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Some-SOl basics

40 nm silicon layer isolated from the

ASOI technology integrates CMOS electronics on top of bulk by the SiQlayer-> No PNPN
Buried Oxide (SOIl), ensuring full dielectric isolation, small parasiticstructs
active volume and low junction capacitancsch-up
iImmune, low power, high speed designs are thus favourgd

AO.lSO.ZOum FullyDepleted (FD) SOI processes from OKI,
Japan allow contacting a higasistivity (700w cm)
substrate through the BOX for pixel implanting and substrate
reverse bias

Possibility for small pitch pixel sensors with high density; fulk-
CMOS readout electronics integrated in the same deMig
SOI Monolithic Pixel Sensors

\

SOT Pixel Detector Radiation Small charge generation into the
Gircuit active area of the transistor, lower

sensitivity to SEE.
BOX PMO MOS _-|_

(High Resistive
Substrate)
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QOKIESOI Proce

Gate s

Process: OKI 0.15m fully-depleted SOI CMQssocess, 1 Poly, 5 Metal
SOl Wafer Diameter: 150 mm, Buried Oxide: 200 nm thick
wafer: Top Si Cz ~18W-cm, ptype, Handle waferCz700\W-cm, 650

40 nm thick fully depleted mm thick (SOITEC ion cut)

(float)

w=5 N+ w=5 w=5 w=1 p+
70u 20u
— 330um ~B00um

Guard Ring Bias Ring
(V)

Backside: Thinned to 350Gvm, plated with Al (200 nm).

Pixel Pixel
vss ng %M>|<—.\
0~1V
Si(~ ~40nmi N PMOS

LS

High Resistive substrate (n)

Al(200nm)
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S{®) SOlmagerl

/&OKI 0.2Qum FDSOI process, 5x5 nifrarea,
256x256analogpixels 13.75um pitch

AA parallelanalogoutputs, readout up to 50
MHz,2-3 kframegs

. S

Hiroshima 2009 Piero Giubilatg;MAPS in SOI technology m




' Faltial aeplieton ' —ull depictor
9  n
soum|| 5SLX SGSR NBIA2YyZ 9 ¢
n*backcontact n* backcontact
Ve, =2V,D~17 . Vi, =15V, D ~ 56

e i laser (=10 pm in SYep™Viui e 850 nm laser VierX %
Large diffusion component in th Charge collection dominated by dri
undepletedsilicon, large PSF smaller PSF and faster collection ti

Pixel 201 Piero GiubilateA novel SOI pixel detector with depleted substrate



‘ 5dCKkgatiilg efrect-0n- ot

—

=

1C2

1

-
Q'

S

N0 SUE HMager

AThe high field in the depleted substrate cause
backgating of the CMOS electronics on top of
the BOX

ATest of single transistors vs. depletion voltage:
shift in the threshold voltage with increasing
substrate voltage

ASignificant effect observed in single transistor
tests: expectinalog section functional only for
Viep< 20V

A Floatingpguardstructures around each pixel to
keep potential low and limit baeljate effects on

)
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SOlimager”. )

| B ’ 1 P | Almproved version specifically designed to survive bgating
AOKIO.ZOum FDSOI process, 5x5 nfrarea,256x256analog3T

AR&D version of 2009 LDRID{Imager prototype, exploring
different pixel layouts and use of Ilgh{ch)ped implant(Buried
P Well, BPW vspixelguardring ( ).

Als the BPW effective in containing bagdting?
/&Can we avoid the floating guarthg around thepixel (space)?

2 PSUB (guard ring)

PSUB (pixel diode)

BPW (p-spray implant)
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pixels 13.75um pitch, 1.8 V operationg different pixeliflavours

\%4



AClUaldepletionadepth

b

Depletion Depth
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vhackm
ANe measured depletion thickness By measurementef the
substrate, using the pixel guarthg grid as electrode

AAt first we had no agreement with resistivity data provided b
company, then the company gave us new values which matct
near perfectly with our measurements.
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A\/Ieasureddepletion depth
from G

Wmeas= eS Oé
C,

A: detector area
es silicon permittivity

/&Calculateoblepletion
depth from the nominal
resistivity ( =200K-cm
T R=2x10%cns)

chalc = \/2€S(Vbi B Vback)r =
— \/288(Vbi ) Vback)
AaN;
m: electronmobility

es siliconpermittivity

Ng = doping
\ B
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Noise
SOI Imager 1 noisk SOI Imager 2 noist
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/&Noise measured with thebFe peak atoom temperature

A\Ioise much better with first run substrate batch (SOI Imager 1), but process is identical for botf
Second batch shows much higher leakage current, so we think is just a quality issue with that|L

‘ATighter control over substrate should fix the issue in the future. )
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A Detectors arranged in one

OSYSYUSRE d&dc

spaced) and one rotating
plane (33 mm spaced).

AThe doublet is optically
aligned witha betterthan 5
um precision heasy and

precise coincidence cuts in

cluster recognition.

Single plane can hetated
up to 20 for slanted tracks

and cluster studies

Temperature is maintained

around 20 by cool air flow

\_ and continuously monitor9
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0.16

0.14

0.12

0.1

!_Illllllllllllllllllllllll

0.04

0.02

IIIIIIIIIIIIIIIIIIIIII.II|IIII|

¢o
2

ster Pulse Height MPV (ADC Counts)

@)

N
o
L
o
Bl
o
|
o
o
o
~|
o

200

LI
|

Seedpulse heightvsbias [ADC counts

-
4]
o

-
=]
o

AN

ACharge collection increases with the
depletion voltage, but is not linear.

Collected charge higher than what
expected fronP5Fe calibration.

ACollection from urdepleted bulk?
Saturation seems to hint at that.
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Festbeamresultsc clusterpulsenheight
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A Cluster multiplicity decreases
consistently with the bias increasel

Samesaturation effectas observed
with the cluster height.

J

h_ph_map_669_0
Entries 25

| Mean x 2.068
— T, Mean y 1.945

RMSx  0.9125

. ™=/RMSy  0.8797
", |Integral  903.2
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L Olal 0OSES iracuonal yiei J

Aln SOltechnology,the thick buried oxideis expectedto be sensitiveto ionizingdoses,whichleadto
positivechargetrappingand consequentiyto anincreaseof the top-gateleakagecurrent

AThiseffect Is evenlargerfor depletedstructures the strongelectricalfield acrossthe BOXsplitsthe
electrontholes pair generatedby ionizing radiation, reducingthe recombinationyield. Thisgreatly,
increaseghe amountpositivechargewhichis trappedthroughoutthe BOXI 'hleakagecurrent

1 = 12 MeV Electrons & sCo

AThe number of

electron-hole pairs
0.8 escapingecombination
(fractional yield)

10 keV X-Rays

strongly depends on
the bias given to the
substrate

Alt also dependson the
stopping power of the
700 keV Protons | incident particle (the

lower the ionization

0.6

0.4 5 keV Electrons

Fractional YIELD

2 . :
0 2 MeV Alpha Particles density, the lower the
recombination
0 I | 1 I 1 probability)
0 1 2 3 4 5 \ /
Electrical Field (MV/cm 151
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Fotal aose (LakeVARayc Ie

akage-current ana;thresnoic

is sh )

p— =1 . ~_Canal
< 107 E
102 riore i

104 -

back =5V

pack = 10V

oy = 10V (PSUB at GND) |

10-12 I | T T

back

back =10v

wocx = 10V (PSUB at GND)

10° 10°
Dose [krad]

The PSUBguardring tied at GND during
irradiation indeed limits the electrical field
through the BOXand improvesthe radiation
hardnessf the device

>

10 102 10°
Dose [krad]

For V.« = OV (no fractional yield) the
transistoris still working properlyup to doses
of ~1Mrad

Provided tokeep low the voltage under the BG¥¢chnologycan toleratedoselevel up to~1Mrad

But thisis exactlyaihat ithes BRWINR B AR Sedlih

S YySSR
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SingleEventUpset(SEUmeasurement

‘ T’j [~ 1= 181
=R 2 AWe tested the technology for SEU
e sensitivity.
Periphery rowselection shift register

has been used to check for #itp
through a dedicated test pad.

AMind: thedesign is not hardened in
any special way against SEU
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wSingle Event Upset (SEU) study
performed at the SIRAD irradiation
facility, LNL Jtaly.

wA known logical pattern is written in
and read back from the row selection
shift register through dedicated pads
duringirradiation. Differencesbetween
the loaded and readback pattern
highlighta SEWccurredin the cells

w lrradiation performed with three
different ion speciesand, for eachion
beam,for two substratebiasconditions

(Vback =0V- 7\/)-
S

9Fe 118 3.67
35CI 170 12.5
“Br 240 38.6

Cross Section (cm2)

Cross Section (cm2)

107

10°®

10'9 Ll 1l L1 1 I

107

10

107

108

wLEY, ~4 MeV-crdimg
WS¢, ~ 10% cn?

LET (MeV*cm2/mg)

10'9 Ll

| Ll 1 1 | Ll 1 1 | Ll |
15 20 25 30 35 40

No apparent difference with

or without bias
c Ll

5 10
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SEU TMapPpRINgHISEresults
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SEU "mapping, what we see

SEUganbe inducedin both masterand slavesectionsof eachtype of DFFdependingon whetherthe
clock is high or low. Both master and slave of the DFFare two crosscoupled inverters with two

transmissiorswitches

Latch

In an inverter structure we can find 3
different nodessensibleto SEUSA,Be

Latch

Cin figure). Eachnode hastwo critical
charges,one for the state transition 1¢

———————————

ﬁ ‘%\\\\\\

0, the other for Oc1.

\_ .

L.
e

v
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vvartingin the LA~ LIS 1Syl J

. OKI 0.20 um FBOI process (submitted
2009)

. Sensor chipvith graded ptype guard
rngs

. Readout chigo be waferbonded on
top (ZyCubeorocess)

. 256 256analogpixels, 13.75 um pitch
4 parallel outputs

. 8 different pixel types, several test
structures for process and

Top chip (readour l | Bottom chip (sensol l \interconnection evaluation Y.
. 3D vertical integration process allows i T TRr e e Top chip
higher integration, improved radiation| || =t = L I (upside
toleranceand lower power dissipation | | X8 == X down!)
. Vertical integration performed with| | = 3
ZyCube p-bump bonding (-5 pm) X200 T1..TX1. | K-bumps
teChanue 50~ n+ o p+' c o \_F;ixe ¥Ffwxe
_ After chip stacking,Si etching and pad| " BOE_Om
|Ith0graphy0n baCkOf top Chlp High Resistive substrate (n-) ¢ Ip
. Processinderway, chipswaiting... v A0 v [Y. Arai, KEK]
N\ / 21/21
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CONCIUSIOr J

ADetectorspIayweIl in testbeam
Alt seemspossibleto improveradiationtolerancefor total doseup to 1 Mrad

APBWimpIant works well, freeing room (when compared to traditional guard ring) for more
transistorsto be packedin a singlepixel

Astillwaiting for the 3D chipx

ANith an establishedpixel structure,we haveto planfor a completechip with somerealisticfeatures
like peripherymemory,ADCstime-stampind (not necessarilyogetheron the samechip!)

ASELIolerancestiII anissuefor any applicationwhereit is a concern,needsto be investigatedandin
caseaddressedn future designs
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Fest beam. results cluster shapes

| h_ph_map_2_0 | h_ph_map_2_0
— - Entries 81
Mean x 3.953
Mean y 3.99
RMS x 2.534

T ~/RMSy 2574

507 | Integral 2397
0

2397 0

0

| h_ph_map_1_360 |

1873

") integral

Sy
2 ""n.—ll"""'
0 )
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SEL'Mappmngin soliastated

wBY increasingthe impingingion energiesis possibleto discover
that some areasof the devicebecomesensibleto radiation only
overapreciseLETthreshold

wThese sensible areas are precisely defined inside the device
volume,andeveryone hasits own LETthresholdlevel

1
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L Fhe IEEivitechnique Tor-Si=apping J

J Electrons imaging ) Electrons to photons

e

Device Thin (nm) PEEM Electrostatic Holed Phosphor Holed 45° Millimetric Broad ion
under test gold layer lenses column MCP  screen mirror collimator beam

4;;1! )| !ll W’ E;g? ,.g.f N ls 333
223 (R P R 322
o N h hh m' w P B

Relay
lenses

/b

J Data acquisition J PSD

Image
Intensifier

Registered
SEEs

SEE sensitivity map

Registered
ion impacts

SEE,, t,
SEE,, t,
SEE,, t,
SEE,, t,

SEE,, t,

_inear Splitting Linear
sensor opticts sensor

N
Ol
-
N
=
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The [EEM system for-SlEapping

Instrumenta
tion plane

lon beal

Sliding

Millimetric
collimator

7

access
Extraction optical system

lonic vacuum
pump
micrometric actuators

Pixel 201 Piero GiubilataeA novel SOI pixel detector with depleted substrate W

45° mirror and
MCP housing




