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CAO BANG PHAN MEM MATLAB
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TOM TAT: Viéc xdc dinh ham phdn bé electron theo ndng lugng cd ¥ nghia rdt
quan trong trong vig¢c tinh todn cdc ddc trung dién ddng cia plasma phdng dién khi. Qua
dé c6 ¢ thé t6i wu hod cdc diéu kign lam viéc ciia ngudn sdng phdng dign khi. Tuy
nhién viéc tinh todn ham phdn b6 khi do dwoc dp sudt ndng cao thong qua dao ham bédc
hai ciia dong ddu do rdt phitc tap. Khi tinh todn dén sy khuéch tdn ciia electron dén dau
do cdn phdi gidi phuong trinh tich phdn Voltera loai 2. Trong bai bdo nay chiing t6i tinh
todn ham phdn bé electron theo ndng lugng trong plasma phdng dién khi ciia hén hop
Hg va Ar bdng cdch tuyén tinh hod phuong trinh phi tuyén nay va chinh xdc hod phép
tinh ham phdn b6, bing cdck tinh cdc hé s& khai trién bdc cao hon. Tit viéc tim dugc
chinh xdc ham phdn bé, chiing téi ciing da tinh dugc cdc ddc trung dién dong ciia
plasma ciia ngudn sdng phong dign khi ciia hén hop Hg + Ar trong cdc diéu kién do
khdc nhau khi dp sudt ndng cao.

Mé dau:
Viéc nghién cifu céc dai Iugng dién dong cia plasma cla ngudn sidng dén huynh quang
phéng dién khi trong hdn hgp (Hg + khi hi€m) dugc thuc hién nhd phuong phdp dau do
Langmuir, bing céch do dao ham bac hai clia dong diu do theo dién th€ dau dd va si dung
c6ng thifc tinh todn clia Druyvestein [4]. Tuy nhién theo khuynh huéng compact hod cic loai
ngudn sdng nay cin phii ning cao 4p sud't khi hi€m (P, > 3Torr) v4i muc dich 1am suy gidm
bifc xa ¢6 hai cho 16p bot huynh quang. Trong trudng hgp ndy cén tinh todn dén sy khuyéch
tdn cla electron dén ddu do va viéc do dao ham phin bé electron theo ning lugng thdng qua
viéc gidi phuong trinh Voltera loai 2.
1. Ldi gidi bai todn phuong trinh tich phin ciia ham phén bg:
P& fim ham phin b electron theo ning lugng nhd s& liéu thyc nghiém vé dao ham bac
hai ctia ddu dd , ta cAn phdi gidi phuong trinh: [ 4 ]

3m’y, d*j,(eV) _ “td*K(g,eV)
Sre d(e))’ —f(eV)+e_|l;———d(ey)2 Sf(e)d(¢e) (1.1)

d’K(g,eV) _ 2u(e) e

d(eV) [HW(S(I—%J]

Sy phu thudc theo ning lugng clia ham y(e) theo ndng lugng tuy thude sy phu thude clia
quéng dudng tv do cda electron A(€) theo ndng lugng cla electron &.
ham phin bé f(eV) c6 dang nhu sau theo [4]:

(1.2)
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fery=Le PV

C P'(eV)-2g
Khi gidm dp sudt ( trudng hgp diu do Langmuir hinh try ) thi g— 0, hé thic (1.3) trd
thanh dang Druyvestein , khi dé him phén b6 electron theo ning lugng sé ty 18 véi dao
ham bic hai dong diu do :

SV

(1.3)
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(P’(eV) — 0 khi eV — o). Nhu da thdy, khi g # 0, dic trung khuy&ch tdn clia chuyén
dong electron d&€n dau dod dnh hudng nhiéu dén electron chim.
Ngugc lai, khi eV — oo thi f(eV) = (e V)/C
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Hinh 1 : Su phu thudc cia C.f(eV)/ j’(eV) theo eV
Pa thifc P(g) dugc xdc dinh tif k&t qua thuc nghiém cda viéc do dao ham bic hai dong diu
d. 0 day chiing t6i sit dung phuong phdp gin ding dé€ xdc dinh P(e).
Thuc vay, tit cdng trinh [1] cda ching t6i thi j.'’(eV) s& c¢6 dang:

[ (e¥) = ColeP) exp[—P(eV)][l C P—/Efg—”l] (1.4)

eV & -
P(eV) = ZA"[k:r] P(eV)—Z (kT] (1.5)

Viéc xdc dinh cdc hé s6 A, cia da thic P(g) va tir (1. ) cho phép xdc dinh dugc him phéan bd
electron theo ndng lugng.
2. Tuyé&n tinh ho4 phuweng trinh phi tuyé&n (9):
D& fim cdc hé s8 A, ching t6i d& nghi phuong phdp tuyén tinh hod phudng trinh phi tuy&n
(1.1) nhu sau:

it TG _ () 2.1)

q(x)
Xétham y=q(x)e

P(x) P(x)

= y'(x) =q'(x)+q(x)P’(x)e
=q|(x)e."(.\:) q( )Pn(x)j]

L ew
= ¢'(x)e" ~1+——‘; ((;‘))]
= 4'(x)]" (%)
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Do d6 ta co6:
—[g(x)e"™) = q'(x)j"’ (x) 2.2)
* Gidi (2 .1):
P& thuén tién , (2 .1) vi€t lai dudi dang:
q't)
g L (2.3)
q(?)

Tich phan hai v& (2 .3 ) trong khodng [Xo , X], ta co

q'()
B j g(t)dt

hay [lng®)] = j g(ndt

Do 85 12 = fapha
045 In_ /== ,!g()

Xo
I g(n)dt
Va g(x) =q(x,)e” 2.4
. Gidi (2.2):
Tuong tu nhu & cong thite ( 2.1), ta cé:
g(x)e" - q(x,)e"™ = [q')j"@)a (2.5)
Tu (2.2) suy ra:
q(x)e™™ + [g;(1) j" (D)t

P(x)=1In (2.6)

g(x)
Trong phuong trinh (2 .4) : f(x) s& khong ddi néu ta thay d6i q(x) = q(x)c ( c= const). T

phudng trinh ( 2.3) chiinh t8i im dugc q(x) dudc xdc dinh bdi q(xo) . Gidi bing phuong phdp
s6 cho phuong trinh (2 .3) va ( 2.4), chon gid tri ddu tién q(x) = 1, ddt e’™ =5, ta c6:

fx(r)dt
g(x)=e" (37
"+ [q'@ ) Wyt
P(x)=In % (2.8)
q(x)

Gia tri g(x) c6 th_é thu dudc ti¥ thuc nghi€m, q(x) c6 thé tinh dugc bdi cOng thidc (2.7) biing
phuong phap gin diing. Ching ta c6 thé x4dc dinh q(x) tif cong thifc:

q’(x) = q(x)g(x)
Gid sit /™ =, (2 .8) rd thanh:

s+ [q'@) )" @)t

P(x)=In—= (2.9)
q(x)
Khai trién f(x) dudi dang gin ding nhu sau:
f(x) = Ag + ArX + AgX” + ... + ApX"
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s+ [q'@)y(e)de

dit B,(s)=ln—=
q(x;)

viéc tim cdc s6 hang Ag, Ay, A,, ..., A, cho b8i hé phuong trinh:
(4, + Ax, + AP +...+ A x" = B,(s)
Ay + Ax, + A, x5 +...+ A, x; = B,(s)

1 ' 2.9)

|4, +.4,x, + A,x2 +..+ A,x" =B, (5)
Gidi hé (2 .9) chiing t6i tim dugc cdc gid tri A, nhd l4p trinh tinh todn bing phan mém
Matlab 6.0
3. Thyc nghi¢m:
Trong bai bdo nay chiing t6i tinh todn ham phin bd electron theo ning lugng trong

plasma phéng dién khi ciia hdn hgp Hg va Ar trong di€u kién do nhu sau:

a. Ap sud'tkhi Ar Py, = 15 torr

b. Bén kinh dng phéng R =0.5 cm

c. Cudng dd dong phéng I = 130 mA

d. Nhiét do hoi thuy ngn T=42"C
K&t qua do dao ham béc hai clia dong ddu do theo dién thé ddu do V dudc st dung 12 sd liéu
do dudgc tai PTN V4t Iy Plasma, Pai hoc Téng hgp Saint-Petersburg, CHLB Nga.
S& liéu dude cho & bang 1:
V(v) | 0.00| 0.50| 1.00| 1.50| 2.00| 2.50| 3.00| 3.50|4.00|4.50|5.00|5.50|6.00|6.50|7.00|7.50| 8.00

I"(mA) 44.00| 39.70| 35.20| 31.10| 26.50| 22.30| 17.70| 13.30| 8.80{ 5.60{ 3.10| 1.55/ 0.71] 0.39} 0.19{ 0.13{ 0.06
Bdng 1

Khai trién da thitfc P(eV) & bic 4 ¢6 dang:

1 eV 4 eV ’
ren=aea(iE)eal ) a3 4[]

Viéc tinh todn dudc 1ap trinh bidng ngdn ngit Matlab version 6.0 cho phep x4c dinh cdc hé s6
khai trién nhu sau:
Céc hé s0 khai trién A, clia bic 4 dudc tinh todn cho két qud nhu sau:
Ao =31.8022 ; A; =4298.9862 ; A, =-18009.1394 ; A; =5841326.8723 ;
Ay =714225032.1951
Trén dd thi hinh 2 12 dudng cong biéu dién j’’/c theo ning lugng

K&t qua thu nhan dudc khi xét d&€n hé s8 khai tri€n béc 4 cda da thic P(g) cho thdy ¢
sut phit hop rat t6t v6i dudng cong thic nghiém ( hé s6 khai tri€n bac 5 gin bing khong)
Tir cdc phitong phdp tinh trén chiing t6i x4y dung dugc ham phan bd mot cdch chinh xdc nhu
hinh 3. Trén hinh 3 13 d6 thi biéu dién ham phéin bd elctron theo ning lugng dugc tinh todn
vdi cdc phudng phap khdc nhau.
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Hinh 2 : Su phu thudc cda j”’/c vdo ning lugng dién ti (eV) tinh theo cdc hé sd khai
trién dén bac 4
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Hinh 3 : Ham phin bé electron theo ning lugng

So sdnh dang ham phén bd theo cdc tinh todn khéc nhau:

- Theo khai trién chinh xdc véi thuét todn clia phuong phdp tinh cia ching t6i

- Theo khai trién gin ding béc 2 clia cong trinh [4 ]
Theo cong thitc thuc nghiém cla cdng trinh Druyvertein
K&t qud cho sy khédc biét sy khdc biét cia ham phan bd khi tinh todn sy khuéch tdn clia
electron d&€n ddu dod trong trudng hgp 4p sudt ning caoso vdi him phdn bd tinh theo
Druyvestein. ;
4. Tinh todn dic trung dién dong cia plasma phéng dién khi: nong dj dién tit:
Tir viéc tim ra dugc ham phan bd, viéc xdc dinh ndng d6 dién tf s& dugc cho nhu sau:

n, = j f(eV)deV 4.1)
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Tir c6ng thifc (4.1) viéc x4c dinh ne s& trd thanh 18y tich phan clia hAm phan b8 bling cach st
dung phucdng phép tich phan s8. Trong bai bdo nay ching tdi chon phucng phép tinh tinh
phén bing qui tdc 1/3 Simpsom vi dd chinh x4c clia phuong phép nay rit cao.

Khi thay ddi cdc diéu kién do, ndng d6 dién ti¥ thay ddi nhu sau:

2 R=04cm
<' 1 ne tinh toan
4.6 ® e theo khaitrien bac 2
E dd & netheo thuc nghiem
— L R = 0.5¢cm 0
o~ 4.2 ne tinh toan
- 40 € netheo khal trien bac 2
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Hinh 3: Sy thay ddi clia ne khi thay d8i cdc thong s& ngoai

T d6 thi 3 ching t6i ¢6 nhdn xét ndng dd dién t¥ ting gidm theo qui ludt nhy sau:

- khi cudng d6 dong phéng dién ting thi ndng d6 dién tf ting

- khi bdn kinh dng phéng dién ting thi ndng d6 dién tf ting
5. Két ludn:
Biing viéc gidi phuong trinh tich phin Voltera loai 2 nhu phudng phdp duge dé nghi (2) két
hgp v6i viéc tinh todn hod hé phuong trinh phi tuyé€n cho phép ching téi st dung phin mém
Mathlab 6.0 d€ xay dyng chudng tring tinh todn ham phan bd electron theo nang lugng khi
dp sudt 1én cao ( dén 30 Torr ) véi dd chinh xdc cao va dugc thuc hién mot cdch don gidn.
Vé& mit tinh todn cho phép khai trién da thitc P(eV) dén bic n. Nhd viéc xdc dinh chinh xdc
ham phin b& electron theo ndng lugng trong phéng dién ( Hg va khi hi€m ) khi 4p sudt ning
cao s& chinh xdc viéc nghién citu cdc dit trung dién ddng clia plasma clia ngudn sdng phéng
dién khi cia dén huynh quang compact , nham phuc vu cho c6ng nghé ché tao loai ngudn
sdng nay.

DETERMINING EXACTLY THE ENERGY DISTRIBUTION
FUNCTION AND THE ELECTRODYNAMIC CHARACTERICTICS OF
ELECTRONS INGASES DISCHARGE OF (HG + INERT GAS) MIXTURE
AT HIGH PRESSURE BY MATLAB SOFTWARE

Tran Thi Thu Nhi, Le Van Hieu

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
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from experiment is complicated because the diffusion coefficient is not easily measured. In this
paper we have changed the integrals equation Voltera 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 coefficients by using Matlab software version
6.0 and results is compared with experiment data.
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