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SOl Pixel Sensor

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

Lapis Semiconductor Co. Ltd. ? _/m‘u_s| circuit 2 Vsorp
=T 7T T /A -

Double SOl Pixel Detector
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SOI Pixel Detector: Monolithic type detector BSO>'< —— o~ F e et
' - - —~L [ N
LSl is processed on Buried Oxide layer (BOX) & ¢ - .
. . L | + Vbias

Smaller pixel size, complex circuit in pixel Middie soI P BNW  BPW _5 + —
| ow material budget (5012) L+ -
High speed, low power

| eSS single event effects (SEE) probability Silicon Sensor
| OW COSt

Back plane (p+)

Double SOI Pixel Detector Charged particle

Mldd|e Sl |ayer Suppresses llustrated by T. Tsuboyama (KEK)

Back gate effect | |
Sensor-Circuit cross talk Sensor thickness: 50 - 500 pm

Middle Silayer shields coupling between sensor and circuit. Sensor IReSlstlvllty: > 1 K2em
It is useful for analog and digital mixed circuit in pixel. SOI2 thickness: 1560 pm (n-type)
Radiation damage (TID) SOI2 Resistivity: < 10 QQ-cm

[t is able to compensate electric field generated by trapped holes in the BOX.
[t can be used in high radiation environment (~1MGy).
(K. Hara, Vertex2017, Sep. 11-15, 2017, Las Caldas)
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ILC Experiment and Vertex Detector

_ ILC detector concept (ILD)
ILC Experiment

 ete- linear collider

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

e Search for physics beyond the Standard Model

e+ bunch
Damping Rings IR & detectors compressor

€- Source

e- bunch e+ source
compressor positron 2 km
main linac
11 km

central region
5 km

electron
main linac
11 km

2 km

Vertex detector geometry
LC TDR vol.4: Detectors <\/_|—><_ S |—)

LD Concept Group, T. Abe et dl., arXiv: 1006.3396 [hep-ex|.
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ILC Experiment and Vertex Detector

Requirements:

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

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 um Si, (supports, cables and cooling add further material)
low-power ASICs (~ 50 m\W/cm?) + gas-flow cooling

5) Radiation hardness:
7D @ <1 kGy / year
NIEL: < 10T TMeV neq / cm? / year Beam-bunch train

f_‘—

11
1]
ILC TDR v4 Detector E a
| C Vertex / Tracking R&D 2nd Nov, 2015 200msec
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Pixel

Pre-amplifier

Comparator

Keep the analog signal and time stamp
T a signal exceeds a threshold Vin.
Shift register (Hit memory)

Latch for multiple memories.

- Analog signal memory

Store signal charges up to two (or more) hits.

- Time stamp circuit

Store time stamps up to two (or more) hits.

On Chip

Column ADC
Digitize analog signal and time stamp.

- Zero-Suppression logic
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Extract hit pixels and reduce the data to
transfer to backend.

Architecture of SOFIST
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by Tohoku-Micro Tec (T-Micro), M. Motoyoshi
http://www.t-microtec.com

Two SOFIST4 chips (lower and upper) are connected by micro bump (3 pm diameter) pixel by pixel.
— Keep pixel size small and implement complex circuit three dimensionally.

Upbper

Bond Passivation Back aate adiust

SOFIST1 SOFIST2 SOFIST3 SOFIST4
Position resolution  Time resolution Full function Full function
[ o~1.4 um 0~1.55pus  (B0x30 ume2 pixel) (20x20 um?2 pixel)
Hiah R-Si —mmmm e mmmmm oo |
Comparator | Shift register |
Pre amp Vth | ! T_ B |
Lower (Charge Sensitive > LD i S ¢ S ¢ S
Amplifier) . O S1 r O S2 o s3] — :
Reset byl il ::::::: - :::::‘_::::‘_:‘_:’I_ .
Lower Chip (Pixel): gﬁ;te o o0— E Analog signal memory \: :’ Time stamp memory E
Used as sensor and implement analog circuit in a pixel. ) T i S1] © i Signal i s1l O——
Upper Chip (Pixel) Yo Db out LT L '5 o
Sensor layer is removed by wet etching and then formed Al pad for wire T | > HES N7 °— | s2L 777 o— i
bonding on the BOX, | | T | /i | L |E—O/ i
Digital circuits/memories are implemented in a pixel. o i 53l S | O_i i Ramp_i_ s3] 7/74;—@/' o— i
Sensor Node 2 T . o Signal | ! T E !
O 777 B \ ~-0 777 0=
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SOFIST4

Two SOFIST4 chips (lower and upper) are connected by micro bump (3 um diameter) pixel by pixel.
— Keep pixel size small and implement complex circuit three dimensionally.

Lower and Upper Pixel Layout

Upbper

Passivation Back aate adiust

‘_,

E,bump
quh R-SI - ‘5.0k\/1x3.00k- B SRRV
Lower | Pixe array
SOFIST4 Chip
Chip size: 4.45 x 4.45 mm?

20 um

Pixel size: 20 x 20 um?

Active area: 2.08 x 2.08 mm?
Sensor type: FZ p-type

Sensor thickness: 300 um
Sensor resistivity: 3 — 10 k(Q) - cm
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Beam lest

Beam: 120 GeV proton (Fermilab Beam Test Facility)

DAQ rate: ~120 events/s SSF|ST4 i A |
!xel size: 20 x 20 um FPIX2 (SOIPIX)
P16 Pixel array: 104 x 104 (2 x 2 mm?2)
. Telescope for SOFIST
Readout: External 12-bit ADC
IP-12 IP-13 IP-8 IP IP IP 0 ~07 um
i} i} ' R Dixel size: 8 x 8 um?

Pixel array: 128 x 128 (1 x 1T mm?2)
120 GeV Readout: External 12-bit ADC

Proton beam

Trlgger Busy
) e &5 - .
Trigger T T T l \,\ A
' S DAQ Master Board ’ ‘ ,/ | L_‘mg J| A
Trigger counter Trigger in ) LorGR) ,‘ i W D A

Pixel size: 36 x 36 um?2

Pixel array: 608 x 384 (24.6 x 13.8 mm?)
Region of Interest function

Readout: External 12-bit ADC
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Hit Correlation

Hit position correction between telescope (FPIX2) and SOFIST4 IP-11 in x and y-direction.
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Development for the CEPC vertex

* SOl technology offers unique opportunity to meet the challenge
* |dentified as a sensor option in the CDR (Concept Design Report)

* Active R&D by the IHEP group

* Precision of flavor tagging driven by the physics program
* Tagging efficiency and purity
* Higgs @ 250GeV, W @ 160 GeV, Z @ 90 GeV

* Continuous colliding mode
* Duty cycle ~ 50% @ Higgs, close to 100% @ W/Z
* Strong constraint on the operation mode and power consumption of pixel sensor

* Power pulsing proposed for the linear collider, not beneficial here

Colliding mode and bunch spacing

Center-of-mass energy (GeV) 240 160 91
Luminosity/IP (1034 cm2s1) 3 10 16 32
Total Integrated Luminosity (ab™?) -2 IP 5.6 2.6 8 16
Bunch numbers 242 1524 12000

(Bunch spacing) (680 ns) (210 ns) (25ns + 10% gap)



Design guideline in general

1-bit binary readout scheme adopted in the pixel sensor design
 Small pixel size to enable spatial resolution < 3 um

* |n-pixel discriminator to eliminate the excessive driven current

| o _ for low power
* Zero-suppression to minimize the data load on-chip } P

* Hit processing within O(1 ps) to keep the occupancy low

] Thr.
Pixel ma \
Amp. Disc. Register
s Hit stored as 1-bit
in each pixel

‘ Zero suppression ‘

‘ Time stamp ‘

Data buffering &
transmission

Sketch to illustrate the readout scheme



Investigation on the spatial resolution

* Pitch and cluster size (# of pixel per hit) are the

most relevant

* Shrinking of pitch is limited by the layout area of

****** 1

CS_bias :ll

pixel circuit 4l T
* Cluster size relies on the signal charge sharing y'\ 1

and discriminator threshold applicable

* CPV-1/2/3 dedicated to study spatial resolution

* Voltage amplifier, DC Gain ~ 10
* CDS to eliminate the KT/C reset noise
* |nverter as discriminator

* Sequential readout via a single port
* Minimum matrix pitch =16 um

CPV-2 (2.9 x2.9 mm?) mounted on the PCB

Sensing diode  VoltageAmp

CDS stage

]

Inverter

Schematic of the pixel in CPV-1/2
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Matrix and steering logic in CPV-1/2




Highlight of test results from CPV-2

* Position residual measured on the CPV-2

)

* Fully depleted sensor thickness 75 pum 4 *\

* 1064nm laser beam, focused to 3.4 um .
* Calibrated with >°Fe X-ray source -

e Threshold set to 200 e- -

1

0.5

e 0=0.5pitch /Vv12 = 2.3 um achieved :
* Small pitch (*16 um) is essential

0 1000 2000 3000 4000 5000 (°)

o of position residual at different laser beam intensity

sl e | oo — e
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Exploring the 3D technology on CPV4 design

» 2 tiers to accommodate the full-functioned pixel: 17 X 21 um? on each
* Lower tier: PDD sensing diode + amplifier/comparator
* Upper tier: Hit D-Flipflop + Control register + AERD readout*

e 2 vertical connections in each pixel: comparator output and test switch
* Power / ground connection implemented in the I/O pad ring

* Critical to make the PDD and analog front-end compatible
* V., shift by -70 mV/PMOS, 50 mV/NMOS as the PDD depleted (-4V)

*AERD proposed in NIMA 785 (2015) 61-69

3D bumps marked with
Lower | Upper Control register

s tier 1 tigF Tess EECY i |- TS
I Mask S N | -

D-Pulse = | R AL el R )

Statg L [ LaMegesg ) T

| Hit AERD
>

|
N
v
PDD  Amplifier/ | P
|

Comparator

|
|
%

| o<

D-FF readout
eset

AT i) ¥ 1 a: ey

E

Strobe

4 pixels arranged in 2 columns




Functional verification of CPV-4 before 3D integration

* Quick test on the Lower and upper tier separately
* Checkpoint before the 3D integration

* Leakage current reduced successfully by

* Optimization of PDD implant dose

e 1 Bias Ring + 4 Guard Ring + 1 Current Collecting Ring [{ll===

* Analog frontend operated with the PDD sensor S

* Analog waveform inspected on oscilloscope e e e e Bl
o ) ) . PS GR4 | || GrR3 | B c6rR2 H | Gr1 H| ccr
* Digital logic functions have been verified also
Leak rrent on CPV-4
eakage current on C (LA)
1
0 100w/ g 1o0v/ @ o 00s 50004 fBik £ 1.00v g ooy @ g 100v/ @ o 00s 10008 it £ 100V
—@— |bias lperipheral

| \ Discriminator / | Discriminator  ®=—e__

» 0.1
Amplifier Amplifier \\M\

e i Ei9E B/ =X FERE L ’
EE( )  188mV 185 42mV 178mV 191mV 6.5052mvV 3
BE(1): 188mV

Analog frontend w/o PDD Analog frontend with PDD
Test charge injected ~ 100 e~ Test charge injected ~ 750 e-

0-001

-200 -150 ~-100 -50 0
Bias voltage (V)



Summary

We are designing and developing a monolithic type pixel detector with SOl technology for vertex detector.
SOFIST4 and CPV4 is SOl based 3D stacking pixel sensor using Au micro bump connection pixel by pixel

SOFIST1 & 2:
Position resolution: ~1.4 um, Time resolution: ~1.55 ps (Analog signal readout)
SOFIST4:
3D stacking bump connection vyield ~99.9 %
successfully detected hits by 120 GeV proton beam.
Confirmed hit correlation between telescopes.
— Still working on the beam test data analysis (alignment, tracking and position resolution).

CPV 2:
Position resolution: ~2.3 um (Binary readout)
CPV4:
Lower and Upper chips have already delivered to IHEP
Quick test before 3D stacking for the analog signal amplifier and discriminator (lower tier) are working well,
Digital part (upper tier) test have also verified.

High spatial resolution, highly-integrated, complex circuit, low power and low material budget are
common issues for the ILC and CEPC experiment.
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Backup



- Pixel | GND

B(\)X SOl Circuits J_VBBZ_I_ ”
PDD B
X2
n(BNW) P(BPW)  p+|X2 VBB=-15V
1 VBB=-4V
25kQcm, 200um
36um x 36um
A SOI Pixel Detector Using ’
Pinned Depleted Diode Structure (SOIPIX-PDD) , = =
SOI CIrCUItS GND .0 o 20)6 Coordlgg’t()e(um.)
BOX n-ch. pch .
\ = 4.0
H 3 /
{d P p* p* VBB %'2'0
Ch : 8
Deta;cg:'tir ;Ic))(l?rl\dary o 00 (ll
p-- 2.0 )
y 4 p+ ")\1'[]
( N \
* Pinned Surface of Si Substrate with High Density Holes ‘ §
- Very Low R-G Dark Current 14 §
* Buried Channel = No Carrier Loss Due to Si-SiO, Interface Traps hgs
- Nearly 100% Charge Collection Efficiency \]‘1 §
" Lateral Electric Field to Gather Electrons into an n* Sensing Node QQ %
| —> High Sensitivity and Low Noise Due to Small Sensing Capacitance J ‘a\i \
)
Shizuoka University, University of Kyoto, University of Miyazaki and KEK of SOIPIX R&D Group €5P SO 2 T N\
* Co°
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ILC Experiment and Vertex Detector

ILC Experiment

e co+e- |inear collider

Existence of b, ¢ quarks and tau lepton in event

e (Center of mass energy: 250 - 500 GeV (extendable to 1 TeV)

e Precise measurement of the Higgs boson

e Search for physics beyond the Standard Model

Typically ~10 um spatial resolution for pixel detector

|
!
Primary vertex |
PV l

Secondary vertex o,

LHCb Preliminary Nt KoK

EVT: 49700980
RUN: 70684

Tertiary vertex \

—

Tagging of b, ¢, and tau,
reconstruct tracks of daughter charged tracks
INterpolate tracks to collision point to reconstruct vertices
— Displaced vertex and large significance of impact parameter
dO are evidence of existence of b, ¢, and tau.

Displaced
Tracks

Secondary
Vertex

Tag algorithms have been developed in each experiment,
nowever, precision of b, ¢, and tau identification depends
on the performance of the silicon detectors.
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SOFISTH

Sensor Thickness: 500 pm

Events

Residual Y
240p= — h_resy_5 —
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Readout and Sensor depletion layer

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

Residual X
" = h_resx_5
8 so0r SOFIST #1 Entres 2401
w n Mean 0.1677
200 Std Dev 2.721
n 2 / ndf 12.58 /9
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140 |
120
: 1.37 + 0.04 ym
1 -
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20
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SO F I ST2 Sensor Thickness: 65 pm

INTPIX4 [INTPIX4 [INTPIX4 INTPIX4
#1 #2 #3 #4
_ _ _ SOFIST2 SOFIST2 SOFIST2 _
Timing detector #1 #2 #3
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------------ @@ ————@—————> Beam
L] || || Al p L
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T L |
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z : 5 I Uit \ T \.
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Pixel size: 30 x 30 pm?2

SOFIST3

Timestamp residual
Timestamp difference between #1 and #4.

-'UE) 700 [— residual_time
) — Entries 4630
Lﬁ 600 — Mean -1.152
- Std Dev 2.836
- %2 / ndf 19.63/10
500 Constant 672.8 + 12.7
E Mean -1.187 £ 0.043
00f- Sigma 27092005 . Multi-memory readout test
= SOFIST3 has three hit, analog signal and
300 )
E fimestarmp mermories. ISIOFIST1 | | SOFISTZ SOFIST3 SOFIST4
200/ Multi-memory readout scheme was tested  osition resolution Time resolution  Full function Full function
100~ by injecting a IR laser three times ina 1 ms Oo~1.4 um 0~1.00 s (B0x30 um? pixel)  (20x20 um? pixel)
S period.
% 45 10 5 0 5 10 15 20 o — ‘
Time difference (HS) R glel:ie::'l'sr:;;irszl]:lser(2.6kHz=385|.|s) | Comparator E Shift regiSter i
.. : s 3 . Pre amp Vth |T_ )
Intrinsic resolution: 2.71/{2 ~1.92 us  ; : (Charge Sensitive I > [T [T D S
U (TS R A L Amplifier) e | Fo— 51| Fo— 2| PO |_— :
Sensor Thickness: 300 pm BT I T S Reset  — )
e AP 0 Test ——mmmmm——————--- - \ (TTT ST T T m—————o- \
o | e s | on o | | @t | ] oulse O~ O— Analog signal memory ! Time stamp memory
Analog signal Time stamp Analog signal Time stamp Analog signal Time stamp l 81 J_ O - I
memoryl memoryl memory2 memory2 memory3 memory3 || S|gna| | 81 J_ C -
oo | -5 | Timestamp
i 1 T out i T o
|
|
|
|

Analog signal

(
| |
| |
| |
| |
| |
| |
| —_ |
T ™ | s2l :—o/ o—
' | — | —
||
Represent stable laser pulses (~180 ADC). i i
| |
l |

' 7/7 Oo—
Ramp | 0°C I:"_O/
_ Signal |
Timestamp !

Show different timing of the laser injection (110, 490, 880 ADC). S===========------o- % g 4 S, X

Sensor Node

N
N
—
N
N
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SOIPIX 3D Stacking Technology

Au Cylinder Bump (3 umo)

Normal SOIPIX Au Under Bump Metal (5 X 5 um2)

Bonding Pad
Metal 5 | | | Metal 5 | |
Metal 4 | | | Metal 4 | [
Metal 3 | | Metal 3 |
| l | Metal 2 | | | Metal 2 - CMOS
| | Metal 1 | | Metal 1 Circuit
Gate Gate
PMOS NMOS Poly Si PMOS NMOS Poly Si
ﬁ | » :
BOX BOX 5 Ok\u" X3S O Ok
T n+ —F BNW _J I\ n+—7 BNW J |
p- p- > Sensor
p+ Handle Wafer p+ Handle Wafer
A
Al Al
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SOIPIX 3D Stacking Technology

=~
Upper Chip > Remove Handle Wafer
| -
[ | ™
— — CMOS Circuit
- - — - ircui
— | — | = - (Digital)
%_u__ [ I 1
: niect g =
" inject glue ==
\ % ject g = = =
E—n—'—l . . Lower Chip | o
. — . L — - CMOS Circuit
. — ' (Analog)
I — | [ A
- |\ — J ™~
b — 4 ~ Sensor
e
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SOIPIX 3D Stacking Technology

1 1 1

2021/11/8

inject glue

Upper Chip

>

Lower Chip

L

> Remove Handle Wafer

\

)

CMOS Circuit

~  (Digital

\

J

J \

CMOQOS Circuit
(Analog)

>~ Sensor

Al

p+

through BOX via

Handle Wafer

> Remove Sensor
by Wet Etching

NMOS

Metal 5

Metal 3

Metal 1

] Metal 2

Metal 4 |

I

]
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SOIPIX 3D Stacking Technology

Wire bonding pad for packaging

Upper Chip /
Ig E
Upper Chip e N

Al Wire Bonding Pad

ivati for Packagi
b / ST — i - CMOS Circuit
ﬁ e | | - , (Digital)
BOX . —
S D — [ —
> PMOS: | l ’ NMOS Sslt;Si ) — - ~
A Metal LowerCnp | | —=— CMOS Circuit
Metal 3 | | — ' (Analog)
Metal 4 i | |
Metal 5 | | | L —
Lower Chip - — C = T~
l‘ H:E >~ Sensor

=
3D Stacking SOIPIX
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SOFIST4, B-ray track

*The sensors we have evaluated were single-SOI FZ-n type sensor due 1o the process issue of the 3D stacking.
—Comparator, Shift-register and Timestamp functions does not work at this time.

] wsr Analog Signal (ADC)
A —90
' 3 100
(¢ 80
S
[ < 8 °
<
External Trigger =~ 60
100 Hz o
0C 60 >0
Pro amp (i/cirr]nparator
(Charge Sensitive \ 40
Amplifier) /
Reset 4 40 30
Test T T T Tt f ‘
pulse — 00— ! Analog signal memory | | | 20
l || i S1l/ ° ES|gnaI i o | © iTimestamp
i : i T out L Out 2 B-ray track 10
I >~ | s2L 77 = | : 777 o
e Inda= S I g ; 0
A | S5l o— | =~ |
! /77 S | 777 O— -1
:'_O/O__L_l Lo Ramp | [0C | 00 20 40 60 80 100 ¢
S Nod ! T 1 Signal | —_ |
SRR Lo S o B Column Address

———————————————————————————————————————
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SOFIST4, Bump Connection Yield

*The sensors we have evaluated were single-SOI FZ-n type sensor due 1o the process issue of the 3D integration.

—Comparator, Shift-register and Timestamp functions does not work at this time.

D
T o dinal |
R a B 4005_ \
B-ray i | | -
External Trigger ot B R R R T
100 R Hit Map (50 kEvents) Hit/Pixel
| Shift register :
Pre amp Vth \ v i T_ :
(Charge Sensitive . : -
Amplifier) " ! > o é1 r> 5 s¢2 > 5 ‘13 I:E | No Signal
Reset S ——— ) Z
Test T ‘. T ) Noisy
puise o— ! Analog signal memory | | | A l
' S1] o ey | | - .
i | —o/®| ;3‘3{‘3' ; —o/?” ’ igmestamp R Connection Yield:
N |2l b =B = i Noisy No Signal (102 x 102 - 2) / 102 x 102
1 Inda== : oo : 4 ~ 99.98 %
A E_Sc?}o%g O_: E _<a|np i o< 777 e i Reject the outermost pixels for the calculation.
Sensor Node :E = o- E i Signal | = i % 20 40 60 80 100
: ~—O Y74 L : -0 /// O--
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DAQ

2021/11/8

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

DAQ period (1 event tag)

| | |
: Accumulation time ~ (~900 ps) : Read time :
| - > | - |
| | |
START/STOP
2 US
< >
Reset for SOFIST2
Pixel Pre-amp.
SOFIST2 X Reset / Hit detection / Store X Readout X
Record hit timestamp in a event tag. Reset pre-amp. every 2 ps / 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 ps.
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Alighnment by Infrared Laser

Metal 5 Alignment Mark

=H=.

IR Microscope

Cylinder bump IR Microscope

I Upper Chip

+| |+

Cylinder bump
/

/ A

Lower Chip

19 um
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Sensor Thinning by DISCO TAIKO Process

TAIKO Process by DISCO Corporation (Japan) https://www.diSco.co.|p/eg/index.htm!

Back Grinding Cross Section

J

DISCO

TAIKO Process Conventional Process Kiru- Kezuru-Migaku Technologies

QOuter support ring

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 +HNOy - .
| Exhaust - Easy wafer handling
B W — il NoDry, ;é\ “ " Fasy backside processing (ion implantation,
"Qrinding Whee Hl | Ftehing \(ﬁ)} _,,_,«?' annealing, Metalizing etc) after thinning
—+ 51 Waler

Si Waler l

; — S0 Tige Wet Etching
““lamioaing | | TAIKO Grinding | | StressRellet | ek Grinding Tape
~100 um ~75 um = —

an T i ) . "-‘l. p

| Back side process after thinning
Via Hole Drilling  lon Implantation

‘ et — Electrode Filing || Anneeling « - Boron implantation (ULVAC, Japan)
_2 - Interconnecting  Back Side Metalizing - Laser Annealing (SHI, Japan)
P | ,i Bumping Water Testing
ME_E(.&M | l ‘ — " "0 ¥ e
\ / ’

ing Tape Si

. Tape Laminating
Full-cut Dicing | Water Mounting — "

8G Tape Si Wafer

Ring Grinding
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Sensor Thinning by DISCO TAIKO Process

TAIKO Process by DISCO Corporation (Japan) https://www.diSco.co.|p/eg/index.htm!
Back Grinding

J

Current (A)

1.E-05

1.E-06

1.E-07

1.E-08

1.E-09

1.E-10

After thinning

Cross Section

~
J > BG Wheel
[
.,/f;«. Si Wafer
= DISCO
TAIKO Process Conventional Process Kiru-Kezuru-Migaku Technologies

QOuter support ring

CPIXPTEG2 VDET-BNW

AN
(U

-50

Before thinning

VSOI2=0V

-100

-150

Before thinning (#1)

Before thinning (#2) Sensor 1-V after thinning (Other SO”:)D()

Before thinning (#2)

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

Before thinning (#4)

Before thinning (#5)

After thinning Still investigating these behavior.

-200 -250 -300 -350 -400 -450
Voltage (V)
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S/N

Noise_SOFIST2_IP-18_RunlD_0180

Noise (ADC)
a o O 9
S OO 00 O

o1
N

i
D o ®» ©

-
N

.
o

«~ BNW 16 pym
+~ BNW 14 um
~BNW 12 um

ClusterTotalADC_SOFIST2_IP-08

Entries 3160
Mean 626.8
StdDev 4186

HV=-10V
Peak =512 ADC

500100015020025008000835004000
Cluster ADC

ClusterTotalADC_SOFIST2_IP-08

n 200
[= —
G>) L
w180 —
~ [ |BNW 16x16 um? Mean =5.14 = 0.15
160 — [ |BNW 14x14 um®, Mean =5.17 = 0.14
140— BNW 12x12 um®, Mean =5.18 = 0.16
120—
100—
80—
60— |
40—
20— ——
0 R T T T T N T T T T N M T T AN T T T iy s P ey !
4 4.2 4.4 4.6 4.8 5 5.2 54 56 5_.8 6
Noise (ADC)
ClusterTotalADC_SOFIST2_IP-08 ClusterTotalADC_SOFIST2_IP-08
500 ET—— 500 500
450 trer s 450 e on 450
350 Peak = 320 ADC 350 Peak = 384 ADC 350
300 300 300
250 250 250
200 200 200
150 150 150
100 100 100
50 50 50
Q) 500 1000150R00R500300035004000 OO 50010001502002500300035004000 00
Cluster ADC Cluster ADC
ClusterTotalADC_SOFIST2_IP-08 ClusterTotalADC_SOFIST2_IP-08
500 === 500 =3 50
450 eoes  se0s 450 om0y 450
300 300 300
250 250 250
200 200 200
150 150 150
100 100 100
50 50 50
Q) 500 10001502002500300035004000 Q) 50010001502002500300035004000 00

Cluster ADC
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Cluster ADC

Entries 3362
Mean 816.8
StdDev  457.5

HV=-35V
Peak = 768 ADC

5001000150200250083000835004000
Cluster ADC

500

ClusterTotalADC_SOFIST2_IP-08

450
400
350
300
250
200
150
100

50

(b 50010001 50200R500300035004000

Entries 3492
Mean 700.2

StdDev  420.3

HV=-15V
Peak =576 ADC

Cluster ADC

ClusterTotalADC_SOFIST2_IP-08

500
450
400
350
300
250
200
150
100

50

00 50010001502000R500300085004000

Entries 2969
Mean 812.6

Std Dev 463.8

HV=-40V
Peak =768 ADC

Cluster ADC

HV Scan

BNW —__

N+
SOFIST setup
Readout: 12 bit external ADC (on DAQ board)

Sensor bias voltage = -20 V (~1 kQ)-cm)
Sensor thickness 65 um (Thinned sensor)

Clustering
1) find seed pixel whichis = 10 o
2) add pixels which are = 5 o to cluster.

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

Cluster ADC
©
o
o

~
o
(=]

600

500

400

300

40 -35 -30 -25 -20 -15 -10 -5 0

Sensor Bias (V)

~ull depletion voltage Is around -30 V.
Cluster charge is ~ 700 ADC for MIP signal.
— S/N = 700/5 ~140 for the sensor 65 pm thickness.
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