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_gOutline

* Electric field measurement in S1 LGAD
* Irradiation simulation for Si strip and SiC planar detector

e Summary and Plan
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w1 LGAD and experimental set-up
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Sketch of Si LGAD Layout of edge-TCT set-up

* LGAD Tpye3.2 fabricated by HPK

* Key parameters in RASER: 1.3X1.3 mm? size, 50 um thick
p bulk doping 1.0 X 1012 cm-3
p+ doping 2.0 X 1016 cm-16
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 mRASER simulation

* Optimise multiplication
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—a— RASER simulation

—a— TCT measurement

(b) Edge-TCT waveform of LGAD.

Effective signal!
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(a) Amplitude-z relation.

200
180 4 RASER simulation
160
140 o  TCT measurement

z[um]

(c) Charge collection-z relation.
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Based on 41st RD50 Edge-TCT simulation of LGADs
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(b) Rise time-z relation.
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(d) Charge collection-Bias voltage relation.


https://indico.cern.ch/event/1132520/contributions/5149650/attachments/2555302/4409343/Edge-TCT simulation of LGADs in RASER.pdf

_gField measurement: velocity profile

 Main trend method

for electric field measurement é o i o
>
* Use instant signal > 0 e s
near the laser injection time i
* Original and gain signal mixed... -

T B0

ve(t) + vn(t) = pe[E(2e)|E(ze) + pun[E(zn)] E(2n) zum
~ {pe[E(z0)] + pn[E(20)] }E(20). (a) Velocity profile of LGAD.
ig(z;t —to) = ) _ q; VU, = %(#e + pn) E(2) Not as expected
q

with certain laser
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_mField measurement: diffusion profile oo

* Use the expand of carrier cluster

«— 0.1
 Utilize information of field intensity along carrier path £ o009 g7 g e
o 008 o TCT measurement
1 - Ex ed valu
* Novally designed for LGAD! gg; pected value
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(b) Diffusion profile of LGAD. The dashed
box represents a preferred range that excludes
the effect of the non-Gaussian shape of the
carrier cluster.
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https://arxiv.org/pdf/2302.10020.pdf

mSICAR  SiC+LGAD

Details in Charge Collection of SICAR
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Sketch of SICAR CV &IV curve of SICAR Waveform of beta test

* SICAR(S1C with gain layer) fabricated by RASER Team, using the facilities at Institute of

Semiconductors, Chinese Academy of Sciences
* CV curve shows the depletion of gain layer, dark current ~10-7A

e 20mV trigger for beta test(°°Sr), rise time ~0.5ns
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https://indico.cern.ch/event/1334364/contributions/5672056/attachments/2761792/4810022/SICAR1_RD50_20231129v2.pdf

g1 strip detector and experimental set-up

‘ Sro0 I

- 1 Readout Beta beam
n+ [ Alibava system |
p-Si bulk [ Strip J
(  bottom |
backside
Al [ Keithley 2470 ]ﬁ
S1 strip detector Layout of beta test set-up

Tk mini sensor

n+ 1.0 10¥%cm™3 1um
* Alibava system classic for electrical readout
P 3.2 10%2cm™ 300 um

— charge information
backside 1.0 10°cm™3 5um
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_mCharge collection of Si1 strip

Electric Field Charge Collection Efficiency
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Electric field from RASER Charge colletion before/after irradiation at 20°C

* 2D field solved in RASER by DEVSIM
* Charge collection simulation of non-irradiated detector shows good agreement with experiment.

* Charge collection decrease to ~50% with 1rradiation of 1.6 X 1015 neq/cm?
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https://cds.cern.ch/record/2880220

_mlrradiation in RASER
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Double peak electric field in irradiated Si detectors Electric field from RASER

* Free carriers generated from leakage current and trapped by deep level defects, changing the
electric field distribution

 Total effective space charge negative at n+ contact and positive at p+ contact, causing double peak
electric field

 Carriers trapped by deep level defects, signal depressed
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https://www.sciencedirect.com/science/article/abs/pii/S0168900201016424?via%3Dihub

_mlrradiation in RASER
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Simulated charge colletion before/after irradiation at -20°C Charge collection prediction for other irradiation dose

Considering double peak and trapping time, charge collection simulation is closed to data at

irradiation dose of 1.0 X105 neq/cm? and 1.6 X 10!5 neq/cm?
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https://cds.cern.ch/record/2880220

 mSICAR strip

Pad electrode P electrode
- - SiO,

P-type doping 2 \ gain layer active region
buffer layer
substrate

— > N electrode

SICAR strip stucture

* SICAR strip 1s possible based on previous Si strip study

» Epitaxy wafer same as SICAR, electrodes will be fabricated soon. SiC strip(without gain layer)

will also be fabricated.
* 1D spatial information
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_mCircular SICAR with graphene

P electrode

graphene

- - Pad electrode
7 N SiO,
P-type doping gain layer ——> active region

—f—> buffer layer

—1——> substrate

—> N electrode

Cross section of circular SICAR with graphene Top view of circular SICAR with graphene

* SICAR with circular electrodes avoid the metal effect, graphene will help carriers movement.

* Circular SICAR without graphene fabricated, behaves bad on IV&CV.

* Circular SiC will be produced for comparison.
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_@S1C planar detector e fom 4200 RDSO Lrainion s i
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T L Waveform and RASER simulation
contribution from trapping time

* SiC planar detector fabricated from Nanjing University.

* Considering contribution from trapping time, waveform from RASER simulation is close to data.
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https://indico.cern.ch/event/1270076/contributions/5450186/attachments/2735927/4757732/IrradiationOfSiC_Suyu.pdf

|] S iC irradi ati On Slides from 42nd RDS0 Irradiation effect of SiC
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Trapping time estimated from charge collection Charge collection before/after irradiation

* Trapping time and log(irradiation dose) show good linear distribution.

* Charge collection curve simulated in RASER 1is consistent with experiment. 100% 1s set at 1000V

of non-irradiated case.
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https://indico.cern.ch/event/1270076/contributions/5450186/attachments/2735927/4757732/IrradiationOfSiC_Suyu.pdf

_mSICAR pixel and BJT

Layout of SICAR array

* Based on the SICAR array we have now, pixel

study is possible.

* 2D spatial information
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emitter: N++ SiC, 0.1~2um
base: P+ SiC, 0.1~2um
gain layer: N+ SiC, 0.1~2um

collector: N- SiC, 20~150um

N-type conductive SiC substrate

Sketch of SICAR BJT integrated sensor

* Pre-amp and main amplifier induce noise

* Integrating BJT with SICAR, noise will be

depressed and timing resolution will be improved.

* AC-coupled SICAR pixel will be designed, in

order to get better spatial resolution.
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_gSummary and Plan

* Propose diffusion profile method for electric field in S1 LGAD

* Simulate Si strip and SiC planar detector and irradiation effect

O Electric field and irradiation of SICAR
O Development in SICAR strip and pixel

O More structure: circular SICAR with graphene, SICAR BJT...
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Thanks for your attention.



_mBack-up
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* Top TCT

RASER
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_mBack-up

Strip irradiation

* The proportion of accumulated electrons in defects:

¢+ fe=r——=
Ni—ng Cpnteptepptep

cpntey

* The generation rate of accumulated charge carriers in

* Gp=Nifren, G, =N(1-fe, Acceptor  E.—0.42 1e-15 1e-14

» Carrier concentration in deep level defects:

Acceptor E.—0.46 0.18 7e-15 7e-14
© nl) =pl)= e<vth> Donor  E,+0.36 0.05 323e-13  3.23e-14
* Effective space charge concentration:
P 8 Fonc e 2oie 0.64 41e-15  1.9e-16

* Nef=Ng,+ (1= f)Npp — ftNpa
» Capture time of electrons and holes:

1
C e Laefects n(1 = FIN
1

Teff.h

= Zdefects CpftNt
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