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Higher order sampling of electron energy distribution function
using Legendre polynomial and B-spline function.

Kohki Satoh, Member, Takahiro Honma, Student Member, Hidenori Itoh, Member, Hiroaki Tagashira,

Member (Muroran Institute of Technology)

The higher order sampling of electron energy distribution function in Monte Carlo simulation (MCS) us-
ing Legendre polynomial and B-spline, called Legendre Polynomial Weighed Sampling(LPWS) developed by
Ventzek and Kitamori(J.Appl.Phys.,vol.75,pp.3785-8,1994; one dimensional), is extended into two(2D) and
three(3D) dimensional LPWS in this work. The spatio-temporal variations of energy and velocity distri-
butions of electrons are respectively obtained by 2D and 3D LPWS. It is found that energy and velocity
distributions of electrons obtained here are in excellent agreement with those obtained by conventional sam-
pling method, namely, simple counting of electrons. It is also found that the energy and velocity distributions
by LPWS give detailed information of electron behaviour in relaxation process and near electrodes and good

statistics with smaller number of electrons sampled and with wider size of bin than the conventional sampling

method.

F—J—FK I BFIANF 5%, EvForaiialb—ay, B-ATIAY, VWA FLEER, BRO¥ T Y

v, BFEESH

1. LB

ERTILBIAEFAA-LDLSL TR LERICIEEYT
Bk, ABERETS FXATOUE*HA LETEETH 5,
IO, BFAF—LDOEHERTETEEREDEE,
WA BLI Pa—F v Ialb—YarildoTK
HHHRTWS, L, ETHOETFHEAREFETF AV
i AVITEEFHIOFEENI L EER DL
HIE, ChLORFEEMCRDLIET, BFAL—4
DEFEHMICHEBTELII LIRS,

FRHEREBEIC—BLERFEMSATnEL S, [
BSOS AN BF AL - LD I NVF — (EBE) A,
BEEBES+MCEIUE, BIMER, HAT AOBEEE
JZOENTRESNDIFHREBIGET S LA HON
Twa, 7, BRLHERLABFAL—LOIF VT —
SADEEREEZET A TR, BAEEL L OB
MALETH), 2OBOIINF —HIIFEREDZ

WEHA, 120525, FRIZE

147

NEWBER->TWAEIL, BIUY, EBRLOERESET
LEFLANF -SAITFHREE IR, ES
nNTwa, LPL, EFZAIAMF—-GHDOIOL ) HEL
PEBTCEBAZETAZ LI EbOTHETHZ L L LI,
Boltzmann FRERIZ L ABEHCEECHEZTAI L b EE
L <, Monte Carlo simulation(MCS) 2*LiFLITAWS
nTwa,

INRET, MCSUBWTEFIANF-FHERD S
BE, HRLTALANF —OHBEA NI RANT - AcD
REIoE (ZOXE% binkER) L, ¥ 7)) rr &
NIBFOIANT -DEHSHEROLFEFAVLR
T&7 COFY TNy FETHEMGZEFZ A VF -5
AiE BB DTG bin IBCTEES RO 2T IR
57, Z07:0% 7Yy FEINSGEFREERLLKEE
B oiihid i oy, 72, £hh MCS OFHERF
BEMOBERO—2L %> TV 2,

I NIZxTL Ventzek and Kitamori ‘Pi, 1 2® bin



B AETOHEELE% Legendre FEATERT S L
L2, #h5 % Bspline DEA & DT TMET 5 LIS
0, 4% bin # 5V bin 1§) B LU0 PEVBHETH
THBFIANF -G e Mo ko b HEEREL 12
Ventzek 61X, 204> 7Y > ¥ KHig% LPWS(Legendre
Polynomial Weighted Sampling) & FEUS, 0~80eV D #
Bt 4, 8BLU1619%IL7 bin TANF—G5HEY
Y7UryL, bin BIZLHTIRIZRALBROSHSFRFL
ez lz®|/EL T 5, THWwWHRT bin B, &
ROFETZANT —SHERODHED 1/10H 2V E L
NUTTHY, EHAT)OHBIZE>T D, 72, bin
B WS BHT ABETFHERSO T I LLTWERTH

D, FEERBOERITELEEZ b5,

ARFZENL, Ventzek SAEEL AT ANF—IZH TS 1
RITH LPWS 2 RE &4, TRALF - L EBEOMNEL
B3 2%T, BLU, BRAAOHEE, EREBESM
DEEBICMEBICETS 3 AT LPWS #HEL, T
ANE -G B LU BEIHOEMYENE M ORE
L{RkOHIELEENET S,

1:K5E0 LPWS THEE &5 bin EAERDY 7
YYD II0REICREE, 2REBIVIRTDOF> T
Y CEA SN S bin iz Eh £ 1/100 B LU 1/1000
BECEDIEICRY, KiEx AT ) HEREOHHICES L
Erbhb, BB, bin ¥ PR VOTEBFETHEL RS
LTLBAEHOBBRIBEC WL E L bh, FHERH
OEHLTEEE EZ N L, 72, 3RTLD LPWS % Date
5 OREW/ RF F7u—HET 7 X~ Monte Carlo ¥
Ialb-YarekAay NI TAIEICLY, BTEE
DA E B OEOPICERTEE2Y, Y Iab -3
COBEOMECLFESTELEEZLN D,

AERLTIE, 2RTB LV 3ATO LPWS OFEIZ DWW
THERTEEDLID, FREHVT RO OWAEF I A LE —
B LUEFRESHOEEEMDERIIONWTIENRSD,

EN
e

2. YU TH®K

ZZTiEk, MCS B} AERDEFIANT —5HD
$ Ty HiEE Ventzek HI2E WREN L 1 XTED
LPWSIZDOWTRTE L DIL, KHERICBTHRELR2
KT LT3 RTO LPWS 20Tl 5,

(2:1) REOYLTVLTHE® BFTiNF-—
BEOY T ) THEBE emin ~ €maze L, TRE S
£IL /2% bin (Ae = (€maz — Emin)/n) FIZA B EFEIC
LD GHOBRNREEN L, TN TV ENLEFD
IHARNFE—edle, 1 <e < DERIZHNIE, {FED bin
OEBH N, =N, +1LI2L VA7) 2 &b, £C
DBFHH T )y rani, () RiCk DRBLaN,
IANVF-GHEBH/LNS,

1 N,
Ae NT

fle e Ce<e)

1)

148

ZIT, =123, -n, Np#r7) 7 Shi-2&8F
KThY, Np=)Y NTHZbNEo

(2°2) 1 P‘K?cdz)_iPWS M Ventzek 5 DREL 7
LPWS ik, BFLAALF—SHe > TV TTHIH0
£ bin Pz B} 3 HEESF % Legendre HHA & AV T
#£H+ 5= Lk, B-spline(local support) iZ & 5 E A}
2o h 5D, Xk (1) B Figl KRENTVE L ) ICXKH
€i—g ~ €ip1% 12D bin taL, FOROEEBESR
% (2) RO Legendre FEAN 3 B T TE EML THER

T5,

fale) =

Po(x) fole) + Pi(x) fi(e) + Pa(x) fa(e) + -
ZIT, SV T ENLBFOLANF —,

2{e — (€ir1 + €i-2)/2}
X= ,
€41 — €42

(2)

R0 =1 P = x P00 = 5(x* - 1), -

1
5 [ BO0ste b

fe =3 [ Afexdx

1
fle) =3 | P00Se 0, -

Thb, ATy 77 HET, R TLLT (R
LEMe ~ e TIHEETZ) KON ANFK -5
fele) BEU fole) %, (3) KD & 912 B-spline ¥ AT
BEATTTAZEICID, ST Y FEFE,O
v bin 18T, FML oM EBOLE VEFI ANV -
DEFHERDOLN D,

(1-z)

2

fale)

fleres S e<eqr) =

o 1 z?
+(—z"+z + §)f3(€) + Efc(f)

ZIT, zid, TO, 1 CTCLlDERELEHTH A,
Ventzek 513, B-spline O R¥% 2 RIZEEL TWAL

O (3) RDOEBRE 255, B-spline DABOELEEREL

—HH BB TERTSE, BEFZFLF 34

m-+1

fley= Y Fi(eTi(e) (4)
=1

&%, 22T, mid B-spline DK%, Fi(e) = Po(x)fole)
+Pi(x)f1(e) + Po(x) f2(€) + - - BLU Ty(e) 1, #h ¥
 bin M BT Legendre FHERA, TEB AN A-BEF T 4
V¥ —5H B LU B-spline T %, 2B, Fi(e) % Ty(e) D
Bfe »% 9 &, (4) 3 B-spline % H\ 7= spline KO
FwkhoTnb,

T. IEE Japan, Vol. 120-A, No. 2, 2000



IANK=SHROBROY > 7 ) 7

(2:3) 2 XTH LV 3 XD LPWS EFI AN
F-IHRBEOBRBEERNDME 23T 281k, +4b
5, fle,2) & LPWS T 221248, (3) 5 Wit (4) 5%
® 2RICWCHRL RITNE 2 6 vy,

Ni(z) BXU Ny(y) 2FhZh o BLY yHEAD
m KD B-spline L +2&, 2 kKTEnDEEEBT, &
Ni(@z)N;(y), :=1,2,---,m+1, 5=1,2,---,m+ 1
TRSEN, 2KTO spline B S(x,y) i3,

m+1m+1

S(z,y) = Z Z CiNi(z)N;(y)

i=1 j=1

(5)

LEREND W, 22T, C iEHTH %,

AWFFETIE, spline WEOZ 0oHE% LPWS 238
HL, =3 V¥ —IZB7 % B-spline Ti(e) L ERHF MmO
B 2B ¥ % B-spline U;(z) OB CEEBRHEIES &
Iz, BREUCIE 2 ATROALZANVFE —-DE Fle)
b, ARRICROOLND :HFRADEFREEDENL G(z) =
Po(x)g0(2) + Pi(x)91(2) + P2 (X)g2(2) + - - -DFEE FV»,
KRT fle,z) EFHRT 5,

m+1m-+1
Fle2) =Y, D IREG ()] TeU;(2)
i=1 j=1
2B, X' =2{z— (zis1 + 2i-2)/2}/(2i41 — 2i-2) THY,
Po(x'), Pi(X'), Pa(x'), - BET go(2), 91(2), ga(2) -+
i, QROBEFLEBIIROLN S,
BFAF—LOELETVE ILICFHEMICERTADIC
W, EEFABEE f(v,, v, 2) 5 ROBIEVLEE LD,
ZIT, 1, BET v, 3TN TFRERIFABLIUVERLSE
BERBRDEETH D, Y7 )7 Tid, 3RTO
LPWS 2479 2 21242, 1RTH 5 2 RILNERL 7255
GLEBLFEETHEV (Y RE2B5,

(6)

flvz, v, 2) =
m+1m+1lm+1

33 ST {Qilv)Rs(v)Gk(2)}

=1 j=1 k=1
x Vi(v,)W;(v:)Uk(2) ]

TIT, Qi(vy) B Vi(vy) i, FNEH bin PRI BT
HAERFEDEZEDEIL% Legendre ZEHNTEL DD
B XU [E— bin A2 BT % B-spline TH D, Rj(v,) BE
O Wj(u,) 2, ZhZh bin RICBIF 2 ER L EEHEO
HENOEIL% Legendre FHAXTRL 20 DB LU F— bin
MIZ 81T 5 B-spline TH 5%,

SIRBRBLUER

BRI, REML I v F U I HFATHS CFhM A%k
MBELT, MCSEHWTEFENLELZIVEY Ialb —
FL, LPWSIZI W EFIANF—BIUEESHF T Y~
TNy rT okl bz, EOFETH T T LURER
LHE, BE L, TABREIZ0CLEL, REER E/NIZ

3.

EXMA, 1208258, FRI2F

149

10
o —— Standard method
o 81 Mesh 200
Y LPWS
§ 6k Legendre Term 5
= B-spline Term 1
e bin 12
Z 4
&
5 2
0 | 1 1 1
0 5 10 15 20 25 30
energy (eV)
1 FEIREEICSBIT S PT ERD
BT ALY -2
Fig.1. Electron energy distributions of Pulsed

Townsend experiment at equilibrium.
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