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Workshop for development
and applications of fast-timing
semiconductor devices

8t Dec 2018

@ University of Tsukuba,
Tokyo Campus (Otsuka) Room 117/119

Registration: https://indico.cem. ch, e/LGADatUTsukuba
Send e-mail to h < » for presentation

Since the several successful cperaticn demonstraticns of
GAL), we are in a stage of
ment and apnlication
2. ca. 30 ps,
-uld realise a superior
rescluticn of C(10microns) at the same time. The
wicrkshom is crzanised to summmarise the LEAL
develonment status and to discuss further DAL activities

Organizing mombers
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Workshop for development and applications of fast-timing
semiconductor devices

8th Dec, 2018
@University of Tsukuba, Tokyo Campus 117/119

Tentative Program{Nov.12, updated)
Room 117
9:50-10:00 Kazuhiko Hara (U Tsukuba)

Welcome and Introduction
10:00-10:20 Kyoji Onaru (U Tsukuba)

Performance Evaluation of HPK Segmented LGAD
10:25-10:50 Sayaka Wada (U Tsukuba)

Timing results of HPK LGAD PD
11:00-11:20 Ryosuke Mori (Kyushu U)

Development of inverse-LGAD for PID application in ILC
11:30-11:50 Taiga Yamaya (MNIRS, QST)

Radiation detectors for positron emission tomography
<working lunch: bento> Room move to 119
12:00-12:20 Daiki Hayakawa (U Genéve)

Development of fast, monolithic silicon pixel sensors in a SiGe Bi-CMOS
process for TOF-PET

12:30-12:50 Sayaka Wada [U Tsukuba)

TCAD simulation of LGAD
13:00-13:20 Adriano Lai (U di Cagliari)

3D fast timing sensors and related electronics
13:30-13:50 Masahiko Saito (U Tokyo)

Tracking at FCC
14:00-14:20 Simon Mezza {UCSC)

LGAD Development for ATLAS HGTD
14:30-14:50

15:00-15:20 Koji Nakamura [KEK)
Summary and Prospects
By 16:00 Adjourn



The 27th Internationa ‘quks'hp on Vertex Detectors
21-26 October 2018 .

International Advisory Committee "MGM Beach Resorts" in Chennai, India.
Marina Artuso, Syracuse University https: / /indico.cern.ch /event /710050 /
Gian Mario Bilei, INFN Perugia

Daniela Bortoletto, University of Oxford

Richard Brenner, Uppsala University

Davis Christian, Fermilab

Paula Collins, CERN

Zdenek Dolezal, Charles University in Prague

Lars Eklund, University of Glasgow

Francesco Forti, University of Pisa and INFN Pisa

Kazuhiko Hara, University of Tsukuba

Roland Horisberger, PSI

Manfred Kramer, CERN ~/
Hans-Guenther Moser, Max Plank Institute for Physics, Munich

Hwanbae Park, Kyungpook University

Chris Parkes, University of Manchester

Sally Seidel, University of New Mexico
FHEHR L A HRERE 2018.11.22 ~ = 4)



N/
Devgﬁpﬁeﬁfﬁf SOl Monolithic Pixel
Detector for Fine Measurement of

Space and Time SOFIST

K. Hara (Univ. Tsukuba)
for SOIPIX Collaboration

&%& SI=OOHOIPI; lk>; ct

SOFIST development:

% 2, U. Tsukuba: K. Hara, D. Yamauchi, R. Abe, S. Iwanami, H. Murayama, K. Watanabe S
ﬁi‘(ﬁj{% KEK: T. Tsuboyama, M. Yamada, S. Ono, Y. Arai, Y. [kegami, I. Kurachi, M. Togawa, J. chq

University of Tsukuba Tohoku U.: Li. Tachan \/
e
N’ —
Project supported by

JSPS Grant-in-Aid for _Scientific Reseakl\{n Innovative Areas (2013-2017)

I



OUTLINE

S

1. SOl PIXEL Sensor Development - Introduction
2. Highlights from 5-Year Grant-in-Aid (summary by Y. Arai)
3. SOFIST
> design & developments
> SOFIST-1 position resolution
> SOFIST-2 timestamp resolution
> SOFIST-3 quick evaluation
- SOFIST-4 3D stacking
- Summary

(S

FEHEMEL I—ERESRZE 2018.11.22 gt \./ ot 6/



W, ~SOI PIXEL DEVICES

o' \./
4 ) CMOS Circuit =
SOIl: SILICON-ON-INSULATOR _=- f— =
CMOS circuitry fabricated on | MiddleSi —F e , o D
1 1 B B 11t r 1|
buried oxide(BOX) BOX(Buried Oxide) |  /
\_ LAPIS 0.2um FD-SOI ) = / “ o =l
Buried-N Buried-P | |7, —
Features: \"%
 Monolithic (no metal b_umps) i ‘Sensor i
« SOI-CMOS (FETs fully isolated) (High Resistivity _I,’+{ \
« Can choose* substrate of optimum Substrate) i ¢ P
resistivity (fully depleted CMOS > .
sensors possible) Back Plane Radiation
*SOITEC SmartCut™ (X-ray, Electron, Alpha, Charged Particles, ...)
. many excellent features
é )
 Material budget - speed + single event effects L
- S/N e cost  latch up
C power dissipation . Pixel size °* Operation temp. (0.3K~570K) ) )

TID tolerance improved to 1MGy by introducing double SOl wafer (HSTD11)
FHEHR L S—HRARE 2018.11.22 R, = /
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GRANT-IN-AID (FY2013-17) -

INTERDISCIPLINARY RESEARCH ON QUANTUM IMAGING
OPENED WITH 3D SEMICONDUCTOR DETECTOR

j Imaging Mass
Spectrometer
Rapid Analysis

B~ ~
- “; -

S - TR

/IS | A \‘\LQ.\!!\.ISK“\‘\‘\

Imaging
Synchrotron
Radiation

piNano Particle Pr:C,Se Time SOIPIX(B 1&»
Ax = ~10 nm & SOlutiop Distant X-ray
. .
XEEIS Exploration of . e
femto Second Primitive Black Background
1nm Resolution Holes Reduction

FHEFE L I —EHELE 2018.11.22 N




#B1E [EFRAA—SOITHRRER] @RBRFE OHBHS5E
25-26 Sept 2018

The 1% Workshop on Quantum Beam Imaging

FTHEMELUA—IERESE 2018.11.22 -’ \/ et 7



HIGHLIGHT-1 (SOIPIX-PDD)

New Sensor Structure:
) Pinned Depleted Diode
(SOIPIX-PDD)

Gain = 70 uV/e- Charge

Noise =11.0 e- i BNS
. (Mask:BP2)
Dark Current =57 pA/cm2 @-35°C P
350 | +*
o S9keV P
300 . :
Fe-55 * High Gain
250: * Low Leak Current _ \(\
2200 FWHM 200 eV | * Good Energy ‘i“"{
5 FWHM:200eV Resolution AN
S 150- " . 3
* High Charge h
100 Collection Efficiency R
el No tail J /\ | ;;35 )
...................... N
. . 2
00 O L ;t‘“ }5" 8 10 = = ‘lé "
Energy [keV] 2 %‘g\n:xe e BN
*G
. (Shizuoka U. JI| ABH) 10
R et el i i i S — ] o) \



7|@HL|GHT-1 (SOIPIX-PDD)

N SOIPIX-PDD
Dark Current
. /120[nA/cm2]@2O C (36 pm x 36 pm,
10" = 1‘ ]‘/ VBB = -60 [V])
A Proposed SOIPIX- PDD
—a— A Conventional SOIPIX ‘K

s / | (36 ym x 36 pm,

< 10 / >k VBB =-30 [V])

@ E,=0.56[eV] - |

o, A

=

§ 10?| A-~ 1.2[nAlem?|@25°C "ol

¥ A <

© |

8) 101 A=} A

© ~Ho0teak— = =

> =

< current / 1 1

57[pA/lcm?|@-35°C
1035 3.4 3.6 3.8 3.0 4.2 N
1000/T [1/K] (Shizuoka Univ.)
FHEAR L F—BHERFE 2018.11.22 ~ N ) A ]y



yIGHLIGHT-Z (INTPIX4) ~—

- 3D CT Imaqging at KEK PF INTPIX W,

— A

Integration
&global shutter

INTPIX7

Sensor:INTPIX4 FZn, Backside Illumination

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.

(by R. Nishimura, K. Hirano (KEK)
FHEAR L F—IBRERE 2018.11.22 e \/ e 1#



HIGHLIGHT-2 (INTPIX4)




INTPIX4: Computed Tomography with Syncrotron X-ray

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




/HIGHLIGHT-3 (FPIX2) =

NN E et 1 |
: . T
- Tracking Resolution: 1B sgaas ~/
High-Energy Beam test @Fermi g}
National Accelerator Lab.
& o sofisT FEI4 “2F  FPIX2
I_l—|50F|5T l
t scint. " 5‘;?*»
Proton Beam
i il (120 GeVic)
20mn?Om 30mm 30mm 20m
i | | [ e
Trigger Loglc Uit Two kinds of SOIPIX-DSOI detectors are D
SEABAS2 used:
« FPIX2 x 4: 8 um square pixel detector
« SOFIST1 x 2: 20 um square pixel N’
U Tsukuba /KEK detector

FEHEMRE2—HEBRERE 2018.11.22 b u ( - ]9



HIGHLIGHT-3 (FPIX2)

SOI Vertex Detector (FPIX. SOFIST)

from PoS(Vertex201 7)035

Spatial resolution [pum]

- v RefN 3 TEm]| . \
0.2= . |—e— SOFIST 20um _
0.0EL E 1§ @4 P
10

S/N

Better than 1 um Position Resolution for
high-energy charged particle is achieved

first in the world !
Concurrent Timing Measurement with

f us resolution is also performed.

FHERAELF—IEBRERE 2018.11.22 ot

Detector Pixel size Resolution
ATLAS Pix 13.75 um 1.1 pm
DEPFET 24 um 1.4 um
SOFIST 20 pm 1.2 um
FPIX 8 um 0.65 um
700 ;‘Zﬁam 0.06&296:2::],::](;73;
600;— Sigma 0.6834 + 0.0068
500F DUT=
400 2nd FPIX 2 o = 0.683
3005_ i 0.006 plm
200
100
0" VR PPN AN ORI

0 -8 6 4 =2 0 2

6. 8
residual [um]

Ref.[21] ATLAS sensor, ATLAS-CONF-2013-005

Ref.[22] DEPFET detector,
https://cds.cern.ch/record/1967037

Nt
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HIGHLIGHT-4 (XRPIX5) N—
N O XRPIX: Event-Driven Detector

15.3 mm

ww 9’ ¢

/ for X-ray Astronomical Satellite
Timing resolution of CCD is too poor to make
anti-coincidence.
Xerwy Particle  Prompt hit signal
Ao ot Vw1~ BGD generation XRPIX5
| 1 Pixel : 36 um sq.
Remove cosmic-ray
back ground.
B Anti-coincidence Shield
by Scintillators F S tir———
Rate ~kHz 3 E;E’gg%%% & TRIGGER
Aiming to install in the next satellite FORCE (Forcusing On
Relativistic universe and Cosmic Evolution)
(Kyoto U. etc.)
FHEMREVI—BRERE 2018.11.22 ~ =y N i\



}'IIGH’LIGHT-4 (XRPIXS)

~ XRPIX: Event Driven X-ray
Astronomy Detector

~analog part

digital part

TRIG_COL (5R) :
0 o TRIGROW (5R)

Pixel Circuit

o o : (SR Latch)
:a a :

: 8 rstcomp1 O RsT comp2: ®5

-9 -9 H

L3 s Al -

i O o

: o )

.. BAD PIXEL MASK

! TRIGGER ‘ E
5Q
g | H/LOUT

................... Comparator =~
; RST SR Latch GND —
vDD18
\ ! VB_SF
'‘VB CSr\
: I-Ol : I-d
' S
(=]
C £ STORE CDS Cap.
' ¥
s soapsrovecedn o
' Ez‘_l ‘Feedback Cap.| - 8 '__l !;_|
. - o
+ Sense-node o = @ 2
PD o E ml I‘
: A S -
GND ’ ‘ Z i
CSA

FHEHR LA EHESHE 2018.11.22

! Prcvnous Rcadoul CII’(UI(E
~XRPIX3b:

: COL AMP.
w/o CDS
i OUT BUF

AOUT

Trigger Info. Output

Trigger

~ COL AMP. !
with CDS :

.........

XUIRW WS
IS

& .
TRIG_OUT (OR) !

PGA : x1, x4, x19

200

150

FWHM: 156 + 16 eV
@ 6.4 keV

—

Counts/bin
g

|}

0 100 200 300
Channel [ADU]

[ ‘ '
chip Keadout

Lu sic
Fﬂ PED

I< Differential
Output

Signal

Readout C

.
>

ircuit

=

S00



IGHLIGHT-4 (XRPIX5) ~—

eROSITA
pnCCD

Pixel Size 24 4t m 75 4 m 36 4 m
No. of Pixel 1200 x 1200 384 x 384 608 x 384
Depletion Thickness 200 4 m 450 4 m 300 4 m
Energy Resolution 165eV 150eV 156eV
(@6.4keV) 149eV/FWHM (Test Chip. 1 pix)
Timing Resolution 4 sec 50 msec | mm——p 10 pLisec

20us—2~4us/line | x5000 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

FHEAE L F—IBRERE 2018.11.22 et \/ ot ]7



N

\_/SOFIST SOI MONOLITHIC PIXEL DETECTOR
F

OR 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 Main r.e.quiremen’r::::
* Position resolution <3um
* Low material <0.2%Xo/layer

* TID~1kGy/year

| | NIEL ~10 ]neq/cm2/)’e(]r
lIIII.II IIIII.II Readout between trains
€

bunch ID highly preferred

~1300 beam bunches (every 554nsec)
A

> = A 5
200msec 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

S O NI

on-chip ADCs &zero-suppression for fast data transfer

FHEAR L 2—ERESRE 2018.11.22 ot \J e 2?



N/
\S/OFJS'( PIXEL ARCHITECTURE

S

Start Vramp per beam train
Signals exceeding Vth

f

---------------------

Ramp signal

shift-register chooses™ memory cell to record

analog signal recorded
timestamp voltage recorded

Recorded memories are digitized by column ADCs

(8bit has been implemented)
Zero-suppression applicable

oo

A

FHEHR LA EHESE 2018.11.22

Vth

N e e e == ———

IS
L~

Pre-amp

D> > i

L~ :’_‘ r o
e i Shift-register !
Comparator ':—___'S_W__; ____________________________ |

| L !

i o/ o! T o/ o! i

| swe2 ; i

| 1 i

E Analog signal memory i

¥ N\

_____________________

N’

Timestamp
output

Signal output



FléT — IN DEVELOPMENT

MX2040

SOAS

ver.2

el om n
(ol e e
pO

TPy ey p——

e LAt MU TR 1) l,‘ Fal B e niainns

h-m..-mn.
- T

f

:.i,

=21 $32J1

OWGI’

Chip Size (mm’) 29x29 445x 4.45 Bx6 4.45 x 4.45
Pixsl Size {um®) 20x 20 25x 25 30x 30 20x 20
84 x 64 (Tims Stamp)
Picel Aray 50 x 50 e s 128 x 128 104 x 104
16 x 84 (Analog Signal)
Fre. Amplfar ([CSA)
e BT T (‘gho"ﬁer n" erter) Pre. Ampifisr (CSA) Pra. Amplfier (CSA)
- i~ v = | . .
Comparator (Chopper inverter) Comparator (Cho nvertar)
Pre. Ampifar (CSA) Shift registsr (OFF x 2) R e T A enghestzs]

Functicns (Poal)

Analog signal memory (2 hits)

Analog signal memory (2 hits)
or
Time stamp memory (2 hits)

Shift register (DFF x 3)
Analog signa memery {3 hits)
Tma stamp mamory (3 hits)

Shift register (DFF x 3)
Analog signal memory (3 hits)
Tme stamp mamory (3 hits)

Functions (On Chip)

Column ADC (8 bif)

Column ADC (8 bit)
Zero-supprassion legic

Column ADC (8 bdj

Cclumn ADC (8 bd)

Wafer

FZ n-typs (Single SOI)

Cz p-typs (Doubls SO

FZ p -type (Couble SOI)

FZ p -typs (Doubie SOI)

Wafsr Rasistivity (kd-cm

D

1=

3-10

3-10 J

Status

Desliverad [Dec. 2015)
Under evaluation

Delivered (Jan. 2017)

- delivered

FHEHREL

— B ESE 2018.11.22
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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)
Readout: external 12-b ADCs =>on-chip 8-b ADCs

SOFIST#1(BPW 14x14) SOFIST#2(BPW16x16)

plots for “black case”

Residual X: 4 Residual X: 5
w h_resx 4 o h_resx 5
s Entries 1784 g o Entries 2401
T 140 Mean 0.1503 @ 220 Mean 0.1677
Std Dev 2.795 200 Std Dev 2.721
120F- »? / ndf 12.1/9 E »? / ndf 12.58 /9
L Constant 139.5 + 5.8 180~ Constant 227.7 = 7.6
L Mean 0.2746 = 0.0553 1605 Mean 0.1668 = 0.0386
. 100~ Sigma 1.504 = 0.054 E Sigma 1.367 = 0.035
Residual X T} 1a0f-
8o 120~
g 1.50 £ 0J05 pm ot 1.37 = 0.04 um
60— E
: 1.57 = 0.08 um = 1.49 =+ 0.06 um
40— 60~
j: 1.58 = 005 um «of 1.33 = 0.03 um
°F 20f
0 P g S |

o
!
n
i

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

=15 -10 -5 (o] 5 10 15 =1
Residual X [um]

(&

Residual Y: 4 Residual Y: 5
2 160 . h_resy_4 @ 240 _ h_resy_5
GC, Entries 1784 5 o Entries 2401
fin] Mean 0.01972 o 220 Mean -0.1204
140 Std Dev 2.825 200 = Std Dy 2.694
> _ o 2 / ndf .
120 éo/nr:af\nt 14;?573 i;?t 180 ;— Zon;am 231 .121:47/:
. E Mean 0.1282 = 0.0481 160 Mean 0.06111=x 0.03750
ReSIdUOI Y 100__ Sigma 1.378 = 0.048 140:_ Sigm: 1.348 = 0.035
sof- 1.38 = 0/05 um ™°F 1.35 = 0.04 um
o 100
S /N~300 (130V 6o 1.55 = 0.08 um of 1.38 = 0.05 um
/ -~ ( ) a0 60~
g 1.54 = 0,04 um £ 1.32 £ 0.03 pum
~120 (15V)
Er—o oAy o 0:-—-—-._n. ..........

FHERAE L FI—BRERE

2018.11.22

5 10 15 =15

Residual Y [um]

S

Onoy(KEK)

10

Residual Y [um]

~



thSﬁ' -1 SPATIAL RESOLUTI

00"

ON\/

&)\Ie’rlon

® Trggk uncertainty (0.6um) subtracted

1.4
Compatible with DEFFET ([22]) |

O N correction may improve further 10:

Spatial resolution [um]

| —&— Ref.[22] 24um
| ==~ FPIX 8um

1 6_— .............................. ................. _____ ............................ ................. =

0.8 SR O T T ¥ — -
[+ Ref[21]13.75um |

0.0

—o— SOFIST 20um

11_sofist2_y_4

Mean 10,63

SOFIST1Y

StdDev 6.075

[ Entries 20522 E
'| OO@OO_ SOFIST1 X ean 9113 | 1000
' StdDev 5954

900
|

center

center

{

¥
800
[
700
[
[
600
[
[

500 =

JEEE FETE FETE FEE P P P P PR e
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20

Pixel Local Position [um]

Ono (KEK)
FEEHE L S—HRESE 2018.11.22 N/
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\/sqns/';-z BEAM TEST 2018MAR

“Beamline Setup

N’

INTPIX4 (17umld, 8.7x14.1mm)
o Rol(2,3,,mm[) adjustable

_/ scint.+MPPC ][] SOFIST _
H g (2mm[) -
120GeV p i D D D l
even’r’rﬁqg T sy
Timing Chart
INTPIX 4 j j RO f J ”
SOFIST _l— _I— RO g--" _I— I—I—
Vramp /w//’
BUSY

STORE |  500ps

spill —l ﬂeven’r tag

4.2s \

FHEHR LA EHESE 2018.11.22



SOFIST’é TIMESTAMP CALIBRATION

conducted on site

7
150

6 2500
: ' \/
= Readout:
~— i ‘
o 2o External 12-bit ADC
= i *
(4] -
? 1500 P
() B #
£ i i
= 1000 I
L e
: +/ ° °
C " linear correlation
500 — H
A
r Fa assumed
L9
500mV & 200mv “[200;15 5.00MS/s 2 JRY "14 28 2018"’| O | | | | !
TES & 3 H . . 1 1 1 1 1 1 1 1 | 1 1 | 1 1 1 1 | 1 1 1 1 1 1 1
J+v200.000ns 10k points 120mV J(09:07:43 | 0 100 500 300 200 500 600
o AT _sig_17.20 Test-pulse input (us)
E C Entries 2000
Wyoo— Mean 249.6 A ” Is iX%!S h_rms
- RMS 0.9257 K% E Entries 4096
350l %2/ ndf 27.03/9 L oo Mean  0.8933
C Constant 4331+ 114 o - RMS 0.02819
c Mean 249.5 = 0.0 H o F
300; Sigma  0.9094 = 0.0124 C
250 600 —
200 sigma<1yus a5y
150 400
; : RMS ~09 uys| !
100 300— .
- - conducted on site
S0 200
:lllllllll /‘vlll\\ll\\\\,lllllllllllll E v
840 242 244 246 248 250 252 254 256 258 260 100—
TimeStamp [ps] E
IllJlIllllJIIll llllll Lqu,,LL_I\‘lIIIll_!JIlIILI

Ono (KEK) .5 0.7 0. .9 1 1.1 1:2 1.3 L4 A5
FEHEHE L I ERERE 2018.11.22 ~ . Ono (KEK) Timestamp o (] 26)
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SOJS'F—Z/TIMESTAMP CORRELATION

Sigma = 2.78

0 100 150 200 250 300 350 400 450 500
Ono E

Timestamp #1 (us) e

SOFIST2 #1 and #2 Correlation of timestamps in two SOFISTs -/
(,:1 500 =
~ 450:_ o 70
Ql C 4
:';_ 400 4 gy Overlapping events in same 500us gate
8 150
w - 2,
& 300F :
E ol ki 4o SOFIST2 #1 and #2
= - " !; hdiffS
- R @ i . B Entries 59376
200 J., #0130 GC.) SO Prellmlnary Mean -0.9387
- ] S C RMS 8.905
C et L L - 2 / naf 214.4/26
150 . N ,
_ 3 [ Prob 1.491e-31
- ¢ 20 2500F Constant 2978 = 19.3
100 — :_ B Mean  -0.6713 = 0.0142
o E_ :; 10 2000 :_ w‘ Sigma 2.775 = 0.013
:l L1 | | L1l I L 111 I L 111 | L1 11 I L1 1| | L1 11 | L1 11 | L1 11 I L 111 0 1500;_

500
. . %0 40 0 20 -10 0 10 20 30 40 50
Periodic clusters? Timestamp resolution Ono (KEK) Timestamp difference (us)
2.78 /\2=1.89us ~—
FHEMREVZI—RBRERE 2018.11.22 g \/ e 27,



SIZE OF FNAL MAIN INJECTOR (M)~

..Q 40_— I I I I ! anmTo'uADclrs_solnsrz_llp-oe:
v % C Entries 17802] N’
> - ean 57 |
L 355 |\S"td Dev 1(‘)5415
- Underflow 0
3 o i f PR
= tegrp H178d+P4
o5 ] 2
20 wdl ADG, — +17 Us
15 *2 i | € l ] 3 l il
L% 20 .
10 m i
B 20 -
bE ‘ - i
OE l 15~ —
0 500 1000 1 500 2000 - ]
Yamada (KEK) Timestamp (ADC) 10— i
5[ !
Beam structure due to bunch rotation in OE

the MI: 1Tus—3.3km (3319m actual) oy e Tilr;qelstar;ps((,)A\OD(;)
Yamada (KEK)

N’

FEHEMEL I—ERESRZE 2018.11.22 -’ \./ ot 2?



SOFIST-2 TIMESTAMP PRECISION—

conducted on testbench

— 1 = AADC/Adelay[us]
53 18 _, _ — 4.1
J 5 13 ™M sopeD S 60 o . ~
Sl Agm gl | Enties 409 - ]
»n =l C | Mean 3698 of . 4
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SOFIST-2 ANALOG SIGNAL

-

Noise SOFIST2_IP-18_RunID_0180
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cluster Charge

Yamada (KEK)
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SOFIST-2 FULL DEPLETION
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Mostly one-cluster events
Vth ~1/2 mip

events
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2 CLUSTER CHARGE
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~_/SOFIST-3 - QUICK TEST

~  Both functions implemented on 30um pixels

BiREIER (Sr90)
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jOFlST—?: — PIXEL LAYOUT

N
é ’j}— . Vth e 5 a SW1D QSW2
T | T .
| ||\% -
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OT!>_O/ Pixel outputi
svlvz ; i
OT{>—0/ i
e ]
Analog signal memory X2 for
timestamp
e’
MIM(50fF, 1.5fF/um2
30um 1 for CDS
Yamada (KEK) 2 for comparator
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- N/
- SOFIST VER.4

< Lower pixel Upper pixel
Shift-register
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“3D 1S COMING (

Cylinder-type is more reliable

»n
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T-Micro slight mis-alignment to UBM =corrected

Upper&lower bumps are stacked well
(peel off one sensor layer)
Bonding<200degC
{
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\,B.E/MAlmNG PROCESSES (SOFIST-4

(d) Bulk-Si removal

Bond Pad Passivation Back gate adjust electrode

—es—

(e) Pad patterning
and passivation

FELHE LA EHERE 2018.11.22



ILC 1-PAGE SUMMARY

y SID: VIX AND SILICON TRACKER

« Baseline pixel pitch: 20x20 pm?
-~ Technology options: either monolithic CMOS chip = Chronopix
or 3D vertically integrated silicon

e —

ILD: VTX & Silicon Trakin System

« Barrel (VTX): 3 double-sided ladders
* Inner layers (< 300 cm?), . priority on readout, speed and o,
16x16/80 um? pixels and binary o/p: t,, ~ 50/8 ps and o, ~ 3/5 um ~
* Outer layers (~3000 cm?), : importance of power consumption and oy,
35%35 um? pixels and 3-4 bit charge encoding: t,, ~ 100 ps and o, ~ 4 pm A
 R&D on several technologies, namely DEPFET, FPCCD, SOI and CMOS
FHEHR L 4 HRERE 2018.11.22 ~ o/ ~/ 38/
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/QI.\IC/J-PAGE SUMMARY

Lightweight silicon vertex detector:

CLICpix: - 4 bit ToT and ToA, 64 x 64 pixels

CLICpix2: - 5 bit ToT and 8 bit ToA,128 x 128 pixels
- 65 nm CMOS technology
- Pixel size of 25 pm x 25 pum Bump bond or

- Power pulsing Capacitive coupling

Cracow SOl test-chip produced in 200 nm LAPIS SOI process

- pixel size >= 30 um x 30 ym  0=3um
- High resistivity substrate with thickness of 500 pum
HR-CMOS

Spatial resolution below 7 um for threshold values of ~400e-
- Fully efficient operations to threshold values below ~400e-
- Timing resolution ~ 6 ns

P B HIE L A BRASE 2018.11.22 ~ \_/

To reach impact parameter resolution:

- Spatial resolution: 3 um

- Material: 0.2 % X0/layer

To reduce impact of beam-beam background:

- Pixel size of 25 pm x 25 um, timing resolution O(ns)
Moderate radiation exposure (~104 below LHC):

- NIEL: < 10'" neq/cm2/y, TID: < 1 kGy / year

N
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" SUMMARY (SOl)
-

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

1 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 resuilts to come shortly

J SOFISTv3 is to be beam tested
] SOFISTv4 fabrication is underway

U Submitting new 5-year Grant-in-Aid application
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