HETCMOS LT Z W hER R T
BRI 4%

TRl
2025.2.21




guard ring

intermediate
strip

strip

P

Kolanoski, Wermes 201

FERUAR RN N B 1],

BeO Facings

Hybrid Assembly

Washer

Silicon sensors Datum Washer \
Be( Facings

Baseboard
Connector

2025-2-21

RER SRR I 7 -

R
ez

$=0

BANEE B INAES: [1]. HiShockley-Ramoji 7,

— X TS SR TR IE H T BR R A A Ak,

A KRR, AR R A B 5 SOk

TGS R R TTE e, B EI HAb FLAR UK O. |
| EoS |

ELE(# A P ATLAS SCT Bitk (Z2, [2]) FifEHL-LHC
T i BATLAS ITk barrel stave (|, [3]).

TR T PR B R A TR 45 B LA 2% 2 ) e — A/ N BE(SCT
40mrad, ITk 52mrad), PAFEFRME—E &1 T
[ ) 25 1) 43 ) TR s 7 1+ BRghost hit (B4~ (5] )
Bl o B E YA AR S, S EUCTE IR T
I AR ﬂﬂ)&ﬂﬁ?ﬁlﬂlumﬂ%ﬂﬂliﬂm,ﬁ)

- Ff

p-i- nﬂu?iﬁﬂ%{ﬂu%% [H] 1 =43
X E a1 5%
. %iﬁéﬁmmT%E(%$& AR,
@%WE% P 1) A

7‘!*

« B oHIME—D1

o MR s AR AR B AT DA SCAERL

SR
5 pixe R M Z5AH L -
« H~sensor HUA —4ER) A3 [8] 40,
(E ] DA 2 7 )= sensorfE 2 51 kb
o FEHEEEETE /D (2N/NA2)



SR DC/AC

BRI E T HEL BN

(a) Structure (bias resistor not shown).

detector
(b) Equivalent circuit.

2025-2-21

S
l/,/’

Kalanoski, Werrnes 2015

o A DAs B SR BB 5 AR O AR
o (ELIE L HY ) F I R AT P YA S

a1 €7 /A e -4 o <0 AN 1= IR W
2 LR PARR IR H

o AT AL BT
- Pt iR ACHEG

o HISFAC/DCHE & o A0 s B FHAE 22 0 B
'-' Si0, -
gt
= L s EHE LT (i £
] SRR UG
p-type Si Bulk L. Rt Y
ACHE AT, n'5 4 IR HL B (UF ()T MOS HL 202 4], 3 MOhm &2, [4].

3



3

FERCRAR I o I 21 5514 (LAn-in-p 2y {31))

Bias Resistor

Guard Ring Edge Ring

» N T A stripfEE S —, FEIE
AN (i mERE) E2REE

DC Pad Bias Ring

Strip Metal

Sf"é' Be b, fRIER S —n+BRiEs, %5F
Strip Implant Strip p-stop @ﬁ%St ri pJ: El(] EE‘ %‘Ei@ /;~J
NP 1kbeamlost&E K L frf i A 150w e
ey S Buk . ¥ Sstrip 2 [, p-stopE M
Backplane Contact itﬁﬁ:%Zl‘Eﬂglbﬁ, El]PUﬂCh Through
. //// Protection (PTP) [5].
/%Z%;D-%ﬁ%#%ﬁﬁm%ﬁﬁﬁm%ZE
L7 Sy fRRHEE
/ﬁ o WISRAMURAIALEE, SAEMITH = A K&

abp3 losusg

: R R, RO 5
;; (Lt

iz R I,
PolyS! B Z ST OR P ER

n-implant ; ;
P bias resistor

ATLAS 18 LS #8111 A, PTPF LI [5].

2025-2-21



sensor F= A [ -5 il D 5 58

A5 n 8L i [ i p-n--n+ guard ring

intermediate

* FHXTpZU B2 2 i = P [6] -

o RIFAFtype inversion: n =
2 L [ AR AR T e AR A p i

o Fianffz 1‘@%1%7“* -p+ (n |n
) iﬁaﬁﬂl_f: frxﬁ(jﬂm A,

\_I

—
=
e

{10

type inversion

—_—
(=]
o

=]
[Nl (10" em™3)

—
=
=

full depletion voltage (V)

i n-type p-type

—
=k QD
8o

1(IJ° 1‘0‘ 1[|:|2 1|03
sEE. O EAEYEH *&IEH o E:l: Ry B BRI A S (1], NFEAHIE A SRR 5 [1].
G, (AR (7] [osiosn v
EE]F&IE—IJ %ﬁﬂ II_‘HEH‘ accumulation layer  p+ stop p+ spray p+ spray combi field plate

° E&j\j /Tﬁ B pi H El 'ﬁ+a oﬂjﬁﬁ%m . T ptepyne W et
o [ AR ALE Féﬁﬁ\'ﬁﬁiﬂf
« ATLASO7, 12,17, 18... JLRREIRIR E OR8]

2025-2-21



DC pad
i A

CMOSHE A R M 4 = =

(1] _4um —

A 141 | fa—
L [ o

B 5, — == [ —

—

—

o P B4 T2 CMOST T Il 3 F 1) & | LJ‘—‘ T l | : T
e %B/A., ﬂ%ﬂ%@CMQSE{JFZéﬂ%é’Z}iK Fig. 1. ‘Regular implant strip design. Fig. 2. Low dose implant strip design with either 30 or 55 ym n-well width..
sensor, DARFIAAG AN A 777
* Freiburg U. Passive CMOS strip [9]
o RHAWIFRINES T, — R E kK
ATLAS sensor (&), —FERTEH SR H

:[: ZJ (E ) Fig. 3. 4cm long strip sensor. The blue dashed lines show the stitching positions, the

o }F[J)EHCMOS 1 Poly 4 Metali—g?ﬁi$§’ AC- investigated stitches are labelled 0-3.
DCHE 24> B FIMOMAIMIMEZ Fy 5 5t B

* p stopfffi s %F, HEIN—-field plate [10] [§ |
« F|Hstitchingi R$ Esensori - T S
» FDMAPSHJ i 4514 S )
* L2t 710 um pitch ARCADIA/JCMOS stripiilizt s [11]

2025-2-21 6

H]
|*%
—B

peiil




IHEP CMOS strip sensor#& &%t

75um pitchigsff, 3£40iE (AL LTI APDummyid) , £K2cm, %i0.368cm,

50um pitchi®jasfd:, - APESD, B R PIE 4208 #12-Dummyil. 4 K2cm, %:0.264cm,

2025-2-21




a5 IR AN B

LR 2K 5P E
o ZHRZA7e12 cmA-3IIA X 1524
o ZZEW L o B4R 0.18 um A5 5 BCD L Z
ZHES%:
* Hun 24127 Leena Diehl) T.4F [9] (LFoundry .15um) & 5 & i 1. 20 S5 Py
» RIS EEBCD L3
o M T IRAE1PAM T2 ANE
 FEE R A TR PHE AR T
 fFEAE: CadenceZ: il i K-> B Uk G i TN -> i S A
Sentaurus TCAD H 4 i 544

2025-2-21



I EpadfEgsf4 A2 FRTAT. R BA 35 Tk
A EIMNEA TUZ RS 2B LE AT H B AV i A
e R, ROMBEEERE U iR AN B
o OE P T LR (e H FEATR)
) e———— " SRR
Jp-stop.

FTkpadflfffi. & o ripH AR i, AR

Isgﬁifiﬁ@ SEREN p-stopTEULALEKIE .
H 0 2

2025-2-21




T pad Ay G/ R )
E‘JBE%‘L ﬁﬁ%g*ﬁ?%ﬁ%ﬁ 00000
/Npiteh s 4 an ]
FT 4 ARSI L

R R 2 R
tHpadf2 2| 1 stripi)

Bl | \
—

TR | HFB5IE BT
115 75.5 pitch i it PR 4 A
B AL DuramysE=EE= ATy e
% Tpadoyiy; e rf ] 45 HH
INZ O, 4T : A pitchfas
oReny O o sk S
GIE AN Sl o

2025-2-21




- la AT B R A LS

« strip AF5C BT

* pad 581 i pad 5 4RE I H L
« vertical Wf32PTP

* bias 5% Hs pad Xt Jil [l 1) 52 1
* ring AR IR ERG AT H

o tail WFFTstrip&4E Ab i d 37 %%

2025-2-21 !



A ) I.
L2

S

e DLICES 418 um BCD T Z;

BRI

ﬁTU\TJ@JFHBCDIZWJHI%Fﬁ}#E‘JF X, W AERGE & 4l e
A i s

» A HE LOJCHERER, WFHFEBITE5H

o N2k

* A

- Y3

A B AR RASERMg e 00 B e T B BRI

Dle}: 5O T

7

RGO,

2025-2-21

ATV ) Fil i FEL . AR LR

2T NS B ICMOS strip sensori?,

DA JE 2R

Bk

12



275 SR

[1] Kolanoski, H., Wermes, N., 2020. Particle detectors: fundamentals and applications, First edition.
[2] ATLAS Collaboration. The ATLAS Experiment at the CERN Large Hadron Collider. JINST 3 (2008), p. S08003.

I[\C;I] Capocasa, F., 2021. Electrical characterisation of stave prototypes for the ATLAS ITk Strip Detector Upgrade. 148th LHCC
eeting.

=

[4] Fernandez-Tejero, J., 2020. Design and Optimization of Advanced Silicon Strip Detectors for High Energy Physics
Experiments.

[5] Unno, Y., et al 2021. ATLAS17LS - A large-format prototype silicon strip sensor for long-strip barrel section of ATLAS ITk
strip detector. Nucl. Inst. Meth. A 989, 164928.

[6] Unno, Y., et al, 2005. Novel p-stop structure in n-side of silicon microstrip detector. Nucl. Inst. Meth. A 541, 40-46.

[7] Unno, Y. et al, 1997. Beam test of a large area n-on-n silicon strip detector with fast binary readout electronics. IEEE
Transactions on Nuclear Science 44, 736-742.

[8] Hartmann, F., 2017. Evolution of Silicon Sensor Technology in Particle Physics.
[9] Diehl, L., et al, 2022. Characterization of passive CMOS strip sensors. Nucl. Inst. Meth. A 1033, 166671.

[10] Baselga, M., et al, 2022. Passive CMOS Strip Detectors for High Energy Particle Detection. Presented at the 2022 IEEE
Nuclear Science Symposium and Medical Imaging Conference (NSS/MIC), pp. 1-3.

[11] Rolo, M., 2024. FDMAPS development with LFoundry 110nm CIS. Presented at the meeting of MAPS detectors
technologies for the FCC-ee vertex detector.

2025-2-21 13



