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MO PHONG VA TINH TOAN MOT S0 CAC THONG SO CUA PLASMA
PHONG PIEN KHI AR BANG PHAN MEM MATLAB
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(Bai nhdn ngay 27 thdng 9 nam 2004, hoan chinh siia chita ngay 30 thdng 11 ndm 2004)

TOM TAT: Trong bai bdo nay ching téi budc ddu thuc hién mé phdng cdc qud trinh
tuong tdc cia cdc hat mang dign va trung hoa trong moi truong plasma phong dién khi cia khi
Ar. Bai todn dugc gidi vdi cdc su thay ddi cdc thdng s6 ngoai phu thudc nhu: Ap sudt khi Ar, thé
phong dién, bdn kinh 6ng phéng dién... Tit do tinh dugc mdt s6 cdc théng 56 ¢6 lién quan dén
cdc qud trinh trén nhu géc tdn xa, ndng lugng cia dign nt, néng do dién nt, ning lugng t6ng
cdng ciia hé...

Cdc mé phdng va tinh todn trén dugc thuc hién nhd mdt s6 phuong phdp mé phdng nhu:
phuong phdp budc nhdy, phiong phdp Monte — Carlo va dugc 1dp trinh bidng phan mém Matlab.

1. Phutgng phdp mé phéng trong Plasma phéng dién khi Ar.
L.1. S¢ lwdc vé cic phudng phdp mé phong Plasma:[7]

P& m6 phéng Plasma, dic biét trong trudng hdp khi ion hod mdt phin, ngudi ta sit dung Iugi
khong gian dé tinh todn trudng dién t¥, ding phuong phdp méAu hat trong &6 d& tinh todn va cham
Monte- Carlo (MCC).

Viéc thém céc va cham Monte-Carlo vio PIC thuding dugc sit dung véi cdc budc thdi gian déu
dva trén tiét dién ngang toin phin thyc nghiém va ti€t dién vi phan gidi tich xdp xi d€ tinh d&n van
t6c vA phuong clia dién tif sau khi va cham vdi cdc nguyén t trung hoa. Ky thuit mé phong bing
mdy tinh cdc miu Plasma vdi cdc va cham Monte-Carlo sé& giiip ta xdc dinh dudc cdc qud trinh x4y ra
trong plasma tif thuc nghiém mdy tinh. Ky thuit ndy khd hiéu qud va rit cé trién vong trong nghién
cifu Plasma.

Ban chdt dic biét cda linh vic md phdng ‘hé nhiu hat mang dién 12 vin si dung cdc nguyén ly
cd bdn, nghia 1a viéc st dung cd hoc c¢§ dién d€ gidi phuong tiinh chuyén dong
f =ma = q(E+vxB) va st dung phuong trinh Maxwell dé tim c4c trudng (E,B) phit sinh bdi mat
dd hat.

1.2. M6 phdng chuyén ddng cda hat trong truting hdp mot chiéu: [6]
Céc ma Particle-in-cell (PIC) theo nguyén tic di chuyén tit cd cic hat cling mdt lic s& dung

i mot budc thdi gian.
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Hinh 1: Qu4 trinh chuy&n déng cla dién t{ trong
dién trudng thay déi.

| Hinh 1 th€ hién quy dao dién t& tiéu

bi€u d6i v6i ty 1& tdn xa cao, cho thiy
“dudng bay ” tu do trén mdi budc thdi gian
diéu chinh trudng. Khi c6 sy thay d8i dot
ngdt trong qui dao chuyé&n dong ciia dién ti,
lic nay dién t xem nhu bi tdn xa.

Theo cbng trinh nghién citu cda
Boswell, Morley, Surrenda va cdc tic gid
khdc, ho dua vao cdc va cham electron véi
hat trung hda (t4n xa dan hdi, kich thich, ion
héa), cling nhu lién k&t electron va ion cho
céc hat nhd (bdn kinh <A p).
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Phuong phdp nay chi sif dung budc thdi gian Af cida 13i gidi trudng PIC va 18i gidi phuong trinh
chuyén dong sau d6 cho va cham m6t s& lugng hat khd di trong khodng Af nay mdt cdch riéng biét
ma chi thay ddi vectd vin t6c cia ching.

I.3. Diing phudng phédp xdc sudt va cham Monte-Carlo d€ tinh todn cdc thong s6 va cham trong
Plasma phéng dién khi AR. ;

Céc qud trinh xdy ra trong Plasma phong dién khi Ar bao gdém céc qud trinh va cham cia hat
chuyén dong dudc gia téc bdi dién trudng v6i nguyén t, phan ti khi Ar.

Nhin chung ¢6 2 qué trinh va cham cd bén:
1. Va cham giita electron va nguyén tit trung hoa:

Gia thi&t van t6c cla electron 16n hon nhiéu so vdi vin t6c clia nguyén tl trung hda.

Pién ti¥ c6 khdi lugng m, mang dién tich q dudc gia tc bdi dién trudng s& chuyén ddng véi van
téc v.

Ti phuong trinh chuyén déng cda hat :

m.ff-‘i =ft % -C—ix—- =v (1)
dt dt

Ap dung phudng phdp budc nhdy dé tinh todn toa do x thay ddi theo thdi gian. Khi d6 vin tdc
dién tif s& dudc tinh lai sau mdi budc. Lic nady ta da c¢6 dudc ning ludng cia hat. Viéc thém vio cdc
va cham dua vao cdc thong s0: van toc hat chuyén dong, s& nguyén t, phan tlf trung hda cé trong &ng
phéng dién cho biét tin s6 va cham [6]:

Viotal=Ngas 5,01,;.; (BE)V (2)

Trong dé:
Viowr: tAn s8 va cham
3, - i€t dién va cham t6ng cong cia hé
Ny : 1Ong dd ctia khi dang xét. :
X4c suat va cham giita hat mang dién va nguyén t la:
P=1-exp[-ng; 0, (E)V]. 3)

S& ngiu nhién R dugc dua vao dé kiém tra c6 va cham x4y ra hay khong.

Né&u P > R thi va cham s€ x3y ra. ;

NE&u va cham giita diér ti va nguyén ti trung hda 12 va cham dan hdi thi dién ti chi tdn xa géc
ma nidng lugng dudc bdo toar.

NE&u va cham giita dién t 12 va cham ion ho4 thi ning lugng dién tif thay ddi va tdn xa géc. Lic
nay, ion dudc sinh ra vdi vin t6c khdc vén t6c ban diu.
2. Va cham gitta ion-nguyén.it trung hoa:

Khi qué trinh ion hod xdy ra, ion va cham vdi nguyén tf trung hda s€ c6 ning lugng tdn xa va bi
gbc tdn xa gbc.

Viéc tinh todn cdc géc tdn xa dudc tinh bing phuong phdp gidi phwong trinh ngdu nhién.

"IL Sd d6 khéi téng quét:
P& mo phdéng cdc qué trinh trong Plasma phéng dién khi, chiing t6i tinh todn biing sd db khdi
nhu hinh 2:
Tinh todn cdc két qua:
»  Né&u va cham la din héi gilta dién ti va nguyén t{ trung hoa thi dién td chi tdn xa géc ma
khong c6 sy mat mac ning lugng vi nguyén tlf duge xem nhu ¢6 khoi lugng qud 16n.[4]
»  Néu va cham kich thich giita dién ti-nguyén tif trung hoa [6]:
E tin xa= E t8i — E kich thich (4)
D&i véi khi Ar: E kich thich 12 11.55eV
»  Né&ula va cham ion hod dién ti-nguyén ti

Trang 38



TAP CHi PHAT TRIEN KH-CN, TAP 7, S0 12/2004

E tdn xa + E dugc taora =E tdi

—E ion hod (5)
_1,, Etoi — Eionhoa
V6i: Etanxa = Bx[R3tan™ (( <. 5 ) (6)
R3 12 s ngiu nhién trong khodng [0,1]
Péi v6i khi Ar: B =10eV
Ning lugng ctia dién tif dudc tao ra:
Etaora=E tdi—Eion hod - E tdn xa )

Gia sif trudc khi va cham dién tif c6 vin tdc1a v
tbcla v,

> S0ctinxala ¥

a. Va cham giita dig¢n ti va hat trung hoa Ar:

Géc tin xa J dudc tinh bing cdch gidi phudng trinh
ngiu nhién [4]

e (E) jc(E,x )sing'dy @)

R4
2+ E- 2(1 + E)
E
N&u E 16n thi dién tdf tdn xa vé phia trudc:
cosy->1, ¥ >0
NEuEnhd cos y->-1, 0<y <7 ->p=27R4
b. Va cham giita ion-nguyén tit trung hoa:

Ning lugng tan xa ion dudc cho bdi cong thifc:
Escat=(1—-a,)E

cos ¥ =

ine (9)
@, :ham dic trung cho ning luigng mat di:
2mm,
o, =———2—(1-cosp) (10)
(m, +m ¥

m,, m,: khoi Iwgng cla ion va nguyén tdf trung
hoa

¢ : goc tén xa trong hé khoi tim.

Véim, =my $=2%.
Trong hé phong thi nghiém:

cosg=1-2R
V6i R 12 mot s6 ngiu nhién trong khodng [0,1].

p=2y >cosg=+1-2R
Géc tén xa dugc tinh bing cong thic :
2+E-2(1+E)™ 3

g (13)

Trong dé E 12 E tdn xa, R4 12 mdt s6 nglu nhién.

(11)

(12)

cos ¥y =

s E6C 161 12 @, lic tdn xa hat s& c6 vin

Nhip thong s6 ngoai
V,d,R,no(p)

\ 4

Tinh x(mdi),v(mdi)
Bing phuong phdp budc nhdy

Xdc dinh loai va cham

A 4

Tinh todn cic thdng s

Y

end

Hinh 2 :So dé kh&i t8ng quét dé
tinh todn cic thong s plasma

Ciing vdi qué trinh ion hod 12 sy sdn sinh ra ion, lic nay ion ciing chiu tdic dong cia dién trudng

* P& vdi tdn xa dan hoi: [1)

E tdn xa= E t6i.cos’ ¥

cos’ y =1-sin’ ¥
cosg=cos2y=1-2R5

2x=¢

cos y =v1-R5
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* D61 véi va cham trao déi dién tich:

Ion t§i nhanh 14y mot dién tlf it nguyén ti¥ khi chdm trd thanh nguyén tl nhanh va dé lai phia
sau m{t ion tdn xa chim.

Céc hat trao di dong lugng téi.Jon chim dugc tdn xa mot cdch ding hudng.

III. K&t qua:
Chiing t6i thit chay chuong trinh & di€u kién 1am viéc nhu sau;
Dién th€ vao khodng vai trim Volt

Néng d6 hat khi Ar khodng 10'® hat/ cm™ ( twong duong 4p suit khi khodng 200mtorr)
Chiéu dai 6ng phéng dién cd 10+20 cm

- Bdn kinh 6ng phéng dién :0.05+0.5 cm

Thu dugc két qud sau: Ty 1& va cham bing 0.0047 nghia 12 gdn 5 hat bj tdn xa trén 1000 hat. K&t
qud nay phi hgp tai lidu[4];

IIL.1. S§ dién tif sinh ra theo thdi gian:
Nhdn xét: Ti hinh 3, ching t6i c6 nhin xét nhu sau:

S& dién tf sinh ra trong qu4 trinh va cham ting khi thdi gian ting.

KEt qué trén cho thdy dién t dudc sinh ra trong qu4 trinh va cham c6 vai trd nh dlén tlt so cip
dudc gia toc b&l dlén truding va ti€p tuc va cham v6i cdc phén tif khi.

Hinh 3: S¢ dién tif sinh ra theo thdi gian

II1.2. Pién t&¥ tdng chng theo ning lugng:
Su bi€n thién ciia s6 dién tif tdng cong theo ning lugng dude bidu didn nh hinh 4.
Nhdn xét: S6 dién t¥ sinh ra trong qu4 trinh va cham ting khi ning luong ciia hé ting.
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1.3. HAm phén bd dién ti:

Nhin xét:
Ham phin bd ma
chudng trinh tinh todn
dugc phd hgp vdi két
qud ciia cdng trinh [6].
Ham phin bd electron
theo nidng ludng & dp
suit thip khdéng cé
dang Maxwell. Trong
plasma phéng dién khi,
cdc loai hat khic nhau
¢6 nhiét d6 khdc nhau
hay trung- binh dong
~ ndng cta ching khic
nhau. Do d6, phin b&
cia hat khidc ham
Maxwell. Diéu nay
ding v3i tai ligu[3].

Hinh 5 :hAm phin b&
dién tt theo ning
lugng.

11L4. Khio sdt cdc trung dién dong ca Plasma phéng dién khi khi thay ddi cdc théng sd ngoai:
111.4.1. Khdo sdt di¢n tit theo ndng lugng vdi théng s&' V(Volt) thay déi:
Chiing t6i 1dn lugt thay ddi cdc gi4 tri dién thé nhap vio trong cing mét diéu kién:
- Chiéu dai 6ng phéng dién : 10 cm
- S& dién ti phdt xa:1000 dién ti
- B4n kinh 6ng phéng dién : 0.5cm
= Dién thé thay déi: 100V-500V
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Thu dugc két qud nhu’ hmh sau:

bokd s s i .15 Nhan xét:
: 3L e ~~ Tu hinh 6, chiing t6i nhdn
e e | thdy ring khi cdp vao

dién th€ ciang 16n thi
ndng do dién t¥ cing 16n
va nang lugng clia hé
cang ting nhanh. K&t qua
nay khd tin cdy vi theo tai
lidu [3] cho thdy ring
ning lugng trung binh cla
dién tt sé& ldn khi dién
trudng cung cip cé gid tri
16n.

Hinh 6 :Dién tif thay
d8i theo ning lugng véi
cdc gid tri dién thé khic
nhau

II1.4.2. Khdo sdt dién tit theo ndng lugng vdi s6 dién tit phdt xa khdc nhau:

Chiing t&i 1An lugt thay d8i cdc gid tri dién ti phat xa khdc nhau trong cling mét diéu kién:

- Chiéu dai 6ng phéng dién: 10 cm

- Bé4n kinh &ng phéng dién : 0.5cm

- Dién thé thay ddi: 500V

- S& dién t phét xa:100-10000 dién ti

Thu dugc k&t qua nhu hinh 7:

Nhédn xét:

Tir hinh 7, chiing t6i nhan thay riing khi s& dién t& phdt xa cing 16n thi ndng do dién ti¥ cang 16n
va ning lugng ciia hé cang ting nhanh.Tuy nhién khi s§ dién tf pht xa qud 16n thi dang do thi khong
cdn phil hop nita. Piéu nay di dudc gidi thich & tai liéu [7] 12 do chua tinh todn dén cdc qud trinh
khdc trong Plasma phéng dién khi nhu khué&ch tdn va tdi hgp.

IV. K&t ludn

Vi diéu kién sit dung cho md hinh:

. Dién thé: khodng vii trim Vot

- Ndng do hat khi Ar khodng 10" hat/ cm™ ( tudng duong 4p sui't khi khodng 200mtorr)

- Chiéu dai 6ng phéng dién ¢d 10720 cm

- Bén kinh 6ng phéng dién : 0.05+0.5 cm

Pi cho ra m6t s& két qua phil hop véi cdc tai liéu khdc[4],[6].

Chung t6i da thyc hién viéc tinh todn cdc thong s0 dic trung dién dong trong Plasma phdng dién
khi Ar khi 4p suit khi hi€m khodng 200mTorr.Viéc 14p trinh tinh todn bing ngdn ngit Matlab 5.0 va
thu dudc mdt s6 két qud phi hgp véi cdc phuong phdp khéc.

K&t qua tinh todn n, tif cdc diéu kién thi nghiém néu trén va khao sét sy thay d6i cda né theo
céc théng s& ngoai cho thdy ndng do dién ti c6 gid tri ~ 10’cm”.

Céc k&t qua nhin dugc cho phép md ra trién vong 4p dung phudng phdp md phdng nhu 12 mot
phu’dng phdp kha thi va nhanh chong dé fim hi€u vé Plasma phéng dién khi, dic biét d&i véi cédc
ngudn sdng phéng dién khi c6 4p sudt thip..

Tix céc k&t qua nhian dugc ching tdi rit ra cdc dang bi€n ddi cla cdc dic trung dién dong
Plasma theo cdc théng s& ngoai, 1a cd s& cho viéc nghién cifu cic loai ngdn sdng phéng dién khi khi
tinh d€n cdc qué trinh khdc va diéu kién bién clia 13i gidi.
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Hinh 7 :Dién tif thay d6i theo ning lwdng véi cc gi4 tri dién tf khac nhau
SIMULATING AND CALCULATING SOME PARAMETERS OF AR GAS

DISCHARGE PLASMA BY MATLAB SOFTWARE

Tran Thi Thu Nhi, Le Van Hieu
University of Natural Science — VNU-HCM

ABSTRACT: This article simulated the interaction process of electrons and neutral atoms in Ar
discharge Plasma. Problems weie solved when we changed some various conditions such as: the

pressure of Ar, the potential, the radius of discharged tube... From that some of parameters related to
this process ( the scattering angle, the electron energy...) were calculated.

These simulations and calculations were based on “ Monte — Carlo method” and programmed by

Matlab software.
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