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O =xperiment

ILC Experiment ILC detector concept (ILD)

e ote 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
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ILC TDR vol.4: Detectors
LD Concept Group, T. Abe et al,, arxiv: 1006.3396 [hep-ex].
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L O Vertex detector

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

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 m\W/cm?) + gas-flow cooling

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

NIEL: < 10" 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
2017/05/09 SOl Satellite meeting 3
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—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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- Comparator e o oo
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Store signal charges up to two (or more) hits, AL e L

- Time stamp circuit > > i
| . o Lo = [

Store time stamps up to two (or more) hits. N P L____ e |

|| Comparator  —--qqi-------------- :

On Chip ™~ N
- Column ADC I/ :L_ |
Digitize analog signal and time stamp. A\ pre-amp W2 777 |

- Zero-Suppression logic o oo
Extract hit pixels and reduce the data to ' T L
transfer to backend. Analog sinZI memory i

2017/05/09

______________________

Timestamp
output

Signal output

Designed by S. Ono (KEK)
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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

-
> S

Data transfer interface
o Readout/Output

Designed by S. Ono (KEK) Data output

2017/05/09 SOl Satellite meeting



AST

MX1850 MX2040 MIX2xXX
SOFIST ver., ver.2 ver.3 ver.4 (3D)
Upper Chip
Under design Under design
Lower Chip
Chip Size (mm?) 29x29 4.45 x 4.45 6 x 6 4.45 % 4.45
Pixel Size (um®) 20 x 20 25 x 25 30 x 30 20 x 20
Pixel Array 50 x 50 64 > 64 (Time Stamp) 128 x 128 64 x 64

1 x 64 (Analog Signal)

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 bit)

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)

Under desing (Submit June 2017)

Under desing (Submit June 2017)

2017/05/09
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0.2 um FD-SOI CMOS process by Lapis Semi. Co. Ltd.



SOFST ver,”

2017/05/09 SOl Satellite meeting



—IS T ver ]

Pixel array
50x50

Row selector

T
11 ll®

r :
o |l :
E134 i .
9 -
i
o

Analog output

8bit | 8bit 8bit

ADC | ADC ADC

Column selector

Pixel size: 20 x 20 um?

Chip size: 2.9 x 2.9 mm?

Active area; 1.0 x 1.0 mm? (50 x 50 pixels)
Wafer: FZ n-type, Single SOI, 500 um thickness

Digital output

2017/05/09 SOl Satellite meeting



SOHST ver. T

Pixel
- Pre. amplifier (Charge sensitive amplifier)
gain: 0.12 V/MIP (assuming 50 um thick sensor)

- Analog signal memories (two memories)

On chip
8 bit column ADC

Pixel size: 20 x 20 um?

SOFIST ver.1

oo
| |
|1
I J
|/
ZX Pre-amp

2017/05/09 SOl Satellite meeting

Signal output
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—Seam |est

SOFIST ver.1 Beam Test with FPIX2 Beam
120 GeV proton beam
at Fermilab Test Beam Facility (Jan. 20th - Feb. 8th, 2017) 1 spill: ~4 sec

Colleagues @ %%%

SOFIST (KEK):
T. Tsuboyama, M. Togawa, S. Ono and M. Yamada

FPIX (Univ. Tsukuba):
D. Sekigawa and S. Endo

Evaluation
- S/N ratio
- Position resolution

2017/05/09 SOl Satellite meeting 1



Setup

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

DAQ board (SEABAS?)

Telescope for SOFIST
Reconstruct track with four layers of FPIX2,

™~ FPIX2 SOFIST ver.1
Pixel size: 8x8 um? Pixel size: 20x20 pum?
Active area: 1x1 mm? Active area: 1x1 mm? |-
] 20mm 30mm

Proton Beam -++---4--tF--H--#---B----H--4+--H-—>
170mm
1¢ »
Scintillator FE-14 sen;or S_cintillator
(Trigger) (ROI Trigger) (Trigger) Trigger
2 x 2 mm? 2x1.75mm? 5x5mm?

2017/05/09 SOl Satellite meeting 12



—PIXY

FPIX2 (SOl Pixel sensor)

. Glhip size: 2.9 x 2.9 mm? © 51 LEE S LBl COL_OUT
. Slmglel—SOI (FZ p-type, 500 um) VDD18 z
« Pixel size: 8 x 8 um? o
o Active area: 1024 x 1024 um? (128 x 128 pixels)
* Readout: Rolling shutter, 8 line parallel — READX
* 1 ms frame time P4 %
e External 12 bit ADC (SEABAS?) —d[p1
SENSOR
o ’-'”: P3
* —][N1 RST— p—RSTx z
- NORM row address i N2 P2
ERRR], 1 VRST =
= B — GND

£
[=)
>
©
0‘
©
v
-
o
oo

EN(AOUT)

2016/11/22 SOIffFE= B SPring-8 13



They are already subtracted their pedestal.

FPIX 1 Image FPIX 2 Image

FPIX #1 N FPix #2

-

FPIX 4 Image SOFIST 1 Image

FPIX #4

—vent Display

FPIX 3 Image

FPIX #3 .

120

100

o

50

% 20

40 60 80 100 120

SOFIST 2 Image

SOFIST #2

4 \J ) ) ) B 5
o wm o o o o o o

SOFIST #1
% 5 10 15 20 25 30 35 40 45 50
FPIX2 SOFIST ver.1
HV = 70 V (not fully depleted ~400 um) HV = 130 V (fully depleted ~500 ym)
Reset cycle = 1 ms Reset cycle = 10 us

2017/05/09 SOl Satellite meeting



ClUs

SOFIST setup
Readout: 12 bit external ADC (SEABAS2 onboard)
Bias voltage = 180 V

Clustering

1) find seed pixel which is = 64 ADU.
2) add pixels which are =16 ADU to cluster.
3) check 2) for 6 x 6 pixels centered on the seed pixel.

Hitmap_SOFIST_01_EventNum_052

ROW

IIEr::;ies —
Mean x
Mean y
3%5 45.5
2017/05/09

Std Dev x 0.1781
Std Devy 0.7321 200

ventNum_052
2500 250
47.09
35.18

150

278.339

100

50

46 465 47 475 48 485 49 495 50

COL

of

Cluster Size

h1 _h_csize
2 6000~ Entries 11331
q>') B Mean 4.835
L B StdDev  2.308
5000}
4000
- Threshold
3000 Seed: > 64 ADU
- Cluster: =16 ADU
2000
1000
o_ll—l—IIIIIIIIIIT:T:T'T:I:|'I"'IIIIIIII
0O 2 4 6 8 10 12 14 16 18 20

SOI Satellite meeting

Cluster size

15



SOFIST setup

Readout: 12 bit external ADC (SEABAS2 onboard)
Bias voltage = 180 V

Clustering
1) find seed pixel which is = 64 ADU.
. . N | _
2) add pixels which are >16 ADU to cluster | Signal peak: ~800 ADU
3) check 2) for 6 x 6 pixels centered on the seed pixel.
Pedestal (1 pixel) Pedestal sigma (Noise) v Signal spectrum "
P Mean = 2.2 (All pixels) 21000 AL
>
%‘ Entios h5.5 00| £ h_sigma_h - i Mean 983.1
“Sool- gﬂtzagev :Zii '“50:_ ;r:::s 2222 800_— StdDev  334.1
r 1/ ndf 11.83/14 B Std Dev  0.04291
- Constant 542.6 + 12.3 40 B
4001~ Mean 2525 + 0.0 r -
- igma ___ 2.197 + 0.029 - 600
300 Pedestal sigma 30 -
- (1 pixel) i I
200:— 20:— 400}
100 = I
:l | | | 2001~
8500 2510 2520 2530 peoD  ApEs0 07558 “2_1'"2'_45"'2_'2'"2'_'25"5_'3:'5.%”%4“2'_1&'[)'3]_5 I
igma
IIIIIIIIIIIIIIIIIII
. . . 0O 500 1000 1500 2000 2500 3000 3500 4000
Signal to Noise ratio Cluster signal [ADU]

Signal peak = ~800 ADU - —— g/N ~ 360 (Full depletion of 500 um thickness)
Pixel noise = ~2.2 ADU

2017/05/09 SOl Satellite meeting 16



SOFIST #1

H\/ Scan

Signal peak dependence on a bias voltage.

SOFIST #2

h_cluster_totalE_highG_SOFIST_NO1_RUN115_HV130V Iﬂf

211.2/24

Prob 7.036e-32

250

Events

200
150
100

50

ﬂ“

Bias V=130V

Constant 1338 = 57.4

MPV 132.1+ 0.6

Sigma 8.909 = 0.293

120

100

80

Signal Peak (ADU)

60
40

20

2017/05/09

h_cluster_totalE_highG_SOFIST_NO2_RUN116_HV100V }jf

116/25

Signal spectrum fitted by Landau function.

(Readout: On chip 8 bit ADC)

Prob 1.107e-13
180 Constant 886.7 = 45.0
MPV 136.9 = 0.8
160
Sigma 10.18 + 0.41
140
120 BiasV=130V
100
80—
60—
40—
20—
c-lllll’-l_:T:—IIIIIIIIIIIII IIII—&—L&—III—
0 50 100 150 200 250 300 350 400

Cluster signal (ADU)

: Full depletion

20

40 60

80

100

20 140
SOFIST HV (V)

SOI Satellite meeting

— Plot MPV as a function of the bias voltage.

Full depletion voltage is ~80 V for 500 um.

u)
5

g
N
(=}

: Full depletion

Signal Peak (AD
8 3

60
40
20
0 L L L I L L L I L L L I L L : I L L L I L L L I L L L I
20 40 60 80 100 120 140
SOFIST HV (V)
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Iracking and

Sensor alignment (software)
Parallel shift (x and y) and rotation (around the z-axis).

Hit position reconstruction
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,

Beam

—esioual

V4

|SOFISTx2 |

Resid

Scintillator

(Trigger) FPIX x4

2017/05/09 SUI satellite meeting

Beam
. 4
i |I ey
\ 4
y
|9
— |
FE-14 sensor Scintillator
(ROI Trigger) (Trigger)
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—PIX Resiaual

Reconstruct track with three layers of FPIX without DUT,

BEST N

Omm 20mm 130mm

St — LN DI SBERLI=FSY D@ —TEEINDS
EvMMIEEEBOEYMIBEDEDE—IFHIRABHTI Vb

158~ FPIX #1 /,\ °0=1033 | omE

&+ 0.018 um &+ 0.013 pm

_Fp|)( #2 /\ c=0.927

o 8 8 & 8 & % 's‘ g

.
P

4t B

o =0.887
&+ 0.012um

FPIX #3

3% H

D. Sekikawa (Univ. Tsukuba)
JPS 72nd annual meeting, Mar. 2017

- & 8 & & 2 8§ 8 &

LN LRI LAY AL RARRY RALLS RARLY

.8 & 8 8 8 8B & 8 8

2017/3/20 BAYMBPEENREERKE KRKXPEPFr /(R

FPIX #2 and 3 achieved residual better than 1 ym.

2017/05/09 SOl Satellite meeting 19



—PIX POs|

‘ -

ON Resolut

‘ FPIX \

AIMPPC
upstrean .
1
L .

The position resolution of FPIX2 demonstrated by MC

Evaluated by center sensor

FPI)Zﬂ’I)’Z  FPIX  sopisT FEM SUF ?°'X2
IP11 gP12 | |°14|3 FIST I°09

-l- -
.‘_’.ﬁl |
10mm
20mm 20mm 20mm 30mm 30mm 30mm 20mm
20mm 20mm

Intrinsic position resolution 1s expected to be ~0.7 um !

* No evaluation systematic error yet
Tracking resolution 1s ~0.5 pm

17

M. Togawa (KEK)
LC Vertex Detector Workshop, Ringberg
May 2nd, 2017

| Expected Resldual vs. Intrinsic postion resolution | MC
E j-16 > 1P i
5 . Preliminary )

v

e

-]

©O

(4}
TRTTTTTTTTTITTITITITTITTITTITTITT

N\

e
9£0.87 -
0.85 -._ﬁ//
| e

o o

ﬂ

(4] [+
Ix TTTT

065 07 075 08 085 08
Intrinsic Position Resolution (um)

o
o

Sub-micron resolution was achieved !
< 1 um tracking was achieved !!

2017/05/09
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SOFST Residua

SOFIST #1 SOFIST #2

- h_resx_4 ” h_resx_5
E’ r Entries 4161 E 2205_ Entries 4161
w B Mean 0.3218 o o Mean 0.1415
250~ Std Dev 3.02 200F Std Dev 3.351
C %2 I ndf 13.83/9 180: x2 / ndf 8.419/9
- Constant 269.1=+ 8.1 r Constant 211.8+ 7.1
200~ Mean  0.2396 = 0.0457 160 Mean  0.01811= 0.04876
B Sigma 1.712 + 0.053 C Sigma 1.649 + 0.053
o 140
1501~ 120F
Residual X : ook
100~ 80
L 60
50~ 40
C 20
0 L I 11 I 11 0 ;|_I 11 11 1 1 11 1 1 I 11 [
15 -10 -5 0 5 10 15 15 -10 -5 0 5 10 15
Residual X [um] Residual X [um]
1.65 = 0.05 ym 1.71 = 0.05 ym
h_resy_4 h_resy 5
2 F - i) —
S 350 Entries 4161 £ 250 Entries 4161
] u Mean -0.2919 o L Mean -0.6717
300 Std Dev 2.519 i Std Dev 3.044
C %2 I ndf 3.32/9 200 %2 I ndf 10.05/9
r Constant  334.8 £ 9.2 r Constant 223573
2501~ Mean  -0.106 = 0.034 i Mean -0.2987 = 0.0498
r Sigma 1.457 = 0.033 B Sigma 1.653 + 0.053
- 150—
200~ -
150 100{—
100~ -
- 50—
50— i
0_—l-l— 1 11 1 1 11 1 1 l'l_l"—l—-l_l_l 0_ 1 I I 11 1 |—I||—||-||_
15 -10 -5 0 5 10 15 15 -10 -5 0 5 10 15
Residual Y [um] Residual Y [um]

1.46 = 0.03 ym 1.65 + 0.05 um

SOFIST achieved the residual to ~1.5 ym with 20 x 20 ym? pixel.
2017/05/09 SOl Satellite meeting
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SOHST ver ?

Wafer: FZ p-type

Row selector

Pixel array
(Time stamp)
64x64

Pixel array

(Analog signal)

16x64

X

P

8bit
ADC

8bit
ADC

8bit
ADC

8bit
ADC

8bit
ADC

0-suppression logic

Column selector

Pixel size: 25 x 25 um?

Chip size: 4.45 x 4.45 mm?

Active area; 2.0 x 1.6 mm? (80 x 64 pixels)
Wafer: CZ p-type, Double SOI, 300 um thickness

2017/05/09

SOI Satellite meeting

|
1
Digital output

|
]
Digital output

—— Analog output
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oOHS T ver.?

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

On chip
8 bit column ADC
/ero-suppression logic

Pixel size: 25 x 25 um?

SOFIST ver.2 L LD
Analog pixel

Vih > >
o/ o L] |_ I_ L
Il [ Y Shift-register | __
| Comparator  —--zgir-------------~ |
I - '
| |
"o o o Signal output
l/ i 1T | ignal outpu
R |
Pre-amp : '
A | SV i
i —o/o—_l-—o/ o
| N
Lo T by
|
| 777 |
! 1
! I

2017/05/09 SOl Satellite meeting 24



SUHS T ver.?

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

Timestamp memory

Pixel size: 25 x 25 um?

- Tow i
. 1 : .
! 5 o I Timestam
On chip / ! o [ o : output i
8 bit column ADC Ramp signal - NN |
- ' [ : J. / :
/ero-suppression logic i | > /°_. :

_____________________

____________________

SOFIST ver.2 -
Time stamp pixel

Vth

L

e e e e e e e = = ——

Comparator

oo
| |
|
I
|/
ZX Pre-amp

2017/05/09 SOl Satellite meeting



Tme S

~ixel

Designed by S. Ono (KEK)

o Test input
- Pre-amplifier l\ s
Charge Sensitive Amp. ) N
- Gomparator _‘T: [{ oos L~ )_ o i
Chopper Inverter type = } > >
. . \/ . J) Comparator N |_ N
- Shift reglster ZS Pre-amp \T Shift-register
(Charge sensitive ampilifier)
D_I:I: CDS input
S\iv1 Output amplifier
/ o OT[>—O/ o— Pixel output
1) Input a RAMP waveform. remp sanalinest sw2 ;;
2) Open a store switch (ST1) when oo —gt
Outside of the chi -
a comparator output P —
changes to High. 777
3) Keep the voltage of RAMP to Timestamp memory
the time stamp memory
as a time stamp.
4) in the same way for 2nd hit.
2016/09/27 TWEPP 2016 26



Time Stamp and Analog

Simulation of 1 uys transient analysis

~ixel

55 nA, 10 ns _ Signal (Simulation) Pre. amp (focus)
~ — ~3400 e~ H correspond to 1 MIP (50 ym) H | 0.72V
1;§° Pre. amp | EE B
2 \w/_/ N . |03V
5 COMP L | | \
>1Z [ ] g ot TR, A RELE \\ A p=
E: iﬁ /_\ I /-\ l o042V B
i % DFF ST
35 i DFF ST2
3 RAMP :

v Hold analog signal of 1st hit
S 2000 ¥
f'sgzgir” N . .

%00 L”///J Hold time stamp of 1st hit
S 500 d :
>§§§§§ { Hold analog signal of 2nd hit
%;zgz% — - ——

f‘gggi i Hold time stamp of 2nd hit

20;).0 l I l ’ 40;).0 I tlime (ns) l l 60;).0 80;).0
2017/05/09 SOl Satellite meeting 27
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o1 ver3 & 4
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SOHST ver 3

Pixel
- Pre. amplifier (Charge sensitive amplifier)
- Comparator (Chopper inverter) SOFIST ver.3 is still under designed.
- Shift register We are going to submit in June 2017.

- Analog signal memories (three memories)
- Time stamp memories (three memories)
1
o o oo

On chip f 1

3 bit column ADC Ram signal 5 T §

Timestamp memory
SWi1

Timestamp
output

Pixel size: 30 x 30 um?

_____________________

SOFIST ver.3 B

____________________

Vth

oo L
[{
L

|
|
|
|
|
|
|
|
Pre-amp I
I SwW2
A | Ve 777
|
|
|
|
|
|
|
|
|
|
|

e e e e e e e = = ——

Comparator —--—o75--------------~

Signal output

777

All the functions are implemented in a pixel but lager pixel size.
SOl Satellite meeting 29




SOFST ver 4 (3D

3D integration of SOI sensor
for implementation of complex circuit within 20 x 20 pym? pixel.

) ) 3 I
Time }. E. }_ }_ DMOS
Store

S R

7 I
>

200 nm FD-SO § \i }{)_ }{)_ ﬁ_
PAD PAD Back Gate Adjust Electrode (or more fine process) g é{\;l:g T I I I MIM

=) | ) |\ |\
Upper Y ooy oy
Chip paH |[paF [paH [DaQp
GND VDD N N N N
Lower 1r ______ _ L ________________________________
: e —H .
Chlp 5 disc
© Vth —
50~ pt Buried n Pl Pl §
Sensor ? Substrate
2016.7.27 Y. Arai
High Resistive substrate (p-)
v Al(200nm)

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

2017/05/09 SOl Satellite meeting 30



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 process)

Upper THI—Hl—=c=————roosr oy a5~
Chip
Lower Tohoku MicroTec Co., Ltd.
; http.//www.t-microtec.com
Chip
Buried n Pixel Pixel
Sensor ™" I"Micro
High Resistive substrate (p-) 2~ 5/5. QEQ Au Cone Bum
v Al(200nm)

=
QI Ay

i
gt -
¥ g PR

¢
i A
|

- -
L R

wiw v v v v v o

Fy vwvwewwvyvewevwvevwvevw
Vv v v e vy
Ve v vewvew

»
>
’
.
>
>
»
>
»
.
>
»
»

|

"vvdld

T A Y | R
I

- w wow

vwew ol oo

v v e

v -

»r

Lower pixel

TEG cross section

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

SG R GS .

Puel2014 @ Niagara Falls Sept. 4, 2014
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http://www.t-microtec.com

Ssummary

We are designing and developing a monolithic type pixel detector with SOI technology for the
ILC vertex detector (SOFIST).

SOFIST ver.1
We evaluated S/N and position resolution by using 120 GeV proton beam at Fermilab beam
test facility in Jan. 201 7.
- S/N ~360 at HV = 130 V for 500 ym thickness sensor.,
- Position resolution (residual) ~1.5 um.

SOFIST ver.2
Chip have already delivered to KEK in Jan. 2017, and we are preparing DAQ.
We will evaluate
- Time stamp function for multiple hit (up to two hits).
- Thinned sensor (75 um).

SOFIST ver.3 and 4
ver.3 and 4 chips are still under designing (submit in June 2017).
ver.3: all necessary functions are implemented in a single pixel but 30 x 30 ym? pixel size.
ver.4: all necessary functions are implemented in 20 x 20 ym? pixel with 3D integration
technology (Au cone bump).

2017/05/09 SOl Satellite meeting 32
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. RST_DFF1X

| RST_DFF2_X
| COMP_EN

VDD1&8_D
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" RST_COMP1

_ RST_COMP1_X
RST_COMPZ.

" RST_COMPZ_X
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Column ADC

N

Column ADC circuit
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O-suppression Logic
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Residual distribution by MC w/ intrinsic resolution=0.6 um

- Tracking by straight line : y =ay * z + by
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Residual distribution by MC w/ intrinsic resolution=0.7 um

- Tracking by straight line : y =ay * z + by
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Residual distribution by MC w/ intrinsic resolution=0.8 um

- Tracking by straight line : y =ay * z + by
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