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Table 1: Transistor Performance Comparison !i
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Figure 1: Comparison Between Bulk CMOS and
SOI-CMOS Structures
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Motivation
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e |ldentification of heavy quarks (b/g) and T leptons
O/p = a@b/p* S1n 2 (9)
a5Single point resolutiontg><
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| Detector height 1100 cm

Magnet z=+ 300 cm




7~14um >200mW/cm? 0.7% X,/layer 300 Mrad,
101> ngy/cm?
Heavy ION 5um 50~200mW/cm? 0.3% X,/layer 1 Mrad,
1012 ngy/cm?
ete 2.8um 50mW/cm? 0.15% X,/layer 1 Mrad,

1012 ny/cm?




INTRINSIC SPATIAL RESOLUTION —

~ Observed residual spread:c_, . —

9 Oobs = \/Uint2 + Orack”
under an assumption all four FPIXs
have the same intrinsic resolution and
contributions of misalignment/ E P |
re—>-le—sle "

multiple scattering are negligible 20mm 20mm 130mm
(=conservative G, value ),

we can calculate &, . analytically

int

I S S S
Measured residual 0.953 = 0.009 0.791% 0.008 0.822% 0.008 3.80 = 0.05
Intrinsic resolution 0.711 0.648 0.703 0.75

I T2 T 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 umin X S~
0.60~0.70 um in Y
K. Hara, VERTEX2017 Sep 11-15, 2017 Las Caldas (effect of imperfect alignment included) 19




Wafer Thinning  TAIKO Process by DISCO Co. @
DISCO

Kiru-Kezuru Migaku Technologies

Back Grinding Cross Section

With outer support ring

- Lower wafer warpage

- Improve wafer strength

- Easy wafer handling

- Easy backside processing TAIKO Process Conventional Process
(ion implantation, annealing,
Metalizing etc) after thinning

We have successfully thinned several SOI wafers to ~75 um thick.
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R AE=—""- Nested-wells

m P-in-N sensor, BNW{EARE#HE
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Shielding-well proposed by F. X. Pengg in his Monolithic Active Pixel Matrix with Binary Counters
dissertation “"Monolithic Silicon Pixel Detectors in SOI ASIC with nested wells
Technology” F. Fahim, Pixel2012
top silicon electronics in
(p+ channel stop) film the shielded area
\ well-contact shield-contact (P channel stop) 5 SNW,
; / Buried-N-Well
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p-well diffusion e
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R AE=""- Nested-wells

m P-in-N sensor, BNW{EARE#HE

e CERN RD191E1990F IR HEBT AT X
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s 0T Front-endii NGRS, PRHI(KIERSE N FE

Shielding-well proposed by F. X. Pengg in his Monolithic Active Pixel Matrix with Binary Counters
dissertation “Monolithic Silicon Pixel Detectors in SOI ASIC with nested wells
Technology” F. Fahim, Pixel2012
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Effect of Double SOI

Coupling:

Gain of Charge
Amp increases ~3
times by cutting
parasitic C.
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accumulative_time:10s

m G IHEEUE ¥ Double-SOIFZE:

e %=X R~J50*50um?
o [F%RI1=64*64
o R(E: 3keV

LNETATEF3*3*0. 15mm3 REIXAIFEH 2
preamplifier shaper discriminator counter -\L-|_§Qﬂj-|‘aj: 1OS * 360fra me = 36005
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Signal processing chain in-pixel
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ILC Vertex Detector R&D : SOFIST

(SOl sensor for Fine measurement of Space & Time)

iscri g SW1 SW2 Sw3
discri . ']I_
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ILC beam timing

beam-bunch train
554ns x 1300
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ILC Vertex Detector R&D : SOFIST

(SOl sensor for Fine measurement of Space & Time)
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Position Resolution

SOFIST Ver. 1

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 X
h_resx S5
§ k. SOFIST #1 e .
200 S8 Dow 2
o Ind! 128809
b Conwtwt 2277278
160 Mesn 0 1566 = 00366
Sgra 1387 4+ D008
180 '
= 1.37 £ 0.04 ym
-l 1.49 + 0.06 ym

1.33 £ 0.03 ym

%8 -0 8 0 5 TN
Fasidual X jun)

Residual Y
h_LML.'l
SOFIST #1 Evres 230
Moaw -0 e
i 7 Sy
‘m :4'0".'1 Nz ;')
O] Moaw: DO%I1Y z; ORI
Sgve 1348 « 0008
140 ]
o 1.35 + 0.04 ym
i 1.38 = 0.05 ym

1.32 £ 0.03 ym

LT -10 5 e 5 10 15
Fasdual ¥ jum)




Time Resolution SOFIST Ver.2

Timestamp correlation between Timestamp residual between
SOFIST ver.2 #1 and #2 SOFIST ver.2 #1 and #2
=500 S . == 2 hdiffS
‘3_ E s g A . y £ : e 3 Entries 59376
5450? S0 Preliminary | mﬂ 43:
%_400:_ F o/ ndt 2144126
g‘ - 25001 Prob 14918-31
% 350 = ; Constant 2978 = 193
g ; L Mean -0.6713 = 00142
= 300 = 2000~ Sigma z.mlxuma
25°§ ,mh c=2.78 +0.013 ys
i 2 : Intrinsic resolution:
E g 2\78/,J2 ~ 1.97 lus
100 i
z 5001
50:— . I
B ¢ . 0 | e e 1-;1111]111‘\\1“‘5*“_;.-1*4.“)_;_‘4.
00 50 100 150 200 250 300 350 400 450 500 950 -40 -30 -20 -10 0 10 20 30 40 50
Timestamp (IP-08) [us] Timestamp Residual [us]

Bench test resolution is about 1 usec.
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CPV Chip architecture

CPV (Compact Pixel for Vertex)

e Pixel size: 16 x 16 pm?

Pixel circuit

e Sensing diode, amplifier, discriminator

Rolling shutter mode

e 100 ns/ row

64 rows x 64 columns

Thinned down to 75um

Pixel circuit in CPV2

Sens

CS_bias

- - 11”A D

| ut

V.diode V_clamp ¥

en
- clamp
B 'qq |—4
11 Vout

in

ing diode  Voltage Amp CDS stage Inverter

[>>— Dout

16U I
[ - - 16>ij - I
RA[5:0] | & I
] > |
D [
o = I
@ 1
- [
® : I
2 analog 1 digital
e |
- | .I.
[
L LL
Aout—<} 11T LT
CA[5:0]
> column address decoder




CPV Chip architecture

m CPV (Compact Pixel for Vertex)
e Pixel size: 16 x 16 pm?
= Pixel circuit

e Sensing diode, amplifier, discriminator

= Rolling shutter mode

e 100 ns/ row D
m 64 rows x 64 co

|
- ” 16>ij :
m Thinned down™ |
|
|
] |
- [
) . o - : [
Pixel circuit in CPV2 3 analog | digital
e |
- | .I.
CS_bias

- 1IUA V_clamp Dout :

e = = fké #\e iké #\e

” o |'4 Aout—<} D>>— Dout
L1 CA[5:0]
> column address decoder
Sensing diode  Voltage Amp CDS stage Inverter




Noise Measurement

= S-curve measured on the digital pixel array
Digital pixel array S-Curve

o BFSIER ~6e

1.—
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g 04—
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300 Mean  0.0007141 1201— ean °
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Single Point Resolution

= Single point resolution versus signal charge

e Obtained the best resolution of 2.3um around signal charge 3000 e-
e Low threshold is critical

(um)
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New Sensor Structure: 1. PEEXIEHIDouble-SOIGREAIMKIIERE
Pinned Depleted Diode 2. PHEEIR FDark CurrentfER
(SOIPIX-PDD) 3. PHEARERREATUERRIC, BFIFREERNA

Electron.y ¢
Gherge ey
Detector BN6 m*/ NN \

= AN "”"“.'.'.‘_'ﬁ,'."ﬂ"f'ﬂ:f,‘
Potential ba

(Mask:BP2)

Hi@h potential |
in detector

(Shizuoka U., Prof. Kawahito)



SOIFRARREE

SOFIST Ver. 4 T-Micro

3D Integration

Upper Tier

Bond Pad Passivation = Back gate adjust electrode

Lower Tier

Upper and Lower Tier chips are produced in a same wafer —_—
and bonded chip to chip. Wl




SOIFRARREE

Pixel Layout SOFIST Ver. 4

Lower :Pixel Upper Pixel (mirrored)

4 bumps per pixel

Lower Pixel o iR
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SOFIST Bump

Cylinder bumps are
successfully fabricated
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3D SOFIST will be tested soon.
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Single Event Effect
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Dose Increase in Lightly Doped Drain (LDD) Region

* Major cause of the drain current degradation by radiation is Vth
Increase at gate edge due to positive charge generation in spacer.

« Charge in spacer control the Vth of the parasitic transistor.

« To reduce this effect, lightly doped drain (LDD) dose should be
increased.

* Present process has rather low dose in LDD region to aiming lower
power.

1 Parasitic transistor

LDD (Lightly Doped Drain)

(bv I. Kurachi)




TID compensation in SOI2

* 16 pixels in the center of irradiated area were selected
* Pulsescan
* Threshold set to 1304mV (corresponds to 24mV of input pulse)

£ 2400 g r Tt
§ 2200 2 2000 : _
2000 1800F Ve -
1800 16001 FT' 10krad
1600 1400 ity
1400 12[!0-
Black: SOI2 0V 1200 1000F
Red: SOI2-0.6V 1000f 80D
8OO -
600k 600
400 : 400
The compensation 2000 e | ! 20
. 0 BT f 1 I : []- HilH u A i i L
effectiveness was Input referredthrashold (mV) ; A eterenreshel (mV)
obvious. w/o P-spray | w/ P-spray
é 1800 _.-'"‘" v, i E 2000 100kr‘ad..atll--::::::iizfis:::g:i;‘i;;i;li

1800 A ..-o’

1600/
b 1600
1400f g J
1400
1200 |
1200
1000f r
L 1000F
800 ,
800 :
600 /
i 600 [ ]
400 § !
400 '

200

10 20 a0 40 50 60 %5 L
Input-referred-threshold (mV) 0 0 20 30 a0

Input- rel'erred lhreshold [(mv)



Occupancy at the first Vertex layer

Operation mode H (240) Wil60) £.191)
Hit density (hits - em—2 - BX1) 2.4 2.3 0.25
Bunching spacing ( ps) ().68 0.21 0.025
Occupancy (%) 0.08 0.25 0.23

Table 4.2: Occupancies of the first vertex detector layer at different machine operation energies:
240 GeV for Z H production, 160 GeV near W -pair threshold and 91 GeV for Z-pole.

Here we assume 10 ps of readout time for the silicon pixel sensor
and an average cluster size of 9 pixels per hit, where a pixel is taken
to be 16x16 um?2. The resulting maximal occupancy at each machine

operation mode is below 1%.




