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Abstract

Numerical simulation of semiconductor devices has always been an important area of interest for
scientists. In this paper, the nonlinear equations of semiconductor device are studied. We use a
mixed finite element method to discretize the existing electron potential equation and two concen-
tration equations, and construct an effective three-step two-grid algorithm. The mixed finite element
method for discretizing equations can simultaneously provide error approximations of the un-
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known function itself and its flux of the same order, and also has local conservation. The three-step
two-grid algorithm not only maintains the reliability and convergence order of the numerical solu-
tion, but also greatly reduces computational time. The research has great theoretical and practical
significance, providing strong support for the design and optimization of semiconductor device.

Keywords

Semiconductor Device, Mixed Finite Element Method, Three-Step Two-Grid Algorithm, Shorten
Calculation Time

Copyright © 2023 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|15

FBAE AN AR U AR 3 — BB AN LU, R SRS 2 % Fh A i F 2%
AT 7% 0y e LRI SRR AR S s AR . B A LT 4% (0 R R T AE A AN T /D 1) B B4 R
gy, WREER. AT, HATFRE BRI Z, AR RTEE 2IREG A RIuE X EHCES
R, HRARRBICR M RETTFRE, B WOR MR [, FERHZK.

RICHETIRG A RICER B R B A AT R =0 2 RS S TR A BRIV A FH AN 7T AT
I &8y HH 5 R AR 00 R B A B B L B R S B R I, BT SRR T 2 R SR A T
SRARAE LM 7 PR AH ) vz — A P P 2 B T DA CRARR O A ) ml SE MRS Sy, SCRE BRI T B ket
] I THEBEBUE AR S AT A R, B SR B R R S bR 2 3L
2. ¥ RYEIEBBFIRE

AR SCRF TR o R 2 AR AR A o 1 e AT A L A ORI . 2 ) T DU — A
ALE AR T R ECE R RS, Horh— AN R R MR B s AL R, AR R R
R T IR RE . BRI T R 3 R [1]

~Ay =V-u=a(p-e+N(x)),

oe

E:V[De(x)Ve—ye(X)eVW]—R1(e, p). @
[0, (9504, () p9¥] R e.9)

RENRECR TSy LU FIREERIZS S OREE e A1 p, TREMIMRA —EMENME. u=-vy 2
IR, o TR SR E, NORFBRIKRE, D,(x). D,(x) 47 R
TG WAL (%)~ w1, (X) AR TR FMZREZE, Re,p) (1=122KT e p ik
HER, RRITRRRMNREIT R AR G FR AT DA, HSTER[2] T 703 F S bm [
Hda o De(¥)s Dy~ pe(®) mp()H RKTEMEL FA, WEMAAR T EUEMA M RZERE, B
xeQcR?, tel=(0T]. FMFEH -FKILAKM: w(xt)=e(xt)=p(xt)=0, (xt)edQxJ ., 5
T SRR FAARE W MBI e(x,0)=¢€y(x), p(X%0)=ps(X) -

THEP AR AR IR T o T AR 1 7 B RN B AR P B A AN [ K AR D TR
iRt ERTTREAL, ASOR IR A A BTG B BOR 7 0r 38 07 REA AL RS P AR BE T R o 32— Fi i ]

DOI: 10.12677/aam.2023.126284 2828 A H ik


https://doi.org/10.12677/aam.2023.126284
http://creativecommons.org/licenses/by/4.0/

Z I -

IBUER G 7%, HALE A SO Z S BIRERES . A CHE TN — A HIREG ARt
TERARE R B AR N, FET iz i ik e s .
3. BRABRREEEHER

R L7 (Q) 2 1A (R 15 SURIAIW = {we L2 (Q),(w.1) =0} IV = {v e(2(Q)) V-vel? (Q)} -4
z,=D,Ve,z, =D, Vp, WMNHELZERFMEMKIZE. ALK 95X 1
W xV x L2 (Q)xV x L (Q)xV LHif ey

(uv)=(V-v,p)=0, YveV,
(V-u,w)=a(p-e+N,w), vweW,

0
(Ee,wj—(V‘Ze,Q)—(eu 'Vﬂe,gl))—(/leve'u,@)

—a(me(p—e+N).p)=—(R(e.p).0). Vol (Q),
(D;lze,;()+(e,V~;()=0, VyeV, )

(%,goj—(v-zp,go%(pU-Vﬂp,(ﬂ)Jr(ﬂpVP"U"ﬂ)

va(u,p(p-e+N),p)=—(R,(e p).p), Voel?(Q),
(D;lzp'l)"‘(plv'l)zo. VyeV.

Eﬁﬁﬁﬁﬁ(w,u,e,ze, p.z,)e

Xt LT T RER R A IRT T ik, BRI RS v h, B IRICH 2> Ty, » RS T2 EW <V 1
W, xV,, TERREAIRT 720, HBrN ke MPIMRETTREFRFR R G A RICTE, EEME RSN
h I BRICHI 4 Ty BUELEF2500 L2 (Q)xV 1 My, <V, AE IR A G BRIC T80, H A 1o X i [ AT
TEWIIE 2y, W FRLLQ)PTHALATE R RIW, <V, , x M <V, x M, xV, E3Ril 2 T4l
(u,?,v)—(Vv,y/{]‘) =0, VveV,,,

(V-up,w)=a(p;—ef +N,w), vweW,,

( m ,(ﬂJ—(VZQh,(ﬂ)—(eEUh”-Vﬂe,(p)—(ﬂeVeh”-Uh”,(p)

_a(ueeﬂ(pﬁ —eh“+N),ga)=—(R1(e;, ph"),(p), VYoeM,,
(Di'z, 7)+ (60, V- 2) =0, Yz eV, ®)

At
+a(u, Py Py -l +N).0)==(R, (€], P} ).0), Vo eM,.
(D;lz;h,g)+(pﬂ,v~;{)=0, Vy V.
R (v, un el 20, i, 2, ) - FEAIREETRRROMIEAME €, py BB TR YLE .
SEE 1 D (y U e", 20, p", zp ) ROTRRALQ) A, (v, ur.el 2l pl. 2y, ) AT RRAL(R) A PR T AL
fEfE, WXF1<n<N FfLk>1, BUSEER

L+

DOI: 10.12677/aam.2023.126284 2829 IR Esid

n_ Ln-1
(—ph Pn ,¢)—(V~zgh,(ﬂ)+(lﬁ)ﬁuﬁ'Vﬂp’(ﬂ)Jr('“prE'u':’(p)

n n
u" —uy

w" -y ' SC(hC'+1+hy'j+1+At),



https://doi.org/10.12677/aam.2023.126284

Z I -1

n n

n n
ST =5, 25 = Zon

0,4

z

gC(hé+1 +ht +At),s =e,p.

0,4
SERL 1 BUEM ] 25 SCHR[2]H 5.2 A A IR T—HRH R & A IR A B E MR Z il
WRIEITFRHG)FEHL 1 WA, RARE A RIGERHOIRE, &5 T LARIIE I BN F I AR k&, B

H— AN RAE S 5 — MR RN SEAYE LR G, BIARE u = -V y ERBRNH R — R

AR, R IR TGS, FEERBE TSy . RTINS EA SR BIZ R

HUEME. B, RANRESA PRI CARIN 7 o T35 w R u BOBUE M, AT DRUEZEAR IR T

STAER ARG S R B . T LA T3 A7 u R ZWE & — U, ek, IREA IR

R JRFRFIE T BRI, SRR A FRCR R AR g SR By R A — PR AT 2] o

4. ZHREMREEN ST EME
HIR & A IRTik B BeE SRS R4, a2 B MR R REOE R, PR SRS

BUA R SRR R R, SRARPT T A8, T UGS F3E — A BERE CRAUE BB 10 7T SE PR RIS

By, SCREREARTH S (8] G RORARSE o AT BRI IR L o 2 AR B )2l VRt B 2R

tH T AR R AR LA [ R 17 R3], BAE A R ROR AR A R A IR, AR At 7 R4 ) ) 3 0750

Lo ZINERFEAR AR B A E RO MRS K, A OBOR I 2K H AN 4 i

A h, SEEAEA A F A DA 72 (8] BRI RE . RISEAERL IS SR AR IR 45 5 BT FE(— AT 2

BRI, SRR AR IR A), 33— HBUEM, O B P KECRECH, B DK AR AR B

FERTTIAZ . SRS R I R, LIRS EA5 30 BB R I ia g, CEAH RS R DAt ity

FE(HECARZR LT AR, R BT 5, SRR T REIS )2, DAIA B REAR TSR 1R ) H A [4] [5] -
TAVEL S PR TTRRAL, WG =PRI . W T, RS KN H AR, T 2K

A h RIS, B < H <1 o 8 SCBTEIW,, <V, x My <V x My <V REETW, xV,, < My xV x My Vo

PRI o B ETE R U LR AR IS (ALt R, A5 SR 25 1] L AAEEITAR (wl Uy €l 28, PR 2 ) =

%EE%W%L%%E?#%%R%@%%?E%,%ﬂ%ﬁ%%m%%ﬁﬂuﬁﬂzgﬂﬂqgoﬁi

R TR 7 ARG S Bl EUT ~ el Uy +(E7 —ef) Juf, - SR IRATTEAFIR

Lﬁﬁ*%%ﬁ%mﬁﬁﬁ,ﬁﬂ&EWE%%EW%%WLﬁQJQijOE%ﬁ%%?:

WP (ET, LRI RGN AR AL (7)) el 20 P 2 )

(uf1 ,v)—(V-v,y/;):O, YWeVy,,

(V-u,ﬂ,w):oe(p{'1 —eph +N,W), vweW,,

n _ an-1
(eH AteH_pj—(V-ZQH ,¢)—(e:ug -Vﬂe,¢)—(ﬂeve:| ul,p)
_a(ﬂeeg (PC. -e, +N),¢)=—(Rl(eﬂ,p:),¢)' VoeM,,

(D-'zly. 2)+(eh. V- 2)=0, Yz eV, 4

n_ n-1

+ar(u,F (D] —€f +N).0) = (R, (€ Py ). 0). VoM,

(D;lng,;()+(pE,V';()=0, Vy eV

DOI: 10.12677/aam.2023.126284 2830 IR Esid


https://doi.org/10.12677/aam.2023.126284

Z I -

PR ET, LSRR TR DAL AL IO (P).U0L ELL 20 P20, )
(UIv)=(V-v, 7)) =0, YveV,,
(V-Ul,w)=a(R'-E} +N,w), vweW,,

[Eh”%“,(p}(v-z:w)—([eau; +(En el )uj |- Vas o)
—(ye[Ve,: U7 +V(E el )-u,:],q))—a(ye[e:, (RP—Ef +N)

+(En el )(ph —eh +N)] o) =—(Ru(E1.RI).0). YoeMm,,

(D.°25. 2)+(Ef.V-2) =0, Vx eV, ®)

(B8 ) (v 20 (- )
+(yp[Vpg-U,?+V(Ph”—p;)~u:],¢)+a(up[pﬂ(Ph”—Eh"+N)

+(Rr =Py )(Ph —eh +N)] o) ==(R. (E7.RY)0), Yo eM,
(D'Z5 2)+ (R V-2) =0, Yz eV,

HoAsoh T A G R AL BN T
Ry(E.PY)=Ru(ef. L)+ R (€l PL )(ER —e )+ Ry (€h. P5 ) (R~ Y ) »
BRI R AR e 5 p FREER, (¢, p" ) ARG S, FBIATE LR, (E]LR) .
W= AET, LRI F R RRALR (77, 00,60, 25, Br. 25, )
(G7.v) (Vv ) =0, WeV,,
(V-ap.w)=a(py -6 +N,w), vweW,,

5N an-1
[—e“" & ,<oj—(v-z:h,¢)—([esa:+(éh“—E:)uh"}m,(p)

[
H{& - E) (7 -E7 N o) =~ (& B1) o). YoM,

(D.'25., ) +(&.V-2) =0, Yy eV, (6)
)

+(up[vph” 0 +V (P =R )U; o)+, [ R (B -5+ N)
)=

_( (én!pt?)!(o)v V(DEMh
;() 0, VyeV,

h
1)+ Ry, (E”,Ph”)(f){,‘—Ph”)c FIRE, X HLA TR e 3 p Fom
&,

(nr?f’) R(EDRY) + R (E7.RY)(& -

L,
BiEAd Rl( )XT}EEE’JTFHE‘JP FAATE LR,

E&\Fﬂ#

,.,I'I'I

DOI: 10.12677/aam.2023.126284 2831 A H ik


https://doi.org/10.12677/aam.2023.126284

Z I -1

5. &R iB

ARSI T SRR BN, AR AR GE . SO R U S il L .
FORMES B EZ AN TTHIA S, et R ERE A AT — N EZIAAT . A,
Xt LA T REAT L R 2 R R PRI B D R PSR P VR 6 A PR TR EAT BRI, 7T DA B 25 HE R o o A
5 R F S N R 22 L, RS R th B R i B s X MR s, BRI
IRITCE AR B AN S R . O VIR TR IR, SRR T — M =D R R S, SefEA AR EoR
fRARLANETTREAL, 2R )G AEARIAS L SRARLNEAL AT REAL, AN ELRAE AN RS SRAR AU ) SR 46 7 %
DRI A A P s 2 T 2 5 LA X 22 BT ER) MR 25 i AT ROR I TSI 8] o 5 HLIE I %) 35 =28 m] AREAT £
EMRRIE, RIS, ZICR[2]. AR Z AT ARABEREAT BUE L U IE B g o Br 45 2R, X2
A Ve W 7E LAE.

E&UH

2021 fEEE K HARRFE S HFEREIESTE “F 50 5 10 7 L2 o RO i9 2 M %
157 (12101224), 2021 43R Ak K 2 K2 A QTN 2RI H (XCX2021002) »

BEE

[1] FEaik, XZEYE SRS EE R S IE B AR M), b5t BR i ct, 2018.

[2] X%, 2 PRI 1) = G PR G 2 P SB0E D] [ 22 A0 3], W TR R, 2020.

[3] Xu, J.C. (1994) A Novel Two-Grid Method for Semilinear Equations. SIAM Journal on Scientific Computing, 15,
231-237. https://doi.org/10.1137/0915016

[4] Liu, Y., Chen, Y., Huang, Y. and Li, Q. (2021) Analysis of a Two-Grid Method for Semiconductor Device Problem.
Applied Mathematics and Mechanics, 42, 143-158. https://doi.org/10.1007/s10483-021-2696-5

[5] Liu, Y., Chen, Y., Huang, Y. and Wang, Y. (2021) Two-Grid Method for Semiconductor Device Problem by Mixed
Finite Element Method and Characteristics Finite Element Method. Electronic Research Archive, 29, 1859-1880.
https://doi.org/10.3934/era.2020095

DOI: 10.12677/aam.2023.126284 2832 IR Esid


https://doi.org/10.12677/aam.2023.126284
https://doi.org/10.1137/0915016
https://doi.org/10.1007/s10483-021-2696-5
https://doi.org/10.3934/era.2020095

	半导体器件方程混合有限元三步两层网格法
	摘  要
	关键词
	Three-Step Two-Grid Algorithm Based on Mixed Finite Element Method for Semiconductor Device Equations
	Abstract
	Keywords
	1. 引言
	2. 半导体器件问题的数学模型
	3. 混合有限元法全离散格式
	4. 三步两层网格算法的分析与构造
	5. 结束语
	基金项目
	参考文献

