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L O Vertex detector

1) Single point resolution: better than 3 um
Pixel size: ~20 x 20 ym?

Requirements:

2) Time resolution: single-crossing (554 ns interval) time resolution

3) Detector occupancy: < 2 %

4) Low material budget: X < 0.1 — 0.2 % Xo / Layer

corresponds to ~ 100 - 200 ym Si, Including supports, cables and cooling
low-power ASICs (~ 50 mW/cmZ2) + gas-flow cooling

5) Radiation hardness:
1D <1 kGy/year

NIEL: < 1011 1MeV neq / cm? / year .
! / Beam-bunch train  ~1300 bunches (every 554 ns)

] ' 1
We are designing and evaluating
orototype pixel sensor with SOl technology e ket
to fulfill the requirements.
<€ > '

200msec
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ILC TDR v4 Detector
LC Vertex / Tracking R&D 2nd Nov. 2015



o0l Pixel De

SOIl: Silicon-on-Insulator technology

Utilize 0.2 um FD-SOI CMOS process by
Lapis Semiconductor Co. Ltd.

0

Or

Double SOI Pixel Detector

SOl Pixel Detector: Monolithic type detector -

LSl is processed on Buried Oxide layer (BOX) Box

~J U LSl circuit

Smaller pixel size, complex circuit in pixel & <
Low material budget i Middle S
. 1(SOI12) | i
|—||gh Speed’ low ooOWwer A v .
Less single event effects (SEE) probability o type high-resistivity -
Low cost Silicon Sensor

Double SOl Pixel Detector
Middle Si layer suppresses
Back gate effect

Sensor-Circuit cross talk
Middle Si layer shields coupling between sensor and circuit.
It is useful for analog and digital mixed circuit in pixel.

Radiation damage (TID)

Back plane (p+)

It is able to compensate electric field generated by trapped holes in the BOX.

[t can be used in high radiation environment (~TMGy).
(K. Hara, Vertex2017, Sep. 11-15, 2017, Las Caldas)
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Charged particle

llustrated by T. Tsuboyama (KEK)

Sensor thickness: 50 - 500 ym
Sensor Resistivity: > 1 k()-cm
SOI2 thickness: 150 um (n-type)
SOI2 Resistivity: < 10 (Q-cm



—UNctions for ILC Vertex Detector

Necessary functions for the ILC vertex detector:

e Single point resolution
Pixel size: less than 20 um
Calculate weighted center of charges (Charges are spread among multi pixels).
— Record an analog signal of a hit,

* Timing resolution
Bunch crossing occurs every 554 ns in 1-msec-long bunch train with an interval 200 ms.
[dentify a collision bunch of a hit to reconstruct a event.
— Record a time stamp of a hit.

e Detector occupancy
Hit information have to hold during 1 beam-bunch train.
Increase detector occupancy.

* High speed data transfer

— Need multiple memories Beam-bunch train  ~1300 bunches (every 554 ns)
A

Data have to be send to backend before

next bunch train injection. e

— Reduce a data to transfer.
We designed a prototype pixel detector <

>
SOFIST 200msec
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ure of SOFS T

naPixel .
. Timestamp memory |

- Pre-ampilifier sw1 i

- Comparator / o™ oo
Keep the analog signal and time stamp Ramp signal — i

if a signal exceeds a threshold Vin. S\e 77 i

- Shift register : T 7
Latch for multiple memories. ’ 1 o

- Analog signal memory
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Store signal charges up to two (or more) hits. b oo aF>=--

- Time stamp circuit . — F> |—>
Store time stamps up to two (or more) hits. | |° P ErT—

| | Comparator — —--—wo-—-c---—o—o—- |

On Chip N r
- Column ADC \/ f:
Digitize analog signal and time stamp. A pre-amp w2 777 i

- Jero-Suppression logic ,—0/ TO/O—,
Extract hit pixels and reduce the data to ' T |

transfer to backend. Analog siZZI memory

2018/05/29

______________________

Timestamp
output

Signal output

Designed by S. Ono (KEK)

ALCW2018, Fukuoka, Japan
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Seres

MX1850 MX2040 MX2166
SOFIST ver., ver.2 ver.3 ver.4 (3D)
Chip Size (mm?) 2.9x29 4.45 x 4.45 6x6 4.45 x 4,45
Pixel Size (um?) 20 x 20 05 x 25 30 x 30 20 x 20
64 x 64 (Time Stamp) 128 x 128 104 x 104

Pixel Array

50 x 50 (Analog Signal)

16 x 64 (Analog Signal)

(Analog signal and Time stamp)

(Analog signal and Time stamp)

Functions (Pixel)

Pre. Amplifier (CSA)
Analog signal memory (2 hits)

Pre. Amplifier (CSA)
Comparator (Chopper inverter)
Shift register (DFF x 2)
Analog signal memory (2 hits)
or
Time stamp memory (2 hits)

Pre. Amplifier (CSA)
Comparator (Chopper inverter)
Shift register (DFF x 3)
Analog signal memory (3 hits)
Time stamp memory (3 hits)

Pre. Amplifier (CSA)
Comparator (Chopper inverter)
Shift register (DFF x 3)
Analog signal memory (3 hits)
Time stamp memory (3 hits)

Functions (On Chip)

Column ADC (8 bit)

Column ADC (8 bit)
/ero-suppression logic

Column ADC (8 hit)

Column ADC (8 bit)

Wafer

FZ n-type (Single SOI)

Cz p -type (Double SOI)

FZ p -type (Double SOI)

FZ p -type (Double SOI)

Wafer Resistivity (kQ-cm)

2 <

1 <

3-10

3-10

Status

Delivered (Dec. 2015)
Under evaluation

Delivered (Jan. 2017)

Delivered (May. 2018)

will be delivered (Aug. 2018)

2018/05/29

ALCW2018, Fukuoka, Japan



Pixel
- Pre. amplifier (Charge sensitive amplifier)
gain: 32 uV/e-
- Analog signal memories (two memories)
On chip Sensor
8 bit column ADC Single SO
~/-n type
500 ym thickness

Pixel size: 20 x 20 ym?

SOFIST ver.1

—IS T ver ]

oo
| |
|1

I

|/

ZX Pre-amp

2018/05/29 ALCW2018, Fukuoka, Japan

Signal output



—Seam |est

Beam: 120 GeV proton (Fermilab Beam Test Facility, Jan. 2017)

Trigger: ATLAS upgrade pixel sensor (FE-14) && Scintillator (Downstream)
(Some data were taken by coincidence of two scintillators for checking the DAQ system.)

DAQ rate: ~300 events/s

FPIX2 (SOIPIX)
Telescope for SOFIST
Reconstruct track with four layers of FPIX2,

Spatial resolution: 0.65 pm (K. Hara, Vertex 2017)

e L

FPIX2 SOFIST ver.1
Pixel size: 8x8 pum?2 Pixel size: 20x20 um?
Active area: 1x1 mm?2 Active area: 1x1 mm? |-
M 20mm 30mm
J—l J—n e
Proton Beam -+1r---1--tr--H--%-—--®----f--17--f—*>
170mm
4o »
#1 #2 i N
Scintillator ] FE-I4 sensor Scintillator
(Trigger) Trlgger (ROI Trigger) (Trigger)
2 X 2 mm2 2 x1.75 mm2 5x5mm2

0

2018/05/29 ALCW2018, Fukuoka, Japan



oEntry

4

3

2

1

SOFIST setup
Readout: 12 bit external ADC (SEABAS2 onboard)
Sensor bias voltage = 130 V (Depletion depth ~ 500 ym)

Clustering

1) find seed pixel which is = 64 ADU.

o/N

2) add pixels which are =16 ADU to the cluster.

3) check 2) for 6 x 6 pixels centered on the seed pixel.

Pedestal (1 pixel)

Signal peak = ~800 ADU

Signal spectrum

Cluster signal peak: ~800 ADU

£1000F _ h1_h
L%JI — Entries 11331
Podestal i Noi - Mean 983.1
edestal sigma olise
9 ( ) 800 Std Dev  334.1
Mean = 2.2 (All pixels) . Cluster size
B 26000 Eh1»_h_cs1i1zse
_ h_sigma_h | g C B i
E 50 i Entries 500 600 __ 5000:
: Mean 2.206 | L
= Std Dev 0.04291 | 4000} Ch h
of : arge share
i ~4 pixel
C 400 : PIXCIS
30 B 2000f
N i 1000:
20 B -
200[— 00-'I;"' B R TV ﬁec;lﬁlz?# 20
o - uster size
10 i |
02 205 21 215 2.2 2|25 2|3 213_151_12|4 2115 2.5 O_I T
Sigma [ADU] 0 500 1000 1500 2000 2500 3000 3500 4000

—

Pixel noise = ~2.2 ADU

h_5_5
K Entries 3000
- Mean 2525
001~ Std Dev 2.204
- %2 / ndf 11.83 /14
- Constant 542.6 + 12.3
001~ Mean 2525 + 0.0
- igma___2.197 + 0.029 |
00— Pedestal sigma
- (1 pixel)
oo
oo
_l 1 1 1 1 I 1 1 I 1 1 1 1 1 1 1 I 1 1 1 1
9500 2510 2520 2530 2540 2550
Pedestal [ADU]
Signal to Noise ratio

ALCW2018, Fukuoka, Japan

Cluster signal [ADU]

S/N ~ 360 (Full depletion of 500 ym thickness)




O3t

Hit position reconstruction

Of

Calculate weighted center of charges (6 x 6 pixels).

Track reconstruction

Find track candidates by four layers of FPIX.
The track that has the minimum chi2 is chosen

for calculating the residual.

Residual
Difference between reconstructed track and actual hit
on the SOFIST.
Residual X
n - h_resx 5
T " Entries 2401
L%J 220:_ SOFIST #1 Mean 0.1677
200 Std Dev 2.721
~ %2 I ndf 12.58 /9
180F Constant 227.7 +7.6
160 Mean 0.1668 + 0.0386
- Sigma 1.367 + 0.035
140:— |
1208 1.37 + 0.04 ym
1OF 1.49 = 0.06 ym
OF 1.33 + 0.03 ym
60—
40
20
91-5'-‘_””':10 —L’)I I5 I 10 15
Residual X [um]
2018/05/29

Events

—ESOIUt

Of

Readout and Sensor depletion layer

12-bit external ADC, 500 ym (Full depletion)
8-bit on-chip ADC, 500 ym (Full depletion)
12-bit external ADC, 200 ym (Partial depletion)

Residual Y
240 — h_resy_5 —
- SOFIST #1 i nies
220 Mean -0.1204
200 Std Dev 2,694
= %2 / ndf 11.4/9
180 Constant 2312+ 7.9
160 E_ Mean  0.06111= 0.03750
- Sigma 1.348 + 0.035
140 |
120
°F 1.35 + 0.04 ym
100F 1.38 + 0.05 ym
80F 1.32 + 0.03 ym
60
40
20
;'-I-‘—|_ Im N 1 1 1 1 1 1 I 1 1 1 1 L =l
95 ~10 -5 0 5 10 15

Residual Y [um]

ALCW2018, Fukuoka, Japan 10



SOHST ver ?

Pixel
- Pre. amplifier (Charge sensitive amplifier)
- Comparator (Chopper inverter)
- Shift register
- Analog signal memories (two memories)
or Time stamp memories (two memories)

On chip Sensor
8 bit column ADC Double SO
Zero-suppression logic FZ-p type

Thinned to 75 um

Pixel size: 25 x 25 um?2

SOFIST ver.2
Analog pixel

Vth

L

Comparator

e e e e e e e e = = = ——

oo
| |
|1

I

|/

ZX Pre-amp

2018/05/29 ALCW2018, Fukuoka, Japan

______________________

Signal output

11



SUHS T ver.?

- Pre. amplifier (Charge sensitive amplifier)
- Comparator (Chopper inverter)
- Shift register
- Analog signal memories (two memories)
or Time stamp memories (two memories)

E ! i imestam

On Chlp Sensor / ! oo HE "o | ! out;ut P
8 bit column ADC Double SO Ramp signal i S T E
ZerO-SUppreSSiOﬂ |OgiC FZ‘,O J[ype ..... ....................... . E | 777 i
| | Thinned to 75 um Outside of the chip | '_O/o__L_O/O_. :
Pixel size: 25 x 25 ym? o — .
N 777 oo J
SOFIST ver.2 T

SW1 SW2
D Q D QF—---

Time stamp pixel
Vth

L

e e e e e e e = = ——

Comparator

oo
| |
|
I
|/
ZX Pre-amp

2018/05/29 ALCW2018, Fukuoka, Japan



ST ver 2

~ixel

Simulation of the pixel circuit

55 nA, 10 ns Signal (Simulation)

Pre. amp (focus)

" Timestamp memory | e — ~3400 e- H correspond to 1 MIP (50 ym) H 0.72V
i Swi ! o° —
1 l : ) -118.0 P /
! | Timestamp p re. amp /
e T e s N N | 0.3
Ramp signal i ! P COMP : / I |
e | : ] L Ve SESEE=ses
1 M 310
' | 55 | J
Infe=-niat : 043V oy
i . ; ! o DFF ST1
R aSEEEEEEER ! :52
5 SWI——SW2__ sih DFF ST2
'p a D af—--- 1 sL
Vth > > i i
y ;F — [ | RAMP :
N ____Shift-register J . : : :
|| Comparator = g S . o ¥ Hold analog signal of 1st hit
| ! : 3| PN !
! 1 H >500:0 : - -
| ! "o T oo ! Signaloutput L’///J Hold time stamp of 1st hit
I | B800.0
1 1 Z 7000 r
Fre-emp | sy P | e :
! ! %8 ¥ Hold analog signal of 2nd hit
B e mandi el g 20e _
P ! gt :
. ; ! o ¥ Hold time stamp of 2nd hit
! Analog signal memory i 5 1:2;5 '
0‘.0 l ' ‘ ‘ 20;).0 40;).0 ' “ ‘ ' 60;).0 ' ‘ I ' 80;).0

Input a RAMP waveform.

N the same way for 2nd hit.

2018/05/29

)

) Open a store switch (SW1) when a comparator output changes to High.
3) Keep the voltage of RAMP to the time stamp memory as a time stamp.

)

ALCW2018, Fukuoka, Japan
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vviater 1ninning Rl

TAIKO Process by DISCO Corporation (Japan) ez Migaku Technologies
https://www.diSco.co.jp/eg/index.htm!
.
l } BG Wheel

“» Sj Wafer

Back Grinding Cross Section

Bl

/55 BG Tape
Outer support ring TAIKO Process Conventional Process
Stress relief with wet etching by TAIKO Process
Mimasu Semiconductor Industry Co., Ltd. (Japan) with outer support ring
\ - Lower wafer warpage
| Improve of wafer strength
HF+HNO3 ) .
| | Exus - Easy wafer handling
- | No Dry 1 Easy backside processing (ion implantation,
Etching . L L
- annealing, Metalizing etc) after thinning
Si Wales
- . Wet Etchin |

uﬁ;ﬂm‘rm ] | TAIKO Grinding ) | Stress Relief . ) M%'.':'dh? Tape
~100 um ~75 um A

| | [ [P | Back side process after thinning
| = R ,,,,,: Annesiing &~ - Boron implantation (ULVAC, Japan)
\ — Interconnecting | | Back Side Metalizing - Laser Annealing (SHI, Japan)
- Bumping Wader Testing
B L

Dicing Tape Si ? “Tape Laminating

Full-cut Dicing  Wafer Mounting o LRl e ———
> . N ’ Ring Grinding

2018/05/29 ALCW2018, Fukuoka, Japan 14
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VVater [ninning

TAIKO Process by DISCO Corporation (Japan)
Nttps.//www.disco.co.jp/eg/index.html

Back Grinding

J

1.E-05

1.E-06

1.E-07

Current (A)

1.E-08

1.E-09

1.E-10

2018/05/29

After thinning

I YA
s

Cross Section

DISCO

Kiru-Kezuru-Migaku Technologies

| e

7\’ Si Wafer
T BG Tape

Outer support ring

CPIXPTEG2 VDET-BNW

7\

]

|

/

P

-50

Before thinning

/

VSOI2=0V

-100

-150

S

Before thinning (#1)

Before thinning (#2)

Before thinning (#2)
Before thinning (#4)

Before thinning (#5)

After thinning

-200 -250 -300 -350 -400
Voltage (V)

-450

TAIKO Process Conventional Process

Sensor I-V after thinning (other SOIPIX)

Leak current increased by ~1.5 orders of magnitude.
No break down by 400 V after thinning.

Still investigating these behavior.

ALCW2018, Fukuoka, Japan 15
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—Seam |est

Beam: 120 GeV proton (Fermilab Beam Test Facility, Jan. 2018)
DAQ rate: ~120 events/s

. . SOFIST ver.2
Event Trigger and Timing detector , _y 5
Record hit timing for checking consistency to SOFIST. Pixel size: 25 x 25 um
Scinti. size: 3 x 3 mm2 Pixel array: 80 x 64 (2.0 x 1.6 mmZ)
MPPC size: 3 x 3 mm2 Readout: External 12-bit ADC (SEABAS?)
Readout: Comp. + AND + NIM converter : . ]
(Signal is sent to Master DAQ, SEABAS?) #/  Sensor thickness: 75 ym
: INTPIX4 INTPIX4 [INTPIX4 y INTPIX4
A #1 #2 #3 #4
_ _ _ SOFIST2 SOFIST2 SOFIST2 _
Timing detector #1 #2 #3
(Scinti. + MPPC)
4 | Rol L1 Active area |

INTPIX4 (SOIPIX)
Telescope for SOFIST
Pixel size: 17 x 17 um?2
Pixel array: 832 x 512 (14.1 x 8.7 mm?2)
Function: Region of Interest readout
Readout: External 12-bit ADC (SEABAS?)

2018/05/29 ALCW2018, Fukuoka, Japan




11me Resolution (1est Fulse

Timestamp Pixel output Test-pulse input - Timestamp
6 2500:
<Dt - Readout:
o 2000 External 12-bit ADC +
= i
© L
o 1500—
@ i
£
I_ 1000_—
500:—
A 14 98 9019 0__\\\\\\\\\\\\\\\\\\\\\\\\
e S o A e N om0 080 o
Test-pulse input (JS)
Fluctuation of timestamp Fluctuation of timestamp
(1 pixel, input 2,000 times) (All pixels)
h1_sig_17_20 -~ .h_rms
g - Entries 2000 £ F Entries 4096
o
N RMS 0.9257 - -
C 2 / ndf 27.03/9 -
3501 éonstant 433.1x11.4 o0 -
300 - Mean 249.5 = 0.0 600
C Sigma . £ 0. C
E g 0.9094 + 0.0124 - B RMS ~0.9 ”S
250/ siama < 1 Us All Pixels 00
200 g H > 400
50k Sigma o
100f- 200
50;_ 1003—
84043 hid 24 24 20 o2 254 256 258 260 8.5:3' X A R e e

Timestamp [us] Timestamp RMS [us]

2018/05/29 ALCW2018, Fukuoka, Japan 17



TI
Alignment
Tracking by INTPIX4 is not performed.

Roughly aligned among SOFIST by hit position correlation.

Timestamp correlation between
SOFIST ver.2 #1 and #2

n 500 i r TR I NIV RALLs SR R i m W R R Ry = ' g T
=R, e AUt Shage oW R Ty 2w

Prélimin

250

200

150

100

50

0 IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

0 50 100 150 200 250 300 350 400 450 500
Timestamp (IP-08) [us]

e oi Bl
3 - .
e 70
T
-
i
wr
H
N

—esolution

60

50

40

30

20

10

0

Scam |est

Timestamp residual
Timestamp difference between #1 and #2.
(Hit position of #2 is within 2 pixels of #1.)

Timestamp residual between
SOFIST ver.2 #1 and #2

50 40 -30 -20 -10 0 10 20 30 40 50
Timestamp Residual [us]

Intrinsic resolution: 2.78/\/2 ~ 1.97 us

Still investigating effect on time resolution

KT/C noise: Timestamp memory (25 fF) is designed by assuming 8-bit on-chip ADC.

Switching noise: Switching around memory
Alignment: Imperfect alignment. Tracking by telescope (INTPIX4) will be performed.

2018/05/29

ALCW2018, Fukuoka, Japan

_ hdiffS
£ B .. Entries 59376
5,.,,0 Preliminary Mean 0987
- RMS 8.905
B +2 / ndf 214.4/26
2500 N Prob 1.491e-31
B Constant 2978 + 19.3
L Mean -0.6713 = 0.0142
2000 - Sigma 2.775 = 0.013
1500
- Sigma = 2.78 + 0.013 us
1000 |-
500
O B |- I—J-nl—J—l 1 1 1 111 | 1111 l—h—-l'*M-—LJ-L-P-L—L
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SOHST ver 3

Pixel
- Pre. amplifier (Charge sensitive amplifier)
: Colm parator (Chopper inverter) " Timestamp memory
- Shift register . sw |
- Analog signal memories (three memories) f L oo e o o Timestarp
' . . ! | outpu
- Time stamp memories (three memories) s | —— | "
amp signal | !
| SV 7 |
On chip oo oo
8 bit column ADC o — !
e 777 oo J
xel size: SOFIST ver.3 co |
Pixel size: 30 x 30 pym? | SW+ swa |
D Q D Q—--- !
vin Ju > i
o/ o L :l_ I_ L i
| : Shift-register !
|| Comparator l;___--_S_W_-'I-____--____--____--____--___:|
: L :
|[> : o T oo : Signal output
ZX Pre-amp E SW2 ;; i
: . :
A
! Analog signal memory !

All the functions are implemented in a pixel to evaluate its functionality
out lager pixel size.

ALCW2018, Fukuoka, Japan 19



SOFST ver 4 (3D

3D integration of SOI sensor

o 5 o
for implementation of complex circuit within 20 x 20 um2 pixel. Time }f_ E?_ E
Ramp Store I 'J)' I
Signal __\) _.\) __¥

e
2 \é; 5 b
200 nm FD-SO % g{‘;'gg L }- }-
PAD PAD Back Gate Adjust Electrode (or more fine process) D% i -Io- i I i _-g
U pper \P \3 \?

I paH [paF [pal
Chlp GND VDD N N N
Lower amp L
Ch i ala) .g- 4| disc
P - # 5
o Vth —
50~ p* Buried n Pixel  Pixel §
500um
Sensor ? Substrate
High Resistive substrate (p-)
v Al200nm) llustrated by Y. Arai (KEK)

Upper chip: Digital part (D-FF, analog memories and timestamp memories up to 3 hits)
Lower chip: Analog part (pre.amp and comparator)

2018/05/29 ALCW2018, Fukuoka, Japan 20



SOFST ver 4

3D integration of SOl sensor
— Connect the upper and lower chip by Au cone bump (2.5 ym¢e).

200 nm FD-SOI

Back Gate Adjust Electrode (Or more fine DFOCGSS)

PAD PAD

Upper
Chip

Tohoku MicroTec Co., Ltd.

Lower http.//www.t-microtec.com
Chip I 1 1ﬁ;:fﬂluhl ~-TX 4

Buried n [ T-Micro

Sensor " .5/5

» »
High Resistive substrate (p-) TP DB $ 12 PRI 2 5pme

lllllllllllll
lllllll
llllllllllll

v

Al(200nm)

lllll
> 9 9 9

llllllll
2D DD DD DD > 9 D DD
iiiiiiiiiiii
hhhhhhhhhhhhhh
bbbbbbbbbbbbbbbbb
sssssssssssssssss

2.5um cone bump
_~ Au pad
_~~  Barrier metal
-/ — AL pad (LSI)

Puel2014 & Niagara Falls Sept. 4, 2014

Timestamp memory x 3
Analog signal memory x 3 3D integrated SOFIST ver.4

will be delivered in August 2018.

2018/05/29 ALCW2018, Fukuoka, Japan 21
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Summary

1) Single point resolution: better than 3 um
Pixel size: ~20 x 20 ym?2

— SOFIST ver.1 achieved 1.4 ym

2) Time resolution: single-crossing (554 ns interval) time resolution
— Preliminary: SOFIST ver.2 time resolution 1.97 us (intrinsic)

Currently time stamp memories are designed assuming on-chip 8-bit ADC.
Need more precise memory and ADC (~12-bit),

3) Detector occupancy: < 2 %

— SOFIST ver.2: 2 memories for analog signal and timestamp respectively
Shift register is not tested yet.

— SOFIST ver.3 and 4: 3 memories for analog signal and timestamp respectively
Preparing DAQ system and waiting for finishing 3D integration.

4)  Low material budget: X < 0.1 — 0.2 % Xo / Layer

corresponds to ~ 100 - 200 um Si, including supports, cables and cooling

— SOFIST ver.2: Timestamp function of the thinned sensor (75 ym) is working
Spatial resolution is under studying.

low-power ASICs (~ 50 mW/cm?) + gas-flow cooling
— SOFIST ver.2: Pixel array ~ 500 mW/cm2, Output buffer ~ 100 mW (14 bit)
We will start to consider low power design/operation of pixel circuit.
5) Radiation hardness:
1D <1 kGy/ year
NIEL: < 10T TMeV neq / cm?2 / year

— TID tolerance of 1 MGy is achieved by FPIX (SOIPIX) (K. Hara, Vertex 2017)
Preparing irradiation test ((0Co gamma-ray) of SOFIST ver.2 (June, 2018)

2018/05/29 ALCW2018, Fukuoka, Japan
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O =xperiment

ILC Experiment ILC detector concept (ILD)

e o+e- |linear collider

* Center of mass energy: 250 - 500 GeV (extendable to 1 TeV)
* Precise measurement of the Higgs boson

» Search for beyond the Standard Model

e+ bunch
Damping Rings IR & detectors compressor

e- source

g || T
> L
e- bunch e+ source \
compressor p \ positron 2 km
main IinaC/'
) 11 km
) —

central region
5 km
electron /
main IinaC/'
11 km
/

Vertex detector geometry

(VTX-SL)
ILC TDR vol.4: Detectors
LD Concept Group, T. Abe et al,, arxiv: 1006.3396 [hep-ex].
2018/05/29 ALCW2018, Fukuoka, Japan 24



SOl sensor for ILC: SOFST

SOFIST: SOi sensor for Fine measurement of Space and Time
Conceptual SOl pixel sensor for the ILC (inner most layer of the vertex detector).

62.0omm

<€

>

10mm

N

ADC x 3125ch + Zero-suppression

Data transfer interface
Readout/Qutput

Designed by S. Ono (KEK) Data output

2018/05/29 ALCW2018, Fukuoka, Japan 25



o0

Timing detector
Scinti. size: 3 x 3 mm?
MPPC size: 3 x 3 mm?2
Readout: Comp. + AND + NIM converter
(Signal is sent to Master DAQ, SEABAS?)

INTPIX4 INTPIX4 INTPIX4
: IP-09 IP-12 IP-14
] — _ _
Timing detector
(Scinti. + MPPC)
_— | || 14 _—
u | Rol L.

Telescope (INTPIX4)
Pixel size: 17 x 17 um?2
Pixel array: 832 x 512 (14.1 x 8.7 mm?)
Function: Region of Interest
Readout: External 12-bit ADC (SEABAS?)

2018/05/29

ALCW2018, Fukuoka, Japan

P

SOFIST2
Pixel size: 25 x 25 ym?
Pixel array: 80 x 64 (2.0 x 1.6 mmZ)
Readout: External 12-bit ADC (SEABAS?2)

INTPIX4
IP-17

0
J
g
U
..

SOFIST2 SOFIST2 SOFIST2
IP-08 IP-18 IP-19

.................. > Beam

Active area

INTPIX4 [ E27 LN % \ND T
1 frame e HH T EREBID DD D,
SOFIST2 & FEE OB =
FeAt 9 (Rol) .

20



DAQ) for

Seam |est

Operation of each detector in 1 event tag (DAQ period)

DAQ period (1 event tag)

A

Y

| Accumulation time  (~900 us) . Read time |
START/STOP
— 2us
«—>
Reset for SOFIST2 H ﬂ ﬂ ﬂ |—
Pixel Pre-amp. | | | |
SOFIST2 X Reset / Hit detection / Store X Readout X
Record hit timestamp in a event tag. Reset pre-amp. every 2 us / Hit detection /
Store (analog signal/timestamp).
INTPIX4 Reset X Store X Readout X
Time information is only event tag. Reset pixel amp. before START
Integrate signal for 500 us.
Timing detector X Time record X Readout X
Record elapsed time after START
for every hit detection for 500 us.
2018/05/29 ALCW2018, Fukuoka, Japan
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WYy,

” B N —
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\\_4

[}
T
el

5

433 R3%

0
< W ig e
TR ‘a-[l
oL 1% E=LS
O s Ong » |
SIS 2350

]
=3
9:5LU0S &

N2
fam, $:8 B
— _(pEd

Jov o7 UIBDOINTI VT
VY F & MPPC Z#INGD 5
(BRI R I TYE(RFE)

> F 3x3xH mm2

(EkET

L EMR L ATLAS 7))L —HE&E
(P #.com TE&L)

WHDIeHT oy 0 T—STEWNZH EIC
>—ZY NTCTHED

DAC control (DAC for COMP Vith)
HV

Signal (NIM)

2018/01/24 COTmeeting
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SEABAS? A3 Fanin/Fanout

NIM IN 8ch
NIM OUT 8ch
PMT IN 4ch
LVDS 8ch

B + 5V

2018/05/29

~

—R‘_

<

USAGH /O

USEFRUL

BMUSAGI VER. 1.0 (NOV.
KEK JAPAN

£20

[tiTM ouT

CN24 127 ABEN2E cnie 14
f———— ———— ———

pobRoDREBRERE : ‘ Pban uwvuu
poDDDODDDD A

o
ooo
oo

Dpopooppooo
opbopooo
DODODDDOD

o
0
0
0
0

SEABAS GENERAL 1/0

CAC RS

LvDS 10

JSW ON= RESISTOR ENABLE
JP1 . JP4 JP6 ~JPB | JP2

DAOR2Y g

VW

| =

JP7 JP9
ON= RESISTOR ENABLE

SE
exoo  fl

1L ) il
185cn27 ¢ 0/ c 3 CN 7L 0 ER " ACN19
i . [ [ =Y [ R
| ! ! \ Y i

et St FdeA
YEZL: GND

ALCW2018, Fukuoka, Japan



Master D AHTI{E= &

Start/Stop
Fvent tag CLK
Busy

MPPC signal

2017/12/25

PAN

(785 X

Timing Detector Signall

Busy

NIM FANIN
Master

o N 00

© [N 01

o |N 02

© [N O3

o N 00

© [N O1

o N 02

o [N O3

Start/Stop Master DAQ board
Event tag CLK SEABAS?Z
Timing Detector
MPPC
ouT 01 0- INTPIX4 #1
OUT 020 L SEABAS? J
| OUT 03 - INTPIX 4#2
OUT 04« SEABAS?
| OUT 05 e- INTPIX4 #3
OUT 06 o
OUT 07 6 SEABAS?
CSUT G5 e SOFST? #1
| OUT 09 - SEABAS?
OUT 100 SOFIST2 #2
OUT 11 ¢
SEABAS?
OuT 120 INTPIX4 #4
OUT 130
--------- SEABAS?
OUT 150 SOFIST2 #3
Detectors
NIM FANOUT
USAGI /O

NIM FANIN
USAGI /O

AL

NIMIN: O ¢ch
NIMOUT: 2 ch
LVDS IN: 8 ch
LVDS OUT: 8 ch

30



The size of main injector: 11 us

Main injector

Tevatron

2018/05/29

Seam

Beam test@FTBF (MTest)
Length of spill: 4 s

MTest

ViCenter

NeutnneLina

RF “Bucket” ~ 53 MHz
Electric Field 19nSec spacing

filled with particles

\ Sometimes, not all 84 buckets are

AN J X7

\ Booster “Batch”

ALCW2018, Fukuoka, Japan

7 Batches =1 MI Cycle = 11.2 microSec
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\/ RESIDUALS ;, x

_ Residuals of DUT hit wrt the track reconstructed using other three FPIXs

450
400
350
300
250
200
150
100

50

(a)

DUT=
15" FPIX2

-10 -8

500

400

300

200

100

0

(c)

Constant 420.7 £6.1
Mean -0.4845 +0.0109
Sigma 0.9526 + 0.0090

4 .
residual [um]

lllllllllIlllllllllllllllll

DUT=
3rd FPIX2

10 -8 -6 -4

0

Constant 4875+71
Mean -0.1373 + 0.0095
Sigma 0.822 + 0.008

6 8 1
residual [um]

(b)

Constant 5122+74
N Mean 0.3936 + 0.0091
500 Sigma 0.791+ 0.008
400
- DUT=
300 d
- 29 FPIX2
200 :_ c=0.791
- + 0.008 pm
100
03 |
residual [um]
Constant 102716
120 Mean  -0.6234 +0.0493
DUT= Sigma 38+00
100 h
4™ FPIX = 3.80
80
+ 0.05um

60

-0 -8 -6 -4 -2 0 2

'llllllllllllllllllll

6 8 1
residual [um]

K. Hara, VERTEX2017 Sep 11-15, 2017 Las Caldas



— RESIDUALS ;, vy

vals of DUT hit wrt the track reconstructed using other three FPIXs

o’ -
(a) (b)
Constant 50974 Constant 6233:9.1
600 - Mean 0.25311+ 0.0091 700 Mean  -0.06829 i 0.00747
- Sigma 0.8326 + 0.0082 600 Sigma 0.6834 + 0.0068
500
400F DUT= 500 DUT=
- 1" FPIX2 _ 400F 2nd FPIX?2 o = 0.683
= o= 0.833
300F -+
: 300 * 0.006 pm
200 E_ 200
100 100
ok — 58 6 8 10
residual [um] residual [um]
(c) - - .
600 Constant 5153175 ‘ Constant 107516
Mean  -0.1453 = 0.0092 : Mean 1.172 £ 0.049
Sigma 0.8237 + 0.0084 120 Sigma 3.791+ 0.050
500 DUT= ﬁ
soof 3" FPIX2 s o =3.79
80; + 0.05um
300 ‘
60|
200 40l
100 20§
0 0 ‘ N
-0 -8 6 4 -2 0 2 4 6 8 10 -10 -8 6 -4 -2 0 2 4 6 8 10

residual fuml residual fuml
K. Hara, VERTEX2017 Sep 11-15, 2017 Las Caldas - \_/ - 18



INTRINSIC SPATIAL RESOLUTION —

» Observed residual spread:c_, S
_ 2 2
" Oobs — \/Uint + Otrack
under an assumption all four FPIXs
have the same intrinsic resolution and
- - R I I
contributions of misalignment/ b ; i
- - - - HM.
multiple scattering are negligible 20mm 20mm 130mm

(=conservative G, ., valve ),
we can calculate &, . analytically

I £ S S

Measured residual 0.953 ®= 0.009 0.791%x 0.008 0.822=* 0.008 3.80 = 0.05
Intrinsic resolution 0.711 0.648 0.703 0.75

N T A P A T
Measured residual 0.833 = 0.008 0.683* 0.006 0.824+ 0.008 3.79 %= 0.05

Intrinsic resolution  0.622 0.600 0704 0.75
Intrinsic resolution:
0.65~0.71 um in X ~
0.60~0.70 um in Y
K. Hara, VERTEX2017 Sep 11-15, 2017 Las Caldas (effect of imperfect alignment included) 19




