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PHEP PHAN TICH NANG LU ONG ION:

K thuat chan doan plasma dwoc dung c6 thé ndi rong ré nhat dé la phwong
phap phan tich nang lwvong ion. Phuong phap dé cé thé thyc hién thong qua may
phan tich sy tré thé nang hay may phan tich nang lwong ctia mét dwoc udn cong.
Céc thiét bi nay c6 gia tri thwong mai cao va dwgc (ng dung trong cong nghiép
phi plasma thiét bi vi dién tir va khac plasma.
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H.5.1 So d6 may phan tich sw tré thé nang, d woc dung dé xac dinh ham

phan bd nang lwvgng clha cac ion dén bé mét clia mau.



Trén day l1a so d6 clia may phan tich s tré thé nang dé diéu khién d ong ion & bé
mat. Trong so d6 1ap rap c6 mot 16 nhd & bé mat clia mau m ad dé dong ion dugc
giatdc & hai bén [6p vo. Dong ion vao may phan tich su tré thé ning duoc xem la
gi6éng v&i vi tri gan mau.
Khi vao may phan tich, dong ion sé gap ba hé théng.
- Trudc hét lahé théng day (repeller grid), dudi tac dung cla thé hiéu
dich, thé d6 sé day valam vo hiéu nhitng loai c6 dién tich khong duoc quan
tam. Vi du, néu mot loai duoc quan tdm trong qua trinh diéu khién phan
(rng clia cac ion duong gay ra viéc khac axit, thi hé thdg nay s& co thé am.
Khi do céc electron va ion &m s& gap hé théng day, hé thong s& lam vo hiéu
cac electron va cac ion am dén ban thu (collector).
- Hé théng thi hai 1a hé théng lam tré (retarding grid), thé cla hé
thdng nay s& tang dé day cac ion duong di chuyén dén collector.
- Hé thdng th ba d6 1a hé thong hay electron (electron suppression
grid), dwdi tac dung cta thé hiéu dich s& di dé day valam vo hiéu cac dién
tlr thir cdp duoc phat ra tir collector khi bi ban pha bdi d ong ion dwong.
Viéc hlly cac dién t&r thir cap phat ra tir collector | a can thiét bdi vi hé thdng
do dong khdéng phan biét duwoc dong clia cac ion dén collector va dong cua
cac dién ti thr cdp phét ratlr no.
Dong thu s& duoc vé trén truc y vathé tré thi trén truc x ctia do thi,
tlr d6 ta thu dwgc ham phan bd nang luvgng ion cho cac ion vao may phan tich. Cac

ion khong dén 16i vao clia may phan tich qua mot ban cau trong khong gian van
tdc. Trong mot vai truong hop, cac ion bi cwdng birc dén goc 6o clia khau do tam

kim loai, qua d6 dong ion xuyén qua. Piéu nay dvgc md ta nhuw hinh 5.2
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H.5.2 . Hinh dang hinh hoc cia may phan tich su tré thé véi goc hinh nén 6

Khi cac ion dén 16i vao clia may phan tich si tré thé ning va co phan bd van tdc
tuan theo phan b6 Maxwell va dang hwong trong khong gian van téc, téng d ong

ion xuyén quakhau do 16i vao Ag la:

=D A vy (5.1)
4

N6 duoc dua ra bai Roth va Clark (1969), va dong ion & trang thai on dinh dén

ban thu clia may phan tich su tré thé duoc cho bang:
V-V V-V )sec?6
L (V)= {exp!-u}coszeoexp[-(p)—.o} A
T T
V>V, ,0<0 <6, (5.2
Trong d6, | duoc xac dinh nhu biéu thic (5.1), V 1athé cla hé théng l1am tré
T. lanhiét dd dong hoc cta ion, vaV, la thé plasma. Thong s6 6, la goc toi cuc

dai cla ion khi vao may phan tich v&i phan b van téc bt dang hwong , dwoc md



ta nhu hinh 5.2. Trong cac (tng dung quétrinh plasma, ham phan bé cla ion cé thé
giam dot ngdt trong mot géc trong khéng gian van toc vi s dich chuyén thanh cot
qua céc khau do hay ladi chuyén qua vung day trwdc 16p vo plasma (Zheng vacéc
cong sw, 1995).

Biéu thirc 5.2 dwoc dan ra tir gia thiét rang cac ion dén may phan tich | a
dong nhat trong pham vi tlr goc 0-8, trong khéng gian van toc, khi dé6 ham phéan
bd nang lwgng cla ion trong plasma la phan bd Maxwell, va plasma & trang thai
on dinh. Mot bo tri may phan tich ly twang, trong do, cac ion dén khau do 16i v ao

véi phan b6 vecto van téc hon mot ban cau, dong ion thu dwgc anh hwéng dén

phan b6 Maxwell clia céc ion, khi dat 8,=r/2, taco

l; = |maxe><p[- A (5.3)

Puong cong cla thé tré tir phan bd Maxwell, ion néng , mot loai plasma
phdng dién Penning & trang thai 6n dinh, d woc mo ta & hinh 5.3. Trong treong hop
nay, ion Deuteri ¢6 nhiét do dong hoc hon 1900 eV, va thé plasma 1a 1623 V. Ham
phan bd nang lvgng thu dwgc mo ta khd nang phéng dién Penning, tao ra cac ion
nong va cé phan bé Maxwell. Plasma nay lam viéc dudi diéu kién cac ion bi twr
héa, n6é cho phép qua trinh nhi ét dién tir hoc xay ra. Tuy nhién tinh chéat clia nang
lvgng ion trong viéc (rng dung v ao qua trinh plasma can phai dwoc gia téc hai bén
|6p vO & trén mau. Cac ion khdng duoc tir héa va hiém khi viot qua ning lugng
200 hay 300 eV.

Trong viéc (ng dung qua trinh plasma, cac ion khéng tuan theo phan b6

Maxwell, ham phan b6 nang lugng khi d6 tré thanh:

|i(v)=|m[ —jvvpf(\/)d\/} V, <V <o (5.4)
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Hinh 5.3 Cac vi du dac trwng cla di¥ liéu tho vafit t6t nhat tuan theo
phan bd Maxwell thu duoc tir phdng dién Penning ap suét thdp hon loan véi thé
plasma V=1623V va nhiét do dong hoc ion Ti’:1905eV.

Khi d6 I, cho béi cong thirc:
| ., = Nev, A (5.5)

Trong d6:  n, lamat do ion trong 16p vd & trén 16i vao may phan tich.

v, lavan toc ion c6 thé xay ra nhit ;

va 7 = % s (5.6)

V6i M lakhdi lugng ion, vaE;’ la nang lwgng ion trdi clia ham phan bé.
Trong biéu thirc (5.4) ham phan bo ion f(V) duoc ldy tich phéan tir thé

plasma, d6 14 thé kha di nhét khi do dong thu duoc ctia may phan tich sy tré thé



van duy tri khong ddi, dén thé V cla hé théng am tré thé. Néu 4y tich phan vuot

qua mién nang lvong dé thi khi d6 ham phan bo ion dwoc chuan héa

jvp f(V)dV =1.0 57

Puong cong thé tré duoc cho bdi biéu thirc (5.7) 1amot ham phan bd nang
lvong ion duoc ldy tich phan va ham phan bo cla ban than céac ion f(V) co thé thu
duoc bang cach 18y vi phan biéu thic ( 5.7), taco

F(v) =—%% (5.9)

V@& phuong dién thwong mai, may phan tich thé tré thwong dwoc trang bi
thém phan mém dé thuc hién cac phép téan vi phan bao gdm ca biéu thirc (1.8) v a
vé két qua ham phan b6 nang lugng ion.

Dé gbp phan hiéu ré hon cac ham phan bd nang lvong ion ma ching ta gap
phai trong viéc ap dung cac qua trinh plasma, bon vi du dién hinh duvgc md trong
hinh 5.4 . Ham phéan bd nang lvgng ion hgp nhat dugc mo ta & cot bén tay trai.
Ham phan bd, dwoc rat ra tir duong cong & cot thir nhit, nam & cot b én tay phai.

- Hinh 5.4a: Ham phan b6 nang lvgng cla ion don nang, mot loai ma
chiing ta c6 thé quan sat & mau clia 10 phan (ng khic plasma RF phang
song song, lam viéc & tan s6 13.56GHz

- Hinh 5.4b : M6 ta ham phan b6 nang lvgng cuta ion nang luong kép,

vi du nhuw day 1a két qué cla 10 phan Gng Plasma RF phang song song | am

viéc & tan s6 nhd hon 1IMHz.

- Hinh 5.4c : m6 ta viéc xuat hién ham phan bd nang lvgng ion dong

déu, khi d6 s6 ion phan b bang nhau trong khoang ning lugng 0< E'< E,

- Hinh 5.4d : md t& cac ham phan bd nang lwgng ion duoc ldy vi phan
va tich phan va gan nhu la giéng véi phan b6 Maxwell clia nang luong &

hinh 1.3.
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Hinh 5.4 Cac vi du m6 ta cac ham phan b6 nang lvong ion duoc lay tich
phan thu dwgc tlr may phan tich su tré thé ning, trong dé cot b én tay tréi 1a
ham phan b6 nang lwgng ion va cdt bén tay phai la ham phan bd duoc lay tich

phan.



T cac hinh vé ta thdy, khi ham phan b6 nang lwgng ion tuan theo phan bd
Maxwell thi do thi c6 dang nhu & hinh 5.4.d, con nhitng truong hgp con lai thi co

dang nhu & cac hinh a,b,c.



