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 Pixels@LHC
v(EI)E/ VY77 EIELS
e DEPFET

e Depleted MAPS
v>ro/8—0OKLYV R
e Smaller feature-size (TSMC 65 nm CMOS)

etc...
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= LR JLF¥—RERF Dfront-end ASICR T}

E7 IV arDRFE THRONGRE

ATLAS Belle Il
- FE-I3, FE-14 chip design
> - Hybrid pixel detector, bump - DHP chip design
S - IBL module production - PXD module testing
¥ - Diamond detector - DEPFET sensor testing
- 3D sensor, TSV technology
Borrowed from home page
ASIC Our group is developing full custom chips since 1994. Up to now, more

than 40 designs have been submitted and successfully tested. They vary

deSlgﬂ from simple transistor test structures to full readout chips for silicon strip

and pixel detectors. At the moment, we are working on 8 workstations with

the CADENCE software using different CMOS technologies. Further down
this page lists the designs starting with the most recent submissions.

Z7O7front-end7H 1 &2 EIR>TESHTWLWS

T. Kishishita
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N Ty REVEILERHER

+ good S/N «fully depleted

+ fast R/0— ~ns time stamp

- radiation length— 3.5% x/X0
- spatial resolution—~10 pm
- bump bonding

T. Kishishita 20-21 Nov. 2014, 5+81> 2 7 LT 2@J-PARC 4
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N Ty REY LR (state of the art) AT, % ' ATLAS
RPN 2 AL

sensor& ASICIERIZ7OE R - JPEREY é
first use in 1992, OmegaD (102 pixels) A Doy Vo

{n-doped, depleted)

Sensor-substrate ; +«— YYQyvEeEZtIIELEES
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~1m?, 100x150um? cells, 33x10° pixels

P\ [+ 21 ~0.2 m2, 50x450 um? cells, 10x108 pixels
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ATLAS Pixel Module

Type( connector

sensor

/.

FES

Sit>t—
v'50 x 400 um?, 250 um thickness
v'n+ pixel on n- material
vrad-hard (10'°neq, 80 Mrad)
v'p- after irrad. (can be operated
partially depleted)

NMMT7Yy R7O0EX

v'PbSn or In bumping (wafer scale)
v1C wafers thinned after bumping
to ~180 um

ATLAS / CMS / ALICE ATLAS / ALICE

Indium

90 um

NTT T

Q0O @ (

. . . \
._ I - =

photo AMS, Rome

50 UM proto 2w, Berin

e\ i b \b N
T™T sensor Ump bonas S/ dimensions: ~ 2 X 6.3 cm?
weight: ~2.2 g
T. Kishishita 20-21 Nov. 2014, SHAIY R T LH
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Lo —CERER 7O NI RASICTESALIE
indiv. cell R/0

£#BX time[E D k& v MEE Z{7%F (dig./ana.)

NUA—REEDEY fEZEILFHMAEU ZX l RAM ®

pixel cell

vPN%5 1 ZA— K —Qsignal

vt B —ICHRE(L U fcFront-end ASIC TE S 18R +KE .
(E7tILEBBREFZHABURIEE/IN TR T 1 > J TIER)

v&EZ Lok y MERZHFEF(PZ K LA, EfF. FEGBER)

vEnd of ColumnA Y v 7 (kYJ H—F)

YHSLGEAL

T. Kishishita 20-21 Nov. 2014, 518> X 7 L\iFFE 2 @J-PARC
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on chip

\4

Store

end of column
storage & logic

e 7KLZXA
o EE1T (ToT)
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ATLASZ O k T KASIC: FE-I3 iversisy

FBH 070t A THEDMILL, BiICMOS)

v0.25 ym CMOS7 0Ot X
v'80 Mrad, 10'° neg/Ccm?

Pixel cell

vEI LA X: 50x400 pm?

v18 column x 160 rows = 2880 cells
v&EYtIJVICCSA, zero-suppression

vIEHEE: ~50 uW/pix
vIE#E: ~250 e-
vEIE®D L5 D E: ~70e- (after tuning)

1‘1 51.\1"'."'.“"'-\\

f.f;s],r: 7 Y ! Fill”“l \

End of columnAY v &
v40 MHz clock CY 1T LAY VT
YTE—%I\vy 7 7') >4 (2.5 ps trigger latency)
veyvhkhELY7>3Y

T. Kishishita 20-21 Nov. 2014, 511> 2 7 L\ F2£@J-PARC 8




IBL(Insertable B-Layer) umversitatﬂ

Innermost layerlC4f& B ZElll(nearest BX layer) vdepl.""'OY, spatial resolution as for
planar pixels (~12 um)

X ~ — 7 um
ZE*EOJ'{Z /-U- Eh . 0.8um1t Oxide
Planar sensor (n-in-n) 3D sensors (n-in-p) N
200 u m thickness 230 um thickness - <
inactive edge <250 ym inactive edge 200 ym §

(minimize gaps in 1 , no overlap)

low Q generated after irradiation low depletion voltage (<180V)
- low threshold operation and high HV | even after high doses

p- type substrate

cheaper and easier to fabricate electrode orientation suitable for
highly inclined tracks

Stanford, SINTEF(Oslo), IRST(Trieste), CNM(Barcelona)

. Local Buffers
70> Iy RASICHE R (FE-14) - . -
pixels - — pixels
v250 nm—130 nm CMOS =
vEZ LY 1 X: 50x400 um? 2 | Coumn pair bus
50250 pm?2 e m—p
v7—4% L —F:40 Mb/s—160 Mb/s . .
ense amplifiers
vE—HILINY 7 7 B iR | | eriater  —Seria)
trigger | End of column trigger out
v (Serial powering) buffer 64 deep
FE-I3 Column pair FE-I4 Column pair
T. Kishishita 20-21 Nov. 2014, 581 2 7 LIRFR 2 @J-PARC 9
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“ATLASIZT Y7L, CMSIZ 7>+ 7 —XxT7 U F v

Bump bond contact

\ —= /

Calibfation
charge
injection

StrobeT 1 TSelect

Calibration voltage

S b

(6+1)-bit
local threshold
DAC

Global

ddres
ROM

Do s Hit data &

(40 MHz gray counter)  Arbitration logic

| J
Y

Bus to column controller N. Wermes

vYIntegration of signal charge by charge sensitive amplifier
vPulse shaping with constant current feedback
vHit detection by comparator
v~5 bit analog info. via “time over threshold” (small time walk with small Q)
v'storage of address and time stamps in RAM at the periphery

T. Kishishita

20-21 Nov. 2014, ST R 7 s

X £@J-PARC 10



7 > I\ I I\“ T_ #lj_- 7 ? Y (GMS) universitétﬂ

rFrars7av sy

L L
HH HF 1
L

& H> L
global o
threshold

_l— Trim .ask

| | | —| | | |
v0.25 ym CMOS L 1p|xelh|t ...... |
v'pixel size: 100 x 150 pm? e O
v'CSA, Shaper, Sample/hold, comparator

v251 fets per pix v5clock cycleT11EY hD7 KL X%
v'52 x 80 = 4160 pixels T>—K(6 levels)

v1 clock cycle T 7 FOJ KE(E

bowlecctumnbes | Ny | address ‘pulse height =

T. Kishishita 20-21 Nov. 2014, EHl > 2 7 L ZE2@J-PARC 11
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FEANDEE

A
/
Body
(Substrate)

N2 >3 A5 D, shift (good in DSM,

dox<10 nm hut larger gate leak),
leakage current— ELT

SEU (EY M|

T. Kishishita

&

ir) — DIGE SRAM

0-21 Nov. 2014, SHRIS A 7

T —ADRE

INILD T X —(NIEL)
v'change of doping concentration

— Ytype inversion”

vleakage current —noise, power
VFv—I ~Zw 7 —signal

H—=7 4 AKX —I(IEL)

vREMS Y7, SiADERERE
— breakdown hehavior

e Material Engineering-New Materials (work concluded)
e Silicon Carbide (SiC), Gallium Nitride (GaN)

e Device Engineering (New Detector Designs)
e p-type silicon detectors (n-in-p)
thin detectors
3D detectors
Simulation of highly irradiated detectors
Semi 3D detectors and Stripixels

L= @J-PARC 12
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trend: n+ on n—n+ on p (FZ or MCZ)

25000 | R FZ Silicon Strip Sensors
é = p FZ (5 00 { Data from Gianluigi Casse et al. (Liverpool)
Cas p- -Fz (SOOV) - presented on VERTEX 2008
‘=2’ 20000 & “\\ / e 1« neinp (F2), 300um, 500V, 23GeV p
g I - E\\\ o % 3D 51mulat10n l o n-mn-p (FZ), 300um, 500V, neutrons
E N ~\Pennicard 20071 & n-in-p (FZ), 300um, 500V, 26MeV p
Q - n-in-p (FZ), 300um, 800V, 23GeV p
2 1 SOOO  n-in-p (FZ), 300um, 800V, neutrons
O
— @1016f n-in-p (FZ), 300um, 8300V, 26MeV p
— .
< =N A p-in-n (FZ), 300um, 500V, 23GeV p
(o IOOOO . K 750013 p-in-n (FZ), 300um, 500V, neutrons
SOOO I T __Tg ] 60%}? Double-sided 3D, 250 um, simulation! [1]
i I 25 % Diamond (pCVD), 500 um [2] (RD42 data!)
\\ \Ez i
1 1 1 1 L1 1 I 1 1 1 1 | e s | ! ] \
1014 1015 1016 3D Si simulation
5 Mol - 08,2008 p—-FZplanarSi
CDeq lcm ™| diamond
ATLAS DBM
__hote: n,, (Si) normalization (correct for diamond?) & diamond better in S/N terms
T. Kishishita 20-21 Nov. 2014, 518> X 7 LffiZe 2@J-PARC 13
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(EI)E/VIYv I EIVERSS

no bump bonding

very thin (50-75 pm)—~0.2% x/X0

small pixel size (20-50 ppm)— ~1um resolution
low power—less cooling

- radiation hardness

- R/0 speed

T

T. Kishishita 20-21 Nov. 2014, 5HAI1> X 7 L\FfFE2@J-PARC 14
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select line

il

B4R & (55 NI (CHEFEDSi-sub. ZFAVS

/PN947|'— I\“_>Qsignal # I.

v'sense node (transistor gate) sl el

vrowt L 7 b (row-wise selection)
_ read out line |
vecolumnziHH U (column-wise R/O)

vselect/reset A1 v F e

—/ " ]

ICMOS active pixels (MAPS)| pixel matrix
/ BREINE L BE+ESNEERIFCEE FCRE

row selection and clear

IDEPFET pixels (ESE/ YTy Y) |

vHIERFETZ 2222t Lic/NILY EICEE
VERE+ESAEOASICIEY Y v & 2DOREICEE coltimn readout

T. Kishishita 20-21 Nov. 2014, £1381> 2 7 L\fiFE&@J-PARC frame R/0 15




DEPFETE'Z &)L 1% 58 iersta]

vHIEXFETICPMOS (B2ZZ{t UT=/NIL Y LICHE)

FET gate amplifier

Faolig dearems < - EZEILYLX 1IN

N+ clear

. driftic & 2 BRTUNEE (fast collection, large signal)

YInternal gate (IG): n-implant, potential min. for e-

VIGICEBSNIEEBRICIU TR L1V ERHBEI

¢ low Cget + amp.— {EE

VERBRZ/INYFRIL—HMRICL>TRE

P+back contact - R Kreseth i E(non-commercial process)
souree clear gate (FET ‘i%ﬁﬂ% H§ ‘iOFF
internal i - BRRE
ex;:::al - I I gate l oclear YENMESZ70YMIYRKRASICTUHE
1\% . T MY v & ZEREIFIASIC+{E 2 MEASIC (CDS)
A

drain
>10 yrs R&D Collaboration: Aachen, Bonn, Heidelberg, MPI Munich, Karlsruhe, Plaque, Valencia

T. Kishishita 20-21 Nov. 2014, EHl > 2 7 L ZE2@J-PARC 16
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BESHH L (Y —2) BAHHE (K LA Y)

o 3 o
iIn on «
T e
® ® » AU gd ——
Cgs i l | Rs
’_| I: — G >
Cgd = Al
EBEIET—FF
V OV V 0
Qin AT ~ X O T = very small
AU ~ Cg ng -+ Cgs I .
B CL - (14 Cgs/Csq) vRLA VEED—EGRDTEE
T2 . He = L VAT
vCgs, CgdiE TV ERAE—FD ML —KAT (virtual ground, Rarain & gate settling time
VOO IIE DD EFEICEE TUZvy )

T. Kishishita 20-21 Nov. 2014, Al R 7 LIRS @J-PARC 17
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N MUy ADEREN/FRAEH U ICSTEFEDASICZAHWS
VY —EDEX (75 pm, BBERIZ450 pm @MPP

. ASIClEEYY—H TR ML—hic/Ny 7Ry k DCD-B

- 10 Mrad (5 yr) 4

vUMC 180 nm CMOS

v'Univ. Heidelberg

v Current Receiv. (TIA)+ ADC

vIow Noise & fast settling
(Rs=200Q, C4=50 pF) DHPT

viOMY > TIl/s pr

v256F v XRI

vAMS HV 180 nm CMOS
vY'Univ. Heidelberg
viEWERENE S Z 45 (Ca~50 pF)

flex cable

vTSMC 65 nm CMOS

layer 1 module " vUniv. Bonn
vies 7V PHREREESERK (~20 V) vSW, DCDAD Y O 7 {5
Design review in Oct. 2014—final submission in 2015! v'Zero-Suppression

vG-bitrF—5JU > Y

T. Kishishita 20-21 Nov. 2014, Al R 7 LIRS @J-PARC
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“2%4 25— R3T”

VRESET AVDD

RE_SEL
D—q ROW_SEL

e
N D

COL_LINE

v eliminate: base levels, 1/f noise, fixed patter noise
¥ do this either offline-> slow or onrchip R&D

/ _—
/ passivation

/ —_—
/l oxide

n-well A

reglion

10-15 um

g
c

it

vE Y —L¢HEHH U ZERUSIV T /\—ICTZR
- commercial CMOS 7 O+t X (%)
viow-doped T EY F ¥ vILETEMERRK
(10-15 um, e.g., AMS 0.35 pm)
- MIP signal < 1000 e-—»{E¥ & 5tH i U D ERRE

vILEXIC & % EFTINEE(~100 ns)
(p-well, sub.lC & 3E{#EL. n-well/epi TUNEE)
> ESHEHE/EIICH
vNMOSDHZ T L FICfEFE
(n-well/epihicollection node)

viNEZ IV A X (20-30umbE Y F)
— spatial resolution < 2 um

v'Large detector—19.4x17.4 mm? (1 Mpix)

T. Kishishita 20-21 Nov. 2014, EHl > 2 7 L ZE2@J-PARC 19




MAPS-epi 7%/ (1Y —DIRIR(@STAR)  wovesisom]

FIDMAPS~R—X MDtracker (Strasburg+LBNL, >15 yrs R&D)

2004-2006 2008 2011-2012
First MAPS prototypes for the Full size sensor with Final sensor for the
STAR PXL detector digital readout PXL detector

T Complementary detector readout I I

. analog digital Digital
Sensing signals[ ADC ] [ ]s:gnals Data

sensor elements Preamplifier [Keldellel?] -
i + CDS
generations

15t | 4 ms integration time |

g ae DAQ
sparsification

column level dis¢r. and 0-suppr.

2nd 640 s integration time
3rd

< 200 ys integration time C. Hu-Guo

Courtesy of M. Szelezniak, HICforFAIR Workshop 2014

v E2tILYA X:20.7 x 20.7 pm?2, EE: 50 pm

v 400 sensors, 356 Mpixels, ~0.15 m?
v 20 to 90 krad/yr
v 2x101to 102 neg/cm?
=@ CENE
v &5 I5E: 185 ps

T. Kishishita 20-21 Nov. 2014, 5+l 2 7 L\FFZ2@J-PARC 20
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trend: epi— high-R sub., CMOS electronics

Signal charge & time resolution

>
Charge collection by drift
No Yes
Epi-layer or High voltage High resistive
bulk CM0OS technology substrate
I 5 [ € | “INMAPS” D-MAPS
S| &
s| 5 | 2| Std.MAPS | HV-MAPS “LePIX”
g
= Leading institutes: Heidelberg,
Bonn, CPPM, Strasburg
T. Kishishita 20-21 Nov. 2014, EHAIV R F I

universitétbonnl

extended deep-Nwell collecting electrode
(STM 130 nm triple well cmos)

complete signal processing chain

Pavia, Bergamo, Pisa: V. Re, G. Rizzo et al.

wviNMAPS

NWELL SUB NMOS PMOS

DIODE CONN TRANSISTOR TRANSISTOR CONN
i @ v O W o e w
© NWELL

DEEP PWELL

S S

e

EPITAXIAL LAYER

epi with deep p-well (RAL, UBirmingham...)
quadrupel well 0.18 um CMOS

to shield the n-wells that contains PMOMS
deep-p cannot be made too small

HV-MAPS
‘pée‘:;well Deep Nwell

A

Q- @

WNOOE-09

particle track

high resistive sub. (UHeidelberg), CCPD
Y HV-CMOS 0.18 pm, working up to 105 cm-2

<-10

FE@J-PARC 21
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vI\RILD zI\—%&t2Y—|C{EHE
vindAH UZBOXED LICHE

S AHDERTDODE/ VY IEVEI...

Insulator © Rey.Hori . ivoshi- ;
(S0 L,OW R-Si ﬁMB;NMos%ﬁ(auried,0xiaé) borrowed from Miyoshi-san, TWEPP-2014
2 = : i = T e o Targets
e <0 an "Ep; 2 ' "1 High-Energy Physics
(Si Sensor) ERRTYA ] -
SRLIA ——BPW (Buried p-Well) A tay .astro.nomy
g VO = Material science
N CEHR — . . .
High R Si = ol Non-Destructive inspection
Yo i Medical application
Charged particles r Al '_

Miyoshi

The features of SOI monolithic pixel sensor

*No mechanical bump bonding. Fabricated with semiconductor process only
* Fully depleted (thick & thin) sensing region

with low sense node capacitance (~10 fF@17 um pixel) = high sensor gain
- SOI-CMOS; Analog and digital circuit can be closer = smaller pixel size

* Wide temperature range (1-570K) " T~ A
 Low single event cross section ve Y—/ILXxDAYyTIVY

* Technology based on industry standards; cost benefit —charge injection from CMOS swing
vBOXEBNDIEBREFRICLHVhD 7 b

T. Kishishita 20-21 Nov. 2014, EHEIZ A 7 In

go@J-PARC  back bias effect -PD... 22




MAPS'SOI;- 7/ o \:/“_@BONN universitétm

XFAB 180 nm HV SOI CMOS 7 01t A

Feature size: 180 nm
. Supply rail: 1.8V
VDD p-type bulk, 4 metal layers

.'. Resistivity: ~100 Q cm
. NW High voltage: ~several 100 V
" Thickness:
| s 4 gate oxide: 4.1 nm
e BOX: 1 um
e v P+ P-substrate Chip: 300 pm

\* Distance from Gate to BOX: 3 pm

v’ BOX isolates electronics part from the sensor part

v full depletion possible— fast & high signals d ~ /p-V
v full CMOS electronics (CSA, shaper etc. if needed)

v theoretically rad-hard (less SEU) + separated with HV-layers

No BOX effects to FETs, sensor optimization is necessary, e.g., licak

T. Kishishita 20-21 Nov. 2014, EHl > 2 7 L ZE2@J-PARC 23
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Innermost pixel layer

universitétbonnl

higher lumi. & radiation—smaller pixel

LHC(1034cm=2s-1)
HL-LHC(103°cm-2s-1)

SuperBF(1035cm=2s-1)
ILC(1034cm-2s-1)
RHIC(8x1027cm-2s-1)

BX time Particle rate Fluence
ns MHz/cm?2 neﬁ]{g,:?;;er
25 100 101>
25 1000 >1016

2 ! 40 ~3x1012
350 25 1012
110 0.38 1.5x1013

T/ Vv oEEIL
viower rates
viower radiation
vless power

viess material
v'smaller pixel

) 63) 65

(E

©

T. Kishishita

INMTIyREZEI
vhigher rates
vhigher radiation

vmore power
v’'more material

v'bigger pixel

lon. dose

kGy per lifetime

790
5000
100
4
8

*lifetime: LHC, HL-LHC for 7yrs,
ILC for 10 yrs, others for 5 yrs

©

6D 6 65 @

20-21 Nov. 2014, sHAIS X T In

fF£@J-PARC
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77/709—DOK LYK

v 3D integration
v GCPD (Charge Coupled Pixel Detector)
v 65 nm CMO0S

T. Kishishita 20-21 Nov. 2014, Al R 7 LIRS @J-PARC 24
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Detector physicists’ dream... _ . _
Tapered Side Wall TSV (Through Silicon Via)

Optical In/ /Optical Out @1ZM. Berlin
2 )
Power In / Opie Eleeirnes Al pad Cu plug Chip metal layers
/ and/or Voltage Regulation Ny
; = e . - & a
/ Digital Layer — | 90
um
/ Analog Layer | 50 um
/ Sensor Layer y ™ Cu pad
e 7%EE(analog, digital) glass supp.wafer | etch W
_ stop
4 %Iayer?‘%ﬁ%Technology 750 me FE wafer O \BEOL SO, - —
Z{ER I RE T T T "
(BiCMOS, SiGe, opto) va » N
vreduced R, L, and C—speed s Formation e e
vreduced interconnect
power, x-talk c
vreduce pixel size .
first initiative from Fermilab—France, Germany following... I 3
T. Kishishita 20-21 Nov. 2014, 5+l 2 7 LTHZ 2 @J-PARC need more time... 26




Gapacitive Goupled Pixel Detector (GCPD) universitétm

bumpless hybrid approach Cr . 1st prototype
: RC CSA \
v“in-house” — A:: é: A §/ Rfii;:; ﬁ —p—
v'non-conducting glue Gi
Baglingiing .
RE — : " éﬁ
SE L CC / | Chip B P A Rea]dout pixels
—V V= ;\/L Sensor electrod _\l. ” ” |
S D ] Rb Readout eledrzzeld”%ﬁ%
= Cyl Cpuf I — — . Peric

Internal gate

~ 10 um Deep N-well
P-epi layer . -3.3V
P-sustrate (depleted)
10 pm
1.1V
50 pm
i i e H leted n-bulk
with epi-MAPS - with HV-MAPS L o with DEPFET [o ™
Electron potential energy/e ~50 V

Electron potential energy/e

T. Kishishita 20-21 Nov. 2014, 5181 ¥ 2 7 L\FFR 2@J-PARC MAPS... 27
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Moore’s Law - chips, accelerators, fusion...

1000- +Brilliance of synchrotron sources, # channels in trackers...
[ JT60U @ JT6OU
| Fusion: Triple product nTtau doubles every 1.8 years o
100 = X JET
. JT60U ‘ DIID Pentium 4
10 Pentium Ili
o ) ]
Q . Pentium Il
[ =
© 1k
3 i
o :
Tt
[ I
o
0.1F
0.01¢
- “technology driven progress”
0,00 I T3 Accelerators: Energy doubles every 3 years
) Moore’s Law: Transistor number doubles every 2 years
ISR

1 1 . 1 1 | Il 1 | 1
1965 1970 1975 1980 1985 1990 1995 2000 2004

FE-2?
250 nm technology 130 nm technology 65 nm technology
pixel size 400 x 50 pum?  pixel size 250 x 50 pm? pixel size 125 x 25 pm?
3.5 mil. transistors 80 mil. transistors ~ 500 mil. transistors

T. Kishishita 20-21 Nov. 2014, SHHI A 7 s

universitétbonnl

HEPTMDE:K
vINE7 UL
VIEHEE
viaRES0IE
v'more “intelligence” in each pixel

v IS SR T
65-nm CMOSHERICTEDDDOH S

FFEICH T SRE
vEXxpensive...
vIBBR(©E7ZFOJT7Y1 )
v — MR E (tunneling)
vT7HY4 2 IL—ILIB(EGT not arrowed)
vTHA O DEMHIL
(RD53: ATLAS, CMS®pixel FE)

F£@J-PARC 28



0 FIY KADIE@BONN iversisy

GD /
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Technology 130 nm 65 nm
Pixel size 250 x 50 pm? 180 x 25 pm?
Dimensions of analog part 156 x 50 pm? 59 x 25 pm?2
Charge sensitive amplifier 2 stages 1 stage
Comparator continuous continuous /dynamic
Analog power consumption 21.9 pyW / pixel 10.6 pW (18 pW) / pixel
Analog power density 1.75 mW / mm? (4 mW / mm?) vFE-14 & [Al1%EE
o not final design... \/t°7 t)bﬁ*ﬁ1l4
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Conventional ADCs are power consuming... ot .
- - - Analog Asynchronous
— SG circuit + dynamic comparator + small cap. ‘i logic
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Technology 65 nm CMOS, 9 metals
Supply voltage 1.2V Core & 1.8V IO
Number of Channels 8 ch (4 ch asynch.+4 ch synch.)
Input range, resolution 0-1.2 V/0.3-0.9 V with 8 bits
Area (I ch, typical) 4'0 um x 70 um (unoptimized)
Power (asynch.) 4 UW@IMS/s, 38 uW@IOMS/s

3D integration, MAPS, photon counting...
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borrowed from CERN group core NMOS, leakage current
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F.Faccio et al., “Radiation-induced edge effects in deep 10'12F e
submicron CMOS transistors’, IEEE Tr. Nucl. Sci. 2005 10" 10° 10° 10" 10° 10°
TID [rad]
va rebound effect is visible in 130 nm
vall 130 nm devices are peaking at ~100 nA
v'small W devices increase lieak by 2 orders of magnitude
\/Ileak iS ~1 nA@136 Mrad
lower Vi shift than 130 nm (core FET)
T. Kishishita 20-21 Nov. 2014, 511> X 7 LsFiZR2@J-PARC 31




Conclusions
N TIUyREZEI

universitétbonnl

needs heavy R&D on sensor materials, ICs and modules, 3D integ.

vstate of art, FTHYIC IR
vsensor&E T L X ZRIRICENRDS

vrad-hard OK

vproduction yieldDFERE, 7> 7J—DHKZE, BHIEARL —2 3 >(many modules)
vEBHIEE (50-100 EUR/cm?)+innermost layer’& 50K
v'smaller pixel =250 x 50 um? with smaller feature-sized technology (65 nm CMOS)

/v oI

vEIC I 2 b5 (rad-hard, sensor propertyldprocess option(C{IkfF)

needs heavy R&D on full CMOS integration, radiation tolerance

v AKHEEZ ZMICEI] TE 5 lRElE (commercial CMOS, no bump, <10 EUR/cm?)
v3D integration R TENIE K D EEND. intelligent/Spixelt& gz H Al FE
v'Monolithic for ILC; MAPS, DEPFET, new tech. like SOI pix, a-Si:H pixels

Next challenge

vHL-LHC radiation tolerance up to 10'%neg/cm?—=# L LW 2 > — (diamond, 3D)

vYlight weight—less power, new cooling, new mechanism
vdata band width: 40MHz— GHz
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