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2019 Feb. - present

Associate Professor at IPNS and SOKENDAI

2016 Nov. - 2019 Jan.

Assistant Professor at KEK, Institute of Particle and Nulcear Studies

2010 Jun. - 2016 Oct.

........................

Postdoc at University of Bonn, Physikalisches Institut (Prof. N. Wermes' group),
working on DEPFET readout chip for Belle II experiment; Depleted Monolithic Active Pixel Sensor (DMAPS), 65-nm CMOS designs and CERN-RD53 Collaboration for HL-LHC

2009 Apr. - 2010 May

JSPS research fellow (PD) at Institute of Space and Astronautical Science (Prof. T. Takahashi/ H. Ikeda's group)

working on astrophysical data analysis of Suzaku X-ray Observatory, low-noise analog readout chips for hard X-ray CdTe spectroscopic imaginger
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CMS Experiment at the LHC, CERN
Data recorded: 2017-Oct-15 09:09:31.450304 GMT, ‘

Run / Event / LS: 305081 / 22172172 | 62

~

!

/‘ N 11000 tracks every 25 ns (10!!/sec)
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Wermes

4 Y —Fx2/\— (1968)

L | —electronic recording of
. | 7 particle tracks

s ”“W“'_&. o=mm~100um, 0.05 channels/cm?
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ABMYY 71ELZEE (1983)

— measurement of “ps”
lifetimes and decay vertices

o<10um, TO0 channels/cm?

EZ VLSS (1990)

— 3D point measurement in high

rate environments
o~10um, 5000 channels/cm?

Pixel@LHC is “state-of-art”

sensor tile
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ERER EV I EYY— + EROFAE UEIK(2RTT) + REREIMUNY TRV T 1> 7)

rear contact

Sensor-substrate
{n-doped, depleted)

Hybrid Pixel Detector (state of the art)

semiconductor pixel detector hmic contact

CMOS-Elektronics

pixe| contact

chip substrate

flip-chip ie
| bump bonding i#
« amplification by a
dedicated R/O chip W
* 1-1 cell correspondence )

pixe| readout chip

LHC-ATLAS/CMS:--
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before IBL
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Pixel Detectors

e b
oy

Transition Radiation

tube Tracker

(3 layers + 6 disks)

points | o (R¢) (um) o (Rz) (um)
pixel 3 12 60
SCT 4 17 580
TRT 36 170 3
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Wermes

Pixel Detector

(3 layers, 3 disks)

50x400 pm? cells
80 x 1068 pixels

Silicon Pixel Detector

Silicon Strip Detector

Transition Radiation Tracker ~ 300 m?,,

~ 1.8 m?

~ 60 m?

27. Jul. 2020, KEK
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HV hole

11 0021083 ATLAS Pixel Module

“o
.
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decoupling
capacitors

sensor

NIC bal'l’e N N // Z
flex MCC Digtai\ S
\‘ T <

A TVITTTIVITICITIRVEVET ,-- TTTTITOTTT e T o : FES
glue \ FEs b \b * ,
T™MT sensor ump bonds 'S dimensions: ~ 2 X 6.3 cm?
weight: ~ 2.2 g
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27 mechanical different modules + 2 types of alignment modules
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Simulation of a 120 GeV Higgs decaying inside the CMS Silicon tracker:
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Fermi (formerly GLAST): two Instruments ﬂ Tracker (4x4 array of
The Large Area Telescope (LAT) ' T\ h L AT ltD?c:,Vagnﬁ)& -strip Tracker (TKR)
20 MeV - 300 GeV \ TE the foll Soeciore i o-sied alcon
>2.5 sr FoV : - modular - 4x4 array vy ;g;gsc;e“tneec;g{ﬁ e(ﬁﬁ:m&cnh. 900k
The Burst Monitor (GBM) 7 ton — 650watts | i ki
8 keV — 40 MeV
9.5 sr FoV

ACD

Segmented
Anticoincidence Detector
(ACD) 89 plastic
scintillator tiles. Rejects
background of charged
cosmic rays; segmentation
mitigates self-veto effects
at high energy.

alorimeter
Hodoscopic Csl Calorimeter
(CAL) Array of 1536 Csl(Tl)
crystals in 8 layers. Measures the
photon energy; image the shower.

Tracker: US, Italy, Japan Calorimeter: US, France, Sweden

Gamma Ray Burst Monitor (GBM):
correlative transient observations
~ 8 keV - 30 MeV

Electronics System

Includes flexible, robust hardware
trigger and software filters.

Large Area Telescope (LAT):
~20 MeV --> 300 GeV

Kisisita@post.kek.jp 27. Jul. 2020, KEK
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vIVili: Si (RAFEER. ER), Ge (RFXER. 77 KETHA), ¥+ VEY (&)
vAEEH(II-V): GaAs (@R, Sik D EMATHRMTIE)

vAEEYI(1-VI): CdTe (BWAH Y IR D HEEIRUVER)
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|-

LA A b T RILF—: 10=3.62 eV,
) aAvROIXRILF—1ELK: dE/dx=3.87 MeV/cm,
ni=1.45 x 1010 cm-3 @300 K

BHEOYA X EZEXd=300um. @EA=1 cm2=&z %

et dE/dx-d 3.87-10°V/cm-0.03cm

= ~3.2-10% e h*—pairs
I, 3.62¢eV

BESEFERPOF v ) 7 EM:

n.dA=145-10"cm”-0.03cm-1cm’ = 4.35-10° e h*—pairs

v UT7ERMZRSITDHEND S
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BN S ATIND

I(mMA)
4
3 FORWARD
> /CONDUCTION
FINA T ADKE X
1 ‘ 1 . Si: 10-80 V
ol viv) . CdTe: ~500 V

. ALYV EVR: 20V
. SIC: 1 kV

S.M. Sze, Semiconductor Devices , J. Wiley & Sons, 1985
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— (r+a)2+V (—a <z <0)
p(z) = {
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AR/ EBRF DS DIES

IR—ILXIZERRT DDIC
MWERTX)LE—: wi=3.61 eV (Si)
—10 keV X-ray: 3000 e/h (0.5 fC)

2T ERTET -

BILXILF—HF: 80 e/hper um (ZEZEDE
—250 umDE>H—72&£20 000 e/h (3 fC)
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Property | Diamond | 4H SiC Si CdTe
Eq [eV] 55 3.26 1.12 1.44
EoreskaonlV | 107 1 5 ou106 | 3x105 | TBD
/cm]
5 2
s \[/‘;;”/ 1800 800 1450 | 1090711
dnlem= 4500 115 450 110
Vs]
vert [cm/s] | 2.2x107 | 2x107 | 0.8x107 | 107
7 6 14/6 14 48/52
. 5.7 9.7 11.7 TBD
e-h 13 | 76-84| 36 45
energy
Density 3.515 3.22 2.33 59
Displ .
sPlEeem | 45 25 13-20 |5.3-6.2'4
feV]
EBINR: ~245
29
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REMCE > TDHEL D0 TR

BR BRAENTINESDES
g 02
- \
D015
L~ - S\
0.1 l
005 |— \ /
Obllllllllllllllllll
0 5 10 15 20
E (arbitcary scale)
4 20000 e
1500 e
—]
A
250 pm PR— typ. 60 um
d electron 4500 e
v
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DEPFET pixels (25 um x 25 um)

effect of 5 -electrons

100 keV o-electron occurs in
300 um Si with 6% probability
and has “range” of 60 ym
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RMNEMIEL LR TEL 20T TlEGRL

Frv T2

SR
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eNy

HARRY 222K,

Tmmdmm miéﬂ%$¥v7®ﬁmt

-

R
—oDF v ) TOHERNL FET. b LEFRESICHEINS L,

[ﬂjtlk%)f)

eN, & W) MM ERTZIERT A, T2 Tel ‘if?“f*ﬁsﬁrf“c“&%.

SIORFEE: 107 cm/s (BF).

v

— GE = Ue—
1056 cm/s (R—JL) a He '

>t —DEHNO.1 cmIUTELETIO NSBEETEFHINSDEESNNEI NS (EEILE)
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T U 7EBMEIF/INATAEBEICL>TRY T MRS ND) LT TR, BMLET 57cd
BRICET DX TICHDEEILDLD

tidx v U PEREIBENLURFE &
LTIEND:
o=+vV2Dt

kT
D = ,u—

Drift and diffusion acts on charge carriers:

* pixel pattern

=, B - typical cells: 100 x 150 ym?
Tl s, 50 x 400 pm?
- . » charge diffusion ¢ ~ 8-10 ym
- » = charge spread over 2-4 pixels

kisisita@post.kek.jp 27. Jul. 2020, KEK 32
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(BRI EE (57 B EE SHKER

Ny DB o Teah > Tehh 20/ 1 ICE ) Fi H:'.b?'if

REFDME = =R kU v F(E2 £IL) OIS
mﬁﬁﬁ%0¢~:%§

A T+

p: ANUYA(EZEI)EY F

AN Y1, x2)ITES TESDNIEN>TE D, M OESE(REBHRh h)NFIETES

Zma 15
25 pum strip pitch
h? hix1 + hox T
, " 1 141 2L2  E 44
REFDAE T =21+ (xo —x1) = 510
h1 + ho h1 + ho S T i
5 50 pm readout pitch
VAR AN ot p | S NG
Opr X ———= N TN
§ SNR 25 pm readout pitch
j ! ! ! |
SNR: S50 1t o s 10 15 2
' SNR

A. Peisert, Silicon Microstrip Detectors,

Kisisita@post.kek.jp 27. Jul. 2020, KEK DELPHI 92-143 MVX 2, CERN, 1992
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CCD (Charge-Coupled Dev

v pixel size: ~25 um#A
VERINEEFIMETEE LD H,. -b0~-100EFX TH

VIE ./ 4 X(Cqet=0.2 pF), |

FIFIEFRRFR D T R+ —

v RO DEFRFE s UREE ITRSR (105pix/s)

EZEZERp-n CCD (

CAMEX &

TIMEX \

to EPEA
Quadrant #1
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64 bond connections

-y

/ to CAMEX input -
L
\ et
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L v R ) L5 N
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] % CCD0-2

T EEHEE~

pixel size
150 x 150 pm?

= $ 64 channels

-

to EPEA
Quadrant #2

1>

200 rows, 30mm
B e S

| to EPEA
Quadrant #3

Ir@@ﬁystenes of
matter, life aMd the universe.

SHIUTERT %
120 eV@5.9 keV

d ~ 300 pm, pg ~ 10 kQ-cm )=>XFRRXZE

Fig. 6.36. Readout topology of the XMM fully depleted p—n CCD. The device consists of 12

functionally independent subunits of 3x 1 cm?

, each containing 64 colums of 200 pixels and all

produced on one single silicon wafer. A separate source follower amplifier for each column is
integrated into the device. Readout is performed with specially developed integrated circuits

(CAMEX) (see Sect 7.6) with 64 channels. (After Striider et al. 1997, Fig. 3)
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amplifier

FET
Qate Clear gate
P+ source N+ cle ‘
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P+ drain
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VIBEHRICTHEDH BT L7 hOZ7 ANEKXKBEDERT10 Mrad)
vTEL EICHhT=2R&D

DCD-B

vUMC 180 nm CMOS

v'Univ. Heidelberg

v Current Receiv. (TIA)+ ADC

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

v'sampling with 10 MS/sfgf= ==,
v 256 channels *

vAMS HV 180 nm CMOS
v'Univ. Heidelberg

v fast stering signals (Ca~50 pF) layer 1 module
v high voltage pulse for pixel clear (~20 V)

flex cable

vTSMC 65 nm CMOS
~ ¥Univ. Bonn

v clock supply to SW, DCD

v zero-suppl., G-bit link
(~15 m to backend elec.)
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# modules

Distance from IP (cm)
Thickness (um)

# pixels

Total # pixels
Pixel size (um?)

Sensitive area (mm?2)
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8
1.4
75
768 x 250

3.072 M

95 x 90
60 x 50

448 x 12.5

12

2.2

75
768 x 250

4.608 M

70 x 50
85 x50

61.44x 12.5
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SYAVIEEWE,EINET

1 1 Ia

1. implant backside 2. bond wafers with 3. thin sensor side 4. process DEPFETs 5. etch backside up
on sensor wafer SiO, in between to desired thick. on top side to oxide/implant

sensor wafer

first ‘dummy’ samples: thinned diode structures:
50pum silicon with 350pum frame leakage current: <1nA /cm?
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<
Property | Diamond GaN 4H-SiC |~ Si Ge CdTe CdZnTe
Eq [6V] 55 3.39 326" | 112 0.67 1.44 1.60
Ebre;‘kdov]m Vo 07 4x106 | 2.2x108 | 3x105 105 TBD TBD
cCm
ue\Ec1m “ 1800 100 800 1450  <3900'@ 109011 9063
Q
unlem2/ 4500 30 115 450 <1900 110 i
\/sl]
Vsat [cm/s]  2.2x107 ) 2107 | 0.8x107 0.74x10718 107 107
7 6 31/7 14/6 14 32 48/52  48/52/30
< [ (el 5.7 0.6 0.7 11.7 TBD TBD TBD
coneat )
e-henergy 3 8.9 7.6-8.4 3.6 2.9 45 5.0
[eV/]
Density 3515 6.15 |+ 3.22 233 5.3 5.9 5.8
Displacem. 43 20 25 13-20 15-18  5.3-6.2714) i
[e\/] Fol T

Signal: Diamond 36 e-/um
SiC 51 e-/um —2.5ke- for 50 um-epi

Si 89e-/um
Kisisita@post.kek.jp
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Higher displacement threshold than Si

[1] G. Arino-Estrada et al., JINST C12032, 2014.

[2] http://www.ioffe.ru/SVA/NSM/Semicond/Ge/electric.html

[3] H.Y.Cho et al., JINST, C01025, 2011.

[4] Matsuura et al., J. Phys. Soc. Japan, 22 (1967) 1118. 56
[5] A. Palmieri et al.,, DOI:10.1049/¢cp.2017.0190
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Lo — - ITLIJMNOZIRX—FBDE/ )Y TDHBENBEAICKES>TWVNS

+ good S/N «fully depleted

+ fast R/0— ~ns time stamp

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

no bump bonding

very thin (50-75 pm)— ~0.2% x/X0

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

- radiation hardness

- R/0 speed
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VRESET AVDD

RE_s_j.>_qHI FowW SEL veE VY — - ILF—FKBEIEIXRN)
n E V IEBTOBERER (10-15 umE, AMS
iy N 0.35 um)
2& COL_LINE
THV. MIP{E=< 1000 e-—S/N®D &
¥ eliminate: base levels, 1/f noise, fixed patter noise o
v do this either offline-> slow or on-chip R&D ILEUC KB EMNE - ILFE27 )L

/ _—
/ passivation

/
/l oidel YV /INEZ )L (20-30 umEy F)
Sovrel s UEDHREE <2 um

TN \\\\\\\\\\\\\\\\\
\eplete v KEE —19.4%x17.4 mm?2

(1 XAET )

7

) S L300 BV L0 Raet B
S SNNNRRRR \\\\\\ W

10-15 um
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1 I no radiation
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HV - CMOS

e.g. AMS technology
9 l.‘.‘.

| i NMOS PMOS
: X
d~\/p @

(n*) ') - )
P-well X

n
l deep N wel}\ I
depleted '\

\
P-epitaxial Layer (mmimal depletion)

or P-substrate (depleted] \
L P-substrate
.| (non depleted)
"‘-,' Kolanoski, Wermes 2015

v AMS 0.35 pm and 180 nm‘ HV process (p-

|. Peric et al.

Nucl.Instrum.Meth. A582 (2007) 876-885
Nucl.Instrum.Meth. A765 (2014) 172-176

~14 pm

- -

~100 pm

P-substrate Pixel electronics in the deep n-well bUIk) _’60-1 OO V
peep it N“-“,?i:“;.”;:ﬁ% PHOS bonstr / v ~10-15 pm depletion—1-2 ke- signal for MiPs
\ '/_*I J
ca=_/ . : :
= =S v PMOS is coupled with collection electrode
TTH”T H111 E-field
5 . v deep n-well to put NMOS

v various pix size (20%x20 pm?2 to 50x125 pm?)
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~50-100 pm

>

©KEK

DMAPS (HR-CMOS)

~50-100 gm

matter, life and the universe.

Havranek, Hemperek, Kriger et al.

HR - CMOS @Bonn d ~ \W JINST 10 (2015) 02, P02013

P-substrate il T
(high ohmic >1kQ cm) " Y+

. NMOA\_EiS PMOS
oxide
*——

. eg, ESPROS
ﬁ v depleted bulk
next v small collection node

pixel

v long drift path

—smaller Cqet, more trapping

eg, LFoundry

_ l ‘ el ‘ \ v deep n-well and deep p-well
[«D) —We n
= v large collection node

P-well
\ deep N-well
TT e-
P-substrate l l E
(high ohmic > 1kQ cm) Y\h

Kisisita@post.kek.jp

v short drift path
p+ — larger Caet, less trapping

measurements on-going
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HR-CcMOS7O kv« 7F  (©KEK

Toshiba 130 nm process

Pixel image
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matter, life and the universe.

Kishishita et al., NIM A.
3x3 cluster sum y2Indf  970/333

Constant 2993 + 19.2

o MPV  72.53 x0.23

MPV: 4165 &

Sigma 20.47 =0.12

L= | 1 1 1 | | 1 1 1 | | 1 1 1 | | 1 1 1 | | 1 1 1 I | “.“H.'T‘
0 T 50 100 150 200 250 300 350 [ADU]

28.52 ADU for >°Fe peak (1640 e’)

If psub is 2 kQecm with 30 V bias (from backside), the depletion is 80 pm.
MPV in 50 pm Si is 3.86 ke-
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DMAPS (HV-FDSOI)

CMOS on SO d~[p)V
_Ub
) NMOS PMOS
oxide vias |
re \'I' o W o & Y
A &I _J - T J
c p+ nt \ > o /_/ nt
3 _ -
S -7 o=
— + +
2 v “orn”
7 P-substrate / or N-sub. P
Y (depleted)
Kolanoski, Wermes 2015
X-ray photon
Process 0.2um Low-Leakage Fully-Depleted (FD) SOI CMOS
(Lapis 1 Poly, 5 Metal layers (MIM Capacitor and DMOS option)
STt Core (I/0O) voltage : 1.8 (3.3) V
Co. Ltd.)
SOI wafer Top Si : Cz, ~18 Q-cm, p-type, ~40 nm thick
(200 mm ¢ Buried Oxide: 200 nm thick
=8 inch) Handle wafer thickness: 725 um —> thinned up to 300 um (Lapis)
or ~50 um (commercial process)
Handle wafer type: NCZ, NFZ, PCZ, PFZ, double SOI
Backside Mechanical Grind = Chemical Etching - Back side Implant
process (2011~) —>Laser Annealing = Al plating

Kisisita@post.kek.jp

27. Jul. 2020, KEK

O KEK

Unravelling the mysteries of
matter, life and the universe.

v radiation issues due to BOX

v cures invented in recent years
(double SOI process)

v not suited for LHC pp

Back Gate Radiation Sensor-Circuit
Effect Damage Cross Talk
! ! 2T
Hole Trap
Coupling
Total Ionization
Electric Dose (TID) effect
Field
Si
l
+HV
Miyoshi
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DMAPS (HV-PDSOI)

XFAB 180 nm HV SOI CMQS process @Bonn

ov | * VDD VDD
. l
N N N N

PW W, N 2o
‘HWNW
SiO;
(BOX). N
particle track 0,""9 \\\\\\ —
(~80 e-/um) ','[
N .

; P-substrate

O KEK

Unravelling the mysteries of
matter, life and the universe.

Feature size: 180 nm

Supply rail: 1.8V

p-type bulk, 4 metal layers
Resistivity: ~100 Q2 cm

High voltage: ~several 100 V

Thickness:

gate oxide: 4.1 nm

BOX: 1 um

Chip: 300 um

Distance from Gate to BOX: 3 um

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 (no SEU) + separated with HV-layers
— also less coupled with sensor
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