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History of SOI (Silicon-On-Insulator)

First Planar IC (1959 R. Noyce)

Bulk Si Technology
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Most ICs are built on
Bulk Si substrate.

Each transistor is
Isolated by reverse-
biased p-n junction



UNITED STATES PATENT

Historical FET March 7, 1933. J. E. LILIENFELD 1,900,018
DEVICE FOR CONTROLLING ELECTRIC CURRENT
Patent (1928) S Filed March 28, 1823 3 Shﬁ&*ﬁheet i
, . Ce"gﬂ ol
S Jffmwr.ﬁ.{fz&:’e

J. E. Lilienfeld @f )
(Poland, 1882-1963) W///{W

§«,

)

fﬂ?Aﬂqu G ir b

%J
IIQ |— 47
Transistor is built on a ‘ " Copper Sulfide
i .. 74 5
thin Si Film supported by i S,,/‘// 2 ol D
an Insulating Substrate. I/// / ri—// =
,’]/ ' 1 \‘jf l
| Alimjrtim Qxide
£ | B ¢ Aluminum | "%
(Prototype of SOI) | .
ity

o
7 00—l
23( LOYRL,

Unfortunately, No Evidence that this device was build and worked.
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Bulk and SOl Wafer

50-400 nm 20-200 nm
circuit _—_—> 2 __circuit >
| BOX(Buried Oxide)
4 ™
~650 pm Physical
L B L Support g
T T T T

Bulk Wafer SOl Wafer
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First SOl Wafer for Integrated Circuit

SIMOX (Separation by Implanted Oxygen)

K. 1zumi (NTT Japan, 1978)

Oxygen lon Implantation
120-200 keV, 4-20x10'" cm-2

LT

Si Substrate
(Handle Wafer)

A\

\ N\

—

-

\

07.9.5 TWEPP-07 Yasuo Arai

Si Overlayer

annealing

Buried Oxide Layer

3-6 hours
~1300 °C
q

A\

—
1

Si Substrate
(Handle Wafer) -

\

\

\




UNIBOND™ Process (1995, France LETI) -> SOITEC

Initial silicon wafers A & B Wafer B

- Oxidation of wafer A to
create insulating layer

H* ions
~ Smart Cut 1on implantation
induces formation of an in-depth

microbubbles

weakened layer
hydrophilic
Cleaning & bonding wafer A to bonding
the handle substrate, wafer B
Smart Cut - cleavage at the mean ~5000CC|\/|OS
1on penetration depth splits off wafer A (Low R)

Wafer B undergoes annealing, CMP T
and touch polish => SOI wafer complete SOI wafer \

Split-off wafer A 1s recycled, becoming

the new wafer A or B Sensor

(High R)
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Bulk CMOS vs. SOl CMOS

NMOS Gate Electrode PMOS Isolation Oxide NMOS Gate Electrode PMOS Body

P-well Buried Oxide
P-Sub
P-Sub
Bulk CMOS SOI CMOS

In SOI, Each Device is
completely isolated by
Oxide.
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PD-SOI vs. FD-SOI
PD-SOI (Partially Depleted) FD-SOI (Fully Depleted

Thick SOl thickness Tg, Thin SOI thickness Tgg,
100-200nm < 50nm
Depletion layer < Tgq, Depletion layer > T¢g,
m |
Large floating body effect Less floating body effect
High drive Current by kink effect Steep subthreshold slopes
- High speed application - Low power application
Neutral Resign Gate Depletion Gate
Layer
t
: ) I >0 Buried Oxide
Buried Oxide
Si Substrate Si Substrate

FD-SOI has advantage in performance
under very low voltage operation.

07.9.5 TWEPP-07 Yasuo Arai Copyright 2007 Oki Electric Industry Co.,Ltd
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FD-SOI Structure

AR
?"\V" 2 ;

VgL

¥
P

Cross Sectional SEM
Photograph

Contact

Hole

Ultra Thin Si Layer
(40nm) Buried Oxide

- Si Substrate (High resistive)

Close up of MOSFET

BOX (Buried Oxide) —»

Ultra Thin Si Layer (40nm)
Cross Sectional View of FD-SOI Device

Copyright 2007 Oki Electric Industry Co.,Ltd
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O oo eranens

Current Status of PD-SOI and FD-SOI

€ PD-SOI (Partially Depleted)
High-speed microprocessors
- IBM: PowerPC , mainframe CPU’s, Wii(Nintendo), Xbox
- Free scale: PowerPC AMD
- AMD: Athlon processors
- Sony (with IBM and Toshiba) : Cell, PS3

& FD-SOI (Fully Depleted)
Low-power application
- Oki: solar cell watch, long-wave RF decoder

Technology Node option beyond 32nm, Next 3D Tr. (R&D)
- Intel, many major companies

At present, only Oki has an experience
of mass production of FD-SOI

07.9.5 TWEPP-07 Yasuo Arai Copyright 2007 Oki Electric Industry Co.,Ltd 12



(0) 18
FD-SOI LSI1 Products for Consumer Market

Radlo Controlled Solar Watch

This Watch-LSI includes
MCU, SRAM, MROM, Power Unit,
LCD Driver etc in One-chip.

70% Power reduction compared
with bulk device

MPU block
Regulator |4 4
elreuit for bo d.:shep-m[ " ” ‘]
p';:mm:ppﬁl: clrcuit CRU | R
Emmlmclluung
0.7 v Level
Ghroes P sniner |
Bulk CMOS
Battery Reguiator | 0.7 V Crystal oscillating | |4x step-up)
=i ircuit = Circuit fior logl CPU ROM || RLAM
=l e e e e )
=
< FD-S0I CMOS
5158 1.0
= 0.3
S o ] e
o
= Conv. bulk OKI SOl
a
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FD-SOI UV Sensor

v'UV selective without external filters
v'On chip analog / digital circuits

v'Very high uniformity

Visible light UV light

Principal Schema

07.9.5 TWEPP-07 Yasuo Arai
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0.02

0
280 320 360 400 440 480 520 560

Wave Length (nm)
Spectral of FD-SOI Photo-Diode
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Features of (FD-)SOI

o Full Dielectric Isolation :
Latchup Free, Small Area,
Good Circuit Isolation
No Back Bias Effect

o Low Junction Capacitance :
High Speed

» Steep Subthreshold Slope
Low Power

« No Kink Effect
Good for Analog Desugn

o Less Impurity in Body
Good Vth Matching,
Less 1/f Noise

07.9.5 TWEPP-07 Yasuo Arai

Relative Performance

Year Technology Qualified

«No Well junction, Thin Film :
Low Leak,
Low Vth Shift (High Temp).

Small Active Volume :
High Soft Error Immunity

« 1D compensation by Back Bias

15



Latchup Free Structure

Bulk CMOS SOI CMOS

'
MN-well e
.
- P
AL Ar Silicon substrate
P-type substrate ’TJ

(Ref. 'SOI Technology' by Jean-Pierre Colinge, Springer)

No Parasitic PNPN Structure
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Area reduction by SOI

o, | NWELL Pt
+——Im
L O
—— =T ==
_ O B No Isolation
Large Isolation  gran Isolggion ===
/ =
m—
N+
-_ ':-f: j:"_f'.ﬁ ; |
| —
| -
- - SRAM-Cell
| e Layout
| BRa

Area 0.67

| Bulk ' SOl

No Well Isolation

07.9.5 TWEPP-07 Yasuo Arai 17




Isolation between Analog and Digital Part

10-40dB lower than Well isolation of Bulk, when High-Resistive

Substrate is used

Bulk |
Noisy Digital Part : Quiet Analog Part |
i . '
Fox Y 4 Fo; Y § Fox
. \—., Well
Si Suhstrate
SOI |
Noisy Digital Part | Quiet Analog Part | \
MOSFET i MOSFET ‘ ‘
:
ox ¢ Fox 7 N Fox

Buried Oxide (Box)

Si Substrate

07.9.5 TWEPP-07 Yasuo Arai
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Smaller Junction Capacitance

Bulk

ey

Cj is 1/10 of Bulk technology.

Gate Capacitance is 30-40%
Lower.

High Speed / Low Power

07.9.5 TWEPP-07 Yasuo Arai

SOI

-]

=
I
.y
FJT

0.5

04 |

Delay Time (ns)

0.1 ¢

0.3 ¢

0.2 ¢

0.15 um CMOS
Inverter
F/O=1
Bulk
High-Vth
FD-sOI
High-Vth
FD-SOI
Low-Vth
0.3 0i4 0‘.5 GI.G 0..7 ojs ui9 1 1..1 1..2 1.3
Supply Voltage (V)
Copyright 2007 Oki Electric Industry Co.,Ltd 19



Steep Sub Threshold Slope
1E-02 I 105
:E’L;Ill(:mt}aam s Idoff oc 10 Vtws
1E04 et D el ‘
il 107 [ i
Pch ™. /; Nch | Bulk PMOS )
LEG ‘ : = (S=95mV)
= Bulk E 100 i
- 2 | Bulk NMOS |
° |~ &g SOI (S=85mV)
= $=67mV/deg 11 -
1E10 s i & = 1on (S=70mV)
L Ideal |
e A0 (S=58mV)
1E-14 \ DN 1AM 1518 | L L 1 L L ! L
-15 -10 05 00 05 10 1 0.0 0.9 0.4 0.6 0.8
Vgs (V
9_’5( ) Vth (V)
Gate Vo/tage IS not wasted to F.Ichikawa et al., SSDM, 2004

deplete the bulk.

Lower Threshold (Leakage Current) is possible without
Increasing Leakage Current (Vth).

07.9.5 TWEPP-07 Yasuo Arai Copyright 2007 Oki Electric Industry Co.,Ltd
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Kink Effect on PD-SOI and FD-SOI
PD-SOI (good for digital) FD-SOI(good for analog)

Nfet IdVd-Vet (L=Tum)

3350

- Klnk/——\ 300 //71—‘
/ ! 250

.. : /~
- < 200 e
< <T /
i 1 = 150
= o
50
) 0
0 0.4 0.8 1.2

048
Vdrain(V)

vd (V)

Gate
Impact lonization create \ B E,
electron-hole near the —_— R ~0e %;Bgl l Vds
= = B()X E'-' - -
drain, and increase '\@

floating body potential.

07.9.5 TWEPP-07 Yasuo Arai Copyright 2007 Oki Electric Industry Co.,Ltd 21



Small Temperature Dependence

NMOS Tr PMOS Tr
0.45 -0.65
5 -06 =
o -055 Bulk -
o\ ‘.l Bulk 05 & 1.91mV/°C
o —1.22m¥/°C B N N
035 [~ _ .
S OIS & o
0.3 . —
-0.35 — 30!
0. 46mvV/°C
0.25 e
-0.25
0.2 ).
0 50 100 150 0 50 100 150
Temperature(°C) Temperature(°C)

due to less change in depletion width

No latchup, Less leakage, Less Vth shift

==p FD-SOI can be operated in more than 300 C.

Copyright 2007 Oki Electric Industry Co.,Ltd
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High Soft Error Immunity

Charged Charged
Particle Particle
\ Gate Oxide \

I~ /
Depletio
Layer

Bulk Device SOl Device
Higher soft error immmunity due to ultra thin body Silicon.

07.9.5 TWEPP-07 Yasuo Arai



Total lonizing Dose

OKI 0.15um FD-SOI

1.E-04 -
?3?32 c;y(s_)m : 10 (1.4[V])
. | our
1.E-05 Room temp. [~ Core(1.4V]) |———uu--. LU L)
400krad(Si)

1.E-06 ——————————— e e - i LU

1.E07 e e e e e e e e e e e - L L

1E08 | . _ —

1.E-09

1 10 100 1000 10000 100000

Dose [Gy(Si)] (Data from JAXA)

Moderate TID Immunity (enough for space applications).
Charge trapped in BOX shifts Vth.

Copyright 2007 Oki Electric Industry Co.,Ltd
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TI1D(2)

Leak Current and V4, resumes to nearly original
value by biasing back side even in 100Mrad.

Vback=0 -10 -20 -30V

$.01

= | | 0.15

= 1015 p/Cm2 . . 1015 p/(;mz

- (=100 Mrad i B
0.0008 ( ) . . -befo.re | (~1OO I\/Irad) 0.1
irradiatipn N
s ’
< ~ 0.05
00006 . b e e
C ; | # [ q .[}
o pre_

0.0004}— ¢ ¢ BG 0 .
8 [ ] 8 !
iSO
" 3 ® BG20

0.0002} L K e -0.1

O 40 30 -10 0
e .--". ..-"..l"‘ | | | Backgate Bias[V]
L K RN e Y B T —

Vis[v]
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Summary of this section

 FD-SOI technology has many attractive features:
Latchup Free,
Radiation Hardness,
High Temperature Operation,
Low Power, ...
for use in High Energy and Space applications.

but the substrate Si is a simple physical structure

—} Can we integrate Radiation Sensor?

07.9.5 TWEPP-07 Yasuo Arai
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Progress of SOl Pixel R&D

Many people are seeking
an rdeal pixel detector

High-R Semiconductor Sensor
with
Fully Integrated Amp. and R/0 logic
using
Commercially Available Technology

II‘ SOI Monolitic Detector!

07.9.5 TWEPP-07 Yasuo Arai
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Pioneering work by SUCIMA

= = <
i Principle of SOI monolithic detector

S Y B Met 2 s ‘
\ = et The idea:
—\ i s / , Poli . .
A"/ 4 U U " . Ulbeiceverntve | Integration of the pixel detector and
{ _sioz St
i \\ readout electronics in the wafer-
g e bonded SOI substrate
‘ : - MO_S Tr
E 5 pn unction
4 et Electronics > Device layer
= Low resistive
(9-13 Qcm, CZ)

= 15 pum thick
= Standard CMOS technology

Detector = Support layer
= High resistive
(> 4 kQem FZ)
= 300 um thick
= Conventional p*-n
= DC-coupled

W.Kucewicz Vertex 2004 - Villa Vigoni, Menaggio — Como, 13 - 18 September 2004

Technology is not so advanced (~3um technology at Lab.).
07.9.5 TWEPP-07 Yasuo Arai



KEK SOIPIX R&D History

"05.5: Propose SOI Pixel R&D to KEK Detector Technology Project
(Generic R&D).

7: Start Collaboration with OKI Elec. Co. Ltd. for SOI detector
R&D .

10: 1st TEG submissions in OKI MPW (Multi Project Wafer) run
with 0.15.m technology.

"06.3: Processes of the 1st TEG were finished.
4-8: Good response to Light and -ray was confirmed.
12: 2nd TEG Submissions hosted by KEK with 17 designs.
"07.4 : Process of the 2nd TEG was finished.

07.9.5 TWEPP-07 Yasuo Arai



Features of SOI Monolithic Pixel detector

« Bonded Wafer (High Resistive Substrate + Low Resistive Top Si).
o Standard CMQOS Electronics (NMOS, PMOS, MIM Cap etc. ).

« Monolithic Detector, No Bump Bonds (Lower cost, Thin Device).

o High density (Smaller Pixel Size is possible).

o Small capacitance of the sense node (High gain V=Q/C)

o Industrial standard technology (Cost benefit and Scalability)

SOTI Pixel Detector /

RVa
)-_/f_l— PIR0S _TNMOS

Explore the possibility of SO, "7 5 ;
detector for future experiments
(ILC, SLHC, Super-Belle etc.) and

other applications (Medical,

w v
n+ p+

Sensor

(High Resistive

Material etc.) Substrate)

07.9.5 TWEPP-07 Yasuo Arai
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SOI Pixel Process

Process 0.15um Fully-Depleted SOI CMOS process,
1 Poly, 5 Metal layers (OKI Electric Industry Co. Ltd.).

SOl wafer Wafer Diameter: 150 mm¢,

Top Si: Cz, ~18 Q-cm, p-type, ~40 nm thick

Buried Oxide: 200 nm thick

Handle wafer. Cz 700 Q-cm (n-type), 650 um thick (SOITEC)

Backside Thinned to 350 um, and plated with Al (200 nm).

Pixel Pixel
Guard Ring Bias Ring VSS Ring |«—20UM |4 s
(float) (QV) (0V)
S|(~4Dnm NMOS PMOS
HV Ring T T wal a8 Tal
Buried Omde{ZOUnm]
w=5n% W=5 w=5 w=1

70u 20u
:—-T 330um }‘ﬂ ~600um J
p+/n+ Implant and

High Resistive substrate (n) Contact formation

I

(This figure is not to scale)

Al(200nm)

07.9.5 TWEPP-07 Yasuo Aral



SOl Pixel Process Flow

SOI (50 nm)
&
Box (Buried —>
Oxide)™ | 650U
(200 nmy) % Handle Wafer ¢?
U | PSP 1 N o S o

=

Handle Wafer %

L

e

%HHJLFWDE

50~650um
Handle Wafer /

Al

07.9.5 TWEPP-07 Yasuo Arai 33



Metal contact & p+ implant

Copyright 2007 Oki Electric Industry Co.,Ltd
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FYO5 MPW run _g

07.9.5 TWEPP-07 Yasuo Arai

.‘Aé:{
g
i
o
H

—

"

E‘qﬂOKI 0.15 um SOl

10S with

35



First Pixel TEG

RAO~4

Read

Vrefl
StoreEn

ReadEn

Store

Reset

Vdd

CAO~4 ﬂ#

07.9.5 TWEPP-07 Yasuo Arai

Column Address Decoder

read_x
rst x
Row Address Decoder Dﬂd[ M store i
Oread_x 20;.|m / sens n1 V6 wed
—1 20um | | nstore ﬁ M5
o 1 Adrwo M4
5 -
% - | =T M3 Cs _—— -
b 100fF
: = | N
% -Vdet I 77
)
pr - . .
: : 32 x 32 pixels :
| CMOS Active Pixel
{>—en 5 <o Sensor Type
— CATAT = 20 pm X 20 um
| REFv vrefh HJEF @E’i HJ{ . 'o|{col_out u u
| load | I | | | | i
4[% en rct;if | / ' | | : 32 X 32 p|XeIS
4% ren ] z: I I: : i
istore : : : : bufsw : :
4{ ‘ Lo e oo e Loy IOUT
DO rst_x | |—’¥ | \F | ¥ . sw_out ' : | p pad_out
| | | | clol_sel |
/l_ EN ADRDEC
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Pixel Layout

Window for Light
lllumination
(5.4 x 5.4 um?)

P+ junction

Storage Capacitance(100 fF)

2.5 x 2.5 mm?2

07.9.5 TWEPP-07 Yasuo Arai



Laser Image B-ray (°°Sr) Signal

32x32 image view with
670nm Laser and plastic
mask

Fie | Eci@ | Wertical | HoriziAcy | Trig | Displsy | Cursor | Measwre | Mask | Maih | MyScope | Anshre | USSes | Help ]

Raw-FPedestal

Ry

] 5 10 15 20 25 30 B 500mvidiv
TR 100midiv
Column -

Vdet =10V, Exposure Time = 7 ms

07.9.5 TWEPP-07 Yasuo Arai 38



Nmos- Threshold Variation pmos transistor

Back Gate Effect

0.6

4

NMOS Floating body

0.5 Back side
- channel wh
: 0.4 )
Z 03
=
g 02 -
=] T
= 01 L
=, I R W
= ——10_NMOS | | |
Z 01 (@Vd=1.8) L1
g —8— Core LVt_NMOS \
= -0.2 (@Vd=1.0) '-\
" a3 ||~ Core BVt NMOS \
) (@Vd=1.0) \
-0.4 L
20 -15 10 -5 0 5 10 15
Back gate Bias Vb(V)

o

—

Threshold Voltage VtsO(V)

-0 -1 -10 -5 0 5 w15 20

— PMOS Floating body

| —e—I10_PMOS
(@Vd=1.8)
[ —=— Core LVt PMOS
| (@Vd=1.0)
—t— Core HVt_PMOS
(@Vd=-10)
|

Back gate Bias Vb(V)

— W T00ms CThI 7  GGOmMV

[giF 500mV
nefa 500my 100ns
07.9.5 TWEPP-07 Yasuo Arai

Copyright 2007 Oki Electric Industry Co.,Ltd

Substrate Voltage act as Back
Gate, and change transistor

threshold.

Signal disappeared at V, =16V
due to the back gate effect.
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TCAD Simulations

ENEXSS :
3D TCAD Simulator developed

by SELETE Consortium Japan.

Back Gate effect can be
reduced by placing p+
iImplant near transistors.

Wth Shift v Voack (ot - MOS distance)

% 01 H—s—2u \ \ \ -
> —m—5u \ \ X .
0 —k—tu : : : : . : :

[ \ & 50 \ 100
=01 HH——10u T
—a—20p
02 H——30u \
—m—dily
03

Vback {V)

«—— D = 2~40 pum

»
>

BOX (200 nm)

F/ NMOS

Backbias (0-100 V)
07.9.5 TWEPP-07 Yasuo Arai

40



p+ Guard for
1/0 Buffer

It is hard to re-design
1/0 buffers, so we
just surround the
buffer with p+ ring.

P+ ring

07.9.5 TWEPP-07 Yasuo Arai 41



without p+ ring

— W T00ms ChI T  GG0mMV
s00mV
Re¥4 500mv 100ns

07.9.5 TWEPP-07 Yasuo Arai

p+ ring = OV

10MHz Clock




Signal Coupling Simulation

Circuit activity during measurement may affect sensor
signal due to coupling through the BOX.

metal |
(0.4um x 6um) Pt bias(0V)

| x / BOX

0z -

[}

&4

=

ml

sub

hiasl

1 1 1 1 1 1 1 1 1
— [dn] [} | [n7] n I= s ] r-a —

hiase

-10
o1 2 3 4 5 6B 7 8 3 1011 12 13 14

07.9.5 TWEPP-07 Yasuo Arai 43



TCAD(Enexss) Simulation

Potential

sweep3D1_10V_dis.dists2.Psi

07.9.5 TWEPP-07 Yasuo Arai

oV

[¥]
1.028+01

g.04

291

3.78

1.65

-4.64e-01

Electric Field

sweep3D1_10V_disCS0_sg2.dists2.E  t=3E-10

metal(1V)

1.00e+05

2.57e+04

6.37e+03

1.58e+03

3.9de+02

1.00e+02
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Signal Coupling (cont.) SR SRR Ry Senon saneL e

—— Yl
0.8 _
 Pulses in SOI circuit can generate non- 06 - .
igi "o ] Signal @\letal
negligible amount of charge to the sensor. all g

» Need further simulations in more realistic ofeed AL
geometry. Se-10  de-10  3e-10 . Ze-10  1le-10 s|J

« No effect in charge < o O€NErated Current
. . C —e— [biazl
integration type sensor. 3006 [ Imetalh iy ]

- Differential signal can 20-06 |- N
reduce the effect. tooe b ' E

 Use Double Gate/FIN SOI 2 ... .| Ibias i ]

I | DR
Tr? -le-06 [ ' — 3
I Qmetal = 1750 [e] E
» Use some guard structure? 2005 - Isub Quas = 406 [e] -
-3e-06 — qub = 038 [e] _;
—43—['6 : 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 :
0 le-10 2e-10 Je-10 4e-10 Se-10
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SOI Device Structure Road Map

4 Planar Bulk

€ Planar SOI

- Strained

- PD SOI
- FD SOI

4 3D SOl

- Double Gate
- Multiple Gate
- FIN FET

@Copyright 2005 Oki Electric Industry Co_Ltd_

07.9.5 TWEPP-07 Yasuo Arai
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Summary of this section

e Processes for implanting p+/n+ to substrate and
creating contacts are established with 0.15 um
technology.

 We could demonstrate the first SOI Pixel detects
light and B-rays.
e SOI specific issues become apparent.

- Back gate effect
- Circuit to Sensor coupling

« TCAD simulation is powerful to study these effects.

07.9.5 TWEPP-07 Yasuo Arai 47



OUTLINE

& SOl Device
History of SOI

FNAL, LBL, U. of Hawaii, KEK
¢ Summary

07.9.5 TWEPP-07 Yasuo Arai
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FYO6 MPW Run

17 designs were submitted on
Dec. 5, 2006

2.4 x 2.4 mn¥ --- 10 chips
50 x 5.0 mnm? --- 6 chips
10.2 x 10.2mn¥ --- 1 chip

Some Preliminary
Results are presented.
(still under evaluation)

07.9.5 TWEPP-07 Yasuo Arai

Top Cell Name Chip size Affiliation
VARPIXEL 2.4 mm Osaka Univ.
TOPPIXN 2.4 mm KEK
OKI10612 2.4 mm Tokyo Univ.
Achip 2.4 mm LBL
OKI_TOP 2.4 mm FNAL(BNL)
ATEG 2.4 mm JAXA/ISAS
BTEG 2.4 mm JAXA/ISAS
CTEG 2.4 mm JAXA/ISAS
isas_set0612 2.4 mm JAXA/ISAS
RADFET1 2.4 mm KEK
HawaiiNSUBSTRATE | 5.0 mm U. of Hawaii
detectorPOLY 5.0 mm KEK
TOP_PIXELSTRIP 5.0 mm KEK
TOP_8PREAMP 5.0 mm KEK
TOPTEG2 5.0 mm KEK
TOPINTPIX 5.0 mm KEK
TOPCOUNT 10.2 mm KEK
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FNAL: MAMBO - Monolithic Active pixel Matrix wit Binary cOunters

2% Fermilab

» applications

design:

G. Deptuch

» imaging detector for direct detection in electron microscopy (TEM), and soft X-rays,

» test prototype 64x64 pixels, pitch 26um, 4 parallel diodes /pixel (distance ~13um),

» each pixel: CSA, CR-RC? shaper, discriminator + 12 bit binary counter,

» counter reconfigurable to shift register — readout serial (caterpillar) through

all pixels.

» pixel:

e design uses:
IN prevB IN prev
.E .IE low Vi transistors
*E _IE high V¥, transistors SH next
irput 12 bit binary counter —D
depletion transistors D
SH nextB
r| vdda
En |
i leak = H
- M ;
M5 ___l al = Gl
]
@
o

in_det[ >—¢——] Ef

Ml ad |
i1
an

|_.

preamplifier

total: 280 transistors
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FNAL: MAMBO G. Deptuch

tests: » performed till now: measurements on test structures
S Gain significantly lower and
shaping much faster — seems

to be understood;

« analog channel with charge injection by pulse generator OK,
» counter/shift register OK, (proper operation requires back-gate voltage
above certain level ~5V due to conflicting leakage of NMOS and PMOS
transistors in OFF state)

« discriminator OK, acquisition of full scale images is underway! _———

File Edit Vet Horz/Acqg Trig Display Cursor Meas Mask Math App MyScope Utilites Help Button shaper: Mgo
Tek Fun Sample 39 ibl T
i . .

125nA

discriminator response

—{ Sout

. Shaper response
", (5.kh")

| 1 / et
T cakkia H.lﬁ ! e "'nlr'-"-'p
et P ] B I..n.‘!-"'ll._\_.lhlfn_u.-'* Wl e, a4y i | mf | b s
|

|

|

{

. : |

1||I;.l.-"'-\‘|||¥' W WA -'-‘1"'11-'1."1"'.._.- lIhll...l.._,'_-lll..-,_ A’ |._F "Ilswiqr'l
! b2 —>—]

gnd \l
shaping filter
| feedback resistance
e PMOS in saturation
measured at I @ VgS:const
design: 90 MQ
: v2: 198 s25h measurements suggest:
I 00y 80.0ns | win 57w v : | il | 5-10 MQ (L=150nm PMOS
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FNAL: MAMBO lesson learnt: G. Deptuch

» transistors in Silicon on Insulator technology are basically 5 terminal devices;

» there is mutual interaction between transistors and the substrate (used as detector);
 in fully depleted (FD) SOI, substrate plays role of a second gate with gate oxide
thickness equal to the thickness of buried oxide (200nm);

» measurements of low V; and high V;: NMOS transistors I5(Vgg):
4 T — T

S| —=—v,,=0vsBC || —=—V__=0VSBC /‘
- | —e—V, =1VSBC —e—V, =1V SBC } 2
4 || ——v,__=2vseC 3F| 4 V,,.=2VsBC ./ "
|| —v—V,,,=3V SBC | | ——V,, =3V SBC / / %1
= —e—V__=10V SBC = ——V, =10V SBC # */X
% 3 back_ ) ] 3 2] o aE_ i i // / -
. —*—V =0 simulation SBC a —* Vhick—O simulation SBC - b
= ] T e /
& 2[ 3
P T /’/*/ -
T 0/':'% 0/’42/
i ‘/*/ G 1 [ M—”_’M/ s S =
0 '{_’ z ///I%‘é%l ] , . . . . . 0 e=ti—n—n——%_—4—1% *Z;KI 1 ] L
00 01 02 03 04 05 06 07 00 01 02 03 04 05 06 07 08
% Ves (V)
shift in threshold voltage !!! floating body and body tied to
source transistors are affected in the same degree
» hints:

e important is to use dense matrix of p* implants to lower potential at the surface;
 use rather low back-gate (generally it is enough V;,.,=10V to deplete 50 um of Si)

- good for electron microscopy, high energy physics, etc. )
still more to learn
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LBNL Pixel Peter Denes

LBNL SOI Test Chip 12/06 ’_’)\1

2] l”l ;FE i :FII II o R

L] 1
HBEIe B ERIRERIEARERLNN
Lo e

93T” LV pixel
“3T” HV pixel

-~ Simple digital
pixel

Large diode

Srallidiode |

all work, but
not as well as

- desired (due to
backgating)

LV HV Digital |} i

1 = :
i i
i | [ :
—_—
i 1
i [}
. ey . - e .

LAWRENCE BERKELEY NATIONAL LABORATORY
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Cooling studies

| Leakage current vs temperature

350
E ® Sactor1 8
300— | ® Sector?
L & Sector3
= Y Sector 4
G 250__
o ~ L ]
g"’ zm__ V :5\/ v
® - sub n
7] i
g 150 ¥
c - ¥
L [ ]
E 100} v . b
- i L ] | |
§ 5“:'_‘ ¥ X : .
- " ] ]
TI.IIJIQIIII|IIII|||I4|||||Il||l|-||l||||
=10 =5 0 5 10 15 20 25
Temperature (C)

* 4 analog sectors with 1.0 Vand 1.8 V, 1 um and 5 um diodes

» Decrease of CDS pedestal level with cooling temperature consistent with le
current behavior

akage

’A\l M. Battaglia, D. Contarato, L. Glesener
 rrreeed] |
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Transistor test: back-gating effect

NMOSFET input characteristics, W/L=50/0.3

1.4E-3

1.2E-3 ;
/ v
7
1.0E-3 N Vsub=0 V
—— / .// \ Vaub=1V
’ / y A / / \ Vsub=5 V
— e \ Vsub=10 V

'_/,-/ “ / / / . Vsub=15 V

2.0E4

Ids [A]

0.0e+0 . . . T : .
0 005 01 015 02 025 03 035 04 045 05

Vgs [V]
* Single test transistor characteristics measured for different substrate biases

* Threshold shift for increasing substrate bias due to back-gating

.ll"hl

* Preliminary results from irradiation with 30 MeV protons up to 2.5e12 p/em-: thresholds
unchanged w/o substrate bias, but increased effect of back-gating due to charge trapping
in buried oxide: characteristics degraded already for Vsub=5 V

’A\l M. Battaglia, D. Contarato, L. Glesener
 rrreeed] |
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Univ. of Hawali:

Continuous Acquisition Pixel

= 4 o2y iI"

(CAP) Family

CAP1/2

-

CAP3 “full size” Detector

- =

CAP4 AMS 0.35um Opto

-
_
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« The area corresponds to 3250 x 1500 um?2,
« Pixel size occupies 28.7 x 32.5 um?.

o The number of columns is 108 and rows is 44.

E. Martin, G. Varner
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KEK : I-V characterisitic 100

of the detector 30
2.5 x 2.5 mm?2 chip < 60
FY05 g 40
l Round the corner of bias 20
ring.
FY06(Std.) °0 50 100 150
p+/n+ implant with higher E Vback[V]
(—x4.7 deep).
FYO6(HE)

ARSI

become better, and
reached to ~130V.

Micro Discharges are
observed with infrared
camera

| =40 pA, T =1 min Corner of the bias ring
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KEK : Integration Type Pixel (INTPI1X)

(same as FYO5 design)

« 128 x 128 pixels
e 5X 5 mm? chip

vdd

read_x

i col_out

M6

n1

nstore M5

Vdet
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INTPIX : First Image
« 2.56 mm >

mmmmmmm

2006 Image

R o

2007 Image

0 20 40 60 80 100 120
Column
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FYO7 Submission Plan

« Next submission at the end of November (~Dec.).

e Due to OKI process movement, we will use 0.2 um
process at the next run.

0.15 um 0.2 um
Wafer Diameter 6 inches 8 inches
Core (1/0) Voltage 1.0V (1.8V) 1.8V (1.8/3.3V)
Gate Length 0.14 um 0.2 um
Gate Oxide Thickness 2.5/5 nm 4.5/7 nm
BOX Thickness 200 nm 200 nm
|off <100pA/pm <0.1pA/um

Space iIs still available !
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Summary

« SOI device has many interesting features to use in HEP and Space
applications.

 We confirmed the basic operation of SOI pixel detector with OKI
0.15 um FD-SOI technology.

« At the Second MPW run(FYO06), we submited our own MPW run
with 17 designs including US and Japan Univ./Labs.

* We are planning the Third MPW run in Nov.-Dec. with 0.2 um
technology

* We welcome more people to join to use this interesting technology.
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