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Chuwong I: TONG QUAN VE CHAN BOAN PLASMA
I. Khai niém plasma

Plasma dugc xem latrang thai thi tw 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 tuong tac trong moi trvdng nay rat phic tap. Do d6 viéc xac dinh cac thong
sb dac trvng cho trang thai plasma la rat khé khan va dwoc thuc hién théng qua cac

phuong phap chan doan plasma.
Il. Khai niém chan doan plasma

Chan doan plasma la nghién clru cac hién twong vat ly tién trién bén trong plasma,
tlr d6 suy ra cac tinh chdt clia plasma. Nghi én clru cac tinh chét clia plasma bat dau tir
sy mo ta cac hién twong vaviéc thiét 1ap nhitng diéu kién ma trong do plasma cé thé
dwoc hinh thanh va phét trién. Tiép theo la phai phan tich cac tinh chat clia plasma, va
tién hanh cac phép do céac tham sé vat ly ctia plasma nhuv mat do electron, mat do ion,
nhiét do, thanh phan plasma. Viéc xac dinh hay do dac bat ky tham s6 n ao clia plasma
cling la van dé rat phic tap. Cac phuong phap do nhiét do, mat do, thanh phan cla

plasma goi chung la cac phuong phap chéan doan plasma.
lll. Cac phwong phap chan doan plasma

Vat 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 kho khdn phtic tap vo ¢ ing, nhw viéc
cuing do mét dai lugng vat Iy bang nhitng dung cu vat ly 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 dwa vao mot dung cu do riéng biét lasai 1am. Do d6 khong thé chi dwa vao sy kiém

tra don gian dé dwa ra mot sw chan doan chinh xac veé tinh chét ctia plasma.



[ll. MOt s6 phuong phap chan doan plasma thuwong duoc ap dung

trong nghién cru plasma la:

e Phuong phap dau do
o Dau do tinh dién Langmuir
o DPaudotw
o Dau do song vo tuyén
e Phuong phap phan tich quang pho
e Phuong phap phan tich nang lvong ion
e Phuong phép giao thoa
e Phuong phap quay phim téc dé cao
e Phuong phép tdn xa Thomson
Chung ta sé tim hiéu co ché cua tirng phwong phap va pham vi (ng dung cla né

trong nghién ctru plasma.



Chuong I: PHUONG PHAP BDAU DO

I. DAU DO TU TRUONG

1. Khai quat vé dau do tir trrong
Khi tién hanh chan doan plasma, can thiét phai biét dugc sw phan bd cwong do
tlr trvong trong 6ng phoéng dién, dé 1a nhiém vu rat quan trong va phtc tap. Sv that la
tlr trvong lién hé chat ché vai céc tinh chét cla plasma.
Khi biét sy phan b tir treong, ta co thé thiét 1ap sw phan b6 d ong dién trong ban

than plasma. Ngoai ra cé thé biét dwoc ca nhiét do clia plasma.

2.Cau tao dau do ttr

Pau do tir trvong la mét vong day rat nhd dwdng kinh chi vao khodng 1mm. Vong
day duoc gitt vitng & dau 6ng phong dién nhé bang thach anh.

Dau do dé cé thé dwa vao mot mién bat ky nao thudc budng phong dién qua chat
khi. Nh& sv bién thién tir trvong trong vong day clia dau do s& cho biét dién ap, ma
theo giatri ctia dién ap cd thé tinh toan duoc toc do bién thién cla cwong do tir trwong
trong budng phéng dién. Mot may dao dong ky d tng dé ghi dién ap nay.

- o o
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Pau dotir trvdng
3. Han ché cta dau do tw

Viéc str dung dau do tir trvong ddi khi khong thé &p dung dwoc khi cac chét tao nén

dau do bi bdc hoi, lam xuét hién nhitng tap chét trong plasma.



Mot khé khan rat co ban niva la cac dau do anh hwdng dén qua trinh cla su phéng

dién. Biéu nay lam gidm do chinh xac cla dau d o tir treong.



Il. Dau do dién
Trong s6 cac phwong phap chan doan plasma, dau do dién dwgc xem la phwong

phap tién lgi vachinh xé&c nhat.

1. Pau do tinh dién Langmuir

a) Cau tao

DPau do tinh dién Langmuir 1a mot sgi day kim loai manh hinh tru, bén ngoai dwoc
bao boc bdi chat cach dién doc theo chiéu dai, chi dé hd mii nhon cla s¢i day goi la

dau do. Kich thuéc dau do vao cd vai mm dén vai cm.

I hoac modylen

=

diu dé

[@p dién mbi

Cau tao dau do Langmuir

b) Nguyén ly hoat dong
Pau do dugc dat trong plasma. Phan mach ngoai mac thém mot ampe ké va mot

von ké, ching cho phép xac dinh sy phu thudc clia ¢ wong do dong dién vao dién thé
gilra anode va dau do.

Néu ta thay doi hiéu dién thé gitta anode va dau do, dong dién qua dau do ciing sé
thay doi, nho d6 ta nhan dwoc nhitng thong tin vé dong hat, mat do dién tich, su

chuyén dich vakhuyéch tan.
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So d6 mach ngoai don gian ctia dau do

Vi loai dau do nay ta cé thé bd qua sw phat xa nhiét dién t&r clia n6 do cé cong
thodt nhiét dién t&r kha Ién. Do dd, n6 con dwoc goi la dau do lanh va ding trong
nghién ctru plasma nhiét do thap.

Nho chuyén dong nhiét clia minh, céac electron khdng ngirng va cham vao bé mat
clia dau do. Khi biét gia tri dong dién bdo hoa va van téc chuyén dong nhiét clia céc
electron, ta co thé biét duoc cac tham sO co ban cua plasma nhu mat do electron va

nhiét 6 cua plasma.

c¢) Anh hwdng clia dau do |én plasma

Pé do dugc cac thong s6 dac trung clia plasma thi dau do phai dét trong ving
plasma khao sét. Tuy nhién, dong dau do cé thé lam cho céc thong sd clia plasma thay
doi mot cach dang ké. Vi khi dat dién truong ngoai vao, hé plasma sé bi phan cuc
trong thé tich vi mo, sinh ra mot sw dich chuyén nao dé clia dién tich dé truong cla
chdng 1am man chan dién trudng ngoai. Do d6, kich thwdc ctia dau do cang bé thi cac

thong sé do dac cang chinh xé&c.

d) Cosé ly thuyét cila phwong phap dau do tinh dién
Theo Iy thuyét cla Langmuir, mdi lién hé gitta dién thé va cuwong do dong dién cla
dau do (con goi la dac trung Volt — Ampe) chi théa man khi phan b6 van téc hat mang

dién cé dang Maxwell.

i) Sir hinh thanh thé noi va thé plasma



- Khi dwa dau do vao bén trong plasma, trén dau do cling xuat hién vung dién tich
khong gian do cac electron khuéch tan tao ra, cac electron nay s& kéo theo cac ion
dwong dé thanh 14p man chén tinh dién 1am xuét hién ving dién trwdng & ving bao
quanh dau do, chinh man chan tinh dién nay lai ngan céac sw khuéch tan tiép ctia cac
electron ké tiép, trong khi cac ion duong ngay cang tién dén gan bé mat dau do mot
nhiéu hon, cho dén khi dat dwoc trang thai can bang vé dong dién tich trong ving
khong gian bao quanh dau do.

The tao ra i6dc sO can bang nay goi la the noi (floating potential) V¢

Khi fiol trong plasma cung fiat Addc trang thai can bang ve the, the fio 66 goi
la the plasma (plasma potential) V,, .

Do chénhléch Vs =V, - Vi duoc goi 1a thé bao (sheath potential).

ii) Xac dinh dong di dén dau do

Khi thé dau do Ién hon thé plasma V> V,: cac ion dwong dén dau do s& bi day tro
lai moi trrvdng plasma dong thoi cac electron bi hit vao dau do,

Khi thé dau do nho hon thé plasma V< V,: thi nguoc lai, cac ion duong bi hit vao
dau do trong khi do céac electron bi day ra xa dau do.

Vay dong qua dau do co thé la dong am hoac dong dwong la tuy thudc vao hiéu thé
plasma V, v6i dau do V, khi dong téng cong qua dau do bang khong thi thé dau do bang thé
noi V = V;.

iii) Tinh mat do dong ctia ion dén dau do

Trwéc hét ta gia thiét

e Trong vung dam may dién tich bao quanh dau do khéng co ta hop gilta cac
dién tich, nd c6 nghia la dong ion trong ving ndy 1a hang s6 va nang lwong cia nd
duwoc bao toan.

o Tai vi tri ranh gidi gira vung trung tinh v&i vung khéng trung tinh (x=0) thi
n,(0)=n,=n(0)=n,=n

. Nong do cla electron tuan theo phan bd Bolztmann:



_e(\/(ol)(T—V(x»} )

N,(X) =Ny, eXp{
o Nhiét do cta ion T; ~ 0(eV)
+ Tai vi trix=0 thiV =0, cac ion c6 van toc ban dau v, =v(0) DEé xac dinh v(x) ta
dung dinh luat bao toan nang luvong:

Lvvieg=tmvz-
EMiV (x)_ZMivS evV(x) (2

va diéu kién bdo toan dong ctia dong (khi thé dau do laam V(d) < 0)
nv(x) =nyv, (3

T (3) va(4) tacod mat do ion phan b6 theo truc x:

~ _2eV(XY) g
RN TCINET

+ T phuong trinh Poisson:

dV(x) _ e ~
dx2 - £, (ns(x) q (X))

dV(x) _en, exp V(| [, 2evV(¥ 2 (6)
dx*> g, KT, M V2 '

+ Giai phuong trinh (6) bang cach chuyén cac dai lwong thanh khong thi

nguyén ta thu dugc nghiém duy nhét cla né khi diéu kién sau day d woc thoa:

vssz{kTej (7)

M.

i
Diéu kién trén dwoc goi la tiéu chudn Bohm. Diéu kién nay co nghfa rang dé
céc ion dwong dén duoc dau do nd phai cé van toc v, > v,
Tiép theo ta xét trong toan khéng gian con lai chira plasma va st dung diéu kién
chuén trung hoaclia plasma n (x) ~n (x) v&i x << 0

V(=) -V(0)
0] ®

e

n(x) =n,(3) = n(x) =noexr{

+ Gia thiét rang nang luong clia cac ion la chuyén dong nhiét vai van toc vg

V() -V(0)= Mg =55 (9)

T (8) va(9) cd dong ion dén dau do



1) |KT, KT, 1
J =env, = enoexp(— Ej /Wle ~ 0.61en, /M‘I* ~ EenovB (10)

iv) Tinh méat dé dong electron

+ Ham phan bd nang lvong cla electron gia thiét tuan theo Maxwell

) <E>=no( n fexp mi—elV(-0)-v(0) an
2nKT, KT,
+ Mat d6 dong electron dén dau do
3= Je (BN,
" (12

- Trw6c hét dé don gian ta gia st thé trong plasma lahang s6 nén
V(-) =V (0), va giatri vmin duoc xac dinh tir diéu kién bao tdan nang lvong tai bé

mat dau do:

%r‘nevfnin —eV, =-eV =V, = (13)

26(V, -V)
m,

Thay (13) vao (12) valdy tich phan ta duoc:

1
. 8m. )2
V Gi (v):(n:_:fJ

v) Mat do dong tong cong di dén dau do
Tl cong thirc (10) véi (14) véi A la dién tich cla dau do, ta co tong dong dau do
thu dwoc :

v, -v)

1
_ A=
T, } 2enovB (15)

| =AJ,— A= A% noe<v>exp{—

10



hay | = A% enovB{—1+ (iﬂmej exp(— M]} (16)

KT,

e

vi) Brong dac trung Volt — Ampe:

- Ta c6 dwong dac treng Volt — Ampe:

awms® . C B A
dong dién < >
100 4 thé plasma
sﬁ -
w -
B |
40 - thé noi ]
|
- .
U ki " i ;--l// i 1 T
20 ] i ! ! ! 1 | 1 | | |
2 -6 —4 -2 Q 2 £ A

dién thé

Puong dac trung Volt — Ampe duoc chia thanh 4 mién:A, B, C, D

+ Mién A: Khi thé dau do [6n hon thé plasma dén né cé thé thay thé cho anode hut

cac dong dién tich.

+ Mién B: Khi thé dau do V gan bang thé plasma V, Ic ndy khéng ton tai man

chan dién bao quanh dau do. Bé mat dau do thu nhan dong ion va electron v, cham vao

nod, nhwng dong electron [6n hon rdt nhiéu dong ion nén nd xap xi bang:

1
1 (8KT,\?
| =eA= £
P 4n°(nme} (17)

+ Mién C: Khi thé dau do nhd hon thé plasma, n6 bat dau ddy cac electron, déng

thoi cac ion duong bat dau bi hat vé phia dau d o tuy nhién né con khanhé so voi dong

electron. Chi c6 cac electron nao c6 di dong nang mai téi dwgc dau do, voi van téc

nhd nhat co thé tinh dwoc tir dinh luat bao t 6an nang lvong:

11



%nlavriin = e(vp _V) (18)

Tw cong thirc (14) ta co:
1
2 Vv -V
I :eAnO( T, Jzexp{— MJ (29
2mm, KT,
Néu V = V; dong qua dau do bang O:

| =0= A%enovB —1+(i—'\n/1|j2 exp(e(vf—_vp)J (.20)

KT,

e

Twr d6 ta thu dwoc nhiét do dién to:

kT, _ 2V, -V,)
e (ZMij
In

T,

+ Mién D : cac ion dwong c6 chuyén dong ngau nhién xuyén qua ving man

(21)

chan tinh dién s& bi dau do thu nhan, cing v&i nd I6p man chan bi mong di do thé cla
dau do (néu V << V, thi ta phai xét dén su phat xa dién tir thr cép v a céc electron thir
cép nay va cham manh v&i dong ion t¢i dau do). Phrong trinh can bang clia dong ion

khi nay dwoc suy ra tir cong thire (10):

| - % Aeny,| (22)

Vay ta c6 thé xac dinh dwoc cac thong so con lai néu biét trwdc mot trong céc

thdng sb plasma,

Nhan xét

0 Néu V < V, thi dong electron dén dau do thay ddi theo quy luat ham md,
do la ta dagia thiét ham phan bd cua electron tuan theo phan bé Maxwell_-Boltzmann.

o] Khi V> V, thi dong electron van tiép tuc ting nhung bi gidi han béi man
bao plasma.

o] Tai vi tri V = V, thi dwong dédc trwng Volt — Ampe c6 do cong I6n nhat.

Vi thé dé xac dinh thé plasma ta dwa vao diéu kién sau: dao ham bac hai clia dong
dau do tai vi tri V = V, c6 giatri cuc dai 1’ (V) = 1"y hodc

I”’(V,, )=0, diéu kién nay goi latiéu chuan Druyvesteyn.

12



vi) Ham phan bé nang lwgng electron:

Nhitng tinh toan ly thuyét & phan truéc déu dua vao gia thiét ham phan bd nang
lvong cla electron tuan theo phan b6 Maxwell - Boltzmann, nhung trén thuc t€ khong
phai ltc nao nhu vay. BEé cho phu hop hon céac két qua thie nghiém, nguoi ta da dua ra
cong thirc tng quat hon cho ham phan b6 la ham phan bo nang lvong cla electron thi
phu thudc vao dao ham bac hai clia dong dau do theo thé dau do nhu sau:

__2m = d?
f(E)—Z(egA)\/Edvz (23)

V6i E=V,-V
Thuc hién bién diéu dong dau do bang cach ap thé xoay chiéu vao dau do voi bién
dd nho, thuc hién khai trién Taylor d ong dau do t¢éi dao ham bac hai, thay vao cong

thirc (23) ta cd dang tong quat ctia ham phan bd nang lwong electron:

_,V2m x
f(E)=2 @A JE exp(- bE*) (.24)

V&i b, x lacéc hang s6. Néu x = 1 : ham phan b Maxwell, néu x = 2: ham phan

bd Duyvesteyn.

vii) Chan doan cac thong so clia plasma
Nhiét do electron

Taco biéu thirc

KT, _ 2V, -V,)
e (ZMi)
In

m,

Duwa vao cac thdng s6 mek, e, M;, V ta xac dinh duoc nhiét do electron

NoOng do electron hay ion c6 trong plasma

Tu biéu thire tinh cuong do dong electron bdo hoakhi V=V

1

2

I, = eAnO[ KT, ]
2nm,

V@i nhiét do electron trong plasma da xéc dinh & trén, ta co thé tinh dugc nbng

do electron (hay ion) trong plasma:

13



[11. MOt s6 loai dau do
1.Dau do phat xa

a) Gidi thiéu

Dau do phét xa duoc st dung nhi mét dung cu do dac thich hop dé xéac dinh t hé
plasma trong nhiéu loai plasma, tir plasma nhiét d6 thap dén plasma nhiét do cao,
plasma &p suét thdp dén plasma ap suat cao. Phuong phap nay cé vu diém la st dung
duoc trong plasma mavé chira plasma khdng dan dién, st dung d uoc trong ca plasma
tan sd séng vo tuyén mathé plasma clia né thwong thay doi bat thwong, vamot wu
diém nira la bé mat ctia nd dwoc gitk sach trong sudt qua trinh do.

C4u trdc clia mot dau do phét xa: day dau do lam bang tungsten duong kinh c&
1.5mm. Su két ndi dién gilra day dau d o va dudng 6ng dan dwoc tao ra bdi nhitng day
dong nhé dwoc gan chit xung quanh day dau d 0. Pau do dwoc dit vao mot 6ng bang

g6m (hodc mot chét nao dé cach dién) co hai 16 khoan véi dudng kinh chinh khoang

2.4mm.
double-bore bounded
) degusit tube copper wires
probe wire & |

b) Hoat dong:

Viéc do dac bang dau do phét xa phu thudc

vao nguyén li co ban dé 1a: Néu thé dau do ladwong

I

so v6i thé plasma, cac electron phét ra véi ning | vong shaioprobe 7\ R
emissive probe
thap bi hat trd lai dau do. Trong trwéng hop nay dong Vp
R 2

dau do lakhéng thay doi bdi sw phat xa ra cac S

electron. N€u thé dau do la dm so v6i thé plasma, cac / heat electron current

electron phét xa co thé di vao plasma.

Figure 3.2: 1-V characteristic of emissive probe.

14



Néu dau do dwoc nung nong cho dén khi phat xa ra electron, d ong dau do tong
cong, lamdt ham cla dién thé dau do, dwoc cho bdi cong thirc:
Ip(\/p): lo+1,, =1,

l; va le duoc xac dinh gidng nhu véi dau do Langmuir. Doi véi dong phét xa len
chang ta coi nhiét d6 dau dolaT, , dau do phét xa phat ra cac electron nhiét c6
nang lvgng vao khoang kT,,. Khi dién thé dau do am hon dién thé plasma, cac electron
nhiét tir dau do di vao trong plasma. Gia st bd qua gi¢i han dién tich khéng gian, d ong

phat xa dwgc cho bdi cong thirc Richardson:

Jem

=AT? exp{— %} (3.6)

Dong phat xa:
I = A AT? exp| -
TN
V6i Agm ladién tich phat xa ,A” Iahéng s6 Richardson, T,, 1anhiét do cta dau do
va ¢, la cong thoét dién t&r bé mdt dau do.

Khéi niém vé dau do phét xa c6 thé dwgc md hinh nhu sau:

® ®
® © @ ® ® ®
® © ® @ ® @
o © @E'f O] ®© e o @
® ® e\/» ® /e a®
@\\i/ .@é}/@ @\,‘ *I}/@ - Vs \\&*/
=" @v-,_ ¥ b Ao D -v@ C-"v\
.
Conductor
(W, W-Th)

Insulator

v

V>d, V=0, D<V< Dy V=0 V < @
[e-1;>0 I.-Li>0 I.-L;>0 I.-1;=0 I.-1;<0

Electron Saturation lon Saturation

Figure 2.5 Emissive probe concept.

Dé do thé plasma v&i dau d o phat xa nguoi ta diing 2 phuong phap chinh: phrong
phép thé udn, phwong phap thé noi.

15



» Phrong phap thé uén:
Phuong phap nay chi y téi dong phét xa |
electron.

Néu thé dau do laduong so voi

plasma, duwong dac trwng cla dau do

phét xa va Electron _Saruration
Region
dau do Langmuir la nhu nhau. Néu o Satarstion

- s oA e Ml Region

thé dau do laam so vdi thé plasma, g\ .
A f o

hY s ~ A N 3 i \__'
dong electron phat xa sé phu thudc vao _____5.______/ v,
nhlét df) déy dau dé, va dbng tﬁng Cong Figure 2.6 General appearance of the I-V characteristic for an emissive probe.

& giam nhanh tai ving electron tré.

Hién twong nay khong xay ra & dau do Langmuir vi né khéng dl néng dé lam phét xa
electron. Do d6, dau do Langmuir duoc goi la dau do lanh, con dau do phét xa dugc
goi la dau do néng. Thé matai dé xuat hién diém uon trén duong dac trung clia dau do
phét xa twong (rng v&i thé plasma. Nhu vy, nguyén tac clia phuong phap nay la dva

trén viéc xac dinh tryc tiép thé plasma tlr d wong dac trung dau do phéat xa.

»Phurong phap thé ndi: phrong phap

nay bao gom viéc do cac thé ndi clia dau o

by 2 Ve Y - A 7 - Y ._-______-_
do & cac dong nhiét khac nhau. Khi dong
nhiét tang 1én, thé noi clia dau do s& dich i

cold
i

chuyén (tang) cho dén khi n6 dat gia tri

\
b&o hoa (ing vai thé plasma. Phuong phap / "
nay can phai cd sy phat xa electron du 16n Ly Vi[ Ve

& gan gi¢i han dién tich khéng gian. BG6i vgi phat xa di manh, khi d ong dau do tién
dén gia tri bdo hoa V; S8 tién dén rat gan V. Tuy nhién, thé do duoc trong thuc té
thuong khdng chinh xac lathé plasma. B&i vi mot phan cac electron bi hat nguoc vé
phia dau do do ton tai mot thé rat nhé gitra bé mat dau d 0 va plasma. Chinh diéu nay

da ngan khong cho thé dau do tién dén chinh xac thé plasma.

Trong thuc té, dé do thé dau do, dong dién dau do, nguoi ta thuwong str dung Von

ké va Ampe ké mac theo so dd sau:
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300-600 V lgis

l|7’ | — m
A — o/
les
(V)
N
%6 9§+
PLATSMA b
3 4 Vpr
Ipr

-30-30 V
So d6 mach dién cla dau do dat trong plasma
Tl s6 do dong dién va dién thé thu duoc tir Ampe ké vaVon ké, taveé dugc duong

dac trung 1-V, tlr d6 xac dinh duoc thé plasma theo mot trong cac ph wong phap trén.

2. Pau do Faraday

a. MOta

Dau do Faraday |la mot dung cu dé do mat do
dong. C6 nhiéu loai dau do khac nhau: dau do nut
(nude probe), dau do dang chén (cupped probe),
dau do chuan trie ( collimated probe), dau d o [wdi

(gridded probe), dau do loc tir (magnetically

filtered probe)... Tuy nhién céc loai dau do nay

déu c6 cdu tao co ban sau: Bau do Faraday bao

gdm mot vanh gop phéng ndm trong mot vong bao vé dwoc dit trong mot thé ndm
trong khoadng 12V- 30V dé day electron. Ca vanh gop vavong bao vé dwoc dat & cung
mot thé dé 1am giam hiéu (ng bo bang cach tao ra mot m an chan dong nhét & trudc
vanh gop. Tuy nhién, dong dién chi dwgc do & chinh trén vanh gdép. Vanh gop thvong
dwoc 1am bang thép khong ri va dwroc phun mot 16p tungsten dé 1am giam sy phét xa
electron tht cdp tlr sw ban phé ion. Vong bao vé dugc dung dé che chan vanh gop khoi

cac ion nang lvgng thap dén tir dwong phia bén ngoai vanh gop.
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2. Thiét ké dau do

Mot dau do Faraday c6 thé gay ra sw nhiéu loan plasma, do dé anh h wéng xau dén
viéc do dac. Thiét ké mot dau d o ti hon gitip [am giam su nhiéu loan plasma va dong
thoi cho phép nang cao do phan giai. B | am gidm hiéu (rng be xung quanh vanh gop,
16p vd & trwde vanh gop phai phdng va dong nhat. Bidu nay doi hdi khoang tréng gitra
vanh gép vavong bao vé phai nho dé dam bao mot s phdl 1én nhau cua I6p vd vanh
g6p va vong bao vé. Vanh gép vavong bao vé phai dwoc 1am bang céac vat liéu co
diém nong chay cao vasu phat xa electron thir cap tlr sw ban pha ion thip. Cudi ¢ tng,
thé hiéu dich clia dau do, dung dé day eletron, can phai nhd dé khong lam bién doi qut

dao cua ion va lam tang sv tap hop cua cac ion.

3. Hoat dong
Mat do dong dwgc do dua trén nguyén ly: Khi cac ion dap vao bé mat clia vanh
gop, cac electron chira trong phan kim loai clia dau d 6 Faraday tuén rabé mat dau do
dé trung hoa céc ion tap trung trén bé mat. Céc electron di chuyén tao ra d ong dién dau
do, dong ndy bang voi dong ion. Mat do dong duoc xéac dinh bdi ti s6 clia dong ion va
dién tich cta vanh gop.
j=1/A = ngv

Collector Guard Ring

oax I
e ¢ @
@ _@

®

So db hoat dong clia dau do Faraday D0 thi thé hién sy phu thudc clia mat do d ong vao vi tri g¢

Trong thuc nghiém: Nguwoi ta st dung von ké dé do dién thé dau d o V, sau dé
mat do dong sé duoc tinh nhv sau:

-V
RA

Vi R la dién trg trong mach, A latiét dién dau do.

18



Mét do dong dwoc do véi céac vi tri goc khac nhau dé thu d wgc mot sy phan bé mat
dd dong. Su phan bo mat do dong duoc két hop lai dé sinh ra dong tiamatlr do thu
dwoc nira géc phan ky cla dong chay.

Dau do Faraday manh hon so véi dau do Langmuir, tuy nhién né chi do dwoc mat
dd dong makhéng do duoc nhiét dd clia electron. Quét mot dau do Faraday qua mot
dong chay bén trong sé cung cap dong tiatong cho viéc tinh toan hiéu suat day. D
lidu tir dau do Farady dwoc xem lakhé dé dé giai thich, mac du trong budng chan
khong, hiéu (ng ctia sw chuyén doi dién tich ion & 4 p sudt nén cao hon phai duoc xem
xét. K€t qua cudi cling ctia sk chuyén doi dién tich ion tr én mat dd dong la mot vai
dong dwoc tach khéi tam clia chum tia, thay thé bdi cac ion nhanh, vamé rong gan cac

goc tia trén cac diém trung hoa phan bd ngau nhién trudc do.
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CHUONG I11: PHUONG PHAP PHAN TICH NANG LU ONG ION
1. May phan tich nang lvong dung ban cong (curved-plate ener gy analyzer)
Trong phép phan tich nang lvong dung khoi pho ké, phrong phéap thwong dung
dé xéac dinh nang lwong la may phan tich nang lwong dung ban cong, dwoc mo ta dudi

dang gian do nhu hinh 5.5

2N
COLLECTOR

\
-l

ey
_ _____‘, \EJI:IT sLIT e

VARIABLE DG
POWER EUPPLY

R,

4'|I.|I'"

Nguyén t&c hoat dong clia may phan tich nang | wgng ding ban cong.
Trong mot may phan tich, cac ion tir plasma duoc tang toc vuot qua mién bao
di vao khau dd nhd dén ban cong. Céc ion chuyén dong trong dién truong doc theo
duong chinh gitra clia cap ban cong dat song song véi nhau. Chi c6 cac ion chay doc
theo duong cong chinh gitra 2 ban cong dén detector v a xuyén subt dén khe ra, cac ion
c6 cac nang lvong khac nhau sé dap vao detector tai cac diém khac nhau, do d6 ma ta
c6 thé xac dinh dwoc ham phan bo nang lvgng. Do céc ion chuyén dong trén quy dao

cong nén lyc dién trwong tac dung I1én ion dong vai tro lyc huwéng tam:

bién truong xuyén tam gitra 2 ban cong co ban kinh cong trung binh R xap xi
bang dién trwong gitta 2 ban tu cach nhau mot khoang d, hiéu dién thé gitta 2 ban tu

cho boi:
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_ 217y
Td(2)

Dién trwdong gilra cac ban song song dwoc duy tri bdi mot ngudn mot chiéu co
thé bién doi duoc, hai dau day ndi vai 2 ban cong duoc ndi dat. BE khir dién truong &
16i vao valdi ra, vi vay cac ion sé khdng bi l1am léch hwéng khi di vao va di ra khoi cac
ban cong. Vi thé hiéu dién thé gitta moi ban cong v amat dat 1a Va

Nang lvong Joule cla cac ion:

M (5] :

By = —

=eE; (3)

Thé pt (1),(2) vao (3) ta duoc:
2eVy 2E; 2eE;
d TR T R4A

Tathdy nang lugng ion Ei khi ap vao 2 ban cong dién thé mot chiéu V 5
5 =7%(5) |,
Nang Ivong clia cac ion chuyén qua khe ra ti & v&i dién thé 4p v ao céc ban
cong V a va hinh dang bo phan tich. Khi chi yéu cau ham phan b6 nang lugng ion thi
can thu thap céac ion chuyén qua khe ra mot thiét bi dé do ham phan b6 nang luvong
dwoc mo ta dudi dang gian do ¢ hinh 5.6a. Tuy nhién (ng dung chan doan plasma tot
nhat doi héi cd phan tich ham phan bd nang lvgng va ham phan bd khéi lugng ion.
Piéu nay duoc giai quyét bang may khdi phé ké nhu hinh 5.6b, ban dau cac ion
chuyén gua may phan tich mat cong, tai d6 nang | vong cla cac ion dwoc xac dinh. Sau
dé ching sé duoc chuyén qua 1 bd loc t& cuc, & do khbi pho cla ching d woc phan
tich.
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HIM CLURRENT

AMNPLIFER
EMIT SL{I' |6 CURRENT

_-q COELECTOR

— [
GLIRYED FLATE ’ :1
Mo AXIE Y. NS
POHWVER BLIFPLY » E
Y PLOTTER

Phép do truc tiép ham phan bo nang lvong khdng dung khéi pho keé.

L

o SRR S A AR AR S

QUANRUPCGLE HF
PRWER SUPPLY

IGN CURRENT
AMFLIFIER

,.A | LR RENT
COLLECTOR

RF POWER UADHUPCLE
SLFFLY WASS FILTER

L

e

GURVED F’LnTE—I—
POWER BUPPLY, 1 X - hIg T,__J’L__,E ¥ - A

XY PLOTTER

Hinh 5.6.b: Phép do ham phan b6 nang lvong dung khéi pho ké ti cuc.
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2. KHOI PHO KE

. Hé thdng xt
Budng ion héa > B0 phan tich >| lon detector > |g}d@|igu

o ~N~

Budng Khéi pho
chan

khong

La dung cu dé tach cac hat chat bi ion hda theo khéi lvong clia ching, hoat dong
dva trén tac dung cua dién truvong hodc tir trvang 1én chum ion bay trong khong gian

a). BO PHAN TiCH

@ Labd phan phan ly céac ion cé khdi luong khac nhau thanh tirng phan dwa vao sy
lam chéch hwéng cla céc ion so v6i quy dao ban dau cla ching khi di v ao dién, tir
truong tly theo ti s6 m/z (mass/charge).

@ Diém mau chdt cla ki thuat 1a: do phan gidi tot, phép do khdi lwong chinh xac,
nhay

b) CAC LOAI BO PHAN TiCH

@ B0 phan tich ti: c6 dd phan gidi 16n nhwng cong kénh

@ Bo phan tich t& cuwc: c6 do phan gidi du I16n,cdu trdc gon nhe

@ Bo phan tich theo thoi gian bay: c6 cdu tric gon nhe nhwng d6 phan giai thap

@ B0 phan tich cong hudng ion cyclotron: khdng dwoc st dung pho bién

2.3.BOPHAN TICH TU cycC
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lon with
unstable

trajectory lon

A transducer

q .~

b=

lon -~ ]
source

trajectory

y dc and
f voltages

U: dién thé mot chiéu

V: dién thé xoay chiéu

@ Cau tao: gbm c6 4 truc, duoc dat song song tirng déi mét. Hai truc ddi nhau dwoc
cung cap dién thé +(U+V cos wt), hai truc ddi nhau con lai dwgc cung cap dién thé -(
U+V cos wt)

@ Hoat dong: Téc dung cua dién thé gilra cac tru lam thay déi quy dao cla cac ion
vao dung duong chinh gilra cta 4 tru. Su diéu chinh dong AC va DC chi cho céc ion
cO cac ti s0 m/z dén detector tai cac diém khac nhau, nho dé mata cé thé thu dugc pho
ham phan bo khoi lvong. Dra vao ham phan bé khéi lwong ta co thé dwoc dong vi cla
céc chét co trong khoi plasma. Pho khéi lrong nhan duoc lado sy diéu khién quy dao
clia cac ion bang cach thay ddi dién &p trén céc tru. C6 2 cach thay ddi dién ap: thay

doi w, con U,V lakhdng doi hoac thay doi U,V sao cho U/V =const.
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CHUONG IV: PHUONG PHAP GIAO THOA
|.GIOI THIEU GIAO THOA KE VIBA
1. Muc dich : Do mat dd electron clia dong plasma
2. Uu diém : khonglam x&o tron, gy ra hiéu (ng khdng dang ké tr én plasma.
3. Nhuoc: Co6thé gay ra nhiéu phan xa va giao thoa trén cac guong

4. Phuong phéap do : Burc xa dugc lam chédm lai khi qua moi treong plasma (c6

chi s6 khuc xa lI6n hon 1).So sanh pha cla birc xa dwgc lam cham nay véi pha cla
birc xa khi khong qua plasma..Xac dinh dé léch pha cla hai birc xa n ay , tlr d6 xac

dinh dwgc mat do cla electron cé trong plasma.

Il.COSO LY THUYET
- Quan hé gitra pha do duoc (rad) va phan thuc cua chi sd khic xa dwgc cho béi :

A - %I[l— p (%)]ox rad (1.2)
- Khi d6 dai lvong trong dau ngodc vudng mo ta si khac nhau ctda chi sé khic xa
chuén cla giao thoa ké (bang 1) va cla plasma( 1a p(x)). Khi ldy tich phan trén chiéu
dai L cla plasma, ta dugc sv thay doi clia pha. Néu tan s6 va cham nhé hon tan so cla

séng viba, ta ¢ phan thuc ca chi s8 khic xa trong plasma khong nhiém ti 13 :

u(x) o.? (1.2
2 2
Vei o) = € va o2 = N.©
€o-M, €M,
Khi d6 mat do gi¢i han (cut off density) n. dwgc cho béi
2
n, = me—f)welectrons/m? (1. 3)

g, lahdng s dién moi
o, latan sb cla séng viba
m, lakhdi lugng electron

e la do 16n dién tich electron
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- Mat do téi han ctia séng do lamat dd matai dé tan s6 clia song d o bang véi

tan so cla séng plasma.

(Lay ttr nguén Microwave Intreferometry )

©p= L 2.1)
Eo M.
ng=¢lectron density in 1/m3 £o=permittivity of free space =8.85x 10-12 Fjm

me=¢lectron's rest mass=9.11x 1031 kg e=unit of charge=1.602x10"19 coulomb

For example if n,:=1{:I12 1/fem? then 0p = 5.64x10'"° rad/sec and fy =898 GHz. The

electron density is proportional to the square of the plasma frequency.

In an unmagnetized plasma in the high frequency or low density limit, i.e.

for w > > (4.’ / me)*'? or e =< mew? ,’4:?921 the wave speed is

the speed of light in vacuum. As the density increases, the phase
velocity increases and the group velocity decreases until the cut-off
frequency where the light frequency is equal to the p lasma frequency.
This density is known as the critical density for the angular frequency w
of that wave and is given by

EpTile 4
n. = W

LLs

2
If the critical density is exceeded, the plasma is called over-dense.

In a magnetized plasma, except for the O wave, the cut -off

relationships are more complex. ( tir nguén Wikipedia)
- Trong hau hét plasma phong dién phat sang, mat do electron thdp hon rét nhiéu so

vGi mat do cat, vi thé vé phai clia phuong trinh 20.12 ¢ thé tinh gan ding bang

H(X)zl—M (1.4
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- Thay phuong trinh 1.4 vao phuong trinh 1.1, ta c6 thé biét duoc pha ddi voi so

nguyén mat doé electron

L L
T v
Ap = o lne(x)dx: on !ne (x)dx rad (1.5)

- Trong do v la tan s6 cla bic xa viba, va L la qudng dwdng truyén clia séng viba

trong plasma. Gia tri trung binh ctia mat do electron trong plasma cé thé xéac dinh

L

Ne = % j n.(x)dx electrons/m3 (1.6)
0
Va pha duoc tinh
Ap =L o (L7)
cn

- Khi d6 A duoc tinh bang thrc nghiém tir giao thoa ké Mach-Zehnder, cé thé tinh
dwoc gia tri trung binh clia mat do electron cé dang :

— n
ne = C ¢ A(I) =
7 Lv Le

4rce v
2

A$ electrons/m®. (1.8)

- Do dd, khi mat do electron trong plasma nhé hon nhiéu so v&i mat do cit , mat do

electron trung binh tuan theo ham tuyén tinh ctia pha do dwoc bang giao thoa ké .

111. PO DO LECH PHA
1.Giao thoa ké Michelson

Trong giao thoa ké Michelson, mdt nguén séng phat ra tir laser c¢é cuwong do |
duoc chia thanh 2 tin hiéu bang nhau, moi phan c6 cuong do IEO .

- Tin hiéu tht nhét lan truyén qua duong dan plasma, va cham dan bdi chi s6
phan xa cua plasma dugc gia tang, nhwng tin hiéu nay di qua plasma hai lan.

- Tin hiéu thi hai dwoc truyén theo dudng dan tht hai di khong di qua plasma |,
phan xa lai & guong M

Tin hiéu dugc thu & D.So sanh dd léch pha gitta hai tin hiéu nay . Dung (1.8) dé
tinh méat do electron.

Tuy nhién phuong phap nay c6 gi¢i han la tin hiéu qua plasma hai lan , lam phtrc

tap va so liéu cé sai sét nho .
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Target
Laser . ‘8 —0r I

[D] Pump

Laser

Fig. 1. Typical set-up for plasma density measurement using Michelson Interferometer

Dé khéc phuc viéc tin hiéu qua plasma hai 1an ng voi ta dung giao thoa ké Mach-

Zehnder ( qua moi trvdng plasma 1 lan)

2.Giao thoa ké Mach-Zehnder
Trong giao thoa ké Mach-Zehnder, mot ngudn séng viba cé cuong do 1, duoc chia

thanh 2 tin hiéu bang nhau, moi phan cé cuwong do IEO .

- Tin hiéu thit nhét lan truyén qua duwong dan plasma, va cham dan bai chi
sO phan xa cla plasma duoc gia tang.
Tin hiéu thi hai duoc truyén theo dudng dan tht hai di qua mot bd dich pha , va b suy
giam, co thé diéu chinh dé khi nhitng tin hiéu tai hop lai, ta c6 thé do pha bang céch so
sanh sy truy@n tin hiéu qua hai dudng dan. Moi 1an bd suy giam duoc diéu chinh dé tin
hiéu dén duoc detector c6 cwong dd bang nhau, c6 thé ngat plasma, va bd dich pha
duoc diéu chinh cho dén khi tin hiéu triét tiéu sau khi tai hop , va su thay doi trong bo

dich pha s& bang pha thay d6i qua chiéu dai L clia plasma .
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SHIFTER > ATTENUATOR

STAINLESS STEEL
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MICROWANME o HAF{GI? DET}{E SJOR
ERRC ELECTRODES READOUT
CAU TAO :
o Dién cuc phong dién : dung dé tao ra moi truong plasma
. Bubng xa bang thép chéng &n mon
o Clra thach anh
. Loatiép séng
° BO tron
o B& suy gidam
° B tach song

Mot trong nhiing han ché clia giao thoa ké trong viéc do mat do electron trong
plasma la kich thwdc plasma thuong co thé so sanh nhd hon quang duong tw do cla
nang lvong séng viba cé san. Diéu nay lam nhiéu hiéu (ng phan xa va giao thoa clia
cac blrc xa viba. DEé tranh diéu nay trong 10 phan (tng plasma, can dung séng viba c6
tan s6 60GHz hodc cao hon, mét trang thai doi khi rét kho tao ra trong k¥ thuat .

Tuy nhién, hé théng giao thoa ké viba cling c6 tinh chat thuong mai . Nhitng b6 nay
¢ thé duoc trang bi v&i nhitng phan cirng chuyén dung , duoc diéu khién bdi may tinh
bang hé théng tw dong va theo ddi nhitng thay ddi ctia mat do plasma vai tdc do xi Iy

nhanh clia may tinh. Mai s thay d6i mat do dugc lién két véi diém cudi cung clia qua
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trinh &n mon, trong d6 madi su thay ddi chat hop thanh cla chat phan ¢ng tai diém két

thlc sé lam doi thay dang ké mat do trung binh cla electron .

L2
L1

4

b Pump
Laser

AmMmwmz=r

CCD

Fig. 2. Mach-Zender interferometer set up for plasma density measurement.

Polarizer

Polarizer,

L
T L Wpllaston Detector
prism
Pump plane
Laser

omwmer

Fig. 3. Schematic of the Nomarski interferometer for measuring plasma densities. For better

illustration the detector plane is shown tilted by 90 degrees.
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CHUONG IV: PHUONG PHAP PHAN TiCH QUANG PHO PHAT XA

I.  Nguyeén tic kich thich phé phéat trong plasma:

Plasma, khi bi nung néng dén nhiét d6 kha cao thi tré thanh ngudn bic xa rat
manh. Céc dang va cham khac nhau gilra cac hat plasma | a nguyén nhan gay rasuw
phét xa tia nang lvong, vachinh dong thoi sinh ra ph6 phat xa.

[I. Cac quatrinh sinh ra cac phat xa nang lvong:

Duva vao dac tinh co cau phat xa nang lvgng, nguoi ta chia ra thanh 3 kiéu
blrc xa:

1. Brc xa gian doan:

Céac nguyén tlr va cac ion cla plasma bi kich thich s& birc xa photon: n guyén tir
gom cac hat nhan va cac dién tl, khi hap thu nguon nang luvong khac ( va cham véi
cac dién tir khac, hoac hap thu photon ..) thi dién ti trong nguyén t&r sé chuyén sang
mirc nang lwgng cao hon, hodc néu lwc tuong tac dd manh thi dién tl ¢ thé hoan
toan bi tach ra khdi nguyén tt.

- Hat bi kich thich 1én méc nang Ivgng cao hon, sau mot khéang thoi gian ngan thi
dién tl tw phat tré vé mic thap hon kem theo bic xa lwong t.

- Quang pho birc xa clia chiing lanhirng quang pho vach. Quang phé vach d vgc tao
b&i moét day vach, tvong ng v&i mot trang thai kich thich khéac nhau ctia cac
nguyén t&r va cac ion. Mai vach duoc sinh ra khi co dién ti trong nguy én i dich
chuyén tir mirc nang lwong nay sang mirc nang lvong khac.

- Ph6 vach laphd phét xa clia cac nguyén td hda hoc hau nhu thudong ndm trong
vung phd tlr 190-1000nm (vung UVVIS). Chi cé mot vai nguyén td akim hay kim

loai kigm m@i c6 mot S8 vach ph6 nam ngoai ving nay.

CAC MUFC NANG LUFOING TRONG NGUYEN TP HYDROGEMN

=

Day Balmer

.’-.\

tyelrogen )

L 4 Trang thai co ban
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Power density W m2 ym-!]

Lyrmnan Balmer | Paschen

Co ché hinh thanh quang ph6 vach phat xa
2. Su btre xa tai hop:
Co ché cua su tai hop 6 thé giai thich nhw sau:
Céc nguyeén tlr trung hoga, trong qua trinh va cham sé bi mat dién t& ctia chinh minh,
tré thanh ion. Céac ion nay thu nhan dién tl vatrd vé trang thai trung hoa, dong thoi
btrc xa photon nang lwgng.
Su tai hop gitra ion am va dién tlr vavéi ion dwong s8 lam gidm ion am
Vi du: proton thu mot electron thi n6 tré thanh mét nguyén t& hidro binh thwdng,
khi d6 nang luvgng dugc gidi phdng ma photon mang di 1a: 13,6 eV.
Vi céc dién ti tw do cd gia tri ndng lugng thay ddi lién tuc nén trong quatrinh téi
hop, cac photon dwgc blre xa tao ra quang pho lién tuc. Phd nay tao thanh mot nén

mo lién tuc trén toan dai phd clia mau, nhung nhat & sdng ngén va dam dan vé phia

séng dai.
2000 . : .
Solar spectrum . Solar cell matenal
r (Absorber):
— Dye-injection cell
1500 CuGaSe;,a-Si
1000
500

0.5 0.75 1.0 1.25
Wavelength [pm]
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3. Sv blrc xa ham:

Do su va cham gilra cac dién tir v&i cac ion nang, dién t&¢ bi mat mot phan nang
lvong clia minh, phan nang lvong nay phat xa ra dwéi dang lvong tir anh sang. Blrc
xa sinh ra khi ¢6 sw va cham cua dién t& véi nguy én ttr hodc ion dwong nang, goi la
blrc xa ham.

Blrc xa ham s sinh ra quang phé lién tuc

< COthé xay ra cac qua trinh:
e+tA A+e+e+
e+tM M7 +e+e
e+tA A*+e
A"+A A*+A+e
A+A A*+A
A+A" AT+A+e
e+A” A+e
Vi e : dién tlr, A : nguyéntir, A" : ion mot dién tich, A ™" : ion hai dién tich, M :
phan ti.

[11. M&i quan hé gitra cwdng dd, nhiét do, mat do hat trong plasma:

Trong plasma, nguyén tlr (A,) clia mdt nguyén td dwgc kich thich tir trang thai nang

lvong thép E,, |én trang thai ning lwong cao A, dugc biéu dién theo phwong trinh:
A, + XE=A* ()

(tAc nhan kich thich XE c6 thé la dién tl, ion, nguyén tir...)

Nguyén tir da bi kich thich A* gidi phong nang lwvgng ma n6 danhan dugc dudi
dang céc tia phat xa (hv) dé trg vé trang thai nang | wong thdp bén viing ban dau.
Chinh quatrinh nay la quatrinh phét x a clia nguyén tir vasinh ra phd phat xa, c6
thé duoc biéu dién theo phuwong trinh:

A* =hv + A, (b)

Quatrinh nay IGc dau cham, sau dé tang dan theo sé nguy én t&r A* da bi kich
thich va dén mot thoi diém nhat dinh thi cling khéng tang nira tng véi mot nhiét do
nhét dinh cla plasma. Nghia la sau mdt thoi gian nhat dinh cla sv kich thich pho,
thi hai quatrinh trén (a) va (b) sé dat dén trang thai can bang. D6 | ahai can bang

dong hoc thuén nghich. Can bang nay chi phu thudc chl yéu vao nhiét do cla
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plasma, nghta lasbd nguyén tir A* bi kich thich vaphét xa la khong doi, rng voi
mdt nhiét d6 xac dinh cua plasma.

Néu goi N, lasd nguyén tlr ctia nguyén té A, dabi kich thich dén trang thai
nang luvong cao Ay, thi theo quy luat Bolzamann ta cé:

Nm= Na (9n/ 9o) - €Xp (-AEn/k T)

0o Va gm la trong lwgng thong ké clia nguyén tir A & trang thai ban dau, nang
lvgng Eo vatrang thai kich thich nang lwvgng Cm;

N, la s6 nguyén tir clia nguyén té Ao c6 trong plasma (trang thai hoi);

AE,, 1a nang lvong kich thich nguyénté tir trang thai Eo |én trang thai A,

T lanhiét do cta plasma (K);

k 1a hdng s6 Bolzmann.

Néu goi I, la cudng do cla vach phd do qua trinh kich thich pho danéi & trén
sinh ra, thi trong mot gi¢i han nhat dinh cla nhiét do plasma v a néng do cla
nguyén to A, trong plasma, nguoi ta thay I, phu thudc vao:

- SO nguyén tir A, da bi kich thich Ién trang thai A*, (N,)).

- Thoi gian ton tai clia nguy én tir A* & trang thai kich thich, (t,,).

- Nang lvong kich thich nguyén tir A tir trang thai co ban dén trang thai kich
thich, (Ey, = hv).

- X &c suat chuyén mic clia nguyén tir A tlr trang théi kich thich nang luong A,
veé trang thai ban dau nang luong Eo, (Amo).

Vaméi quan hé nay co thé biéu dién theo cong thirc sau:

la=f. (Utn). Amo -Em- Nim

I a="f. (I/t ) - A mo -Na (On/ Qo) hv. exp (-AE/k T)

Nhung d6i voi mot loai nguy én tir vatrong mot nhiét do plasma nhét dinh thi
C&C YU t6 Ao, Go, Om, Cm, IV l&nhitng hdng s6. Cho nén cudng dd vach phé |, chi
con phu thudc vao sé nguyén ti bi kich thich N, ma thoi. Nhu vay ta cé:

| a=kiN,

Voi: ki =f. (It ) . A mo (On/ 9o) hv. exp (-AE/k T)

D06 la cwong do vach pho clia nguyén ti.

Nhw vay déi vai quang phd nguyén tlr, (’ng vai nhiét do nhat dinh cta
plasma, ta tim duoc cwong do cta pho, ta ¢ thé tim duwoc mat do cac nguyén tir

trong plasma (N ).



V. Khao sat nhiét do vat den:

1. Vat den:

Vat den lanhitng vat hap thu hoan toan blrc xa chiéu xa chiéu t6i, déi véi moi
do dai séng va doi véi moi goc téi. Nhu vay néu nhu ta chiéu tdi vat den mot tia
sang thi tat ca déu bi vat hap thu, khdng cé anh sang phan xa, kh éng cé anh sang
khuéch tan, cling khdng cé anh sang truyén qua.

Thuc té khong c6 vat den tuyét déi. Tuy nhi én, ngudi ta tao ra vat den bang
céch dung mdt binh C c6 duc mat 16 thiing nhd, bén trong bdi den bang md hong,
co thé coi lavat den,birc xa khi di quald hdng bén trong binh, phan xa nhiéu 1an
lién tiép bén trong binh, do dé hau hét nang lvong blrc xa déu bi hap thu. Dién tich
16 hdng vira 1a bé mit hdp thu, vira 1a bé mat bic xa.

2. buwong dac trung pho phat xa clia vat den:

Blrc xa phat ra bdi mot vat gdm nhigu don séc, ning lwong phét ra ¢ng voi moi
don sac khong bang nhau va dwoc dic trung bai hé s6 choi nang lueng don sic E,.
Puong cong biéu dién su bién thi én clia E, theo budc song A duoc goi 1a duong dic
treng pho phat xa cla vat.

Ta xac dinh dwoc dac trung phd phét xa clia vat den bang thi nghiém:

L r

T

L,
) : C]_
ARG
E a
P, I
b

R

>
RN

/////E///

Vat den 1416 A nho cla binh kin B. Binh dwoc gilr & nhiét do T khoéng déi mata
can khao sat. Chum tia blrc xa phat ra tir A duoc hdi tu vao khe F ctia 6ng chuan
tric C nho' mot thau kinh hoi tu L ;. Chum tia 16 song song di tir ong chuan C duoc
cho di qua mot cach tir r vabi tan séc bdi cach tr. Trong cung mdt quang phd, cac
don séc léch theo cac phwong nhiéu xa khac nhau. M6i chim nhiéu xa duoc hi tu
tai khe f nho thdu kinh héi tu L, clia 6ng E. Bang cach quay 6ng E, ta c6 thé hoi tu

chum tia btrc xa c6 dé dai sdng A t6i A téi A + dA vao khe f. Tai khe nay, ta dat mot
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lakim loai nhd K boi den dé hap thu nang | wvong birc xa hoi tu & khe f. Nang | vong
nay bién thanh nhiét nang lam ting nhiét do & K. Ta do nhiét do ctia K bang mot
cap nhiét dién I, dau han avab tao thanh mot dong nhiét dién va ta do bang mot
dién ké G rét nhay. Budng cong biéu dién sy bién thi én ctia do chi trén dién ké G
theo do dai sdng clia btc xa ra bai vat den A chinh 14 duong cong biéu dién sy bién
thién cla E, theo A hay chinh la dwong dac treng phoé phat xa cla vat den.

Bang cach thay ddi nhiét do cua vat den, ta vé d woc nhiéu dic trwng tng voi

nhiéu nhiét d khac nhau

Céac dwong déc trung thay doi theo nhiét do clia vat den nhw hinh vé :

—— 1 £ L. 1 _1 % M)

Vung thay duge HO

Nhan xét:

+Nhan xét dwong dac treng trén, ta thdy E, cuc dai (’ng v&i mot do dai song A,

+ nang sudt phat xa toan phan R tang rat nhanh theo nhiét do T cla vat den

+ nhiét do cta vat den cang cao thi tri s6 cla A, cang tién vé phia d6 dai song
ngan.

3. Xé& blrc xa cula vat thuc:
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R la nang suat phat xa toan phan: la nang lvgng bic xa phat ra ( gom tat ca cac
do dai sdng vatheo tat cd moi phuong) b&di mét don vi dién tich trén bé mat clia vat
btrc xa trong modt don vi thoi gian

Vi céc vat den, nang suat phat xa toan phan R vd tuan theo dinh luat

Bolzamann
Rvd = T4
Vi céc vat thuc (khong den) thi nang suat phat xa toan phan R <R ¢
Hay: R<T*

P&t R=b*T *, v6i b 12 d den ctia vat, phu thudc v&o tinh chat vanhiét do cla
vat, b <1

Néu ta xét nhiét dé T “clia mot vat den c6 nang sudt phat xa to an phan bang
nang suat phat xa clia mot vat thuc & nhiét do T thi T “ lanhiét do blrc xa clia vat
thuc.

Taco: T *=bT*

Vay nhiét dé thuc cua vat thuc | &

Uf_? )

Néu xac dinh duoc nhiét do birc xa T “ cla vat thuc, ta suy ranhiét do thuc T
clia n6
4. Ung dung: Hoa ké quang hoc:
Hoa ké dung dé do cac nhiét do cao: nhiét do clia mot vat nung do, nhiét do cla

[0 luyén kim....
L __
Eﬂi@ A K G
B

Chum biic xa phét ra tir nguén A ( déng vai tr 0 lavat den nhu ctra s6 cia mot 10

luyén kim), hoi tu vao mét dia nhd K bang bac bdi den. D6 choi clia anh A trén
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dia K bang do choi ctia ngudn A. Nhiét do cla dia K duoc do bang mot cdp nhiét
dién va mot dién ké G c6 do nhay I6n. Nhiét do nay ti Ié véi d6 chéi clia anh A [,
do dd ti Ié vai do choi cta vat den A. Bang mot bang do mau nhiét do co san, ta
suy ranhiét do ctia A bang cach doc s6 chi cla dién ké G
Néu A khong phai vat den thi nhiét do dwoc chi la nhiét d6 birc xa T [J clia vat.
Nhiét do thuc clia A 1aT véi T duoc tinh theo biéu thirc (1)

< Tai liéu tham khao : Gi4o trinh quang hoc( Nguyén Tran Tréc-
Nguyén Ngoc Anh) va Phuong phap phan tich phé nguyén t¢ (Pham Luan)-
Plasma (Nguyén Ngoc Dat)
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CHUONG VI: CAC PHUONG PHAP KHAC

|. PHUONG PHAP QUAY PHIM TOC O CAO

1. Cong dung : Quan sét hinh &nh plasma

- Thoi gian xay ra s phong dién xung trong chét khi chi bang mot phan triéu clia
gidy. Vi vay can thiét phai cé sw chup anh vaquay phim cuc nhanh dé ghi lai hinh anh
cla plasma. Hién nay nganh vat ly thuwc nghiém da duogc trang bi nhiitng budng chiéu
phim va méy quay phim cuc nhanh cé thé ghi dwgc 10 000 000 bic anh trong mét
gidy. Phuong phap chup dnh nhanh va quay phim cuc nhanh da mang lai nhitng két
qua tot dep trong nghién clru nhi*ng qua trinh tién trién nhanh. Vi du nhw sy phdng
dién xung, tia Itra dién va chép.

- Méy quay phim cuc nhanh c6 cdu tao co ban gdbm: hé thau kinh hoi tu, tdm chén,

guong quay va man phim.

Phim dnh

#th !|_.~|'|l|k|-- "

?“’z o

';I'u-uc.;::,:..--pl'_.'ﬂ i

e A

Tam ehidn ~ ¢,
Gubing quay
3 o
I 1] T T T
e I giar:
DAl rl‘.‘|‘lf Phéng dign phit trifn Suphang dify
g i n iy b (hoin hio) phat inh

Hinh 5
ELiy nuay phim cue nhanh vdi gudng xoay

e Anh séng tir 6ng phong dién chira plasma di qua hé thau kinh hdi tu di qua tdm

chan vao guong quay, sau do phan xa dén man phim.
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e Guong quay dwoc ché tao theo dang lang tru c6 nhiéu mat, quay xung quanh
mot truc c6 dinh. Man phim c6 tinh chét nhay sang, thiét ké dang v ong cung bao xung
quanh gwong quay.

e Khi guwong quay quay nhanh, cé&c tia sang s& dwgc ghi nhan lai lién tuc trén
phim va cho ta hinh dang cla céac giai doan phéng dién trong khoang thoi gian rat
ngan. D6 lanhitng bang chiing xac thuc vé tinh khong 6n dinh clia sw tw phong dién.

e hinh

- Nho phwong phap quay phim toc do cao, nguoi ta da co thé mo ta thanh cong su
phong dién trong khoang thoi gian ngén chi bang mot phan triéu giay. Ngo ai ra, nguoi
ta con cd thé lya chon thoi diém dé chup anh sw phdng dién véi do chinh xac cao. Néu
thirc hién chup mot loat birc anh & nhitng thoi di ém khac nhau, nguoi ta cé thé nhan
dwgc mot bic tranh hoan chinh vé sy phdng dién trong plasma.

2. ANH PLASMA QUAN SAT BUOC

Hinh anh plasma

Columns

N .-nr

Figure 7. Data Taking Method For Plasma Ball Streamers.

40



Figwe 3: Tokamak Cartesian coordinates.
Red circles show 3D eurve on the surrounding
plasma surface which projects on the photode-
tector.

1—
08 —
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]
4.5 —
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o 0.5 1 1.5 Z
K ]

Figure 4: Solid line gives VIP (R, =
const, Z) plasma boundary coordinates for i : ;
MAST shot 8869, Dashed - EFIT. double dot- ]]]'.G?U presents reconstructéd plasma bound-
ary in the image plane.

Figure 2: Dashed line in the right part of the

dashed - sealed boundary in the image plane.
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Shot 114333, time= 10.25ms

0.00 0.01 00200 05 10 15 2.0
Time (see) Rim)

Fig. |. Data from three camerass combined with an E
recomstruction [ 10] and plots of other plasma conditions vs.
lime A lime progressss in the composad animation,  the
vertical dashed line on the plasma-conditions va. time plot
moves o the right, and individual frames from each camera
md the flux contours from EFIT, are displaved at the
sppropriate time.

Animations from fast 2-D camera data are facilitating the investigation of spatially distributed phenomena in high-
temperature plasmas. The National Spherical Torus Experiment (NSTX) now has six fast camera systems, and more are expected
tobe added. Image capture rates vary between 1000 and 500,000 frames/second. Archiving and retrieving this data isa challenge
for data repositories and networks. Forexample, if all camera data had been archived during the 2004 run, the total amount of data
from NSTX (300MB per pulse) would have doubled, and this year,one new camera alone can acquire 2GB per pulse. The paper
will describe the storage strategies, and compare some data compression techniques used for NSTX. Tools which animate camera
data, synchronized with displays from other plasma diagnostics and simulations, allow scientists to gain insights and observe
correlations that would be difficult with conventional tools. A labor-saving technique is described for archiving fast camera
images from a vendor's svstem into MDSplus and to AVI files. Examples of specific analysis and display techniques are
presented. Future challenges are also discussed.
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Figure 3. A Plasma Ball

Plasma quan sét ¢ tirng thoi diém khac nhau



I1. Chén doan plasma & tang dién ly bang séng vo tuyé n
1. Tangdiénly
- Tang & trén cling cuia khi quyén do tac dung cia Mat Troi bi ion héa v atang dé
duoc goi latang dién ly (Plasma)

- Plasma & tang dién ly c6 3 loai hat: trung h 0a, ion vaelectron.

lonosphere (Aurora)

lenosphere

g D Layer
\ Disappears
at Night
E Layer Almost
Disappears at Night

Mesosphere

Stratosphere

Tropopause

Troposphere

Night Time F Layers
F Layer Combine at Night

Tang dién ly gdm nhiéu 16p , moi I6p c6 ndng do electron khac nhau

Tinh chat phan xa cta plasma phu thudc v ao mat do ctia né. V&i mat do cang lon,
su phan xa song dién tr cang manh.

2) Tan s6 plasma

wp=2mfp = \f;—:j Ne: NGNg do electron
M: khdi lvong electron

e: dién tich electron

3) Su lan truyén soéng dién tir trong plasma

Diéu kién dé song truyén trong Plasma:

= f<f,: khdng xuyén qua plasmama chi “thim” vao 1 16p méng. Song dién tir tan
s6 nhd nén cac dao dong xay ra cham. Trong khoang thoi gian bang chu ki T, cac hat
mang dién phan bo lai va s lan chuyén séng khong xay ra duoc.

w f>fp: song dién tir xuyén qua plasma. Nhitng dao dong xay ra nhanh, sy phan b6
lai cac hat mang dién khong kip tién hanh. Do do, séng truyén mot cach ty do trong

plasma. Vi tan so plama phu thudc vao mat do hat trong plasma, cho nén co thé xay ra



truong hop séng truyén dwgc trong moi truvdng véi mat do nay nhung khong truyén

dwoc trong moi truong voi mat do khac. Cong thirc tinh tan s6 plasma:

4 2
0, =2 f, = [T (413

e Matdo e lén = f<f,: sdng khdng thé truyén dwoc trong plasma

e Matdd e nho = f>f,:: sdng truyén qua duoc plasma. Nho vay ma nguoi ta co
thé thanh |ap phuong phap chan doan plasma va do mat do cac hat trong plasma véi do
chinh xac cao.

NEu c6 tir trvong, sw truyén séng trong plasma sé rat phirc tap.

4) Phurong phap chan doan

Mot may phat séng vo tuyén sé phat séng | én tang dién |y

power

Mot may thu s& thu nhén tin hiéu phan xa

Tin hiéu thu duoc sé dwoc xir ly dudi dang phd

Dudi day lamot vi du minh hoa

D0 thi gbm 2 truc, truc tn sd vatryc ning luong frequency

5) Xac dinh céc thong s6 clia plasma:

a) Nong do ctia vang plasma: ti 1¢ v6i tong nang luong phan xa trd vé

power
power

/TN

frequency

frequency

Do thi ving ¢ néng do plasma cao Do thi twong tmg véi ving co ndng do
thap
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b) Van téc cla ion:
ti I¢ vdi do rong cua tin hiu,
Diéu ndy gay rabai hiéu tng mé rong vach phd
Doppler s
2

Nhiét 6 Ton c6 thé duoc tinh tir van tde va khéi luongool ele

Cool ion

ctrons

cua no6 theo cong thic

v2 =3kT

m — khéi lugng ion

V — van téc ion

k — hing s6 Boltzmann (1.38 * 10723 JK)
T — nhiét d6 ion ( K)

power

frequency

Hot ion

c) Nhiét do electron

Nhiét do electron thuong cao hon nhiét 6 ion

frequency

Lién hé giita nhiét d6 cua ching twong tmg véi lién hé giira dinh phd vachd 18m

trén do thi

Cool electrons

Hot electrons

power

power

frequency

frequency
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I11. Phuong phép do phat xa Neutron

Viéc do cudng d6 phat Xa cac neutron cua plasma c6 thé 1& mot phuong phap
tdt nhat dé chan doan plasma khi né & nhiét do rit cao. Néu nhiét do cua plasma thép
hon mot triéu do, thi cuong d6 phat xa neutron 1a rat nho va khong thé phat hién ra
chang. Khi nhiét d6 duoc ting dan thi dong hat neutron duoc phat xa tir plasma ciing
tang dan 1én.

Viéc do cudong do phat xa cac neutron cuia plasma dé d ang va dic biét dé do
nhiét 6 cta plasma. Nhung khi sir dung phuong phap nay dé khao sat plasma thuong
gip phai mot kho khin. O chd cac neutron thuong sinh ra tir nhirng phan tng tong hop
& chinh bén trong plasma. Vatrong mot vai truong hop khac cic neutron ¢ thé dwgc
tao ra tir nhitng qua trinh khéc. V1 thé nhitng két luan dwa trén cac phép do do sy phat
Xa cac neutron cua plasma c6 thé din dén sai lam.

C6 nhiéu phuong phap dé quan sat sy birc xa cta neutron. Mot trong nhimng
phuong phap d6 1a 4p dung su chup anh bang nhii tuong. O truong hop khac ding méy
dém nhip nhay dé ghi nhan cac neutron. Cac neutron khi di v do trong cac may dém sé
g8y ra céac chdp sang. Chop sang xuat hién 1a do sy pha v cac hat nhan neutron trong

may dém nhép nhay.
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