PLASMA PHONG DIEN KHI CAC PHUONG PHAP CHAN BOAN PLASMA

VW W CHCAY VLSO

I. TONG QUAN VE CHAN BOAN PLASMA

1.1 Khéi niém chan doan plasma

Plasma dugc xem la trang thai thiv tv cla vat chat. Vat chat khi ton tai & trang thai
nay xudt hién cac tinh chat rat khac biét so véi cac trang thai vat chat khac, dong thoi cac
dang twong tac trong méi truong nay rat phirc tap. Do d6 viéc xac dinh cac thong s6 dac
trung cho trang thai plasma la rat kho khan va dwoc thuc hién thong qua cac phwong phap
chan doan plasma.

Thé nao lachan doan plasma?

Chan doan plasma la nghién ctru cac hién twong vat ly tién trién bén trong plasma, tlr
d6 suy ra céc tinh chét ctia plasma. Nghién cttu cac tinh chét clia plasma bét dau tir sy mo ta
céc hién tuong vaviéc thiét l1ap nhirng digu kién ma trong dé plasma cé thé dwgc hinh thanh
va phét trién. Tiép theo la phai phan tich cac tinh chét clia plasma, vatién hanh cac phép do
cac tham sb vat ly clia plasma nhw mat do electron, mat do ion, nhiét do, th anh phan plasma.
Viéc xac dinh hay do dac bat ky tham s6 nao cla plasma ciing la van dé rat phic tap. Cac
phuong phap do nhiét do, mat do, thanh phan cla plasma goi chung la cac phuong phap
chan doan plasma.

1.2 Céc phwong phap chan doan plasma

Vit ly thic nghiém da nghién ctu rat nhiéu vé cac chat khi binh thuong (khi thuc)
nhwng khi nghién ctru plasma lai gap phai nhitng khé khan phtrc tap vé cung, nhw viéc cung
do mot dai lvong vat Iy bang nhitng dung cu vat Iy khac nhau th vong cho két qua khac
nhau. Chinh vi vay, viéc rat ra mot két luan nao day vé mot tinh chat cla plasma chi dua
vao mot dung cu do riéng biét lasai 1am. Do dé khong thé chi dwa vao sy kiém tra don gian
dé dwa ra mot sw chan doan chinh xac vé tinh chat clia plasma.

M6t vai phuong phap chan doan plasma thuong dwoc ap dung réng réi trong nghién

ctru plasma la&:
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e Phuong phéap quay phim téc do cao
e Phuong phéap phéan tich quang pho
e Phuong phap dau do
Chung ta sé tim hiéu co ché cua tirng phuwong phap va pham vi ng dung cla nd

trong nghién ctru plasma.

II. PHUONG PHAP QUAY PHIM TOC B0 CAO

Thoi gian xay ra sy phong dién xung trong chét khi chi bang mot phan triéu ¢ Ga giay.
Vi vay can thiét phai co sv chup anh va quay phim cwc nhanh dé ghi lai hinh anh cla
plasma. Hién nay nganh vat ly thuc nghiém da duoc trang bi nhirng budng chi€u phim va
may quay phim cuc nhanh cé thé ghi dwgc 10 000 000 bic anh trong mét giay. Phwong
phap chup anh nhanh va quay phim cuc nhanh da mang lai nhitng két qua tét dep trong
nghién ctu nhitng qua trinh tién trién nhanh. Vi du nhu sw phéng dién xung, tia Ia dién va
chop.

May quay phim cuc nhanh cé ciu tao co ban gdbm: hé thdu kinh hoi tu, tdm chan,
guong quay va man phim. Anh sang tir 8ng phong dién chita plasma di qua hé thdu kinh hoi
tu di qua tdm chan vao guong quay, sau dé phan xa dén man phim. Guong quay dwoc ché
tao theo dang lang tru cé nhiéu mat, quay xung quanh mot truc c6 dinh. Man phim c¢6 tinh
chat nhay sang, thiét ké dang vong cung bao xung quanh guong quay. Khi gwong quay quay
nhanh, céc tia sang sé dwgc ghi nhan lai lién tuc trén phim va cho ta hinh dang clia céc giai
doan phong dién trong khoang thoi gian rit ngan . D6 la nhitng bang chirng xac thuc vé tinh
khong 6n dinh cla su tw phong dién.
hinh

Nho phuong phap quay phim tdc do cao, nguoi ta da cé thé mo td thanh cong sw
phong dién trong khoang thoi gian ngan chi bang mot phan triéu gidy. Ngoai ra, nguoi ta
con ¢6 thé lya chon thoi diém dé chup anh sy phong dién véi do chinh xac cao. Néu thuc
hién chup m6t loat birc anh & nhitng thoi diém khac nhau, ng woi ta co thé nhan dwgc mot

btrc tranh hoan chinh vé sy phéng dién trong plasma.
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I1l. PHUONG PHAP PHAN TICH QUANG PH O

3.1. Pham vi (*ng dung

Viéc phan tich quang phé cla anh sang do sv phong dién trong chét khi phét ra la
mot phuong phap chan doan plasma rét quan trong. Cwong do vathanh phan quang pho cla
btrc xa plasma phu thuéc vao nhiét dd va mat do cta nd. Trén co s& nay, phuvong phép phan
tich quang pho cho phép xac dinh nhiét do cla electron vaion, thanh phan, mat do, ndng do
cac thanh phan khac nhau cla plasma. Nhitng két qua thu dwvoc tir phwong phap phan tich
quang phé da b6 sung dang ké cho nhitng hiéu biét clia ching ta vé cac qué trinh dién ra
trong plasma.

Phrong phap phéan tich quang phé thwong dugc (ng dung trong nghién clru plasma
nhiét do cao (khoang 106K). Khi & nhiét dé cao hon, khi plasma bi ion héa hoan toan, do do
phét rarét it birc xa ving kha kién. Vi thé vai tro clia phirong phap quang phé hoc trong viéc
chan doan plasma bi giam xudng so v&i nhirng ph wong phap thic nghiém khac.

3.2 Co s¢ ly thuyét

Trong plasma cac nguyén t( trung hoa bi kich thich do va cham (khéng dan hoi) véi
céc hat tich dién vavéi cac blrc xa, nén ching & trang thai kich thich vakhi chuyén vé trang
thd co ban ching phat ra birc xa. Tlr day ng voi ta co thé biét duoc ndng do, nhiét do cac
nguyén tlr trung hoa va céc hat tich dién. Céc tuong tac ¢ thé xay ra trong plasma:

e Blcxa h
A+hv & A
A+hv & A +e
e Vacham:

A+eo A +e
A+teo A +e+e
A+B < A+B+AE

Mat do trang thai clia cac hat duoc tinh theo phan bd Boltz mann (véi plasma nhiét do

thap):
N, —&ex (_En—Emj
N = g. P T (3.2.1)
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V&i plasma nhiét do cao, ta c6 phwong trinh Saha:

3
X? 2nm 2 5 E
P =( 7;2 j (kT)ZeXp[-ﬁj (32.2)

1-x?

N.

X=—"=L
NJ.O+N0

la d6 ion hda, Nj, la s ion hda trong mot don vi thé tich, N, la sb

nguyén tlr trung hoa, E; la nang lwong ion hoda, p la dp suat khi, mlakhéi lvgng dién ti.

TU phuong trinh Saha cho thay khi nhiét do plasma tang cao thi s nguyén t& bi ion
hda tang nén sO nguyén tt trung hoa N, giam, do dé cwong dd vach pho giam, nén phuong
phdp quang chan doan dwoc nong do cac hat trung hoa. Phd nhan duogc cé thé ving kha
ki€n, vung trang thai tr ngoai hodc tia X tuy thudc vao cac trang thai kich thich cla cac
nguyén tlr, phan ti trong plasma.

Céc phuong trinh van chuyén: né cho biét su thay d6i mat do cac hat theo thoi gian,
nang lvong tuvong tac cling vai cac dang twong tac & trén, & day khong noi dén dang tong
quét ctia n6 vi no rat phic tap.

3.3 Mot s két qua thuc nghiém

So do chan doan:

Plasma

Mdy ghi phd

Hé quang hoc

Hinh 3.1: So d6 chan doan plasma bang phwrong phap quang phé phét xa
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Cuong do vathanh phan quang pho cla birc xa plasma phu thudc twong (ng vao mat
do vanhiét do clia n6. Ngoai ra dang phd phat xa con phu thudc vao céc tham sd khac nhuw

cuong do , ap suét,...nhw & hinh 3.2
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Hinh 3.2: Pho phat xa clia Ne & 4p suat 1000Pa, dwong kinh 6ng 26mm, dudng dit nét & 200mA va
mién nét & 1500mA. Khi tdng cwdng dod dong dién thi thdy cac dinh phd xuét hién rd rang hon.

Trang thai cta plasma thay doi theo thoi gian nén hinh dang pho cla plasma ludn
thay di theo thoi gian, dé chan doan ta phai li én tuc khao sat pho theo thoi gian. Vi du két
qUa chan doan dudi day (hinh 3.3)
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Hinh 3.3: Phd phat xa clia Deuterium gitta hai thoi diém 0,917s va 0,979s sau khi bat dau
phong dién.
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Tanhan thay ph6 cang vé phia budc song dai cang ré nét, la do sv phong dién dong
nhat. ngoai ra nén phd cao la do plasma nay c6 |an tap chét, va do cac hiéu tng ma rong
vach phd. Cac hiéu (rng nay gay anh hwdng rat Ién pho phat xa, hdy so sanh hinh 3.3 vai

hinh 3.4 dudi day:

iy
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Hinh 3.4: Pho phat xa clia Deuterium, so sanh hinh 3 khi ¢6 chiiy dén sy mé& rong clia pho
Lorentz.

Do c¢6 tham s6 plasma thay doi theo céc vi tri khac nhau trong budng chira né, n én
nguoi ta ghi phd cta né duwdi dang hai hodc ba chiéu. Phwong phap nay cé hiéu qua rat Ion
trong chan doan plasma & nhiét d6 cao dwgc giam trong budng tir truong hay cac dong co
tén Itra vii tru, nho sw ho tro tinh todn clia may tinh m ata co phd hai hodc ba chiéu thay ddi
theo thoi gian, toa do. Viéc ghi pho duwoc thuc hién qua nhiéu cameratia X toc do duoc dat
xung quanh budng tr trvdng. budng tir trudng cd cau tao nhuv hinh 5, bao quanh bubng tr
truong la cac cudn tir tinh, khi plasma bi giam trong budng tr tr vong né rat khé twong tac

v@i thanh trong cla budng, diéu nay rat quan trong plasma nhiét do cao.
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Hinh 3.5: Mt cat clia budng tir trwdng, cac dwdng xodn 1a bé mét tir trudng
Pho thu nhan duoc cé do phan giai cao vé khdng gian va thoi gian. Hinh 3.6 cho ta
hinh anh 3 chiéu vé cuong do phat xa clia nguyén tr H & vach H, thay doi theo thoi gian va
vi tri, dién thé tan s6 radio 200V véi ap suat 33,3Pa (a) v a dp suat 133,3Pa (b).
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Hinh 3.6: Pho phan giai theo thoi gian vakhong gian
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IV. PHUONG PHAP DAU DO

4.1 Bau do song vo tuyén (blrc xa dién tlr cao tan)

Khi nghién ctru su hap thu vatan xa séng vo tuyén trong plasma, nguoi ta co thé biét
dwoc mat do electron trong nd. Vakhi nghién ctru dao dong plasma cao tan, nguoi ta co thé
xac dinh dwoc nhiét do cla cac electron.

Pé hiéu duoc ndi dung vat ly ctia phuwong phap dung song vo tuyén, trwde hét ching
ta.can tim hiéu sv lan truyén séng dién tir trong plasma.

4.1.1 M&i lién hé gitia plasma va séng dién tlr

Neu van toc song fiien to bang van toc anh sang c thi trong mo t moi tréong bat ky, van

toc truyen cua song fiien té nay fiddc xac fionh boi:
C

V= PR CREY

Trong fio: n la chiet suat cua moi tréong.
Plasma kha loang va khong co t6 trédng trong no, chiet suat moi tro6ing AGoc xac fionh:
2
Q)
n= 1—@—3 (4.1.2)
Trong fio:
o, : tan so dao fiong plasma e.
o : tan so dao fiong song fiien to.
e Trodng hdp ® >>w (: ngan bang 1
e Troong hdp o giam: ngiam

e Trodng hdp ® = we:n=0

2
e Trodng hdp o <we : ncoigia tro ao 1—(”—3 < 0 va khong co y nghéa vat ly.
(O]

Trong thdc te, » > ¢ thi bieu théc mdi co y nghéa thoc tien.
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n 2

o @ @

Hinh 4.1: No th bieu dien so phu thuoc cua chiet suat moi trédng vao tan so song fiien to

Nieu kien fie song truyen trong Plasma:

= o <o Khong xuyen qua plasma ma chg “tham” vao 1 I6p mong. Song fiien td tan soi nho
nen cac dao fiong xay ra cham. Trong khoang thdi gian bang chu ki T, cac hat mang fien phan
boi lai va sdi lan chuyen song khoing xay ra fidc.

= ® >0 e Song fAien to xuyen qua plasma. Nhéng dao filong xay ra nhanh, sé phan bo lai cac
hat mang fiien khong kop tien hanh. Do fio, song truyen mot cach t6' do trong plasma. Vi tan so
plama phul thuoc vao mat fio hat trong plasma, cho nen co the xay ra trodng hdp song truyen
fiddc trong moi tréong voi mat fio nay nhong khong truyen iddc trong moi trédng voi mat fio
khac. Cong thdc tinh tan so plasma:

4nne’

0, = 413
= (413)

e Matiioeldn = o <we: song khong the truyen iddc trong plasma

e Matfio e nho ® o>m.: song truyen qua fid6c plasma. Nho vay ma ngodi ta co the thanh
lap phodng phap chan fioan plasma va fio mat fio cac hat trong pla sma voi fio chinh xac
cao.

Neu co to trddng, s6 truyen song trong plasma se rat phoc tap.
4.1.2 SO thong tin lien lac bang song ngan
Taii sao ng6di ta col the thong tin lien lac gida Ha Noi voi TP.HCM hoac vdi Bac Kinh?

No lasdo plasma bao xung quanh Trai Nat.

- Tang 0 tren cung cua khi quyen do tac dung cua Mat Trdi bo ion hoa va tang fio fi6dic

goi la tang fiien ly (Plasma)
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- Plasma 6 tang fiien ly co 3 loai hat: trung hoa, ion va electron.
- Song vo tuyein t6 mot fiai vo tuyen truyen fien tang fiien ly se bo phan xa tré lai béi tang
filen ly. Ng0odi ta co the thu fi6dc song phan xa nay nhd may thu thanh fiat cach fiai phat thanh 0

khoang cach rat I6n.

Tang fiien ly

Tin hieu
truyen fii

¢ Rai nhan

. Wy

Nai phat
L , -

tin hieu

tin hieu

Trai Nat

Hinh 4.2: S6/ phan xa song vo tuyen boi tang fiien ly

- Tinh chat phan xa cua plasma phu thuoc vao mat fio cua no'. V6i mat fio cang 16n, so
phan xa song fiien t6 cang manh.

- Mat fio' hat mang fiien cua tang fiien ly thay fioi nhieu trong mot ngay fiem. Ban ngay do
bdc xa cua mat trdi, sé ion hoa dien ra manh, mat fio hat mang fiien I16n = tang fiien ly phan xa
tot cac song ngan. Ban fiem do khong co bdc xa cua mat trdi, cac hat tai hop lai, mat fio hat
mang flien giam, song tham sau vao tang fiien ly va tat dan.

- Nam 1946 — 1947, Kabanov tim ra ko thuat voi tuyen song ngan. Tin hieu thang phat ra
t0 fiai phat vo tuyen va nhan fiddc phan xa 6 tang fiien ly bang may thu voituy en.

- Ng6di ta con col thel ghi nhan tin hieu ngédc (tin hieu fidéc hinh thanh do tinh khong
bang phang cua trai fiat & gan may thu). Tin hieu ngddc nay lai Aiddc phan xa to ta ng fiien ly va
quay ve Trai Nat.

- Hieu 6ng Kabanov co the sd dung fie kiem tra tin hieu truyen thang t6 may phat fien
may thu.

- Neu khong co tin hieu ngddc thi khong the chac chan rang tin hieiu thang fia fien may

thu: Ao dai song nho = song fddc phat ra to fai vo tuyen co the khong phan xa 6 tang fiien ly,
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mal truyen xuyen qua vung nay (toc la trong suot ). Do vay, muon moi tin hieu fieu truyen fien
mien fia do fonh, phai tang fio dai b66c song (hay giam tang so song fien to).

- SO phat minh may fionh vo vol tuyen bang song ngan lien quan fien hieu 6ng Kabanov.

- Cac may vo tuyen fionh vo nhd hieu 6ng Kabanov thi tam quan sat tang len fiang ke va
no cho phep phat hien ra nhéing ten 16a vo6t fai chau, cac vu ' no hat nhan. Mot fiam may bo ion
hoa fiddc hinh thanh trong s6' huy ten 16a hoaic vu no hat nhan va fiam may fio se. “tiet lo bi mat”
cua chung. Tin hieu fiien td se phan xa té iam may nay cho phep phat hien ra ten 16/ a fiang bay

hoac cac vu no hat nhan xay ra 6 fiau.

4.2. Bau do tir truong

Khi tién hanh chan doan plasma, can thiét phai biét duoc sy phan bd cuong do tir
truong trong dng phong dién, d6 1anhiém vu rat quan trong va phirc tap. Su that latlr truong
lién hé chit ché vai cac tinh chat clia plasma. Cwong do tir truong & moi diém trong 6ng
phong dién déu c6 cung mot dai lvgng vat ly. D6 latinh chét dac trung cla plasma khi. Khi
biét sw phan b0 tlr trvong, ta cd thé thiét 1ap sw phan bd d ong dién trong ban than plasma.
Ngoai raco thé biét dwoc ca nhiét do cla plasma.

Pau do tir trwong la mét vong day rat nhd duong kinh chi vao khodng 1mm. Vong
day duwoc gilt vitng & dau 6ng phong dién nho bang thach anh. Dau do do cé thé dua vao
mot mién bat ky nao thudc budbng phéng dién qua chat khi. Nho sw bién thi én tlr truong
trong vong déy clia dau do st cho biét dién ap, matheo giatri clia dién ap co thé tinh toan
duwoc téc do bién thién cla cudng do tir truong trong budng phéng dién. Mot may dao dong

ky dung dé ghi dién ap nay.
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dITITE

SARARERE

Hinh 4.3: Dau do tr trvong

Nhung viéc st dung dau do tlr truong déi khi khong thé &p dung duoc khi céc chat
tao nén dau do bi béc hoi, lam xuat hién nhitng tap chat trong plasma. Mot kho khan réat ¢ o
ban nita la cac dau do anh hwdng dén qua trinh clia sy phdng dién. Biéu nay lam giam do

chinh xac clia dau do tlr truong.

4.3 Pau do dién
Trong sO cac phuong phap chan doan plasma, dau do dién dugc xem la phurong phap
tién lgi va chinh xac nhat. Phuong phap nay dwoc st dung vao dau thé ky 20 nén dwoc goi
la dau do tinh dién Langmuir.
4.3.1 C4u tao vanguyén tic hoat dong
Pau do tinh dién Langmuir la mot soi day kim loai manh hinh tru, bén ngoai dugc
bao boc bdi chat cach dién doc theo chiéu dai, chi dé hd mii nhon cla sgi day goi la dau do.

Kich thwdc dau do vao c¢ vai mm dén vai cm.

thépkhéngd SOt Ungsten
’ hodc modylen

= ]

1 dduds

Idp dién mdi

Hinh 4.4: Cau tao dau do Langmuir
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Pau do dugc dit trong plasma. Phan mach ngo 8 mac thém mot ampe ké va mot von
ké, ching cho phép xac dinh sy phu thudc ctia cvong dé dong dién vao dién thé gilra anode
va dau do. Néu ta thay doi hiéu dién thé gilra anode va dau do, dong dién qua dau do cling
S8 thay doi, nho d6 ta nhan dwogc nhitng thdng tin vé dong hat, mat do dién tich, sv chuyén

dich vakhuyéch tan.

-1

/ | Pau do
\ 1 Anode Cathode

Il
v/

O,

1] __I—|

Hinh 4.5: So d6 mach ngoai don gidn clia dau do

Vi loai dau do nay ta cd thé bo qua si phat xa nhiét dién tir clia n6 do ¢ cong thoat
nhiét dién t& kha I6n. Do do6, né con dwoc goi la dau do lanh va dung trong nghién ctu
plasma nhiét do thap.

Nho chuyén dong nhiét clla minh, céc electron khéng nglrng va cham vao bé mat cla
dau do. Khi biét gia tri dong dién b&o hoa va van toc chuyén dong nhiét clia cac electron, ta
¢ thé biét duoc cac tham sd co ban clia plasma nhw méat do electron vanhiét do clia plasma.
Dong thoi gilp gilp ta phét hién thém mot tinh chat khac quan trong cla plasma la plasma
khong tuan theo dinh luat Ohm.

Dé do dugc cac thong s dac trung cla plasma thi dau do phai dat trong vung plasma
khdo sat. Tuy nhién, dong dau do co thé lam cho céc thdng so cuia plasma thay ddi mot cach
dang ké. Vi khi dat dién treong ngoai vao, hé plasma sé bi phan cuc trong thé tich vi mo,
sinh ra mdt s dich chuyén nao do6 cla dién tich dé trwdong cla ching 1dm man chén dién

truong ngoai. Do do6, kich thudc ctia dau do cang bé thi cac thdng sé do dac cang chinh xac.
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Theo ly thuyét ctia Langmuir, m6i lién hé gilta dién thé va cuong dd dong dién cla
dau do (con goi la dac trung Volt — Ampe) chi thda man khi phan b6 van téc hat mang dién
c6 dang Maxwell. Con theo ly thuyét ctia Druyvestain thi ¢ s phéat trién hon, 6ng phan tich
dac treng Volt — Ampe clia dau do vatim ra duoc ham phan b6 dién tr theo nang luvgng voi
viéc str dung dao ham bac hai ctia dong dau do.

Ban dau, ly thuyét dau do duoc phat trién vai phan b electr on trong plasma la phan
b6 Maxwell. Tuy nhién phan bé electron trong plasma khong hoan toan tuan theo dang
Maxwell. Trong phan b6 nay, chi nhitng electron c6 nang lwong cao méi co thé qua duoc
man chan trong ving phong dién nén cac electron thu dwoc c6 nhiét do cao hon céc electron
trong vung khéi plasma. Su phan bd “hai nhiét d6” nay lam gidm do6 chinh xac clia dau do
Langmuir. Nhém lam viéc Godyak (1993) d& nghién cliru va két luan rang k§ thuét dong
dong ion va electron bdo hoa dé phan tich di¥ liéu dau d o co thé cho ra cac két qua thong so
plasma khoéng chinh xac. Ho gi¢i thiéu 1 k¥ thuat thay thé ma trong d6 ham phan b6 nang
lwvong electron dwgc do dac va st dung truc tiép dé tinh toan ndong do plasma. Xiing theo
nhom nghién clru cla Lé Van Hiéu, N. Bashlov, V. Milenin, G. Panasjuk, N. Timofeev da
hoan thanh dé tai mang tén “Chuan doan plasma phéng dién khi (Hg + Ar) khi &p suéat cua
Ar tang trong 6ng hep”.

Tién hanh so sanh néng dd plasma thu dwoc tr phrong phap dong ion bdo hoa dén
cac dau do véi nhirng k§ thuat do dac microwaves. Ta thdy nong dé ma dau do dy doan
thwong cao va chinh xac hon so véi két qua tr phuong phap microwave. Tuy nhién, trong
nhiéu tredng hop, ndong do co dwoc bdi 2 ky thuat dau do va microwave thudng gan bang
nhau. Si chinh xac trong viéc s dung dong ion bdo hoa dé do dac ndng dd plasma phu
thudc vao si trung khép cla phan b6 Maxwell véi phan b6 electron cla plasma trong thuc
té tai bién man chan dau do.

4.3.2 buong dac treng Volt — Ampe

- Plasma nong fio thap fi6dc chda trong binh ¢ hda, nen cac hat tich fiien del dang

khech tan vao thanh binh, fiac biet la cac electron, vi chung co fio linh fiong nhieu lan ion

ddéng khi fio thanh binh tich filen am. Do 16¢ anh fiien ma hinh thanh mot 16p mong fiien
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tich do6ng gan be mat thanh binh, noi co tac dung vo bao quanh lay plasma, ngan can cac
ion am tiep theo khuech tan vao thanh binh. Sau mot khoang thdi gian se fiat AG6C trang
thai can bang fiong gida dong ion khuech tan va dong ion ddbng fien gan be mat thanh

binh. Thei nang tai man chan khi nay fi6dc goi la the bao.

DBau do Langmuir

Bao plasma A
(plasmasheath) "

0/
g
/

—| Anode

Cathode

. \ Anode
Ong thay tinh =

0 Ong thay tinh

Hinh 4.6: @ Man chan tinh dién bao quanh plasma, b) Sv thay d&i thé plasma trong 6ng‘ phong
dién, trong phéng dién DC thé plasma dwoc xem nhuw khong doi, ¢) So do chan doan bang dau
do Langmuir

- Khi fida fiau do vao bean trong plasma, tren fiau do cung xuat hien vung fiien tich
khong gian do cac electron khuech tan ta'o ra, cac electron nay se keo theo cac ion déong
fie thanh lap man chan tinh fiien lam suat hien vung fiien tro6ng 6 vung bao quanh fiau
do, chinh man chan tinh filen nay lai ngan cac s6 khuech tan tiep cua cac electron ke
tiep, trong khi cac ion dodng ngay cang tien fien gan be mat fiau do mot nhieu hén, cho
fien khi fiat AGOC trang thai can bang ve dong fiien tich trong vung khong gian bao quanh
fiau do. The nang tao ra iddc sd can bang nay goi la the noi (floating potential) V. khi
fio trong plasma cun fiat AGOC trang thai can bang ve the, the fio iddc goi la the plasma
(plasma potential) V, . Vi plasma DC thi Vp lahang s6, voi plasma RF thi Vp lamgt ham
clia thoi gian. B chénh léch Vs = V, - V; duoc goi lathé bao (sheath potential).

- Trong plasma nong dd thap do linh dong cua electron ludn cao h on dd linh dong
clia cac ion khac, nhiét do electron T, >> T; nhiét do ion. D€ don gian va cling khong mat

tinh tong quat cac phép tinh dudi day duoc thuc hién trong treong hop mot chiéu x.
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» Xét trong vung khong gian dién tich bao quanh dau do (hinh 4.7), ban kinh ctia ving
khéng gian nay phu thudc vao ban kinh Debye va thé bao V, dwoc cho béi cong thirc Child -
Langmuir:

3

d=1, (evsj4 (4.3.1)

KT,
Trong do: A, - /8;2:1 |aban kinh Debye.
V=0 Vi ¥y
1
!
Blasma : Presheatn :
!
|
n=n, ! I 2
? } Debye } :On
V=V, ! sheath : o
I
! P Bl
| | sheath
5 ;
" ]
x=%x=0 D d
n=n,~n/2

Hinh 4.7: Vung khong gian bao quanh dau do vasu bién doi thé clia no.
Tacd thé dinh tinh tdng cong ma dau do thu nhan dwoc nhu sau:

e Tién hanh thay doi thé trén dau do tlr dwong sang am (so v&i thé plasma) khi thé dau
do la duong thi céc ion dwong dén dau do & bi day trd lai moi treong plasma dong
thoi cac electron bi hut vao dau do, khi thé dau do la am thi nguwoc lai, cac ion duong
bi hit vao dau do trong khi dé cac electron bi dy ra xa dau do. Vay dong qua dau do
c6 thé 1a dong &m hodc dong duong 1a tiy thudc vao hiéu thé plasma V, voi dau do V,
khi dong tdng cong qua dau do bang khong thi thé dau do bang thé 16i V = V;. Dudi
day ta tién hanh dinh lvgng cho nhitng Iap luan & trén.

e Trudc tién latinh ndng d6 cla ion trong vung dién tich khdng gian bao quanh dau d o,
tadwa vao tiéu chuan Bohm sau day :

% Tiéu chuan Bohm: Tiéu chuan Bohm duva trén céc gia thiét sau:
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e Trong vung dam may dién tich bao quanh dau do khong cé tai hop gilra cac dién tich,
n6 cd nghta la dong ion trong ving ndy |a hang s6 va nang lwgng cta né dwoc bao
toan.

e Tai vi tri ranh gi¢i gilta vung trung tinh v&i vang khong trung tinh (x=0) thi
n,(0)=n,=n(0)=n,=n,

e NONg do cua electron tuan theo phan bd Bolztmann:

n.(x)=n, exp{— W} (4.3.2)

e Nhiét do ctaion T; ~0(eV)
+ Tai vi trix=0 thiV =0, c&c ion c6 van téc ban dau v, =V (0) DEé xac dinh v(x) ta
dung dinh luét bdo toan nang lugng:

%M VA (X) = % M\V:—eV(x) (4.3.3)

va diéu kién bao toan dong ctia dong (khi thé dau do laam V(d) < 0)
n(v(x) =ny, (4.3.4)
T (4.3.3) va(4.3.4) tacod mat do ion phan bo theo truc x:

n(x)=n, [1— 2eV(Z<)]_2 (4.3.5)
M.v

i's

+ T phuong trinh Poisson:

dz;’ﬁx) _ € ((x-n()
X £

1
dz\/(zx) _en, exp{eV(x)}_(l_ 2eV(Z()) 2 (4.3.6)
dx €0 KT, M.vg

+ Giai phuong trinh (6) bang cach chuyén cac dai lvgng thanh khéng thir nguyén ta

thu dwgc nghiém duy nhét cta n6 khi diéu kién sau day d woc thoa:

V2V, :(t}] (4.3.7)
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Piéu kién trén duoc goi latiéu chudn Bohm. Diéu kién nay c6 nghia rang dé cac ion
duong dén dugc dau do né phai c6 van tée v, > v,

> Tiép theo ta xét trong toan khéng gian con lai chita plasma va st dung diéu kién
chuén trung hoacla plasma n (x) ~n (x) véi x << 0

V(=0)-V(0)
KT,

e

n(x)=n,(x) &n(x)= noexp[ J (4.3.8)

+ Gia thiét rang ning lwong clia cac ion lachuyén dong nhiét véi van téc vg

1 KT
V() V(0)= S Myi =

T (4.3.8) va(4.3.9) c6 dong ion dén dau do

J =env, =en exp(—lj KT,
i i'B 0 2 M

~0.61en, |<e z%enovB (4.3.10)

+ Ham phan b6 nang lvong cla electron gid thiét tu &an theo Maxwell

> L —ev(-w)-
fx(E):nO( m jzexp—2rnex eV(-)-v(0)

(4.3.11)
2rkT, KT,
+ Mat do dong electron dén dau do
J.= [, (E)av
. 5mev2 — V(=) -V(0) (4.3.12)
ol o AAEAO,

- Trwdc hét dé don gian ta gia st thé trong plasma |a hang s6 nén V(-0)=V(0), va

giatri vy, dwoc xac dinh tr diéu kién bdo toan nang lvgng tai bé mat dau do:

/2 -V
rne min =—eV=> Vmin = % (4313)

Thay (4.3.13) vao (4.2.12) valdy tich phan ta duoc:
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J. = noe(zn%jz exp{— e(\/ET—V)} = %noe<v> exp{— W} (4.3.14)

Vi (v) = [Sﬂf

KT,

Tl cong thirc (4.3.10) vai (4.3.14) v6i A la dién tich cla dau do, ta c6 tong dong
dau do thu duoc :

KT,

e

hay | = A% enyVs {— 1+ (i_'r\r/llelj exp(— w}} (4.3.16)

- Ta co dwong dac trung Volt — Ampe:

| = AJ, - Al= A% (V) exp{— M} - A%enovB (4.3.15)

Cuong do - D - C = B ” A
dong dién (uA) = >€—>< >€<—>
100 - Thé plasma V, f__'/
80 T~/
w - o
a0 =
20 4 al
1 .
0 Kl ] ) rl u / ] v T
R |
e | i 1 ] ] 1 | [l 1 1 1
20 -t -4 -2 Q -2 ] 6
Dién thé

Hinh 4.8: Budng dac trung Volt — Ampe dugc chia thanh 4 mién:A, B, C, D
+ Mién A: Khi thé dau do Ién hon thé plasma dén né cé thé thay thé cho anode hat
cac dong dién tich.
+ Mién B: Khi thé dau do V gan bang thé plasma V,, Iic nay khong ton tai mang
chan dién bao quanh dau do. Bé mit dau do thu nhan dong ion va electron v, cham vao né,

nhung dong electron |¢n hon rédt nhigu dong ion nén nd xdp xi bang:
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1 (8K,
| p = eAZnO(

jz (4.3.17)

m,

+ Mién C: Khi thé dau do nhé hon thé plasma, n6 bat dau day cac electron, dong thoi
cac ion dwong bat dau bi hut vé phia dau d o tuy nhién n6 con khéa nhd so vai dong electron.
Chi ¢6 cac electron nao c6 dd dong nang mai t¢i dwge dau do, véi van téc nhd nhét cé thé

tinh duoc tir dinh luat bao toan nang luveng:

%mevﬁ“n —dv,-V) (43.18)

Tw cOng thirc (4.3.14) ta co:
1
KT, 2 eV, -Vv)
| =eAn,| —=2- -2 /(431
i) o) @2

Néu V = V; dong qua dau do bang 0:

1
| =0= AL enVgs —1+ (%Jz exp(e(vf—_vp)j (4.3.20)
2 m, KT,

Twr d6 ta thu dugc nhiét do dién to:
kTe _ 2(Vf _Vp)

e (ZMiJ
In
T,

+ Mién D : cac ion duong cd chuyén dong ngau nhién xuyén qua ving man chan tinh

(4.3.21)

dién s& bi dau do thu nhan, cung vai nd 16p man chan bi mong di do thé cia dau d o (néu V
<< V, thi ta phai xét dén sy phat xa dién tt thir cap v a céc electron thir cép nay va cham
manh v&i dong ion toi dau do). Phuong trinh can bang cltia dong ion khi ndy duoc suy ra tir
cong thire (4.3.10):

| :%Aenovo (4.3.22)

Vay ta c6 thé xac dinh dugc cac thong sd con lai néu biét truéc mot trong cac thong

s plasma.
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Chuing ta thdy rang néu V < V, thi dong electron dén dau do thay d6i theo quy luat
ham mi, d6 la ta da gid thiét ham phan bd cla electron tuan theo phan b6 Maxwell_-
Boltzmann. Khi V > V, thi dong electron van tiép tuc tdng nhung bi gidi han bdi man bao
plasma. Tai vi tri V = V, thi duong dac trung Volt — Ampe c6 do cong I6n nhét. Vi thé dé
xac dinh thé plasma ta dwa vao diéu kién sau: dao ham bac hai cia dong dau do tai vi tri V =
V, c6 gia tri cuc dai 1”(Vp) = I”max hodc 1”(V,) = 0O, diéu kién nay goi la tiéu chuén
Druyvesteyn.

4.3.3 Ham phéan b6 nang luong electron:

Nhiing tinh todn ly thuyét & phan truwéc déu dua vao gia thiét ham phan bd nang
lvgng cua electron tuan theo phan b6 Maxwell - Boltzmann, nhung trén thuc t€ khong phai
lGc nao nhu vay. DEé cho phu hop hon cac két qua thuc nghiém, nguoi ta da duwa ra cong thirc
tong quat hon cho ham phéan b6 la ham phan b6 nang lvong cla electron thi phu thudc vao
dao ham béc hai clia dong dau do theo thé dau do nhu sau:

f(E)- @fd' (4.3.23)

V6i E=V,-V
Thuc hién bién diéu dong dau do bang cach ap thé xoay chiéu vao dau do véi bién do
nhd, thuc hién khai trién Taylor dong dau do téi dao ham bac hai, thay vao cong thirc
(4.3.23) taco dang téng quat clia ham phan bo nang lvong electron:
f(E)= (V A ™ JE exp(-bE*) (4.3.24)

V&i b, x 1acéc hang s6. Néu x = 1 : ham phan b8 Maxwell, néu x = 2: ham phéan bd

Duyvesteyn.
4.4 Céc loai dau do Langmuir
4.4.1 Bau do phang v&i man chan khong va cham
X é mot dau do phéng véi mat do (2 chidu) A >> &%, véi s 1a do day man chén, vi thé
vung thu nhan A khong phu thuéc vao s. Néu c6 1 dién thé 16n ap vao dau do, khi dé

S>> pe , tathdy rang A qua I6n dé thoa man diéu kién trén. Vi i do ndy, chiing ta thiy rang
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néu 4p mot dién thé dwong 16n dé thu nhan dong electron sé 1am nhiéu loan plasma. Vi thé,
dau do st dugc &p mot thé da am dé thu nhan d ong ion. Dong thu nhan béi dau do la:
| =-1;=-enlgA (4.4.1)

1
el \2

e 4-4-2
M j ( )

V@i T; <<T,, van téc Bohm ug la uy :(

Néu ta biét T thi nbng do tai bién man chan ng s& dugc xac dinh tir phép do 1;. Nong
d6 plasma tai lan can dau do la

n
n, ~ S 443
°" 0.61 ( )

Vi nhiét do electron trong hau hét su phong dién bi k ep trong khodng 2-5V do su can

bang hat nén viéc wéc lvgng mat do co thé khong can biét T .. Tuy nhién, bang cach thay doi
dién thé clia dau do, ta cling don gian do duoc T.. Xem rang thé dau do tré hon so véi thé
plasma, sit dung phwong trinh Boltzman, thanh phan electron ctia dong dau do |a:

V, - @

| +1, = %ensv_eAexp( F’J (4.4.4)

e

1
Véi Vez(Se;ejz VAV, - ®, <0 lathé gita dau d vaving plasma, I, ting theo ham
T

m cla Vg.
Binh nghfa dong electron bdo hoa:

| %ens\TeA (4.4.5)

esat
Valay In cla (4.4.4), ta co:

Ie _VB_(DP
In(l J_ —  (446)

e

esat
T (4.4.6) tathdy T, c6 don vi laVolt
Tuy nhién (4.4.4) c6 gi¢i han (¢ng dung: vi khi |, qua nhé, néu cong thém gia tri do
dac I; vao | s& lam cho cong thirc (4.4.4) khong con dang niva. Khi Vg qualén, phwong trinh
Boltzmamn khéng con chinh xac vi ti én t¢i sw bao hoa electron. Thang dién thé hoat dong

cla Vg duoc xac dinh tir cong thirc:
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- 1/2
[AVs| z|n(4\fj J:m(z'\"—mj (4.4.7)
B T

Thé ndi @ va thé plasma @, thuong duoc quan tdm trong thao tac phong dién. Thé
ndi lathé matai do dau do thu dugc dong can bang gilra ion va electron. Néu plasma duoc
bao quanh chil yéu béi mot thiét bi cd bé mat dan dién ndi dat, ching ta mong doi thé ndi
gan bang thé mass (ground) (Hinh 4.9)

|

o

—Y
Hinh 4.9: Déc tuyén | — Vg dién hinh clia dau do Langmuir
4.4.2 Phan bo electron trong dang phi Maxwell
Phdng dién &p suat thap thwong c6 su phan b6 nang lwong electron theo ham phéan bd
Maxwell. Tuy nhién, d6i voéi ap suat cao, ham phan bd c6 dang phi Maxwell. B6i véi ham
phan b6 bat ky, dong electron & dau do phang trong ving thé can (retarding) ®p- ®g>0 c6

thé viét lai l&

.= GAT av, T dv, T av,v,f.(v)  (s48)

Vimin

Véi v, = (4.4.9) la van toc thdp nhat theo truc z cho electron tai

26(®, —V,) )"
m
bién man chén tién dén dau do. B6i vai phan bd dang hwdng, ching ta co thé dung toa do

cau trong van téc dé thu duoc:

0 O in 2n
|, = eAI dv, I do j dp cosOv’sind f,(v)  (4.4.10)
0

V, 0

min
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Vi A latiét dién thu nhan vat ly clia dau d o, va:
0, =costimn (4.4.11)
\'
Ldy tich phan theo ¢ va 6 ta dwoc:

o 2
l :neAI Ve {1— %} f.(Vdv (4.4.12)

Bién doi (4.4.12) cho phép f. co thé thu dwogc truc tiép tir s hang clia dao ham bac 2
cla le voi V= @ - Vg.

_1mv

DG bién ¢ =~ (4.4.12) tro thanh:

I - 2::23 ATE{(l—!j f e )]}dg (4.4.13)

€

1

V6i v(g):(%&jz . Vi phan 1, theo V ta duoc:

dl, __2ne AT f[v(e)lde (4.4.14)

\

dv  m?
Vi phan cép 2 vathuc hién cac phép bién doi, ta co:

d?’l, 2ne’
av? m

Af V)]  (4.4.15)

Theo dinh nghia ham phéan b6 nang luvgng g.(e) c6 dang:
0.(e )de = 4nv? f,(v)dv  (4.4.16)
S dung méi twong quan gitra ¢ vav trong (4.4.12) ta co:

1

ge(s>=zn(%efszfe[v<s>] (4.4.17)

Rat f, (tr 4.4.15) vathay vao (4.4.17) ta thu dugc:

6.(v) (4.4.18)

1
~ Zm(Zerz d’l,
€Al m ) dv?
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2
Tinh dwgc g, (V) truc tiép tir s6 hang cla gia tri vira do d wgc gvle

2

-1
Doi khi ham xac suét nang lvong electron dugc dinh nghia la g, (e) =g 2g,(e) cling

dwgc dung. B6i voi phan bd Maxwell:
2 2 -5

9,()= - nT.2e ™  (4.4.19)

Vi thé Ing, tuyén tinh v6i €. Mat do electron n,va nang luvong trung binh ¢ c6 thé

dwoc xac dinh:

n, = ]E g.(e)de  (4.4.20)

va

o0

(e)= ni'[s g.(e)de (44.21)

Nhiét do hiéu dung dugc dinh nghia la T, :%(a). Cuc dai clia dao ham bac nhat

d\l;‘ cling la tiéu chi t6t cho viéc nhan doan thé plasma ¢,. Viéc sir dung phuong trinh

B

(4.4.18), (4.4.20), (4.4.21), d€ xé4c dinh n, va T, tlr dac tuyén dau do cd nhiéu wu diém.
Trudc tién ta thdy phuong trinh (4.4.20) c¢6 thé sir dung dwoc trong tat ca cac trwong hop
phan bd van tdc electron 1a dang hwéng. Thir hai, phuong trinh (4.4.18) c6 gia tri d6i voi
moi dau do c6 hinh dang 16i, phang, hinh tru hay hinh cau. Thi ba, phan b8 phi Maxwell co
thé do duoc. Thi tw, két qua (4.4.18) khong phu thudc vao ty Ié cta kich thwéc dau do va
bén kinh Debye hoic ty 18 I_

e

4.4.3 Bau do hinh tru v&i man chin khong va cham
Ta da biét bé day man chan s hau hét 1a.co y nghiia khi s >> A, vi thé khong thé thoa
man A >> s%. Do dau do tru, tao bdi mot day tran don gian, thuan lgi hon va thwong dwoc

dung cach chuyén biét nén chiing ta cht'y dén hinh dang clia n6. Sy phan tich ban dau va sy
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cai tién theo sau thudng tap trung & pham vi ap sudt mad dé man chan khdng c6 va cham, A
>> s,

Chung ta xét trvong hop dau tién la mot dau do day tran méng véi s >> a, a laban
kinh dau do va do dai mi do d ( phan thu nhan cta day ) di dai, d >> s, coi nhw la 1 dau do
hinh tru v6 han

Hinh 4.10: Quy dao chuyén dong cla ion trong man chin trong trudng hop dau do Langmuir
hinh tru.

Céc phan t¢ di vao trong dau do do lwvc hudng tam cé thanh phan van toc ban dau

theo phuong béan kinh va phuong tiép tuyén tai bién man chan (r =s) lan luot 1a -v, vavy, .
Tai bé médt dau do (r = a) thanh phan twong tng la —v, va v, . B3i véi man chan khong va

cham, sw bao toan nang lvong la
%m(vr2 +V7) +eldp —Vg |= %(v}z +v7)  (44.22)

Vabdao toan moment géc:
s, =ay, (4.4.23)

Vi m lakh6i lwong ca dién tich bi bat, ion hoic electron. Tién h anh giai hé phuong
trinh ta duoc:

. S
vV, =—V
a

=2y, (4.4.24)

2elp, —V,| <
%— 2V (44.25)

222
vV, =V 4V, +
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Ba4i voi ion khi tién téi dau do, v, <0 va v’ >0. Cho v?=0 trong (4.4.25) ta thu

duoc:

(vf +2e[pp —Vg|/m
Vo =

1
2
s ) (4.4.26)

Tathdy, chi nhitng phan tir ¢6 |v,|<v,, moi cé thé tién toi dau do.
Dong b&o hoa thu nhan bdi dau do dugc tim thdy bang cach tich phan thong |wong

theo phuong ban kinh (-ngv;) theo ham phan bé tai bién man chén plasma:

0 Voo
I :—Znsdnsejvrdvr J. av, f(vv,) (44.27)

o
Vi f 1a ham phan bd chuédn hoa cla electron hay ion. Gia thiét rang s phan bd n ay

laham Maxwell, taco f:

f

exp{— M} (4.4.28)

" eT, 2€T,

V&i T lanhiét do ctia nhitng dién tich bi thu nhan tai bi én man chan. Véi dau do co
dién thé I6n, ta c6 thé t6i gian (4.4.27) bang cach gia thiét rang:
f«<1 (4.4.29)
S

Vv <<M (4.4.29b)

Va V2 << e;s (4.4.290)

m

1
> R =3 z. a Ze‘d)p _VB‘ 2
S dung (4.4.29a), (4.4.29b) de giai (4.4.26), taco:v,, =<l

Ding V,, trong (4.4.27) v6i phuong trinh (4.4.28), diéu kién (4.4.29¢) sau do lay tich

phan ta dwoc :

1
2elp, V|2
| = 2en.ad (%J (4.4.30)
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V&i | ladong electron hodc ion b&o hoa. Tathdy | khéng phu thudc vao T,. Vi thé do
thi 12 -V, s8 tuyén tinh, n?> dwgc xac dinh tir d6 doc clia duong nay, khong phu thudc vao T,
va T . Biéu thirc (4.4.30) thuong dung dé xac dinh n_tai phong dién ap sudt thap.
4.4.4 Bau do kép — Bau do phat xa
Hai loai dau do cai tién thuong duoc st dung nhat la dau do kép va dau do phéat xa.

DPau do kép thuong dwoc st dung khi trong plasma céc dién cwc khéng d woc ndi dat tot.

v
- II -
—

LT 7 I,
“ o
2 S
3 a
< —

A Plasma A

Hinh 4.11: M6 hinh don gidn ctia dau do kép

—
-

Hinh 4.12: Bdc tuyén Volt — Ampe cla dau do kép (Chen 1965)
M6 hinhphac thao cla dau do kép dwgc mo ta trong hinh 4.11, con hinh 4.12 la dac

trung | — V twong tng thu béi dau do. NEu thé cla ca hai dau do so v6i plasma la am thi ta
khong thu dwoc dong tong cong. Sé c6 dong chay qua dau do khi hiéu dién thé gilra ching
khac 0 (V). Khi bat dau tang V, thi mot dau do s& tang thé &m (trong trudng hop nay la dau

do 2) cho ta dong b&o hoa can bang véi dong electron téng clia dau do |. Loi thé cla dau do
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nay la dong tdng s& khdng qua I6n so véi dong ion bdo hoa va gidm thiéu dwoc nhiéu loan
doi voi qua trinh phong dién. Nhung né ciing c6 bat lgi la chi nhirng electron c6 nang lwong
l&6n méi dén dwoc dau do, nén ham phan bd céc electron nay khong dai dién dwoc cho cac
electron bén trong clia phéng dién khi.
NéEu dong ion va electron clia cac dau do 1 va 2 lan lugt a1, 13 loely thi diéu kién
dé hé théng noi la:
i+l - 1o —le=0 (4.4.31)
Vadong lap la
loi = loe— (I3 — l1¢) = 21 (4.4.32)
Két hop (30) voi (31) ta co:
| =lie—13i= lpi—lpe (4.4.33)

Dai véi dong eectron ching ta co:

Lo = Aduy exp( 1J (4.4.34)

<

lye = Ad oy exp[ 2] (4.4.35)

o<

Trong dé :

Jest |2 dOng electron béo hoa

V4, V, lathé clia cac dau do 1 va 2 so véi plasma.
Néu dat V = V.-V, vathay (4.4.34) vao (4.4.35) ta duoc:

I+l _ A vV
1 Azexp(_l_] (4.4.36)

NéEu chon A1 = A, thi:

Iy =1, =1

I =1, tanh(!
T

e

j (4.4.37)
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(4.4.37) la phu hop nhéat voi duong cong thuc nghiém, gilp tim duoc Te val;. T
dwong cong thuc nghiém ta tinh dugc do doc clia duong cong | — V' (tai V=0). Tt do suy
ra:

ab _1 4439
davi,_, T

e

Con |; dwogc tinh tlr phép do phan cuc phu (trong dau do hinh tru) la dwong cham dit
trong hinh 4.12.

Dau do phét xa electron nhiét do cao duwoc st dung dé do thé khong gian clia plasma.
Vi n6 hoat dong nho cac electron phat xa n én gap béat lgi latirng day riéng |é phai mang mot
dong rét 16n, nhwng loi thé & chd lado nhiét do dau do cao nén né it gy nhiéu cho plasma.

Y twéng ban dau ctia dau do nay larat don gian. D6 lanhiét do T,, cla céc electron
phat ra tr day dau do cé lién hé véi nhiét do cla day (voi diéu kién T, << T,). Tacd cac
phuong trinh sau :

Dong electron plasma:

|poeXp ( I?l__(l)p)j,VB <¢p
.= e (4.4.39)
I po(l_ (VB-ITq)p)],VB > (I)p
Dong electron phat xa :
—(Vy—¢
| Lo em[%} X gW(VB _(I)p)’VB >4, (4.4.40)
IWO’VB <¢P

V,—¢. |2 oo 1A A Lol .
g, ~ {1+ BT—(I)"} lahé so ty 1, khong cé thir nguy én

Bo qua lwvgng nho ctia dong ion, dong dau do tong cong la
| = lpe—lwe (4.4.41)
B& qua nhitng tinh téan chi tiét, néu chon I, = I, vacoi T,, << Te, ta tinh dwoc sv
thay ddi nhd nay clia | gay ra bdi s6 hang ham mii trong 1, khi (Vg — ®,) = T, két qua dién
hinhvéi T.=3V, T,, = 0,3V duoc cho trén hinh 4.13.
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i* 1
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Hinh 4.12: Dac tuyén I-V cla cac dong thu va phat dién hinh thu duoc bdi dau do phét xa voi Te
=3V, Tw=0,3V (HershKowitz,1989)

4.4.5 Dau do trong trwong thay doi theo thoi gian

Mot loai phéng dién thwong dwoc st dung rong rai trong cac qua trinh x ly plasma
la dung dién cuc kich thich RF, c6 kha nang két hgp voi plasma. Do plasma ton tai & thé
duwong so véi thé RF cla dién cuc nén dé gitr dong electron can bang voi dong ion thi thé
khéng gian cling phai dao dong. Trong truong hop nay dong thu nhan dwoc diéu chinh theo
thé dau do théng qua mot khang trd nho. Tuy cac giai so liéu clia phan n ay co thé gidi thich
truc ti€p, tuy nhién chiing ta cé thé them vao mach dau do mot so thiét bi dé co thé giai thich
dac trung | -V theo cé&ch thong thu ong.

Trong k¥ thuat nay, tathém mot cudn cam L vao mach néi tiép véi dau do, dé dién
khang cuia dau do so véi dat  wL »% ,dién khang cla dau do so véi plasma (w: tan s
®
géc RF)

Pidu nay khé dat duoc khi F= 2 << 13.6MHz. Néu dung don tan s6 dé diéu khién

2n
phong dién thi dao dong trén mot cudn day phai cd thém madt tu dién mac song song, thé
nén mach LC song song sé trong trang thai cong h wéng tan s6 mong mudn. K thuat nay
cling c6 thé ap dung duoc véi dau do kép

4.4.6 Céac hiéu tng khi co tir treong
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Khi quang duong tv do trung binh twvong dwong bac véi bé day clia man thi sy va
cham s& anh huéng dén két qua clia dau do. D6i voi dau do phang, khi Ai<< s chlng ta co
thé st¢ dung ly thuyét man khdng va cham clia dau do phang cho treong hop cd va cham.
Tuy nhién trong ving chuyén tiép thi ly thuyét dau do phang rét phirc tap va kho sk dung.
Dai voi cac dang hinh hoc khac thi viéc phan tich cling khé hon va khé gidi thich hon. Mot
bai bao rét hay vé hiéu rng va cham da dwoc Chen trinh bay vao nam 1965. M6t ly thuyét
twong doi hoan chinh cho cac dau do hinh cau c& 16n da duoc trinh bay bdi Su va Lam
(1963).

S& di ching ta phai nghién ciru hiéu tng va cham la vi khi ap vao tr truong mét
chiéu thi tir truong sé anh huéng 1én két qua cla dau do. Khi co tlr trwvdng thi dd khuéch tan

cla ion vaelectron s bi anh hudng

DL _ D//

= (4.4.42)
l+og,

eB w n A e n
o, = — : tan s6 hoi chuyén.
m

Te: thoi gian cham trung binh
Vi electron trong khi c6 ap suat P = 10mTorr, B = 100G th i wele = 10

Dai véi electron thi we gidm theo % vaTe tang theo (gjz nén: os, z(gjz

4.4.7 Cau trac mach dau do
Dau do Langmuir co badn gom mot day kim loai méng dwoc bao boc b&i mot 1ép cach

dién. M{i do chuén dwoc cho trén hinh 7
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p-Lmay
Hinh 4.13: Cau tric ctia dau do hinh tru cho phwrong phap do phong dién RF (Godyak 1992)

M{ii do Tungsten dai 6.3mm va co ban kinh 1a 38 um, véi mot 1a mao dan dugc 1am
bang gém hodc thach anh dé cach dién gitta mdi d 0 v6i cac phan dan dién trén phan gitr dau
do. Khi muon thay doi dang hinh hoc clia dau do ta chi can thay déi mi do.

D0i vai nhitng dau do dang khac thi cau tric c6 chit thay doi. Nhw dau do phét xa
don gian thi mii do c6 dang dwong cong kin va chiu duoc nhiét do cao c6 hai mat 1alép vo
boc bao 14y day dan dién tré' nhd xuyén qua than dau do, noi ma ching dwoc ndi voi ngudn
cdp nhiét bén ngoai. Trong qua trinh do thi dong cap nhiét dwoc ngat. BGi voi plasma dam
dic thi mii do don phét xa bang cach dun néng chi bang d ong electron, nhung cac mii do

< dé bi chay.

Hinh 4.14: Mach dién don gian cho dau do Langmuir
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So do thé dau do don gian nhu trén hinh 8, vathé dau do Vg dwgc cho béi cong thirc:
Vg =V,-RI

Khi R, >> R thi dong qua R, dwgc bd qua. Dong | duoc do truc ti€p tir thé hai dau
R., Vg cling duoc do tryc tiép bang cach do Vo sau dé trir cho Ry |.

Trong phép do nay, Vg c6 thé diéu chinh bang céach thay d6i V o. Diém “y input” ding
dé do I, diém “x input” dé do V. Vi mach ching ta duoc thiét ké rat phirc tap nén Vg vira
¢ thé thay d6i dwoc do 16n vira thay doi duwoc dau. Hiéu dién thé dwoc quét & mot tée do rat
cham, dé do thé noi, dau tién ta chon Vo = 0, sau dé diéu chinh R, cho dén khi nhan duoc
giatri ®;. Trong mach thyc té ta ¢ thé dung thém céc thiét bi khuyéch dai dé diéu chinh tré
khang.

Dé do plasma kich thich tan s6 RF, mach dau d o s& phirc tap hon va c6 giai do 1on.

Mach dau do don gian dugc trinh bay nhu & hinh 9.

Hinh 4.15: Mach dién don gian dé do phdong dién RF

Cs: tu hiéu dung clia mach dau do

ci);,—vRF : thé RF xuyén qua man chan dau do phai thoa hé thic

CDLVRF<<1 (4.4.43)
T

LT - Z

VO" ch—VRF:(Dp =
Z +Z
Z, :L;ZL =Lo
Co

Tw do ta co:
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Po-Ver 2, Po 9 (a444
T Z+Z'T

¢ Két luan

Tuy chua that hoan hdo, nhuwng phuong phap dau do Langmuir da gidp ta doan nhan
duoc hau hét cac thong s6 plasma nhw ne, nj, Te, T va®,

Vao thoi clia Langmuir, do bi gidi han vé kha nang tinh toan n én du biét rang
electron trong plasma khong hoan toan theo dang Maxwell nhung van phai s dung ham
phan bé nay, dan dén két qua khong that sy chinh xac v achi ¢ng dung trong mién plasma ap
suat thap.

Ngay nay khi phuong tién tinh toan bang may tinh d& tré nén hitu hiéu hon, nguoi ta
co thé tinh toan ra dwoc dang ham phan b6 qua céac s liéu thec nghiém ban g céch |dy dao
ham bac 2 clia dong dau do theo thé dau do trong mot s truong hop plasma cu thé (nhém
nghién cru Lé Van Hiéu, N.Bashlov, V.Milenin, G.Panasjuk, N.Timofeev d & hoan thanh dé
tai mang tén “ Chuan doan plasma phéong dién khi (Hg+ Ar) khi ap suat cla Ar tang trong
ong hep(Investigation of a (Hg + Ar) - discharge plasma under an increased pressure of Ar
and in narrow tubes )” v&i ap suat Ar 1én dén 30Torr.

V. NEUTRON PLASMA

Viéc do cuong do phat xa cac neutron cta plasma cé thé 1a mot phwong phap tot nhat dé
chan doan plasma khi n6é & nhiét do rat cao. Néu nhiét do ctia plasma thap h on mot triéu do, thi
cwong do phat xa neutron larat nhé vakhong thé phat hién ra ching. Khi nhiét do dwoc tang dan thi
dong hat neutron dwgc phat xa tir plasma cling tang dan lén.

Viéc do cudng do phat xa cac neutron clia plasma dé d ang va déc biét dé do nhiét do cla
plasma. Nhung khi st dung phuong phap nay dé khao sat plasma thuong gap phai mot kho khan. O
chd céac neutron thudng sinh ra tir nhitng phan ¢ng téng hop & chinh bén trong plasma. Va trong
mot vai trvong hop khac cac neutron cé thé duwoc tao ra tir nhitng qua trinh khéc. Vi thé nhitng két
luan dua trén cac phép do do s phét xa cac neutron ctia plasma c6 thé dan dén sai lam.

C6 nhiéu phuong phap dé quan sat su birc xa clia neutron. Mot trong nhitng ph wong phap dé
|4 &p dung sw chup anh bang nhii twong. O trudng hop khac dung may dém nhdp nhay dé ghi nhan
cac neutron. Cac neutron khi di vao trong cdc may d ém sé gay ra cac chép sang. Chép sang xuat

hién lado s pha v& cac hat nhan neutron trong may dém nhap nhay.
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VI.NHONG PHUONG PHAP KHAC DE CHAN DOAN PLASMA

Ngoai nhi*ng phrong phap chan doan plasma da dwoc ké trén con co cac phuong phap khac
cling duoc &p dung rong réi trong thuc t&. Chang han c6 thé xac dinh nang | wong eletron bing cach
do cwdng do phat xa tia Roentgen cua plasma. Khi do d voc dién ap va cwdng do dién & mach ngoai,
ta co thé tinh duoc hiéu dién thé trong 6ng phdong dién v ardt ra nhitng két luan vé cac dang phong
dién trong chat khi. Van toc di khoi ving phong dién cla cac electron va céc ion co thé duoc xac
dinh nho dién nghiém Faraday. Tat nhién, & day ching ta hoan toan khong thé ké hét cac phwong
phép chan doan plasma ma chi ndi dén mot sd phuwong phap déc treng nhat

+IN 118+
+8\ [Ii§+
-+ | §+
+'I t‘-I‘
N T
+ FCERH
+ Sy +
4= [ -+

Hinh 6.1: Bién nghiém Faraday
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