEK PF, X-ray Energy:9.5keV
Took images for 0~180° at every 1 degree.

V_RST_CDS

(by R. Nishimura, K. Hirano (KEK)
K. Hara, US-Japan Science Program, March 2019, FNAL e \J T s RO TN /




HIGHKIGHT-2 (INTPIX4)

INTPIX4: Computed Tomography with Syncrotron X-ray

(by R. Nishimura, K. Hirano (KEK)
K. Hara, US-Japan Science Program, March 2019, FNAL




INTPIX4: Computed Tomography with Syncrotron X-ray

(by R. Nishimura, K. Hirano (KEK)




HIGHLIGHT-1 (SOIPIX-PDD) —

New Sensor Structure:

~  Pinned Depleted Diode iy
(SOIPIX-PDD) :
Gain = 70 uV/e- Chafge
tect:
Noise = 11.0 e- — o
) (Mask:BP2)
Dark Current =57 pA/cm2 @-35°C P
3507 o SOk P’
300! Electron..y, ¢
250 * Low Leak Current ' | E"h':"q%
W
9200 FWHM 200 eV * Good Energy | "'p:%h
= FWHM:200eV | Resolution AN
O 150- : i\t
* High Charge i
100 Collection Efficiency N
_ No tail B 2 he
50 High potential [ lr Qg g e
in detector ' h
Energy [keV] s G{% J\iw U

(Shizuoka U. JII A )
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HIGHLIGHT-1 (SOIPIX-PDD)

Dark Current

- 120[nA/cm<]@2O C

Nt/

SOIPIX-PDD

(36 pm x 36 um,

104

7
S I‘ h Proposed SOIPIX- PDD
2 A
2 3
o 3
o E,=0.56 [eV] - _
& -
— 4
§ 10% A<= 1 2[nAlcm]@25°C
x A |
© -
% A £
(®)] 1 foserzs Nk
§ 0 ~150Lteak =~ x|,
> N
< current —>
57[pAlcm?]@-35°C
0 ‘ T
1035 3.4 3.6 3.8 4.0 4.2
1000/T [1/K]
K. Hara, US-Japan Science Program, March 2019, FNAL ™ v

(Shizuoka Univ.)
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Y/ Ves =-60[V])

A Conventional SOIPIX ,K
| (36 um x 36 um,
| Vg = -30 [V])

A

s
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HIGHLIGHT-3 (FPIX2) —

- Tracking Resolution:

=
High-Energy Beam test @Fermi
National Accelerator Lab. |
FPIX2 g
| SOFIST FEI4 DUF FPIX2 L | Lt
SOFIST -
. W ] 1 Proton Beam
e 11 | (120 GeV/c)
rT?Omrl 30mr£ 30mm 20m
2650 || imastame
Triggar Logic Uit Two kinds of SOIPIX-DSOI detectors are QO
SEABAS2 used: |
« FPIX2 x 4: 8 pm square pixel detector 4
« SOFIST1 x 2: 20 pum square pixel =

U Tsukuba /KEK detector

K. Hara, US-Japan Science Program, March 2019, FNAL - N J ( ; ) o/ \ 10 )
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HIGHLIGHT-3 (FPIX2) —

SOl Vertex Detector (FPIX. SOFIST)

| | frem PoS(VertexZOI?)mﬁ Detector Pixel size Resolution
................. ..... ................... SOFIST ATLAS Pix 13.75 um 11 um
o SOFIST 20 um 1.2 um

1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

s e e e FPI bt FPIX 8 um 0.65 um
o el R L E|
|- Ref[22]24pm | LN
| —%— FPIX 8um

| —=— SOFIST 20um

Constant 6233181
Mean 0.06829 + 0.00747
Sigma 0.6834 + 0.0068

Spatial resolution [um]

700

600F-
500F DUT=

— ond = 0.683
S/N 400p- 27 FPIX2 g
300;_ i 0.006 IJ.ITI

200F-

—
=)
) -
T

Better than 1 pum Position Resolution for

high-energy charged particle is achieved F

0' PEEE BT R TN Y " P | PR |
-10 -8 -6 4 -2 0 2 4 & 8 10
first in the world ! residual [um ~/

Concurrent Timing Measurement with

Ops resolution is also performed. Ref.[21] ATLAS sensor, ATLAS-CONF-2013-005 S
Ref.[22] DEPFET detector,
https://cds.cern.ch/record/ 1967037

K. Hara, US-Japan Science Program, March 2019, FNAL \J | 11 /
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HIGHLIGHT-4 (XRPIXS5)

o2 XRPIX Event-Driven Detector
°, ’” 15.3 mm
- 2o | for X-ray Astronomical Satellite
"
13.8 mm A»
Timing resolution of CCD is too poor to make
anti-coincidence.
Koy Partinla Prompt hit signal
Pl of View 1 BGD generation XRPIX5
& SOIPIX 608 x 384 pixel array
5’ ck 1 Pixel : 36 pm sq.
e = .
\\v‘/ Remove cosmic-ray ¢
/ back ground. 2
Y ‘PGA ¥

by Scintillators

] Anti-coincidence Shield
Rate ~kHz

‘

" DECODER & TRIGGER

PROCESSOR

Aiming to install in the next satellite FORCE (Forcusing On

Relativistic universe and Cosmic Evolution)

(Kyoto U. etc.)
K. Hara, US-Japan Science Program, March 2019, FNAL et u
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IjIGHIiIGHT-4 (XRPIX5)

XRPIX: Event Driven X-ray

Astronomy Detector

Pixel Circuit

., BAD PIXEL MASK

— T ~ (5R Latch)
¥ v 2 2 ! ]
! ! 0 rstcompr O RsT comp2: ™ |3
— i s 2 =R
o -1 ol :
kW i
> : 5lq TRIGGER C
tiﬁ ” H/L OUT
O :
RST SR Latch | CND
t WE_CSA SF
o E |-d
3
a 'd EE E STORE CD5 Cap.
2 el 3
P | e g
|-
—_— ¥
[4¥] Sense-node ] & E_I E_I
e & &
C PD “—4 E h‘ll .
@ : @ Q E
! GND . 1 = I
; CSA
e e e e em e m—m—eme—————— COSRSTV VIH_ ___....!
"""""" | Previous Readout Circuit:

! COL AMP.
: w/o CDS
OUT BUF

~XRPIX3b!

FRIG_COL 5R) |
1" TRIG_ROW (SR) '
: & :

TRIG_OUT (OR) |

KiVeil g5 :---- NODA

Trigger Info. Output

Trigger

——COL AMP.;
with CD5 :

23

PGA : x1, x4, x19

m T

AOUT

Readout Circuit

K. Hara, US-Japan Science Program, March 2019, FNAL N \J

g IFWHM: 156 = 16 eV
5" @ 6.4 keV
] —
Dﬂ 100 - ;J‘l; _'d QL 400 S00
Channel [ADU]
TOUT BUF
SIG =
Signal o/
PED
e i &
St 13 /



IGHLIGHT-4 (XRPIX5)

Hitomi eROSITA XRPIX
CCD pnCCD
Pixel Size 24 4t m 715 um 36 U m
No. of Pixel 1200 x 1200 384 x 384 608 x 384
Depletion Thickness 200 U m 450 4 m 300 4 m
Energy Resolution 165eV 150eV 156eV
(@6.4keV) (Test Chip. 1 pix)
Timing Resolution 4 sec 50 msec | =—=p 10 usec
xH000 fast !
Anti Coincidence X X O
Operating Temp. -120°C -95°C -20°C
Energy resolution as good as CCD’s ~
Much faster!
Muon veto possible N

K. Hara, US-Japan Science Program, March 2019, FNAL et \J
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4

jO F I ST SOl MONOLITHIC PIXEL DETECTOR

FOR FINE MEASUREMENT OF SPACE AND TIME

Allows time and space point measurement

Design specified to meet the requirements for the ILC experiment

ILC beam train

~1300 beam bunches (every 554nsec)

I 1

IIIII*"|| IIIII*"||
L

€ >

200msec

Main requirements:
* Position resolution <3um
* Low material <0.2%Xo/layer
* TID~1kGy/year
NIEL ~10''n,,/cm?/year

Readout between trains
bunch ID highly preferred
Power dissipation: <50mW /cm?

The goal is a sensor with both good spatial resolution of <3um and time resolution <1us.

pixel size ~20um-sq with analog readout
timestamp recording the ramping voltage
store the data allowing multiple hits on the same pixel
on-chip ADCs &zero-suppression for fast data transfer

SN KX

K. Hara, US-Japan Science Program, March 2019, FNAL et \/
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\Sy[ST/ PIXEL ARCHITECTURE

_____________________

S’ S‘j_V1
A Timestamp
Start Vramp per beam train / oo oo 'outpt

shift-register chooses™ memory cell to record

| T
. e Ramp signal |
Signals exceeding Vth | swe ;
analog signal recorded i
timestamp voltage recorded |

_____________________

Recorded memories are digitized by column ADCs

Lero-suppression applicable

— 1
\V4

(8bit has been implemented) Vlth_ EF>

- e —————————————

! Comparator —--zr7—-—-----------~

Signal output

i

K. Hara, US-Japan Science Program, March 2019, FNAL e A\ / e 16 /
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\/SQﬂS/T ~ IN DEVELOPMENT

SOHS

MX1850

ver.1

F\\\P‘\’ ed

yest

530\‘;‘ Oﬂd\og\

MXZ2040

ver.2

F‘:: oLm\es’(‘e.\?\
Ly .
Kbi;‘(c\uo\e p\)‘e\S\
<]

=
%

e

MXZ2166

ver.3

eV Setiol

1p3
Unde\' ‘n SOme P

e\)

Chip Sizs (mm’) 28x28 445 x 4.45 Bx6 4.45 x 4.45
Proal Size (U m*] 20 x 20 25 = 25 30 x 30 20 =20
B4 x B4 (T Stamp)
Pixal Array 50 % 50 * =S me =Eme 128 x 128 104 x 104
16 = B4 [Analog Signal)
Pre. Amplfer [C5A)

Functions [Fixsl)

Pre. Amplfiar (T5A)
Analog signal mamarny (2 hits)

Comparator (Chopper invertsr)
Shit registar [DFF x 2)
Anslog signal mamuary (2 hits)
or
Time stamp mamory (2 hits)

Pre. Amplfier [C54)
Comparator (Choposar invertsr)
Shift register (DFF = 3)
Anabag signal memory (3 hits)
Time stamp mamiary (3 hits)

Pra. Amplifier (C5A)
Comparator (Choppsr invsrar)
Shift register (DFF = 3)
Analog signal mameany (3 hits)
Time stamg mamory (3 hits)

Functicns [On Chip)

Column ADC (B bif)

Column ADC B bit)
JeMo-EUDpresson logic

Calumin ADC (B bt}

Column ADC (8 bed)

Wafar

FZn-typs [Single SO1)

-

Cz p-type (Doubls 500

FZ p-type (Doule S0

Wafar Rasistvity (k{1-cm)

= =

=

3-10

FZ p -type (Couble SO0

Siatus

Daliversd Dec. 2075
\nder evaluaticn

Delivarsed (Jan. 2017)

- delivered

K. Hara, US-Japan Science Program, March 2019, FNAL e \/
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SOFIST-1 SPATIAL RESOLUTION

SOFIST residual to FPIX track (c_track~0.57/0.65.m)
Bias=130V (~500um depletion) =>15V (~200um depletion)
=>on-chip 8-b ADCs

SOFIST#2(BPW16x16)

\ Readout: external 12-b ADCs
SOFIST#1(BPW14x14)

plots for “black case”

Residual X: 4 Residual X: 5
* h_resx 4 * - h_resx 5
s Entries 1784 < F Entries 2401
@ 140[- Mean 0.1503 o 220 Mean 0.1677
r Std Dev 2.795 200F Std Dev 2.721
L %2/ ndf 12179 E %2 / ndf 12,58 /9
120 Constant 139.5+5.8 180 Constant 227.7 7.6
Mean 0.2746 = 0.0553 160 Mean 0.1668 = 0.0386
ReSi d ua I X 100[— Sigma 1.504 = 0.054 140 E_ Sigma 1.367 + 0.035
80:— 120 E—
[ 1 .50 - 0-05 KM 08 1 -37 =+ 0.04 1wm
60— E
: 1.57 % 0.08 pum = 1.49 =+ 0.06 pm
a0 60~
1.58 & 0,05 im «f 1.33 = 0.03 pm
o 20F
fo) SIS . DR SO ¥ ull ¥ P R Eevcet e TV 000

-15 -10 -5 o] 5 10 15 =15 -10
Residual X [um]

-5 (o] 5 10 15
Residual X [um]

Residual Y: 4 Residual Y: 5
- h_resy 4 @ 240 h_resy 5

:,E, 160[— Entries 1784 ;E) Entries 2401

o Mean 0.01972 o 220 Mean ~0.1204

140[— Std Dev 2.825 200 Std Dev 2.694

%2/ ndf 16.79/9 %2/ ndf 11.4/9

120 Constant 148.5 = 6.4 180 Constant 2312+ 7.9

. E Mean 0.1282 = 0.0481 160 Mean 0.06111= 0.03750

— Sigma 1.378 = 0.048 Sigma 1.348 = 0.035
esidua 100 1o
r 120

1.38 £+ 0/05 um 1.35 &+ 0.04 um

1.55 = 0.08 Hm  so

S/N~300 (130V) - .54 % 0l04 um

~120 (15V) o

1.38 = 0.05 um
1.32 #+ 0.03 pm

=P anmie r oen E =i
915 -10 -5 o 5 10 15 915 -10

Residual Y [um]

K. Hara, US-Japan Science Program, March 2019, FNAL et WEK)
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SOFISf 1 SPATIAL RESOLUTION

® Tracl:/uncertain'ry (0.6um) subtracted
Compatible with DEFFET ([22])

-

N correction may improve further

1_sofist2_x_4

Spatial resolution [um]

h1_sofist2_y_4|

SOFIST1 X n 91131000 SOFIST1 Y

1000

900

900

center

800 800 !

700 700

600 600 £

500 sof S8

center

Mean 1063

Std Dev  6.075

10 12 14 16 18 20 0 2 4 6 8

Pixel Local Position [pm]

10 12 14 16 18 20

Ono (KEK)

K. Hara, US-Japan Science Program, March 2019, FNAL
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- |—aRef[22] 24um |
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SOFIST-2 BEAM TEST 2018MAR

Beamline Setup N
Csint4mppc ][] SOFST 7 INTPIX4 (17umd, 8.7x14.1mm)
H 1 [ (@mmbd) 5 HRol(2,3,mmO) adijustable
120GeV p E 1111 3
event tag BUSY

Timing Chart

INTPIX4 |[ [ b I 0
sorisT |[ || RO gj I
Vramp /M//\
BUSY

STORE | 500us

]

spill _| ﬂeven’r tag 4.2s N

K. Hara, US-Japan Science Program, March 2019, FNAL N \J -’ 20 /



conducted on site

SOF)STi/ TIMESTAMP CALIBRATION

)

O 2500
2 I Readout: N
o 2 External 12-bit ADC  +
T —— = B -
i ] L
Timestamp memory 5 1500 A
- ‘ ‘ - - 0} i *
1000 — +
- +,,//. .
| Test pulse i .~ linear correlation
500 —
- assumed
. -+
( 500mv & 200mv Hznops 5.00MS/s e "14 14 28 2018 O | | | | |
\»v200.000ns 10k points 120mV J|09:07:43 0 - ‘WOO‘ — ‘200‘ = ‘300‘ — '400‘ — ISOOI — ‘600
i hT sig 17 20 Test-pulse input (us)
g r Entries 2000
Winol- Mean 249.6 All Aivale h_rms
F RMS 0.9257 k%) AL M Entries 4096
350 x®/ 27.03/¢ ¢ Bo00L- Mean  0.8933
E Constant 433.1= 11.4 [ C RMS 0.02819
- Mean 2495+ 00 +* -
3001~ Sigma  0.9094 = 0.0124 700C
250; 600—
2001 | sigma <1 us S00E-
=0 Treq™250us w00 RMS ~0.9 ys -/
100 300 .
- - conducted on site
50/ 200
7\ L1 | L1 | L1 ‘ e '\ ‘ L1 ‘ L1 \‘\rl | ‘ L1 ‘ L1 ‘ L1 E \
810 242 244 246 248 250 252 254 256 258 260 100—
TimeStamp [Hs] c

Ono (KEK) 8-;\|\\0-‘6\\ \lo.‘7\\ \\0‘8 \\Olg\ [ 1LI_1J1.‘:I_LL._I!I-‘2\\ \%-‘3|J \\1-‘4|\L\1-5
K. Hara, US-Japan Science Program, March 2019, FNAL >\, Ono (KEK) TimeStamp o [ps] 21 /
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SOFIST-2 TIMESTAMP CORRELATION~

- SOFIST2 #1 and #2 Correlation of fimestamps in two SOFISTs -

500 "z TeeaTa --'-" - R Ry T . * -, & e

N
o
o

o Overlapping events in same 500us gate

/

Timestamp #2 (us)

- 50
300 HALRY 2T D5 HREE
50 = 40 SOFIST ver.2 #1 and #2
= Ju! F T T T T T T T T T T T [ TRl AL 0250050
200 — 30 $ 600 s y-a
- 01 - Std Dev 2362
- [ Underflow 107]
150 C 20 5{}0—_ an;w 3413;:
C B ¥2 [ ndf 159.8 /96
100 400 o ;}gﬂ fnznaéi:
= 10 C Sigma 2188 =0.0197]
S0 LECA M R e S b RE LR 300F- _ \
:I L 11 ‘ L1 | L1 | L1 | 1 | 1 | L1 11 | L1 11 | L1 11 | L 111 0 : Slgma - 2'19 = 0'02 HS
100 150 200 250 300 350 400 450 500 C 1
Ono (KEKY 200} :
Timestamp #1 (us) 100E E
:|||||||||J AN A AN A I AN --La.|||||||_|_

=20 -15 10 -5 0 5 10 15 20
Timestamp Difference (us)

Periodic clusters?
Intrinsic resolution: 2.19/,/2 ~ 1.55 us

K. Hara, US-Japan Science Program, March 2019, FNAL > \/ b 22 /



SIZE OFFNAL MAIN INJECTOR (MI)

~45 ADC = ~11 us

_P_"J 40_— I I I I CIanarTulnaIADC![S_SDIFISTI_IIP—ﬂB:
% - Entries 17802
> - ean 57
L 355 I:ld Dev 1241;
- Underflow 0
30:_ Ove Ioto l‘l* [l_:
— Iptegrgl +D4
25F- y Thq:pa]
o0
15 2 | —
' L%’ 25—
10 ' C
H 20—
O: , ‘ | I 1] 1 | | l 15:_
0 ~ 500 1000 1500 2000 -
Yamada (KEK) Timestamp (ADC) 10
5t
Beam structure due to bunch rotation in OE.

the MI: 11us—3.3km (3319m actual) o0
Yamada (KEK)

K. Hara, US-Japan Science Program, March 2019, FNAL b \/
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200 300

Timestamp (ADC)
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SOFIST-2 TIMESTAMP PRECISION —

Graph
conducted on testbench

M AADC/Adelay[us]

N linearit ; z [ 41

£ 1500~ (0,0) Y 3 aE slope1D o 60 = .

§ 10 % k- [ Entries 4096 = . -
nE b E | Mean 3698 r ¥ 4
c s 160F— | Std Dev 0.04763 50— .

S5 1w | 3/ ndf 398.7/137 = —39
O wnF 0| Constant 1712136 - :
9 E oF | Mean 3908 £0000 40—
v CIndt 5894719 F(Sgra 00113 +000029 - . —1338
(A g po 12.14£1.078 10 I
< wf pL 3866 +0.003468 ; 30
200~ Ll L = = 3.7
ol L L L F -
0 20 w0 o Test-pulseisr?;sm[ms GD:_ 20 :_ 36
Test pulse delay [usj ufF - '
uF WJL 10— 35
Murayama (Tsukuba) IO PP Ly AN -
3 35 36 31 18 39 -
oo 0 20 30 40 50 60 o4
Time spread for 500us delay pulses ol
resolution2D .
[ P resolution1D = = Sllght row
& “r Entries 4008 g s0— = dependence
B Mean 0.7667 C s
L Std Dev 0.03409 C —1 2
20— x?/ ndf 1301/933 50— 8
C Constant  9.012 £ 0.250 E
L Mean 0.7544 + 0.0004 C —0.8
- Sigma 001823 + 0.00045 40— resolufion2D
15— . C Entries 4096
- resolution - e [Meanx 3104
B M 30— ’ Mean y 30497
r ~ ~ C StdDevx 1819
0" M il | ~0.75us(~2.9ADC) i Superx 1819 O
B ‘|“ N 20— 0.4
= }“ N -
L | I 10— 0.2 oy
e ik bl - No notable position
811 PO 1100 0 g -
07 072 o7aore b7e 02 0&2 084 05 088 pl e [ dependence
resolution[us] 0 10 20 30 40 0,
i
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SOFIST-2 ANALOG SIGNAL

£ C

Noise_SOFIST2_IP-18_RunlD_0180
200 o 6.0
0 E
) s s 0 58 F -+ BPW 16 um
X 180 [ ] BPW 16x16 um? Mean=5.14 =0.15 < F
:&. C ] BPW 14x14 um?, Mean =5.17 = 0.14 ® 56 - BPW 14 um
C 2 _ . W - r
160: BPW 12x12um”, Mean=5.18 =0.16 5 54 E =+ BPW 12 um
140 z 77t BMS
120 C 52 ; ) .
100E 5.0 ‘ ‘ | [ = |
E 48 E ‘ ! 7 B NW
80— F
= 46 -
60— C
= 44 -+
0 C :‘ 42 F p
E | | | ‘ | | ‘ L 4_0 £ L L TR T B L L 2 5 U m
% 42 44 46 48 5 52 54 56 58 6 -50 -40 -30
Noise (ADC)
Yq m a d d ( K E K) ClusterTotalADC_SOFIST2_IP-08 ClusterTotalADC_SOFIST2_IP-08
500 500 500)
450 a50F 450F
400 HV=5V 200k HV=-10V aoof HV=-15V a0k HV =20V
250k Peak =384 ADC 350k Peak = 512 ADC asof- Peak = 576 ADC 350k Peak = 704 ADC
300f 300 300 300
250F 250 250 250
200 200 200 200
150 _5\/ 150) 150 150
CI 1_ h 100 100| 100 100
usrer charge 50 0 50 50
500 10001 5020 y o 500 10001 500200@E0B 0t o0 Ry ! 0o OEE0EI00
(HV dependence) Cluster ADC Cluster ADC Cluster ADC Cluster ADC
ClusterTotalADC_SOFIST2_IP-08 ClusterTotalADC_SOFIST2_IP-08 ClusterTotalADC_SOFIST2_IP-08 ClusterTotalADC_SOFIST2_IP-08
500 500 500 = 500 g
450F e e 450F = 450 P 450
a0k HV =25V 00k HV = 30V 400, HV--35V 400 HV =40V
asok Peak = 704 ADC 250k Peak = 704 ADC 50| Peak = 768 ADC 250 Peak = 768 ADC

300F
250F
200
150F
100)

50)

-20V

500 10001 5002000P5008000850
Cluster ADC

0

50010001 5002002500800035 0
Cluster ADC
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50010001 5002000250CB000850 0
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SOFIST-2 FULL DEPLETION
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Full depletion expected ~30V for 9x10'2/cm3 (0.5kQcm) concentration (measured)

S>700 ADC (N~5 ADC) for 67um thickness
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ClusterTotalADC_SOFIST2_IP-08
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SOl Testheam@FNAL

Tracker for SOFIST testbeam

Using 4 plaes of Iqrge area INTPIX4
_,,h._‘_r»i‘ A

Pixel size : 17x1 7um
Sensitive area (8.7x14.1mm)

13 parallel readout

64x512
64x512
64x512

512x832 pixels
-> 300 fps

faster by Rol selection

bbby A T T T " " R T
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SOFIST2 SPATIAL RESOLUTION
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Due to a high Vth applied in the testbeam, hits are with ~single cluster
=25um/N12~7.2um expected
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~_/SOFIST-3 - QUICK TEST

Both functions implemented on 30um pixels am @ FNA\'\_‘
Charge signal B#REIR (Sro0) Timestamp
800

120
700

100 500

80 500
400

60
300

40 200

20 100

0

%

20 40 60 80 100 120

S. Ono(KEK) N
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jOFlST—3 - PIXEL LAYOUT

) —
Test input
i r:‘ Vth e swi sw2
CcDs
T I |
Pre-amp
(Charge sensitive amplifier)
CDS input
o Pixel output,
S\i\fz ;
analog —T
I oo
Analog signal memory
X2 for
timestamp
=

MIM(50fF, 1.5fF/um?
1 for CDS
2 for comparator -

Yamada (KEK) Slum
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TEST

SOFIST VER.4

Lower pixel

Up to comparator

I

Upper pixel

Shift-register

_TRG_SEL X  COMP_EN SREG_IN REGOUT 1 REGOUT 2 REGOUT 3
VTR CE L |—D Q | D Q | D Q
LudBe PIX_TRG _J _J _
D [ SE— Q —0 Q —q Q
CF_RST_X
St & PAL | PAD SEETEe
l l RST_COMP1
RST_COMP2 ® ®
| | e UL Shift-registers
CDS
| ] 3 Memory cells each
LT
VB_CSA VB NSF CDS_RST
REGOUT_1 REGOUT _1
Pre-glmp - Output amplifier Output amplifier
(Charge sensitive amplifier VB_CDS_RST PIX_SIG sw1J_ Z@
+N-SF) | [l D 0/0 I AOUT _1 RAMP_IN o I TOUT_1
VB.NSF PAl ) PAD
Buffer-amp
(N-SF) REGOUT_2 REGOUT_2
swzJ_ swzJ_
oo I AOUT_2 oo I TOUT 2
REGOUT 3 ; REGOUT 3 ;
swsJ_ swsJ_
oo | AOUT_3 o o |
= 2 Al VT8
;;g AOUT_SEL X ; ; ;
AOUT_1/2/3 o COLOUT_1/2/3
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TOUT_1/2/3 .

TOUT_SEL_X
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__/SOFIST-4: PIXEL LAYOUT

Upper pixel

Lower pixel * Shift-register

* Pre-amp
* Comparator

* Analog memory x3
* Timestamp x3

Cone-Bump pad(5x5um)

3 bumps/pixel

Au cone bump
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Cylinder-type is more reliable

\
Jan IS COMING (SOFIST-4)
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< e < T O T
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10.0um
T-Micro slight mis-alignment to UBM =corrected

Upper&lower bumps are stacked well
(peel off one sensor layer) b
Bonding<200degC
5.0kV x5.00k
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' AINING PROCESSES (SOFIST-4)

oo o mm mm mm m mm mm mm mm mm Em Em Em Em Em mm Em mm Em Em mm mm mm Em mm mm Em mm Em Em mm mm mm mm mm e mm = = = =

(d) Bulk-Si removal

Bond Pad Passivation Back gate adjust electrode

L o e

(e) Pad patterning
and passivation
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)~ SUMMARY =
-

0 5-year Grant-in-Aid (2013-2017) accelerated
development/application of various SOl devices.

0 SOFIST has been tested in FNAL beam
SOFISTv1 <20um pixel size>
spatial resolution:
1.3 um(500um)-1.4 um (200um) with no n-correction applied
SOFISTv2 <25um pixel size>
time resolution: 1.89us (linear calibration)
good S/N~120 for 67um thickness
cluster size~1 (Vth was set slightly high)
- spatial resolution ~8um as expected from pixel si

) SOFISTv3 is beam tested L
_ SOFISTv4 fabrication is underway

K. Hara, US-Japan Science Program, March 2019, FNAL et A\ / o 36 /
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« INTERNATIONAL LINEAR
it COLLIDER

ILC detector concept (ILD)

* ILC EXPERIMENT
e E+E- LINEAR COLLIDER
e CENTER OF MASS ENERGY: 250 - 500 GEV
* PRECISE MEASUREMENT OF THE HIGGS BOSON

e+ bunch
Damping Rings IR & detectors compressor
\ / |

e- source ‘;’D
e- bunch e+ source
compressor positron 2km
g main linac
..... 11 km
central region
5km
electron
main linac
11 km
2km
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/ DOUBLE SOI WAFER

£
= '\5‘ ’
splittin
Oxidaﬁ% H implantation PHFTS Ol wafer
A /
L - 7 E |
gy "
T AN e ;edmr;g. 5 .
"ea, ndin .,
iy egding B
A N’ bonding
Initial Silicon .
splitting v
i i Negative View V
B
The 15t metal |
SRR R / i aaver\ DSOI wafer
$i02:158.7nm
Gate
Top-SOI
Si:84nm
Si02:156 Onm
5.8 kV  X158K Substrate
| 9

K. Hara, US-Japan Science Program, March 2019, FNAL e



-
\/ISSUES TO OVERCOME

In application of SOI to pixel devices .

Back Gate Radiation Sensor-Circuit

Effect Damage Cross Talk

1y LA
Hole Trap
BNW Couplina

i)
Tied to pixel node conventionally DSOI solves all

-> area need to be optimized
( coverage of FETs/capacitance ) p

E-field| |
|

-HV
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WAFER TYPES

" Lapis Semiconductor: 0.20um FD-SOI process

~ Optimum wafer selectable (single p/n, various res
One type for double: getting better!

K. Hara, US-Japan Science Program, March 2019, FNAL N u

Layer Single SOI D-1 (SOITEC) | D-2 (Shinetsu) | D-3(Shinetsu)
mx2166 ©"
SOI1 | p-type 88 nm, | p-type 88 nm, | p-type 88 nm, p-type 88 nm,
<10 Qecm <10 Qecm <10 Q) ecm <10 Q) ecm
BOX1 200 nm 145 nm 145 nm 145 nm
SOI2 - p-type 88 nm, | n-type 150 nm, | n-type 150 nm,
<10 Q ecm <10 Q) ecm 3-50 ecm
BOX2 - 145 nm 145 nm 145 nm
Substra | n-type/p-type n-type p-type p-type
te ELpEE W O S CZ Low Oxygen CZ FZ
725um | 27722 k€2 ecm >700 Q) ecm >1.0kCQ ecm | >5.0k( ecm
Nt
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