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SOl Pixel Sensor (SOIPIX)

Low-Resistance Silicon Layer
for CMOS circuit

Ultra-Thin Top Silicon Layer

Ultra-Thin Buried Oxide

Base Silicon

Buried Oxide Layer
(Insulator)

SOI: Silicon-on-Insulator technology
Utilize 0.2 um FD-S0OI CMOS process by

Lapis Semiconductor Co. Ltd.

2024/01/15

SOl Wafer

Ultra-Thin Buried Oxide

High-Resistance
Support Base Silicon Layer

Ultra-Thin Top
Silicon Layer

Base Silicon

SOl Pixel Detector: Monolithic type detector

f

gu—rf - \ LSI Circuit _~
40nm \—+— = - _ﬁLM —_ S/ —
200nm —= BOX(Buried Oxide) /
n+(p+) / +(n+ —
o g p+(n+) =—
(Buried p-Well)
50~500um
Si Sensor 4
(High Resistivity
Substrate) - L n-(p-)
\ 4 /

Backside Implant, /

Laser Annealing,
Al deposit

- LSlis processed on Buried Oxide layer (BOX)

- omaller pixel size, complex circuit in pixel

- Low material budget

- Less single event effects (SEE) probability
- Sensor thickness: 50 - 500 pm

- Sensor Resistivity: > 1 k(2-cm

Strasbourg

Charged Particle
(X-ray, Electron, Alpha, ...)

Sensors

SOFIST for ILC

PIXOR for Belle |l

XRPIX for X-ray astronomy
INTPIX for general purpose

FPIX, the highest granularity pixel



KEK PF-AR Test Beam Line

KEK ITDC, PF-AR Test Beam Line

https://itdc.kek.jp/testBeamLine/index.html

R

K. Hanagaki, JPS 2020 Autumn Meeting
https://kds.kek.jp/event/35569/

Beam rate is maximum at 2 GeV/c
Currently ~1kHz
Depends on the target position

2024/01/15
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The current for the bending magnet can be changed by the user.

In 2023
The beam rate was more than 1kHz at AR 5 GeV.
The target position was more inside than AR 6.5 GeV.
AR5 GeV: 11/17 - 12/6
AR 6.5 GeV: 12/8 - 12/28 (our beam time: 12/13 - 12/20)

2024/01/15 Strasbourg



PrOjection Tristan Fillinger, KEK, 2023
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The beam profile is obtained by stitching the hit map with five positions. o = 306 pixels x 36 pm = 1.1 cm
These hit maps are not normalized between runs.
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Position Resolution for Pixel Detector

Telescope for KEK PF-AR Test Beam Line

LHC ATLAS: 12 um High-energy beams are available at CERN and Fermilab.
KEKB Belle Il: 10 um Coulomb multiple scattering of the beam is negligibly small.
LC: 3 um In general, a tracker consists of multiple sensors that perform precise spatial resolution.
Japanese Facility DUT

ELPH (Tohoku University) : ~820 MeV/c Positron Beam

KEK AR-TB: 1- 5 GeV/c Electron Beam

Development of a precision beam telescope system
at the sub-GeV to GeV energy range.

— Better than 10 pum of position resolution at GeV order electron beam
Need to be optimized

e Number of Sensors for Tracking

e Sensor Thickness

e [racking Method

2024/01/15 Strasbourg
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Table 1 Main parameters of the INTPIX4 and INTPIX4NA sensors.
IN I I IX4NA Chip size 15.4 x 10.2 mm?

Active area 14.1 x 8.7 mm?
INTPIX4NA Is a general-purpose sensor, and it can be used in many applications. Pixel sizo 17 % 17 pm?
implemented minimum circuit in pixel for analog readout and global shutter IMaging. [ pixel array 512 (row) x 832 (column)
Position resolution is ~1.56 pm (120 GeV Proton Beam at FTBF) 13 blocks (64 cols) in parallel readout
« 15.4 mm > Wafer p ~7 kQcm, 500 pm thick (INTPIX4)
t n-type FZ | p ~11 kQcm, 300 um thick (INTPTX4NA)
modification | Output buffer is enforced for INTPIX4NA
S| alals|a|als|lalalalalals SEABAS2 FPGA Board
102mm (|§(| E| E| E| E| E|E|E|E|E|E| E| E| E 512 x 832 (=425,984) pixels 3 ean 5. 19 SRR o oo g "
|22 |S|_R|[R|R|S|_|2|2|S|S| roonski NS
2 (1M i (e Al s e e e (el | >33 meframe Hear%s EP&A . EPGE
“Nelele|lele|lele|e|le|le|lel|e|cE TR aesne ' > ; S
INTPIX4 T sk
S o] I, S R \\1 5 § \n > L O D ‘\1/ b SiTCP
v '\71{ : r — COLLMNAbDREss[ . : | r ]ﬂ_ CA[9:0] | . : Ea (ﬁ PC
lyy v v v v v vy vy v v v v v ggagggggggg
RAIS:0] 13(+1) Analog Out 200095 Y Arai o
Analog Readout ARG 3 2%it, 416"
The Analog signal is read out from all of the pixels. SBUSE S8 Tm oo~ < BASEBOM

and then digitized by external ADC on the DAQ board.

2024/01/15 Strasbourg 9



INTPIX4NA

INTPIX4ANA Is a general purpose sensor, and it can be used In many applications.

H. Suzuki, Univ. Tsukuba, 2020

Table 1 Main parameters of the INTPIX4 and INTPIX4NA sensors.

Implemented minimum circuit in pixel for analog readout and global shutter imaging.

Position resolution is ~1.56 pm (120 GeV Proton Beam at FTBL)

Expected position resolution
by using three upstream sensors for tracking.
Simulated by Geant4

Beam
DUT | 7 -1
S .
—— S —
_ 7
Layer#3 [ | PR
_ \““‘“;*i\‘“‘“
Layer#2 |l 7 |
Layer #1 [ Sl
[ — B T— ’ e —— B
_ > -
- —_
-~ —
”~ .
- T
-
e’ ————_1 Sensor thickness, t

s T e 500 um
o e 300 um (default)
e 50 um (need watfer thinning)
Charge spread in the sensor, o

Chip size 15.4 x 10.2 mm?

Active area

14.1 x 8.7 mm?
17 x 17 pm?

Pixel size

512 (row) x 832 (column)
13 blocks (64 cols) in parallel readout

Pixel array

Wafer p ~7 kQcm, 500 pm thick (INTPIX4)
n-type FZ | p ~11 kQcm, 300 pm thick (INTPIX4NA)
modification | Output buffer is enforced for INTPIX4NA

Telescope Position Resolution for Electron Beam Energy

Resolution (um)

e 4.0 um (obtained by past beam test)

e 1.3 um

2024/01/15 Strasbourg
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SOIPIX Telescope System

Trigger S Rate _
DAQ Master Board XRPIXS trigger
Trigger rate: > 1 kHz
enable i N i N i N % N latency: ~2.5 ps
Trigaer eset Timestamp . Telescope DAQ rate
" Timing  CLK ' Full frame readout: ~ 25 Hz
_ Zero-suppression: ~145 Hz
Trigger system Telescope
XRPIX5 (Rol) INTPIX4
or Scintillator (N=5) Breakdown
Time for signal integration
.............................................................. et Beam 100 us
Time for AD conversion
200 ns per pixel
|_| 200 ns x 518 row x 64 col = 6.6 ms
Time for readout per sensor
I I I I ITimestamp and ADC Speed: 1Gbps
Data size: 16bit/pixel
Network Rub (512 row x 832 col x 16 bit)/10° s = 6.8 ms
l DAQ rate for 5 sensors
PC 1/(6.6 ms + 5 x 6.8 ms) = 25 Hz

2024/01/15 Strasbourg



XRPIX5

AR-TB Beam Test in 2022 (3 GeV)

Hit Map [ Hit Map: CA projection | %
- . e
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3 i feselrE T OB T I
) i CA 50 100 150 200 250 300 350 | ,
(vi) COL_ADDR . DAQ.PC CA G gy
(vi) ROW_ADDR ) Y
(v) HIT_ROW_ADDR (viii)
Column ADDR. ENCODER (i) TRIG OL]T > FPGA
. . (1] _ o~ u u "
P XRPIX series are pixel sensors for X-ray astrophysics.
v PATTERN PROCESSOR o — <> . . L . .
B O RN Oy Outputs trigger and hit position address when a hit is
%“'9‘:)"‘:"'5"'-‘"-‘" § 819 o detected.
- - ot -t T35 |a = : : PR
: : 1HE Region of Interest function is implemented.
: JEHE °
——*{ Column ADDR. DECODER Designed by A. Takeda, Univ. of Miyazaki
W [ X
oo - WL ANALOC OUT T ane PIXEL2022: hitps://indico.cern.ch/event/829863/contributions/4479488/attachments/2568027/4428082/20221215 PIXEL2022 takeda v1.pdf

2024/01/15

Analog Signal

Strasbourg


https://indico.cern.ch/event/829863/contributions/4479488/attachments/2568027/4428082/20221215_PIXEL2022_takeda_v1.pdf

H. Suzuki et al., 2022, https://doi.org/10.1093/ptep/ptac124

Tracking Study at ELPH in 2021

T ~_ butr _ ~_ pbur ~__burt
rigger [
< (1-1) — (2-2)--g-—-B--H-— B |
DAQ Master Board 1 . ,
B T G ® e X
beam
N N N N > 2 1)'* ffffff k-2 @*-2 g =@ |
] 3* 1) g &N
Reset Timest =N T "
: ese imestamp
Tri r .. . B N Y M-
9ge Timing CLK usy (2%-1) &% <2, 2>E~/ii a\xra\g@\a
Telescope Trigger system = o fitted track % track point at DUT
INTPIX4 XRPIX5 (Rol) line (connected or parallel to fitted track)
(N=5)
Positron Tracking DUT Average
.................................................................. ) Bea m medt llo Cl L 2 L3 L__l
820 MeV/c (1-1) 12.06+£0.10/11.914£0.10  12.15£0.10/12.2440.10  12.7140.12/12.984-0.11 | 12.3440.11
(2-1) - 14.4240.12/14.5440.12  14.9140.13/15.33+0.13 | 14.8040.12
(2*-1) - 11.8040.10/11.7240.12  12.2340.10/12.4040.10 | 12.04+0.11
(1-2) 14.3240.12/14.2740.17  14.4840.12/14.48+0.12 - 14.3940.12
(1-*2) 11.7240.10/11.634+0.10  12.1840.10/12.22+0.12 - 11.94+0.11
: 2-2 - 20.28+0.16/20.5440. - 20.3140.
<> Spacing between sensors: 3 cm (2-2) 0.2810.16/20.54£0.17 031£0.17
3 thick . 300 (2*-2) - 14.5740.12/14.63+0.17 - 14.6040.15
EnNSor tNICKNESS. Hm (3-1) i i 16.2840.14/16.11+0.14 | 16.20+0.14
. (3%-1) - - 15.2740.12/14.2740.17 | 14.77+0.15
(]
Stack the sensors as close to each other as possible. 13 1 3PT010/ AT : : TETENNT:
* Reconstruct the upstream and QO.anstre.am tracks of the DUT. (1-3) 14.8740.14/15.02£0.12 ] ] 14.954013
¢ Extrapolate the track from the hit |mmed|ately before the DUT. 11.1040.10/10.9840.09 11.04+0.10

* Define the beam position by taking the average of the two tracks.

2024/01/15
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https://doi.org/10.1093/ptep/ptac124

T. Omori, Univ. Tsukuba, 2023

Beam Test at ARTB I1n 2022

Jrigger ~_ DUT ~_ putr ~__purt
DAQ Master Board _ (1-1) o —8 (2_2)__.____“! _____ v — o || | .
G e e R
N N N N beam
B O % [ 2%_2).lal .. e—x o
_ EN » (2-1) ol e O (3* 1)@ X
: Reset Timestamp o BN T s & S >
Trigger Timing CLK Busy . u 8]
(2*-1_5 [ ===t <2, 2> E/“"a’\ﬁ}g@\a
Telescope Trigger system - - - - - - N N -
INTPIX4 Scintillator fitted track % track point at DUT
(N=5) or XRPIX5 (Rol) line (connected or parallel to fitted track)
Electron i _—
.................................................................... > Beam Residual p=>5 GeV/c
5 GeV/c ., . | hea .
£ T | B dl BERAE | LESBEEE[um]
U 3 ‘“ I S s 2%_1 3.34+0.04
. oo
100y an 7862 1.7
: ™ | Wen ocasssoose 2-1 3.73+0.09
. % ! Sigma 2941+ 0038
<> Spacing between sensors: 3 cm F f = ' _ 3%_1 3724005
Sensor thickness: 300 pm 60! { B eV
.u:E K 3—1 3-94i0.94
| |
S 4 i <2-0,0-2> 4.87+0.06
- kY Vi, ~ :
o ti'."'-&s 'M:E'.{‘“s'“’6’"'5“?%\ <2*_1,1_*2> 3.0210.04
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Beam Test at ARTB I1n 2022

Tracking for large amounts of material budget detector.

L1

L2

L34 L4(DUT) L5

N
N

2mm thick Al plate emulates thick DUT.
Residual (um)

3*-1

<2-0,0-2>

<2*-1,1-*2>

2024/01/15

3.80%0.06
444 0.0/
5./9%0.10
3.41+0.06

p =4 GeV/c

4.53+0.07
4./5%0.08
3.14+0.13
3.68+0.06

5GeV/ c L
&

L1

L2

L3 L4(DUT) L5
A

N

Assuming DUT is very thick like a calorimeter.
LS can not be used for tracking.

Method w/o Al w/Al Method
(Um) (Lm)

3-0
3*-0
4*-0

Residual (um)

6.01 0.0/
6.98+0.08
6.40*0.08
1.12%+0.08

p =5 GeV/c

Strasbourg
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T. Omori, Univ. Tsukuba, 2023

AR \
hitpos, — recpos;
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i=L °
Method 3*-0
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Mean 9883
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INTPIX4 Sensor, Zero-Suppression Logic

(Row, Column)

INTPIX4NA
(511,0) (511,63)
/ .............. )
g
N
[0
%
[ 5 s s =
% B1 B2 B3 e o 0 o B13 Block
g “‘ . e .A ..'.
o . .
2 \“
\ : : : A N IS »
i i = 5 (0,0) (0,63)
\ . / \ /
E E E Column 832 pixels E 64 pixels
Analog Signal * 00
v v v v
ADC1 ADC1 ADC1 ADC2
CH1 CH2 CH3 CHS

— | FPGA ——> PC
— SITCP

SEABAS2 FPGA DAQ Board

2024/01/15

Procedure

e Column is divided into 13 blocks and 1 block
consists of 64 columns.

e Each block is connected to each channel of
the on-board ADC.

 The analog signal is read out from all pixels
and then digitized by the on-board 12-bit ADC
in parallel with 13 blocks.

 Set a threshold for each block to find the
cluster seed.

* The ADC counts of the cluster seed and the
5x5 pixels surrounding the seed are read out
to the PC.

Data structure The size of the register for data TX is 16-bit.

16Dbit 16bit x 2

ADC [ e e o | ADC CA RA Timestamp

Strasbourg

CA and RA
of Seed 16

5 x 5 pixels



INTPIX4 Sensor, Zero-Suppression Logic

(Row, Column)

INTPIX4NA
(511,0) (511,63)
/ .............. .
h
. g
[0
X
g 5 5 s i
% B1 B2 B3 e o o o B13 Block
g ““IIII.A
o o*
\ : : : N N It »
L : i 0,0  (0,63)
\ . / \ /
: : E Column 832 pixels E 64 pixels
Analog Signal © o oo
\ 2 v v
ADC1 ADC1 ADC1 ADC2
CH1 CH2 CH3 CH5
—>l FPGA ——> PC
S SiTCP
SEABAS2 FPGA DAQ Board
2024/01/15 Strasbourg

Breakdown of DAQ rate
Time for AD conversion

200 ns per pixel
200 ns x 518 row x 64 col = 6.6 ms

6cm

Time for readout per sensor « —
Speed: 1Gbps | =
Data S|Ze 16b|t X 29 2cm 1.5cm[ ST
(29 x 16 bit)/10%9 s = 0.46 ps Z \

' / \ \ Beam
XRPIX5 INTPIX4 ~12 cm?2

DAQ rate for 5 sensors o o (100 %)

1/(6.6 ms + 5 x 0.46 ps) = 150 Hz

Assuming a beam rate of 1kHz, the trigger rate corresponding to

the active area of INTPIX4 would be about 100 Hz (area ratio).
Safety factor 2 x 100 Hz = 200 Hz «+ target value

The size of the register for data TX is 16-bit.

ADC [* e e [ ADC CA RA

Timestamp

CA and RA
of Seed 17

5 x 5 pixels
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Beam Test at ARTB in 2023

» SOI Telescope system with Zero-Suppression Logic
* DuTiP1 (Ishikawa)

» Micro spectrometer (still work in progress)

S
i
| 11111

bl
'=Ei

Wa.
N

Trigger system Telescope

Telescope .
XRPIX5 (Rol) INTPIX4 INTPIX4 DuTiP1

P-16  IP-14 IP-13 IP-22 IP-26 IP-15 P-8 IP-9 IP-6

Permanent magnet
~03T
R T T T e e e o e e e O L e e e A TITPrS < Beam
< >
150 mm
Tri Ti t ( N )
rigger imestamp :
out Reset CLK Busy 32mm 6/ mm
Trigger N N N N
enable .
) DAQ Master Board
2024/01/15 Trigger in Strasbourg
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Trigger system
XRPIX5 (Rol)

INTPIX4
P-16 IP-14 IP-13 IP-22 IP-26 IP-15

Trigger
enable

Trlgger

Telescope

Resolution

I b

Timestamp

Busy

I

CLK

I

>

DAQ Master Board

Trigger in

2024/01/15

T. Omori, Univ. Tsukuba, 2024

DUt DUT . butr _
(1-1) ."L —® (2-2)--g-----M-—-3¢ -1 e | || N
) GL® @& TR
e M e *_9).
’ (2-1) & 2w (3%, Vg g - — o S J
(2% 1)l ______ g 4 S . <2, 2> rag@\B
"""""" fitted track % track point at DUT
line (connected or parallel to fitted track)
Method Full Frame Zero-Suppression
(Hm) (Hm)
A810.05
1.36-140.10 10,09
0,13 110,10
-0.06 11+0.05
021012 321010
-1 (L 3) 3.0840.05 4.2040.05
{ 2-0, 0-2 )(L 6.7440.09 7.104+0.08
(2*-1, 1-*2)(L ;) 1.1140.06 1.7240.06
Strasbourg p = 5 GGV/ C 19
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S 100- 22/ naf 285.5 /2077
§ 80| DUT=L1 z(r)ob —0.859511.1531
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1005 —— 5505 000" 60008000 70000 72000 4000
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VINIZMNESREE L Y /NhX < (BIERESHEL2GeV/c) Track 0-2 .
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BiERAEE (4GeV/clcxtd B) (B 2 AREE

m_____

2-0
3-0
3*-0
4*-()
2*-1
1-2*
3*-1
1-3*
<2-2>
<2-1,1-2>

- ALBERARTIEZ. DUTICE SO TRILAIESD A
« 820MeV/cTlEXRIEY TimterY—3sEZLoEE%x 2T 7-
« ELPHREER*(T ZE DA EHIEL

2023/9/15

3.59%0.06

3./8%0.06

4.46+0.07

3.07/%10.06
6./8+0.11

3./19%10.06
3./7%20.06

5./9%0.10
3.41%+0.06

A R NG

3.65*0.06

6.0/ £0.11 0.84x0.11

7.94x0.14 8.12*0.13

1.36x0.12 1.29*0.11
- 8.41x0.14

3.81£0.06 -

AAAET().0/ -

(&5 BEEE[um]

SOlUmeeting

4600+ 5 v Z (Run2 B9 D F—4%)
5GeV/cTTA A M T XR{ER
MPZ ERt Y —H o 0AREIC & B EF

<> FoN3 2 o OBERAIED T TEE

|



BiERAEE (5GeV/clc¥td ) (B AREE

m_____
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3-0
3*-0
4*-0
2*-1
1-*2
3*-1
1-*3

<2-0,0-2>
<2*1,1-*2>

3.18%£0.04

3.38£0.04

3.8910.05

3.15%0.04
6.09%=0.07

3.43%10.04
3.17/%10.04

4.87+0.06
3.02%+0.04

RLBEKRARXTIE. DUTICIKO TRILESRREEZ T
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¢ Ny ITYT7IBRESHHBIALTHY ET,

2023/9/15

SOlUmeeting

3.02x0.04

6.08x0.0/ 5.8/ 0.0/

6.89£0.08 7.07=0.08

6.34£0.08 0.45*0.08
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(&9 BEEE [um]
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Everns 200 nm

By MMRHZHE 4

b7y F T AR— T
e 9BD: L1, L2, L4, LB IS RE2DHB 7 L —LE(x2<300)
« 3FN: 2Layeric/ SR EDHY, ZREDNE30(0 by <2-1,1-2>)D7 L — LE

chi_sq

2 chi_sq
g Entries 8922
Mean 77.44
Std Dev  95.38
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w"] )

L1 L2 L3 L4 L5

- <2-11-2> BRERH. |

] lll”l| ?”l

M Ll ‘ . Mﬂ

I‘\I\

[ ha ] —

| Entries 8922 52‘0'— Entries Be22 —1 L1 l L1 | 11 | 1 I
250} | Maan ~0.02465 = m Nean 0.2183 100 150
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200} ' Proty 0 e 1805 Prab 0
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. Mean  0.08211: 0.03511 100 | Mean  -0.1829 £ 0.0872 R 7 R 1 1
- Sigma 3.012+ 0.089 1eoF | \ | Sigma 31950040 | un un

Z 120} |
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100} '} ;

| 8o}
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»
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s01 w )
; \. V
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Emulation of Zero-Suppression Logic

Data: Full frame readout. Pedestal is evaluated by the on beam full frame readout data.
Emulation: Set threshold for each block. Seed is the first pixel which exceeds the threshold.

# of clusters/event .
1 (~98%) ‘

chter ADC 10D

p = 820 MeV/c at ELPH

Ay 4534

5 .
] “ors | ‘ My | »I:107
Cluster Size T e 334104

7.03 : ‘.' Cluster Charge
1363 ADC
- \

.
- —— - - A S ) ) : ) ) ¥ oem e anns

< lew l." Al

chugw ADC WD

Cluster Size

A tréws

‘n' Wear

l | 24 Den

4 7 TS

I ! Mres 128493
Corgas: J136

[ -

MLy Bt RLTYFs ONT

7 48 g ‘\ Cluster Charge
\ 375 ADC

— e . Ad y Al . ' e ) N TS

= # of clusters/event
.. 1 (by definition) '
2024/01/15

! JIAE AL 1000 TS X0

e Crawge ALDCH

Strasbourg

residual X 1IP13

. ' , residualx
z 00 - . Entries 8063
5+ Zero-Suppression | Mean 0.1151
| S Dewy 1425
#0 1- _"" \ Underiiow 4
: '. '\ OJMU” b
. r\ imogra 8038
00 }‘ ’ ! ntt 1699/ 145
- y \ Orob 0.001716
F ‘ Constant 2Hh9+38
150 | *i Mean 0.1031+ 0.1375
- ‘i. | ST 1217=0.12
L |
100 +— { \
) b '
L !
- 4 \0
| \
0 ) 1
» / \
» \ 4
P 'S T ‘.
S T R —T 0 20 0 € 20 20
X oo lumi

Full frame readout: 0 =11.10 £ 0.10 pm
Zero-Suppression: 6 = 12.17 + 0.12 pm

25



Emulation of Zero-Suppression Logic

Block Threshold (60 sigma) Set Now ...
[ ThresholdO] 60*1.7739 = 1096.69

[Thresholdl] 60*1.78184
[Threshold2] 60*1.76579
[Threshold3] 60*1.81057
[ Threshold4] 60*1.75291
[ Threshold5] 60*1.73815

1087.8
1094.13
1084.11
1074.86
1070.18
[ Threshold6] 60*1.76574 1039.14
[ Threshold7] 60*1.7417 = 1056.66
[ Threshold8] 60*1.71296 1067.11
[ Threshold9] 60*1.68594 1082.52
[Threshold10] 60*1.72112 1075.68
[Threshold1l1l] 60*1.66207 1097.8
[Threshold12] 60%1.65497 = 1090.82

2024/01/15 Strasbourg 26
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Setup at AR-TB in 2023
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Beam Profile, Vertical, Y

Beam

Profile
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Beam Profile, Horizontal, X
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Beam X
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Beam Profile
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History of XRPIX Series

2010 2011 2012 2013 2014

- '4 = mm
WA - nnn reer - - . s - . 1
.’ A & : i - .R.":"‘-"" ) L (463 — - | - S t' i — . - mm .
i > e . , ‘ ~ ¥ Y >
. 4 ¢ » : .~ - b g ' : - - : ‘; X1 pe - '—_ -+ & & ~ -
os &3 | = — ; : . s i . it
on ¢ y : = P -

e XRPIX3 XRPIX3b

. ) L '-j )

> €
2.9 mm 2.9 mm

SALMLLLLLLLLLEE L2

First Model Trigger Output

(Event-driven readout) Charge-sensitive

Amplifier

6.0 mm

6.0 mm 6.0 mm —
Middle Size

2016 xreixew 2017 J
o
I~ XRPIX=-X

XRPIX6D

L!.

XRPIX6c

’ XRPIX7
| 36 pm sq. pixel

XRPIX6E

608 x 368 pixels |

6.0 mm
36 uym sq. pixel

4 Built-in ADC

> ‘ i B : »
4.45 mm D-SOI [——
Sensor Structure Structure -
. . Structure

24.6 mm|

Improved analog 15.3 mm
S|gnal response




Pixel Circuit

Pixel Circuit| Pixel size: 36 um sq.

7 TRIG_ROW (OR) !

: pT Iy TTTTTTmTemmenmenmessnssnsnessnsneeney BAD PIXEL MASK Trigger Output
T : - :_ (SR Latch)
ol ! : O RsT comp1 O RsT comp2: S [ SET_MASK
=i % 5 . |QR|—= RST_MASK
=4 S
o i iy ¥ nglccER . — e ———————
e : L/H OUT ; - . . .
| Comparator R : Pixel Circuit consists of ...
A RST D SR Latch — 5
. A E.Vbbrs ---------------------------------------------------------------------------------------- g ---------------- | Charge-senSitive amplifier (CSA)
= Ceh ROW_READ |
. RST_PDBJ ‘ g L + Correlated Double Sampling
STORE CD3 Cap. : 5 Inverter-chopper type comparator
e § . SR Latch for bad pixel mask
‘U1 1 Sense-node Feedback Cap. o ! | ' | .
ol 8 :
of | P 3 K :
O ; 2 o !
ElIR c 5 ;
- : 0 L. -l ' N
ol g I =
i S 5 '~
i GND - 5 z
i VCDS  VTH 5 5

PIXEL 2022 @ Santa Fe, USA - A. Takeda - December 15, 2022 3



Setup at AR-TB in 2023

Trigger system Telescope Telescope DuTiP1
XRPIX5 (Rol) INTPIX4 INTPIX4
P-16  1P-14 IP-13 IP-22 IP-26 IP-15 P-8 IP-9 P-6
|_| Permanent magnet
~03T
< >
LJ 150 mm
rigger imestamp
out Reset CLK Busy 32mm 67 mm
Trigger % N % N % N iN
enable

q

DAQ Master Board

Trigger in

Trigger system
XRPIX5 (Rol)

P-16

Trigger
enable

Telescope
INTPIX4

Trigger
out

I

P-14 1P-13 IP-22 [P-26 IP-15

Timestamp
CLK

Reset

Busy

I

q

DAQ Master Board

Trigger in




INTPIX4NA Time Chart and Pixel Circuit

Readout time

TRIGGER IN H
BUSY=®dTrigger A 11 i& £48

INTANA RESET _‘ _‘
RESETIZMaster[@ 48

INTPIX4NA Store X Readout X

RESETIC[EHI U T. EZ /LRDO#IER1L.
TRIGGERA A1 TDAQIC®E1T

BUSY _‘

RESET, Readoutfk (ZBUSY

Timestamp X Counter value

Run 74, p = 4GeV/c
INTPIX4NA Integration Time: 100 ps
V_RST and V_RST_CDS Width: 150 and 160 ns

V_RST and V_RST_CDS Period: corresponds to Integration Time
XRPIX5 Trigger Latency: ~2.2 ys

o

Vsense

/I \Vdd

LOAD _q [Pz

\
o o ol
]
[ P1 RST_CDS
7.

STORE
I

Cstore Ve P4

READ_x g

l q P3
»\o 4
COL OUT

V_RST_CDS







Designed by 1. Tsuboyama, 2023

Beam




Row

(Row, Column)

(511,0) (511,63)

(511,0) (511,63)

Column

(511,0) (511,63)

Order of Readout

Block™ (Row, Column)

Block1 (0, 0)

Block1 (0, 63)
Block1 (1, 0)

BlockT (1, 63)

Block1 (511, 0)
Block1 (511, 63)
Block2 (0, 0)



Data Structure (RAW) Data in ROOT file

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

event_tag
ADC[832*512]

NN NN NN N NN NN RN NN R RN N N NN N RN EEEEE R E R e H NN N NN RN N RN R NN RN R AN RN EEE SRR E A EmEmmmnn s E NN NN RN NN RN N NN N RN NN N E NN NN RN NN NN AN NN NN NN AN N AN EEN N AN EANE NN NN NENNEENEENEEENEEEEEEEEEEEEEEEEEEEE

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

N NN NN NN RN RN RN NN RN AN AN E AN AN RN AN RN NN AN AN AN RN AN RN AN NN AN AN AN AN AN AN AN, FENE AN AN AN AN AN AN AN AN AN AN NN AN AN AN AN AN AN AN AN AN AN AN NN AN EENEAENEANEEEEEEEEEEEREEEREEE,

N NN NN RN RN NN N NN NN RN NN NN N m EEEY H N NN NN NN NN NN RN NN NN NN R NN RN N RN N M R E EEmmmEE s E NN NN NN RN NN N RN NN N RN N NN N R N NN N RN N E NN NN NN NN AN EEN NN NN AN N NN EANNENNEANE AN EANN NN EENNEEEEEEEEEEEEEEEE

N NN NN NN RN RN RN NN RN AN AN E AN AN RN AN RN NN AN AN AN RN AN RN AN NN AN AN AN AN AN AN AN, FENE AN AN AN AN AN AN AN AN AN AN NN AN AN AN AN AN AN AN AN AN AN AN NN AN EENEAENEANEEEEEEEEEEEREEEREEE,

B1(0,7): TS[31:28] = ADC[11:8] | ADCI[7:0]
B1 (0, 8) TS[3:0] ADC[11:8] ADCI7:0]

TS: Timestamp, 32-bit, 1TkHz Clock
There are no header and footer.



Ads S

<N
-

* FPGA Module: SYNC MASTER for USAGI3
- |/0 Board for Slaves: USAGI3

USAGI3 BRI <EFHEX UL 1.
2020 F£D FTBF TEIMNEM > T D&
PIIDBERICLSD IC DB SN 7

Digilent Cmod S7
FPGA: Spartan 7

Telescope DUT Telescope Trigger counter - Trigger
INT4ANA INT4NA INT4NA XRPIXS (Rol) .
P-22 P-12 P-13 P-14 P-15 IP-16 - Timestamp Clock

Pixel Reset
Busy

Timestamp
CLK

:USAGI3

Busy

Trigger
enable

earereeesseeresessaseeeeessanneassanaansaans SEABAS2



Setup

Flat Cable EEEE
[

///—\ LVDS DAQ Master

Ethernet Cable
T FPGA
SiTCP LEMO (NIM)
S080000REEES

UART
or SiTCP

Network Hub Workstation

L 7] sitep

\

XRPIX5 HV LV
Keithley 2400/2600 ~200V 3.3V Switching/Series regulated
Individual: 6 ch Total Current: ~24 A

Remote Control via Patch Pannel



=

Remote Controller
(soi-sofist3)

hp

d 4

130.87.155.13 %,

HDD (Copy) |
A "
ssh
Xy NTJ—7
Tsubaki-lll

2023/12/25

N&;

ILF/\vk

GbEth

XY NT—Y
ARTB 7 5R#

WWOT

E—-LZ1Y

SSD (Original data)

GbEth x 2

SFP+ x

5 .y HDD (Copy)

g 4

*
*
*
*
*
‘0
*

DAQ 7{F 130.87.225.128
(DuTiPDAQO1) 192.168.16.30

SFP+ /'

Network Hub

QNAP

11 ports il u

SEABAS 1/2

192.168.16.**
192.168.10.**

ARy NT—2
IP: 192.168.**.**
Mask: 255.255.0.0

SOl EH meeting

\ GbEth

Network Hub

u NETGEAR

mlll =~ o ports

AvORI—7

:“ 192.168.16.**

Keithley 2612

HV | INT4NA 192.168.16.40

HV | INT4NA 192.168.16.41

DuTiP1
HV XR5, MPPC 192.168.16.21HZ




Ingger Latency

XRPIX5 Trigger latency via USAGI3

File Edit Utility Help

Plot 1 - Histogram (Meas 1) Add New...
| | |

Cursors Note

Measure @ Search

Results
Table | Plot

DVM
DC
-38.87 mV

Meas 1 [ 5 4
Delay

M': 2.976 ps
0':0.000 s

M: 10.58 ps

m: -9.225 ps

N: 3536

8 us

. . 5 -8 us . , . . -6 S " 8 . " - S . ’ ; ; -2 S 5 . . , ) S . ; " . P S , 5 : " 1 v S : , 5 . 6 ér,l‘f , . . , 8 1: . ; " 8 10 él"z' . Q
ch1 KB Horizontal Trigger Acquisition
100 mV/div | 100 mV/div Add ||Add | Add | | IDERNTY 20 ps (5) ~\. -88mV

50 Q 50 Q

New 'New |  New )
Math Ref  Bus SR: 6.25 GS/s 160 ps/pt
2 GHz 2 GHz

RL: 125 kpts ¥ 47% f?f??ieiig?
2023/12/25 SOl B meeting

Stopped
Auto, Analyze




X 7]

E—LATA VEREDFBIRAT —Y AT —IDRKESIE60x60cm T10cm SEICETERDRI NN D S
FEEARANEHDOEBEHARYILK, XIv—Ox/NBE 1 mm Z BfE CHER.

KEAEIEFE), /N RN)LEEL, X—%—7T0.1mm BN CHEEIIEE.
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DuTiP, SOI Pixel Sensor

DuTiP (Dual Timer Pixel)

Two down time counters for hits In a pixel

n
> >

Test pulse
(Capacitive input)

|

Threshold adjust. |

(~bit DAC) | Pixel mask

~ L

7: Pre-amp  Shaper

Sense Node

ALPIDE Type
Pixel: Analog block

/ |

Comparator |

>

D_»

Trigger Decision
(Latency < 10 pus)

|

Trigger input

Down Time Counters
Latch = 7bit counter <
! L Timer 1
Sequencer
' '
Latch — 7bit counter —

Timer 2

Pixel: Digital block

Analog block: Usual configuration for the binary detector
Hit memory: Timing of Previous, Current and Next collision
Signal: Coincided with event trigger «+ Down time counter corresponds to trigger latency
Background: Random, out of time window < Suppressed by coincidence
Multiple hits in trigger latency: Multiple timer and memory are controlled by Sequencer

2024/01/15

Strasbourg

Trigger

Iming:

Previous, Current and Next

PCN: 3 bit

—L

||| Hit

comp.

|

Trigger
comp.

Reg

Hit
Reg

Readout block

Peripheral




DuTiP1-3

DuTiP1 (2020—)

| , e = |
m o ERl e e .|
i = R e | i

DuTiP1 Pixel

Pixel Readout

- Pre. amplifier (ALPIDE type) - Row address (5 bit)
- Shaper - Column address (5 bit)

- Comparator - 2 bit hit (Previous/Current)
- Dual down time counters (7 bit) - CMOS in/out
- Timing memory

(Previous/Current)

| = rEERN il i i i
|  ANNEENEEENEEEESEEENNENEEENEEENENENERREEEEEEEEEEE

6 x 6 mm? 45 x 45 Ym? W0Sr B-ray test: Obtained hit signal

REEEIIREIEH T P -
= i e " eSI n
T = | S e
"z = 1$ == : - ¢

T —tt

=T ',:I._.A i » : = BRI Heds
~~~~~ == i uuwuw_—m-—n /|

IE - Dec. 2021 submitted — deliver in Spring 2022

320X64 Pixels I . . .
| i - Pixel design is almost completed by DuTiP1

==l il - Row 320 pixels (Full size for Belle Il) for design of large-area sensor

SR T R0, s inout, DAG

Il
Il

b
o ]I

AIRIELIAL

it

_ Design
DuTiP3 (2023 —) - June 2023 submitted

2022/03/09 Annual ILC-detector meeting



1. Tsuboyama, JPS 2023 Spring Meeting
https://kds.kek.jp/event/45609/

DuTiP, SOI Pixel Sensor

Confirmation of the Double-Timer Function Trigger Decision
Double-pulse wave was input to simulate the hit in a pixel. (Latency 5.18 pis)
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P . Test Result
: - Ihe dual counter operation was confirmed.
; - Iwo pulses were separated by the seguencer.
: S Y - The third hit was properly ignored by the seguencer and did not
The third sign appear in the output.
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B Beam Test
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Position Resolution

Estimation of tracking precision in GeV range

Data
ELPH: 200, 300, 500 and 822 MeV/c, Positron Beam o .
Fermilab: 120 GeV, Proton Beam Eo

G4 Simulation Oglﬁééiég

200 MeV/c - 5 GeV/c, Electron Beam 1/momentum [1/(GeV/c)]
Tracking method: @ 13.01
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Improvement with thinner sensors

12.5

Tracking performance improvement
at low-energy electrons.
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Sensor thickness for G4 simulation

300 um: o is better than 10 ym at 1 GeV/c .

~2 um at 5 GeV/c ~~ |
---=——3 [ull Depletion
| | | | | | | | | | | | 1— """"""""""""" """""""" """"

130 pm: the best performance 1.0 L e s ot st i e s o

. 0 20 40 60 80 100 -
60 pm: not improve due to low S/N Vbias V] " Momentum (GeV/c)

L Ty

Residual sigma [pm]
ro
<

115 |

2024/01/15 Strasbourg 48



DAQ Rate

DAQ rate 5 sensors

500
; e —— —e—13block(CA 832px) | Breakdown
o - ~o—8 block(CA 512px) * Row address scan time (200 ns/1 row)
N 4 block(CA 256px) * Analog to digital convert time (external ADC)
@ 300 R blaekiOh 128pw  Data transmission to PC
S - 1 block(CA 64px)
o > — :
< 200 Number of cluster per event is ~1.
——— — Necessary pixels are maximum 5 x 5 pixels
100 — for each event. o
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Zero-suppression logic based on FPGA zzzz: I
After AD convertion, pixels are selected by threshold on FPGA. oo
Threshold is evaluated by pedestal data (all the pixels). 000k
(Maximum value of pedestal) is set as threshold. soof.
Pixel which has maximum ADC value is identified as center of cluster. T T R = S D

2024/01/15
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Surrounding 5 x 5 pixels ADC, CA and RA are send to PC. Cluster Size [#pixels]
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Reticle size: 31.0 mm x 24.8 mm



