TAP CHi PHAT TRIEN KH&CN, TAP 8, $0 3/2005

NGHIEN CUU HAM PHAN BO ELECTRON THEO NANG LUQONG TRONG
PLASMA PHONG PIEN KHI CUA HON HOP THUY NGAN VA KHI HIEM
KHI AP SUAT NANG CAO BANG PHAN MEM MATLAB

Lé Vian Hiéu
Trudng Pai hoc Khoa hoc Ty nhién — PHQG-HCM
(Bai nhdn ngay 07 thdng 10 ndm 2004, hoan chinh sita chita ngay 27 thdng 10 ndm 2004)

TOM TAT: Viée xdc dinh ham phén bd electron theo ndng lugng c6 ¥ nghia rdt quan
trong trong viéc tinh todn cdc ddc trung dign dfng ciia plasma phong dién khi. Qua do cd cd thé
165 wu hod cdc didu kién lam vigc cila ngudn sdng phong dign khi. Tuy nhién vigc tinh todn ham
phan b khi do duge dp sudt ndng cao ldn hon 3 Torr) théng qua dao ham bdc hai ciia dong ddu
do rdt phitc tap. Trong trudng hgp ndy cdn tinh dén su khuéch tdn ciia electron dén ddu do, gidi
phueong trinh tich phdn Voltera logi 2[4]. Trong bai bdo nay chiing t6i nghién citu ham phdn b6
electron theo nang lugng trong plasma phdng dign khi ciia hén hop Hg va Ar nho tuyén tinh hod
phutong trinh phi tuyén nay bdng cdch thyc hién tinh cdc he 56 khai trién o bdc cao hon.

MG PAU

Viéc nghién cttu cdc dic trung dign dng clia plasma clia ngudn sdng den huynh quang phéng
dién khi trong h&n hgp ( Hg + khi hi€m ) dugc thyc hién nhd phuong phdp diu dd Langmuir, biing cich
do dao ham bic hai clia dong ddu do theo dién th€ diu do. Sd dd thuc nghiém dugc thuc hién & ch€ do
phéng dién xung [4] cho phép khac phuc {61 da cdc sai s6 4nh hudng 1én phép do. K&t qud dudc tinh
to4n bing cdch sit dung cong thitc Druyvestein [2] chi 4p dung trong trudng hogp dp sudt khi hi€m tir 1
— 3 Torr. V&i khuynh huéng ngay nay 1a compact hod céc loai ngudn sdng nay (thu nhd ban kinh dng
phéng dién), cdn phdi ning cao dp suit khi hi€m ( py, > 3Torr ) véi muc dich 1am suy gidm biic xa c6
hai cho 16p bot huynh quang va ting cudng biic xa 6 1di 2537 A’[6). Trong trudng hdp nay cin tinh
todn d&€n su khuéch tdn cia electron d&n ddu do va viéc xdc dinh ham phan bd electron theo ndng
lugng thong qua viéc gidi phudng trinh Voltera loai 2.

1. LOT GIAI PHUONG TRINH TICH PHAN CUA HAM PHAN BO
D€ tim ham phin b6 electron theo nang lugng nhd s6 liéu thuc nghiém vé& dao ham bic hai clia
d4u do, ta cin phii gidi phuong trinh [ 4 ]:
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Sy phu thudc theo ndng lugng ctia ham y(e) tuy thudc sy phu thude ciia quing dudng ty do cla
electron A(€) theo ning lugng cla electron €.
Theo [4], céc téc gid da dé nghi 13i gidi xdc dinh ham phén bd tir phuong trinh (1.1) nhd vao
viéc dua vao da thitc P,1a 1 da thitc bic n nhu sau:
. j!le PI (eV
flevy=Le T LD
C P'(eV)-2g
Pa thic P,(g) dugc xdc dinh tif k&t qud thyc nghiém clia viéc do dao ham bic hai dong ddu do
s & day chiing tdi st dung phuong phip gin diing d€ xac dinh P(e).
Thuyc vay, tit cong trinh [1] cla chiing t6i thi j.""(eV) s& c6 dang:

(1.3)
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', (€V) = Co(eV) exp[—P. (evn[l - P—g] (1.4
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Viéc xdc dinh chinh xdc cdc hé s8 khai trién A, cia da thic P(eV) cho phép x4dc dinh dugc chinh
xdc ham phan bg electron theo ning lugng tir (1.3).

e

2. TUYEN TINH HOA PHUONG TRiNH PHI TUYEN 9)

DE fim cdc hé s6 A, chiing t3i d& nghi phuong phap tuy&n tinh hod phudng trinh phi tuy&n (1.1)
nhu sau:

J'"(eV)
ColeV)
Pt (1.4) dugc vi€t lai nhu sau:

e/ (1 4 J'(x) )

PiteV= x, =y(x), -P’(eV)= f(x)

=y () (2.1)
g(x)
Gidi phudng trinh trén bing cdch dwa vao him g (x) vd w ( x) nhy sau:
79 . #o 2.2)
q(x) .
w(x) =qx).e’® (2.3)
Liy dao hAm y (x) ta c6:
[ax) e/ P =qX). yx) (2.4)

Tich phan phudng trinh (2.2) tir Xo d&€n x va thay phuong trinh (2.4) vao:

90 e’ -qxo) e’ = [ ') yodt 25)

%o

q0x0)e” ) + [q'(0).p(0)dt

suyra f(x)=In (2.6)
q(x)
dite /™) =g 2.7)
khai trién f(x) d&n bic i:
S+ [q'().y(0ydr
dit By(S) =1In = (2.8)
q(x;)
viéc fim cdc s6 hang Ay, Ay, A, ..., A, cho bdi hé phuong trinh:
(A, + A%, + A,x2 + ..+ A x" = B,(s)
Ay + Ax, + A,x; +..+ A,x) = B,(5)
'3 (2.9

4y + Ax, + AyX) +...+ 4,x" = B, (5)

Gidi h¢ (2 .9) nhd 1ap trinh tinh todn bing phdn mé&m Matlab 6.0 theo sd d8 khéi ciia chuong
trinh tinh dudc cho nhu sau:
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Nhin file s& liéu i"
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Hinh 1: So d6 khéi cla chudng trinh.

3. THUC NGHIEM

Trong bai bio nay chiing t6i tinh todn ham phan bd electron theo ning luwgng trong plasma
phéng dién khi ciia hdn hgp Hg va Ar trong diéu kién do nhu sau :

- Apsudtkhi hi€m: 5—20 Torr

- Néng dd nguyén t& Thiy Ngan: 10" -5.10" cm™
- Bén kinh 6ng phéng dién: <lcm

- Cudng dd dong phéng dién: 100mA - 500mA

K&t qud thuc nghiém nhin dugc tai phong thi nghiém Vit 1y Plasma, Pai hoc t6ng hdp Saint
Petesbug [4], da dung phuong phdp phdéng di€n xung dé loai bd hién tugng dién di trong phéng dién
dong khong ddi.

3.1. St thay ddi ctia ham phén bd electron theo niing lugng khi thay ddi ap suft khi Ar

Piéu kién do: R =0.5cm Ty, =42°C i =240 mA
Py, =5 Torr 10 Torr 15 Torr
Su thay d8i clia ham phin b8 electron theo niang ludng theo 4p suit khi Ar dudc biéu dién & hinh 2
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Hinh 2: Sv thay ddi cia him phan bd electron theo ning lugng theo cdc 4p sudt khdc nhau
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Nhin xét:

Duéi clda ham phin b elctron theo ning lugng gidm nhanh khi ting 4p suit khi hi€m Ar cho
thdy ting s8 electron hiéu dung d€ kich thich nguyén tit Hg & cdc mitc ning ludng tudng tng véi hoat
ddng clia ngudn sdng huynh quang.

3.2. Sy thay ddi ciia ham phén bd electron theo ning lugng khi thay ddi cudng d dong phéng dién
Piéukiéndo: R =0.5cm Thg = 42°C Py, = IS Torr
i=130 180 240mA
Su thay ddi cda ham phan b electron theo nang lugng theo cudng do dong phéng dién duge
biéu di&n & hinh 3
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Hinh 3: Sy thay d6i clia ham phén b§ electron theo ning lugng theo cudng do dong phéng dién
Nhdn xét:
Ham phén b elctron theo ning lugng gidm nhanh & viing ning Iug g 16n hon ngudng kich thich
nguyén tf Hg khi tang cudng do dong phéng dién.

3.3. S thay ddi clia ham phan bd electron theo ning lugng khi thay d6. nhiét d¢ hdi thuy ngén

Piéukiéndo: R =0.4cm Par = 15 Torri =250 mA

Ty = 30, 40, 50, 60°C

D4 thi bi€u dién sy thay d8i cia ham phin bd electron theo ning Itzng theo nhiét dé hdi Thily
Ngén dugc biéu dién & hinh 5.
Nhén xét:

Ham phan b8 elctron theo ning lugng gidm nhanh nhanh & viing ning ludng 16n hon ngudng
kich thich nguyén tir Hg khi ting nhiét d hdi Thiy Ngin.
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Hinh 4: Sy thay d&i clia ham phin b3 electron theo ning lugng theo nhiét do hai Thiy Ngan

3.4. K&t qui vé sy thay d8i ciia ham phén b electron theo ning lugng & cdc diéu kién do khédc
nhau :

Ham phin bd electron theo ning lugng thay ddi theo cdc diéu kién do khdc nhau va phu thudc
vio cdc thong s6 ngoai, tuy nhién dang ham phén b3 & cdc di€u kién khdc nhau vin c6 chung cdc qui
ludt nhu sau:

v Ham phén bd elctron theo ning lugng & 4p suit ndng cao khong cé dang Maxwell. Him

phin b6 gidm nhanh hon ham Maxwell § ving ning lugng 16n hon nang ludgng ngudng kich

thich nguyén ti Hg. Diéu nay hoan toan phd hgp vdi k&t qué ciia viéc tim ham phén bd tif 13i
gidi phudng trinh ddng hoc Boltzmann theo [5 ].

v Ham phin b3 elctron theo ning lugng & 4p suit ning cao tién vé 0 tai e = 8-9eV.

v Khi ting dp sudt khi hi€m s& 1am gidm s elctron nhanh & dudi ham phan bd cho thay

hiéu dung clia qud trinh kich thich cdc mdc ning lugng tuong Wng v6i hoat ddng clia dén huynh

quang...

4. KET LUAN

Chiing t6i da thuc hién budc ddu viéc xdc dinh ham phén b electron theo ndng lugng theo cdc
théng s ngoai véi do chinh xdc cao nhim nghién cttu cdc dic trung dién dong trong plasma phéng
dién khi ciia hdn hop (Hg + Ar) khi 4p sudt khi hi€m ning cao (tf 3Torr — 20 Torr) ma & diéu kién nay
ham phin bd electron theo ning lugng tinh theo cong thic Duyvestein khdng con phi hdp nira.

Viéc xdc dinh chinh xdc cdc hé s6 khai trién bac cao cia da thifc P(e) dya trén phudng phédp
tuy&n tinh hod phuong trinh Volterra loai II ma ching t6i da dé nghi cho phép lap trinh tinh todn ham
phin bd electron véi d6 chinh xdc cao hdn hin phuong phdp tinh dugc dé& nghi trong cong trinh [6].

C4c k&t qua nhan dudc c6 ¥ nghia khoa hoc va thuc ti€n quan trong, c6 thé s dung trong
nghién ctu phuc vu cho céng nghé ché tao céc loai ngudn sing huynh quang compact hi¢u dung cao
va ti€t kiém nguyén vt ligu.

STUDYING THE ENERGY DISTRIBUTION FUNCTION OF ELECTRONS IN
GASES DISCHARGED OF (Hg + INERT GAS) MIXTURE AT HIGH
PRESSURE BY MATLAB SOFTWARE

Le Van Hieu
University of Natural Sciences — VNU-HCM

ABSTRACT: Determination of the energy distribution of electron is very important for caculating
the electrodynamic characterictics of the gas discharge plasma. Then, the optimum conditions of
luminescent sources are obtained. The energy distribution of electron deduced from experiment is
complicated because the diffusion coefficient is not easily measured. In this paper we have changed the
integrals equation Volterc type Il to system of linear equations, and then have obtained a more exact
form of determination of the energy distribution of electron by drawing the high — order expansion
coefficents.
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