Journal of Sensor Technology and Application f&/&24: R 5N, 2022, 10(2), 187-192 Hans X
Published Online April 2022 in Hans. http://www.hanspub.org/journal/jsta
https://doi.org/10.12677/jsta.2022.102023

EBCMOSH i SEE M RIRIUTAR

wTe
KEHTRAYHERE, S KF

Woks H . 20224F3H 130 FHER: 20224F4H4H; KAAHM: 20224F4H13H

G2

XPRERI I BRIEN T B TFRGH RERERE(EBCMOS)RE3HZH#AT T BRI T, KR
RTERERIFG SRR TEITE, FIAKFRERAMATLAB, Bl TR TEEurmAR. &
WX SR P RX FERX P RIEFIHE, HARBERA K B TE R, T8 AR R R R
B AR RS RIR RN R ERRIZA, HEETRURER . A3 DOyR AL FTEBCMOS
BB R IR B —E K ELRAKIE

eI 4L
EBCMOS, ROLEMR, EWX, BE, BRED HiE

Simulation Study of EBCMOS Charge
Collection Efficiency

Zihao Xu

College of Physics, Changchun University of Science and Technology, Changchun lJilin

Received: Mar. 13”’, 2022; accepted: Apr. 4th, 2022; published: Apr. 13th, 2022

Abstract

The trajectory of electron bombarded CMOS (EBCMOS) with P-type substrate homogeneous dop-
ing is simulated theoretically. Based on the carrier transport theory and Monte Carlo calculation
method, using mathematical modeling software MATLAB, the trajectory of photoelectron move-
ment through the photocathode, proximity area, dead layer, diffusion area, depletion area is si-
mulated, and the corresponding charge collection efficiency is calculated according to the final
electron drop point distribution. The change of charge collection efficiency is observed by chang-
ing the base doping concentration, and the reasons for the change are summarized. This paper can
provide a theoretical basis for the research and development of high-performance EBCMOS devices.
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1. 518

EBCMOS (14 F N i1 25 o A TR % & A4 B %8 (Electron Bombarded CMOS), th#fi#k A EBAPS, J&T
WOC G B P I - L SRR A B 0F[1]. EBCMOS BGHBIM. JENEX . JE2. X, X,
BEREXME, WK 1 o, HTEDRANE RAGHOEERPIRAAA 6T, REmTadmERy
Ik, &% CMOS & v K, J1E CMOS Hik AT T3, &l e, % N PR s . EBCMOS
VEN—FHOC GRS E, BAE R WINGEER ., TR, BUAMRER AL, RS T B S IR0 38 A 44
BAR AP LA, RBOE R A I — AN E R R T O & T e a3 4 1S BAKF. i
T A BRI R B, KR D T O BT AR S R T I BURE, B SR LW
AW R, EBCMOS HARGFI R AT 5. 281 H 573K E7E 5 & EBCMOS g S F Wt & 07 1) L-F A
FHE, AE R TED BRI TR E P AR kR R, X — AU R b R T 28 E SO G A
A — Pk .
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Figure 1. Structure of EBCMOS. (a) Overall structure of EBCMOQOS; (b) Structure of BSB-APS
1. EBCMOS ££#J[&. (a) EBCMOS E2{k£E#)[E; (b) BSB-APS ZE#[E

IR ROE UG RHE TOC RN, KMEIRDOEE SRR BRE S, PR BRE ST, RE
HE T AT DR EBEMLR R B . Ot AR R 28 H AR AR 't A PRI ) SR B B v 2 e
Fonl, HEAWORERI 2 HERES T e AR A DL R AR AR RS IR 75 o B0 A0 A a1 AN URT BASE
PS5 5 I B AR, B RERE A T MR AL BB R A5 AT Ui, RIBEEHY K T WO B
AREIBLHT, 5% . HETH WAIROE R S 2 N =2K[2], BB —FONEEROGEE, Flanfgigseil CCD
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(ICCD), 5 B NMEMAMOCELE, Bl T4k CCD (EMCCD), =3 NE% - LR IRR S ML
fF, Fline 72 4% CCD/ICMOS (EBCCD/EBCMOS). i+ EBCCD 1 EBCMOS Fif% #aF ks i f2 4
CCD 1 CMOS AT #sk i, 285 H 26 T E =3, RAE ICCD Rl E R A6 hE, @i
HL B A P D' FL 7 v T PR IR ] DA B i B UG B R AT U . BT B A B R 4
B, LA AR SRZ W Rl S AR $ . EBCMOS & T AR B A BRI m ML RS Y CMOS A%
MG, il TR ESA RS, BT bR, & RABUE. RIhFE. KR, (K
FEEEAR AL, PR A R T IO BB B, TEROEL . miRe B RSO S AU B T2 )
JS7FH Aif 5% o

2. {ERIsCIE

H T @37 EBCMOS ML iz U it R EAIR K, JF HE BB UGS I BENLYE S B0, T4
SCRH SRR ITIE, I MATLAB 34T TH BN IIOR SE LI AN R . 525~ 2 (Monte Carlo) /7%
N NG B 7 VR B ARE i, %0 AR RS R e it i FH B AT LS T S AL,
HH DA B ATLEOR e e 1) R, AR 5T b o — i E AT LBEADM 1 7 Vs

SRFRY LR MG T =, I BT RV CR LB, HAZ O B A EE K
HOEHE: RRREENLRLR RS R BRI RE, A2 KEE SRR G s RS EE&EL T — e
A, M 25 Bl 2R B BENL B AT R EARIIE 5, TR ITSRAS AR EAT Givt o0, e 2 AW B SR 11
G5 SLINZTTERIEEAOP IR . N RO B AR R G A, RE MR, AT K E L
HEWRK, MMPAHAFEE, PRSI, HE T2 B RS THE, b vHE R
9 ie) @R, AT R4S B 2% B AR AU, 25

EH 2L 01534 1 BE AL AL 502 18 72 O A0 20 A B T P2 AR TR . 2 FOORR TR, Xoy Xob oous
Xn ER HEAR FO) A # 8 N BERTRE, IR Xe oI A B SR i AMA . Sxhde st
RUGPAT, AT TR0 53 A7 18 B A T BR L F() R R« BEHIE VAN R 1 Je P R 22 %5 15 R 80k
BoARE F(X), RJEREREE FHy), B854 —ANIRAOL) XIS I BENLEL R, )5, 4
Xe =F7*(R), M2 Xe H2 MM FTE 534 I BEHLEL .

EBCMOS kM GaAs JtHLBIRRAE Jy AR I, #0553 A1 R FH BRAR AR 5% 50 A, ) 2507 A A
MATLAB X HARALG L, AT AT LASRAG 7 A2 A BENL S : S =2nR, R N(0,1)I5) A I BENLEL, J7 1)
MIIBENLE: 0 =arccosV1-R » R A(0,1)3151 70 A BIBEHLEL - MRS 52045 R B A% & SEbR i Beta 2347 [3]
FH MATLAB HL1¥) Beta 73 Afi bR HO FLWT R & 0 A gEAT AT 5, 3k AT DLIRASAH S PR e & B AL 2

BT I X W R G0 AR R A AR B 28 4], BT T i) il ) i FRLIA (1) 358 0 E = UM, 5 110K 2 il 6 i) o
CMOS K —Z5t)=, U7 CMOS I, EREANIEIAILZEh AR, B ER=E S
RAESRNEBUR AR VBN, SR A RO Y, REE AR T LLRBE AN T, A IR TT [ HE S U R
Mo PRI SR P SRR O AT o 2 R AR AR SR A, BT XS FL g 3 7 Tl s AR ), DR D R
SSP RIS AR 2 LSV B /s 2 MR, P A B SR AR S E BN I B R B RE & . LR I RE AT LA
H Bethe g4k A AR [S], TR EMR R T IBEESIL, PrLCRH Joy EIEA ([6]:

c(ij_li = 7'85EX104 pY. C:‘ In (1.166 E J‘r]_k‘]i J(keV/cm) @

A, ANERTE, ZNETRE, I NHBEGE, CHNRTIRE, p NITRIEE, kK NBIERL
CMOS &GS 1 e AR T Jd, X — P R LBl A T3 i f SR 28 1 %88, 1L J5 i) CMOS
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WK BCMOS (Back-thinned CMOS), ASfH T E G, SEEE 7R, 748 KEAHE T,
SR TR T Re B AR T - O, RAR A — T - B EAE 3.6 eV RER, X
TATT DA H B B AR, THEH B FER R E— KB ket E. REHAINERERLL 3.6
eV, RPRIIRMEZ B BT 4 H AT T DASRAS BT A GG = AR AR 7. BT
I T APERERREE, Fn L P RS MIENRIZS), BT BT RAEY o3, I EIRE
{1 DX I AT BE A X 302 3y, 2 ) N BF—MZ3), HmZeuk N BRI . S THRER N BFRe a2 I3 2
AR T, I HIE > B A X, B R A T AT R AL B, PR R R KA T B
10 um AR . ERERIXKN, BTAEBSBER, BTKaZ38—-qE PEM T, Wl ERRIZ)
Z AV BEIA], R VR S B3 5 A S IS, BRI AE H 7 B9 HIOZ B 6l b, 2@ in— AN s s o
FRONIEERS R o FHIARA 77 RE AT LA S 3RS FE R IX PN 1) 23 8] B 43 A S L @ IURR, SRS EIAT3RAS p
X R n X 2 8] F) 3% o

FEHETEUERX G, RESEEGRX N, BB A RIEXIEA 5 x5 R R, Ha
WA R T 7 WP B 5 x 5 45 3 X USCHE 21 ) F 125 AR 1 i 7 i ik %R, AT

N{::
CCE=— "% )
RS G

&I MATLAB #H47 05 B, 375 BT/ EBCMOS H 3R iz sh#ik &, il 2 s
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Figure 2. Image of overall electron motion trajectory in EBCMOS

B 2. EBCMOS o B FEA5E B4 s E i
3. %R 5118

B SIB 2N . ARSI I H T8 3 G 5L, AT AT 15 2494 5 (4 AR A0 kT o i OB B0 R 5400 o
AT A A JEGFEES 1000 um, JTME AL R4 3000 V, A% H 300 4, FEJ2EEE 100 nm, 3
JEESE 15 pm, B MBI, W BATIERCR I . T BB 2IRE Sy 50N 10", 107, 10%°,
10" AMem® i, 5 x 5 AR KX AT EATIEE AR, WE 3w, HBAKIEZ N 1010 ANMem® i), B I8 3L
HH 26.69%, MBIKEEN 107 ANMemP i, HETIEERERN 23.87%, HBRIKEN 100 ANMem® i, H
TR N 13.08%, 4IB44KIE N 10 ANem® i, BTSSR R N 0.23%. Xt ELAR 5 449K FE R i A
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TSERCR, RIHBAGIRIEN 10" ANem® i, 8505 7T LASRAG i e (X BTSSR 808 s BEAE 15 2R IR BE (1) 34
0, TSR AL BRI, WWIIR BRI, S8 77 fr, S5 x 5 RER X AR H
THH B
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Figure 3. Charge collection efficiency under different doping concentration. (a) N* = 10%; (b) N* = 10Y7; (c)
N* = 10%; (d) N* = 10%°
3. TNEHBZLKE THIBRTEMZ. (@) N* = 10'; (b) N*=10"; (c) N*=10%; (d) N*=10%

4. g5ip

AR SR B R IR A T HIE A S B, @07 T EBCMOS HLFHIZHAL, 43 WIS 7L
X, BB, 8. 80K, (RZ B, FIH MATLAB ¥ @ B 07 OB H T 72 EBCMOS
AR EN I, HIK T AR K IOVE AU i o T8I OB SE B AR IR, 3545 7 MR IS 1 Pl i i 2 2k
B, HRIAIERB IR R 1004 em® i, ORI BT R i BB AR R,
SERCRLEIBWTRAG, VU 2RI, 2 SBERT AR, ML 5 x 5 55X A ICES
THE WA o ACSCHT LA P AU A% 2% 1 EBCMOS H4t— & FIFTIB IR 5 .
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