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On the Inclusion of A Monte Carlo Routine for Carrier Mobility
into A Fluid Model Device Simulator

Ryo DANG™*and Yasuhiko HIRANQ**

ABSTRACT

In the simulation of a semiconductor device, one of the key problems is how to secure an accu-
rate model for the carrier mobility. Theoretically, this latter can be obtained from a solution of the
Boltzmann transport equation which, however, is difficult to be solved straightforwardly. In the
present paper, we describe an attempt to solve the Bolizmann equation using a Monte Carlo
method. The Monte Carlo routine for the carrier mobility is then merged with a drift— diffusion
device simulator. Results obtained from this merged system as compared with a conventional sys-
tem using an empirical mobility model, show that our method is promising in dealing with a mini-

aturized device, especially one with a deep— submicron channel length.
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Lin Ly R A9 < YA BRI, SB~XY L. BH<S b A0 T EOTRYR>EHS
FRRTH D BROFKE TR & Lidhi DEETH 5.

LT BT, KTBHE  EHEMESEBELBAICRKL VBRI S FECEY 7 A0 ok
BBo TYTALOHIE. BEOBRNERYIREAVTRDE ERHEIHSEE LT
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KTCEBe EVTANBRERT /NI AV I a V=Y a VEHATHBE, KELH0T TR
LEMTRI DB, —BE INTFROEYF AL ML UEOF+ ) T L. 0%+ U7
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dfif’)=—z\[(t)]$(t') (2.3.3)

S (1) =C em{=[ ALk (£)1dt} (2.3.4)
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T
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r=I:P(t dt'
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=l—em{—I;A[k(t)dt]}
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KX R hBEROBRELH - T\ Bt DEMK b b BHEBME S D OB Lk Bo
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P(t")=A(E)exp(—Ct") (2.3.7)

CCTCriEMBEZEA L BEORBMEAHERE TS 5. & - T BHRITFRH ziXX(2.3.6)
B/



162 F4(1992)2 HHEEFAFAAAY I 2 b= F~ADEVF AL OEBAD—EE

r=l—exp (~-T7z) (2.3.8)
&ith, RQ.3DEEHTHEROAR%REB 5,

r=—-{1..—1n (1—7) (2.3.9)

ZhiZ, REC.3.ORENTHHMBELIDLEIRD,

2.4 BERITHRORE
BB LD EHIh T2 EVRETH 5 EERTHEM z O, 1RFEVYFAIreY L
V=¥ 2 VT BRFE—EL LTRQ.1.1), RQ.LAXWFLTH+ YV TOEEH T 5,

(]
r{t) —ro+I0;;grad(E)dt (2.4.1)
k(t)=ko+%-F ¢ (2.4.2)

Lichis T HEBRTEONTOME. WEA~I FrdR(©@.4.1), RE2ADRIVRDBZ &
NTE D,

2.5 HWELAH=X LDFEIR

AE)Z T XN —EONTREMIGHIC i H#EOBE X ST 28A LT84, ZOREYE
BAMBRA /T THS, LT B r AV, kR Z#MiTeT 1 2RD BT & TRFNEG
HINELEHETICRD S LN TE D,

n-1 n

SSA(E) Sr-TsS3A (E) (2.5.1)
i{=0 i=0

iTC\
2A:(E)sr - T (2.5.2)

=0

DEER, REBAELZRIRLILZ &), EEBEIEELZ R T AT 2T 5,



B OR-VHESB  EBAFETERUIEMER (H285) 163

2.6 HELEOIRE

REFDRRT B HAOCHMBIMI E 5 LHELORBL, HUEBEAWAZETHETAZ &
T& 5%, WELRTORIBEY S IHELEDORIBE ~D MM D Fe h OBELOYE XS (kB ) ETH
& IDBELZETRIBEZEXAHIA A T,

A=[d%k' S (R, ")

(2.6.1)
=Ik'zd k'dcos6d ¢ S;(8,d)

Ligho TETy BikkER DT, SRIHNATHE, —BREII—HTHDERLT &
MNTE,

p=2mr, (2.6.2)

RLOIRDLND. ORAHEBRTREShIAESMEXP;(0)LTHR, KRR X - Tk
EEhb,

I:dcose'fS:"(B',qS) de (2.6.3)

”=f:dcosa'fjts, (8'.4) do

P EDHAFEERDBETILRED, 4+ UV THRROHMELRDD L ENTED, ZOHE
FHDOT7 v —-%Fig 2.6.1CRT,

INITIAL CONDITIONS

le
'\

FREE FLIGHTS

l

SCATTERING EVENTS

CALCULATE RESULTS

o>

Fig.2.6.1 1RFREVFHIVLOEDHHE 7o~




164 R4 (1992)2 HEEFAFRLI AV aV—2ADEY T AN OEHAO—EE
3. §HEFE

SENL, BHF v ZFAR0.6[pm). F¥ XE2 [ pm], BEEE20nm], VY —R -« FL 4
ViR E0.20 pm]. EFEE 5 x10°[/em®], HBFBE 1 x10°[/cm*JOMOSFET% f##t
WH;E LT, EVF AN ERIHR4 IDEFARRES, BRLE: INFEVYTHALVOERRL >
TFR4 AROF + ) THBRHEPRD, LOERXREDOF Y 7 b « BEETFNVEREIST/RM A
Yial—% EHAL, TOERMELHE Ll. &OHEY n—%Fig 3.18FT, LTy
FR4 AFROERGEL—F VRMGEFLY I 2 V-2 2 HAL, BOHEHAEROLEY T
Anan—FYEERLT. EOEXRAVWTRINK TS ¥ CHEY{T- . XL, MOSFE
TCREHRREERHORVWERYER L THIZ LW OIREELRED D, YIab—Ya VEEW
TRFigd 2 RT L O CBEBMATE» SBEFAOL A v ¥ 2 HEXThUBRTRERTHET
BE1A9Ya HRB.TYDERMBEE LTS LT EVFHILRELC I SBHEDEH
BID1 4y Y BOREBOARNELT S,

FEEES 10

< 10

10
— RT7YVYHER I
Al SARFABRFER| | (v

EABBFER| | 4o

10
10

PRPPS ITYVE TUTTS PERTY PYPRUIYTOU PTTYS IPTVE 1YY

0.3 0
¥ (o

N
2 Fig.3.2 Y$al—YaVRl3

FRL AREH B L B
Fig.3.1 EvFhruikinl’ =44 1 B

BREHRHOZALS AR : HE

4. SHERER

¥ BEVTANRY L o V-2 TCRDEBHEZ NN EFAOLE R T, Fig 4.138D
ENERBE, Fig 4.2 BUENTHYBETH D, BHORLAZ LI ¥ ) 3 Y ORMF —
2THD e ELLOBABILOEFAR L SBUEIRENES LV —KES T B, V5
AN TR LB ERBERBER DL T, BLERLET DS THMEE T/ T A — 2D

%E@ﬂ‘giﬁb% &L‘k_ao

& 2 0.0

RATE (%)



H o RPHESB  EBCARTSETRMRE (028%) 165

Fig.4.1, 4.2, 4.3
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