FasE ol H o= ® % 5 £ R ¥ &
2025 4F 6 J1 CHINESE JOURNAL OF VACUUM SCIENCE AND TECHNOLOGY 461

R S5 KA IR o5 R Sk e
PR SIPERZ i (475

MhkE BEW FHE RiE BHEAT BEF THHE
L& R EER EEH
(R Byt os r B2 650223)

Simulation of the Uniformity Influence of Effusion Cell Structure
and Layout in Molecular Beam Epitaxy
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Abstract Billion-pixel infrared detectors are an important direction for the development of next-generation
infrared detectors, and the 8-inch high-uniform Hg, ,Cd,Te thin film has become the most crucial component of this
technology. The structure and layout of molecular beam epitaxy(MBE) effusion cells are key factors influencing
the composition and thickness uniformity of Hg, ,Cd,Te epitaxy films. This paper theoretically analyzes the beam
flux generation and emission distribution of effusion cells based on requirements for large-area high-uniformity
Hg,Cd,Te epitaxial films. It simulates and calculates the impacts of effusion cell layout and the usage of source
materials within the cells on the thickness uniformity of epitaxial thin films. This article takes a cylindrical channel
effusion cell as an example and uses COMSOL Multiphysics to simulate the MBE growth process with different
distances and different angles from the effusion cell of MBE, and the uniformity of the beam reaching the substrate
is calculated. The results show that the beam flux decreases nearly linearly with source material consumption. The
highest thickness uniformity is achieved when the angle is 46°; as the distance increases, the thickness uniformity
becomes better, and after 300 mm, the thickness uniformity is within =1.5%. This ensures the successful preparation
of 8-inch highly uniform Hg,,Cd, Te thin film.

Keywords Effusion cell, Uniformity, Molecular beam epitaxy, Beam variation

WE  ACBROIMENZE T —RLIMEINZE & AT ), 8 BT w38 S Wi R A B SEBZ B AR i e 2 — R
53 FHHME Z Gt b BIR Y S5 B AT RS2 50 43T A T 4 R B A L 43 B R BE R ST E R OGS IR B 22— SCEE AT R K
RS 8 38 S B R A RSB RL (B SR s R, R BRUR A R R A 0 L IR A A ARCT B A, AR SR T SR A R R AR
PR BRRZS XA IS b M E R R 6 JEE LS ST PR R SR, (58T 224 B3 05 L4 COMISOL, LAIRIH: TR S 40 1) B S A2,
AL T TR B A 2 Xof 1) K Ao 7 2 180 RO UL A 52 M, LA BR300 VT 19 T B AR R 5 4 IV S 1 119 9 A A A 2 1 284
AT TR, THE T REANR R AR I 51k . SR IR, BEEEADEH (8, 2135485 2 T A0 R 42 0 41k T s 6 SRR
P71 554 JEG - 1D 7 3D A6°R, Aef IV ST 1A 14 BRI 180 S0 P i B SRR A 38tV P 1 o T B (90 48 o e 98 - 1 1) B 340 2 M
ASYE, MEEE AT 300 mm B, ORI AIMEFEL1.5% LAPY, SRIE T 8 Tt i ¥ AR AR B AL R A 1 5 o

KR Ry WS rANME R L

HE 5K S TB79 XERFRIEAD: A doi: 10.13922/j.cnki.cjvst.202502013

Wris B #8: 2025-02-21
E&WH: amA BRI LH5HE (202505A8350022 )
* Bt Z& A : E-mail: wshanli@hotmail.com


https://doi.org/10.13922/j.cnki.cjvst.202502013
mailto:wshanli@hotmail.com

462 H = B

ST 5 I NI S 95 45 4

7 F W AP 4E (Molecular Beam Epitaxy, MBE ) H.
A VG RS ] £ 15 2% Wl RGO, 2
L GER AR A5 B P Bz 1 4,
TR RS 4 T AUME B B 4R v A R ROR
FHREAR AL 7= AR, S22 BR O F AR IME IR 25 B & 1
A, E NN FHRAME S A F B T 4% 8
b DL B MR ANEBE T B 2> T ARAME S 4 . e
Veeco 2wl [ GEN2000 A [a] if A= K 7 F 6 3 f 4b
#E /5%, 7 [ RIBER 2 ] ) MBES00O I L) [ Aif A=
K44 8 PP ANE A vk PR A AR B A
FRA R FW110 &K 7 F 4 961 AME F i fE
771, B AER R (i) A RS w AT H [ R
AT AR EAR T 9 F 494 K
6 HeFAME R R G Y,

FESY T HRAMNEBE 5, BRI E A AZ O
—, X AN R R 1 35 ) VR A A Ok E A A
RS, R S BT, SR 8 T SR R
AR A R 2 R T LA B, 3k 26 5~ 8 - A
R 1 H S 30 3 A6 RS T T A A 1 BRI S A I
N, B AE AT RS AN E AR K T A AL R TR
A PG B e ol N 389 ) 43 A R e 2 RSO L 1) 21 4y
FUAE R i, ARG AT M A R B RS T A
FH A A FAE

MBE 5 & i S5 0 A Jey i P 28 25 RF et
JEE 43T, AT AR 45 BOE D 1) 2 F R R g ¥ 50 7
TR MY B LA A R A X R A R
FZMEA Ry o XPFRIMIE A Jay: SRUE A 8 ISR
SIIVAZ T ] SRR A0, Qi 1 B, X R R O
QAT DA F DA SRR HR 5 1) 40 7 SR AE AT S 3%
T B X 50 B 78 355 2R VE AT JR: AE — B 45TR A MBE

ultra-high vacuum

substrate <-

effusion cell

F1 SRR I AG JR s IR
Fig. 1 Ring layout diagram of effusion cell

ARG, R — 4% B BURE A S, X
A 7 22 TR E MR R RS M A I, H SR AR A
[7) DX SRS B[R] DR R A LA, XM Af Jej 22 Xt SRR
AR R4 S 7 A — 5 AR IR, 0 31 2 i ek
AN, W AT RE 1 BUR B A IR TR R
TR R R 408 T Y T ) B8 A0 B 8 0 2 52 W) DR
BRI S PR SCBE IR 2R

FBI A Jy 731 RAME B 5 B S BERR 1, B 28
RRET 40 A4, H R ZE R MIE 2 Fros, G
TR IO Tl bR A I PR |
PR AR T A R L A SE TR IR S A S
A5, TR SRR B A SR 2 e RO AL
P AR R P IR R AR BB I SR 2
oA RS IR A ¢, FORIRAIR 13 R
(oA AT S

mounting
flange

K2 IR SR R

Fig.2 Structure diagram of effusion cell
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Fig.3 Schematic diagram of beam emission distribution
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