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3.1

PIC(particle-in-cell) FDTD
finite-difference-time-domain
FDTD
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At
, = At

2m

B

- 2m

_aat

- om

_aat

n
X

n
y

n
z

:_{E” Jr%(v””/2 +v”']/2)>< B”}

n+1

S=1+a’+ % +y?

c=gAt/m m=n-1/2
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(3.23)

(3.24)

(3.25)

™



dn =-nNadl

n=n,exp(-Nal)

Ny a 1=0

P

initial

(1)dl = exp(~ Nol )Nodl

P(I ) = J: Phitia (I ):“

=1—exp(- Nol)

o)

| =—Aln(l-r)

r 1-r r
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ngas Vi m O total
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m+M

e

h, =v, CoS¢

V,:m+Mcos;(V +Msm;gh
m+M
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E .

\7 — Ve 1_ excitation
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v (3.40) v, V
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(350) Escattered,e Eexcitation
8.34 eV
Eincident,e Escattered,e
Eionization
Escattered,e + Ecreated,e = Eincident,e - Eionization (352)
(13)
E . -E .
E _ Btan r tan-l incident,e ionization

scattered,e { 5 ( ZB (353)

8.7eV

AE
AE Eincident,e - Escattered,e (354)
(3.51)
v=v, [l AE
T Ve T 3.55
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(3.40)
V! (3.48) (3.48)
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12.13 eV

Ecreated,e =AE - Eionization (3 56)
Ve
_ Ve 2Ecreated,e (3 57)
Vcreated,e - '
e m
Vcreated,e Ve (340)
Ecreated,e
(3.48)
3.2.35 Null-collision ¢9@
Null-collision O take
E
Ufake < Utotal (358)
O-'[otal = Gelastic + O-excitation + Gionization + Gfake (359)
I3 J.
Utotalv — collision — Constant (360)
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I:)collision,m
3.2.3.3
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<r, <1 Null-Collision Process
O-total
Null-Collision Process
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m3/sec
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3.3 (16) (17)

3.3.1 FDTD
3.3.1.1
FDTD Finite Difference Time Domain method
FDTD
oH
VxE =—zy &0 (3.60)
Hy ot
VxH =g, OE 43 (3.61)
ot
E H Mo & J
3.3.1.2
FDTD 3.4
Yee (18) VxE
VxH
(3.60)  (3.61)
(3.62)~(3.67) AX,AY,Az At (i, j.k)

n
n+% .. _ ni% 11 At
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Az Ay
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{H;*i(i 112, j.k+12)- H;”;(i -12,jk+12)

AX
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I
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1
n+=

En+l H 2 En

1
n+=
2

3.3.2
AX,AY,Az
/10
At Courant

At <

v \/ 1,1 1
(Ax)°  (ay)y  (az)

3.33
3.3.3.1 PEC(Perfect Electric Conductor)

3.3.3.2 Mur (19)
x=0 X E,
\' X

E, =E,(x+Wt)
CE, 10E, _,
oX Vv ot

x=0 (3.69)

(3.70)
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X = Ax/2
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3.34

X
(3.70)
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o At
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OX
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372)  E;(Y2)E(Y2)
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E

z
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a
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z_ |1 R
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oV (3.77)
27
(3.76)  (3.77) Vv (3.74)  (3.75)
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V(nAt) (3.78)
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34 PIC FDTD
3.2
(20) (21)
3.6
PIC
PIC
PIC
PIC
PIC

X-Y-Z

Eei |

m

PIC 3.3

FDTD
FDTD

(3.17)

PIC
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FDTD
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Determination of collision
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4.2
421 ECR 2nd Harmonic ECR ( )
4.10(a) ECR 4.10(b)  2nd Harmonic ECR
4.10(a), (b) ECR
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422 ECR 2nd Harmonic ECR
4.12(a),(b)
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