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Nhu da biét, mudén quan sat dugc cu tric cla vat chat
cling nhu cac tinh chét ctia né thi can phai c6 mot ngudn sang
c6 budc song nhd hon hodc twong duong voi khodng céch
gilra cac nguyén t(r cia mau ma ta can nghién ctru

Dién tlr co6 nang lvgng cao va khéi lvgng nghi 1én. Do
vay, y tedng ding chum dién ti dé nghién ctru cling nhu ban
pha cdu tric da duoc dé ra. Nhung van dé 1a bang cach nao
chiing ta co thé lay dwoc né va diéu khién né theo y mudn

Vi cong trinh cia Owen Willans Richardson vé hién
twogng phat xa nhiét dién tr (va duoc gid Nobel nam 1928 da
mé& dau cho cudc cach mang nghién clru tinh chat vat liéu
bang chum dién tir

Tw cdng trinh trén cac hién tuong phat xa dién tir khac
cling dan duoc phat hién: Phat xa quang dién t&r, phat xa tw
dong va phat xa dién ti thir cap.

Trong pham vi b4o céo nay, xin trinh bay mot s6 van dé
co ban vé sy phat xa nhiét dién tr

Phan 1: Ly thuyét vé s phat xa nhiét dién t

Phan 2: Cac phuong phap lam tang dong phat xa

Phan 3: Céc phwong phap diéu khién chum dién tir phét xa

Phan 4: Cac (rng dung st* dung chum dién tr phat xa

Mac du d& cd ging, nhung béo cdo chic van con nhiéu
thiéu sét, mong Thay va cac ban thém phan gép y

Dé hoan thanh tot bao cdo nay, nhém xin chan thanh

cam on si quan tam chi bao tan tinh ctia Thay Lé Van Hiéu.
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CHUONG 1

1 GIOI THIEU CHUNG

Su phat xa cua cac electron tir mot chat d woc nung ndng goi la sy phat xa nhiét
dién tr

1.1 Phét hién dau tién:

Hién twong dau tién dwgc quan sat nam 1873 bdi Frederick Guthrie. Khi 6ng
dang nghién ctu cac vat thé mang dién tich, 6ng phét hién ra rang cac quéa cau sat
mang dién tich duong khi nung dé s& mat bét dién tich. Ong ciing tim thdy hién

twong twong ty d6i véi cac qua cau mang dién tich am.

1.2 Hiéu tng Edison:

Ngay 13-02-1880, Thomas Edison la nguoi dau tién quan séat dwoc sy blic xa
electron clla mét sgi day toc bong den dat trong chan khéng (
Hinh 1.1).

Hinh 1.1

Edison ciing da thiét 1ap mét vai thi nghiém voi cac bong den,
soi day téc béng den, cac tdm kim loai va cac la kim loai. Thi
nghiém duoc xay dung gdm mot sgi day téc bong den va mét la
kim loai. Khi la kim loai duoc dugc ndi dién am con day téc ndi
dién duong thi hoan toan khong c6 dong dectron phét ra, nhung

néu noi la kim loai mang dién tich dwong thi xudt hién dong

No current .
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electron. Ong cling phat hién ra rang dong phét xa ting khi 6ng ting hiéu dién thé. Va

hiéu (rng nay dwgc goi lahiéu (ng Edison.

CHUONG 1

1.3 Dinh luat Richardson:
Theo sau Thomas Edison |la Owen Willans Richardson, nha vat ly nguoi anh,

ong cling bat dau nghién ctu hién trong phat xa nhiét va dua ra dinh luat phat xa
nhiét mang chinh tén ong. Ong d& nhan giai Nobel va nim 1928 cho cong trinh
nay.
_ %
J=ADT%« (11)
Vi :
2
Ag = — 120,4.104—2
h m*=.do*
1.4 Lucanh dién chia Schottky:
Trong nhiéu cdng trinh quan trong cla Schoottky vé hién tuong phat xa nhiét,
cong trinh quan trong nhat la 6ng nhan thdy cé mot luc anh dién tai bé mat ngan
can electron bitc ra khdi bé mat.

eZ

T4
Tuy nhién biéu thirc trén chi ding véi khoang cach x réat 16n so véi khoang

(1.2)

céch gitra 2 nguyén ti, vi khi dé mai cé thé coi bé mat kim loai la dong nhat.

1.5 Suténg cwong dong phat xa khi co dién treong ngoai (hiéu rng
Schottky):

Trong céc thiét bi phat xa electronm déc biét 1a sing electron, dé tang dong
electron phat xa ta &p mot dién tredng manh khoang 108 V.m-1. Truong nay <&
cung cép cho electron thém nang lvong AW dé vuot qua rao thé tai bé mat. Hay
noi cach khac la gidm rao thé tai bé mat di moét lugng AW. Khi d6 phuong trinh
Richardson duoc viét lai:

_ _¢0—AW
J=ADT% ¥ (1.3)
Voi AW = eyeE

PHAM THANH TAM 2
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1.6 Dinh luat Child-Langmuir vé dién tich khong gian:
Khi mét kim loai dwoc dat trong chan khong va nung néng & nhiét do cao dé

CHUONG 1

tao ra dong phét xa. Khi phat xa sé tao ra trén bé mat cathode mot ving mang dién

tich am, vung dién tich &am nay s& cdm (tng cac dién tich duong trén bé mat kim
loai tao thanh mot dién trwdng cé tac dung ngan can cac electron bic ra khéi bé
mat kim loai. Khi dong electron birc xa cang Ién thi trwong tao ra do dién tich

khong gian cang | ¢n, dén mot lic nao do thi dong phat xa sé béo hoa.

PHAM THANH TAM 3
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2 LY THUYET

2.1 Luwcanh dién cta Schottky:
M6i cm? kim loai thudng chira khoang 10% dién ti tu do chuyén dong bén

CHUONG 2

trong nd, do vay ching lién tuc dap Ién bé mat kim loai, nhwng chiing khong thé
thoat khoi kim loai. Biéu do6 ching t6 c6 mot lwc can tac dong ngan can dién to
thoét khdi kim loai.

Theo Schottky, dva vao lyc tinh dién, 6ng giai thich rang khi kim loai nam
cach bé mat mot khodng cach x thi n6 sé bi tac dong bdi mot luc anh dién duoc
xac dinh bdi céng thirc:

eZ

F ra (CGS) (2.1

NEu nhitng dién t& nhanh trong kim loai mot cach gan ding c6 thé xem | atw
do thi gan bé mat khi chiing bay ra khdi 16p gi¢i han bién ctia nit mang tinh thé sé
bi hat 1am ching quay tré lai vao trong kim loai. Qué trinh bay ra bay vao cua
dién t&r cling xay ra ngay ca & nhiét do 0(K) vi Ic ndy dién t& van chuyén dong
trong kim loai.

Nhuw vay, trén bién kim loai sé thanh [ap 2 16p dién, 2 I16p nay s& tao ra mét luc
dién trwong ngan can dién ti bay ra khdi kim loai.
Schottky gia thuyét hai 16p dién ti d6 nhu mot tu dién phang dit cach nhau mot
khoang cach a. Khi do, cwong do treong trong khoang tlr 0 dén a cé thé xem nh v
la khong doi

DE thoat khai kim loai, dién t& phai thwe hién mot cong bang:

® a 2 % 2
W, :lex=£T6€dx+jﬁdx
: (2.2)

e e €

=+ =
4a° 4a® 2a°
Pai lvgng W, dac treng cho do cao toan phan cla hang rao thé nang cla dién

tlr trén bé mat kim loai va duoc goi la cong thoat toan phan cla dién tt.

PHAM THANH TAM 4
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Chi ¢c6 nhitng dién t& nao cé dong nang vuot qua rao thé trén méi cd thé thoat
khoi kim loai, tic &

2
m;’ > W, 2.3)

2.2  Phuong trinh phéat xa nhiét dién t(r cila kim loai. Binh luat Richardson:
Trong kim loai, dién t la:

CHUONG 2

+ Cac hat khéng khac biét ( tirc la tuan theo co hoc lvgng ti)
+ C6 ndng do I1on
+ Co6 spin ( ttre la tuan theo nguyén nguyén ly loai trir Pauli
Do vay, sy phan b6 cta dién tir theo nang lugng trong thé ran duoc biéu dién
b&i phan bd Fermi-Dirac.
f (W) =—gr— (2.4)

e K +1
DPay chinh la xac suét lap day cla dién t& trong trang thai c6 mic nang | vong

W, v0i ¢, la nang lvong mic Fermi.

Talai cé méat dd mic nang lvgng W trong kim loai

3
2n (2m)’2
N (W) = “(h_g)VW (2.5)
TU (2.4) va(2.5) tacd, Mat do dién tr nhan mrc nang lvong W la

dN (W) = 2N (W) f (W)dW

4n(2m)? Wdw (2.6)
- h? (W—¢p)
e K +1

Hay phéan bd theo van téc:

2m?® dv,dv, dv,
3 W-gp

ek +1

Goi v, lathanh phan van toéc c6 hudng vudng goc véi bé mat kim loai, thi s6

dn(v,,v,,v,,)= (2.7

dién t&r dap Ién mot don vi dién tich bé mat trén mot gidy la

¥ dv, dv dv
dn, (v,.v,.v,.)= am,, AL, (2.8)
h {E(vfwﬁwf)—a;}
e KT +1

PHAM THANH TAM 5
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PE tim so dién tlr thoat ra khdi kim loai, can phai lay tich phan tir —o dén +©
theo v, vav, dong thoi v, phai théa mén diéu kién () dén +©

PE tinh tich phan hai 16p clia bi€u thikc tr én tadiing hé toa do cuc:

V, = p COS® .
vV, =pSsing (2.9) 2
5
V2 +V2 = p?dv,dv, = pdpde %
Khi do:
o dv, dv, v d
.[J._ 2..2..2 T :Jd(PI _mzpzp_
_—(v +HV2HVE)— sF 0 0 _24VX+P )—SF_
e KT +1 e KT +1 (2.10)
ZRKTT dy
m e+l
Vi
mp?
= = pdp=—d
y 1T pap y
2
B:Wx 8F ;Wx_rnvx
KT 2

Tatiép tuc dat Z=€""Y > dZ =e’"dy

Z | ef
jj n —I =1In =—In—
eﬁy+1 1z(z+y z+1) e +1
=Inl+e?) (2.11)
W—eg
=Inl+e ¥ )
Két qua ta co:
+o0 dV dVZ 21_[ kT W—sF
j j e In(l+e ¥ ) (2.12)
~e KM +1
Thé vao (2.8) taco:
We—gp
dN (W)= 47“ka| nl+e < )dw,

DBay chinh la sé dién t& cé nang lvgng tr W, dén W, +dW, tir trong kim loai di

dén mot don vi dién tich bé mat trén mot gidy theo hudng x vubng goc voi bé mat.

PHAM THANH TAM 6
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Do vay mat do dong phat xa nhiét dién tlr c6 dang:

J= eT dN (W) (2.13)

0
Ta biét rang, theo quan niém c6 dién, khi dién t& chuyén dong dén bé mit ,

néu chang di ning lwong chac chan ching sé vuot qua réo thé nang ma phét xa.

CHUONG 2

Tuy nhién, theo co hoc luong tlr khéng phai tat ca cac dién tir d6 déu v uot qua rao

vi x&c sudt phan xa clia ching tai rao thé cd thé khac 0. Hé s6 truyén qua cua r ao
D cuia dién t& phu thudc vao nang lvgng cla dién tlr so v&i dd cao clia r ao thé nang
W.

Do dd, dé co két qua chinh xac can phai dwa hé s6 D nhu ham s6 cla nang
lwvgng cua dién tr vao biéu thirc (2.13), rdi sau d6 méi lay tich phan. Nhung bai
toan nhu vay rat khé khan vi D = f(W) la mo6t ham réat phirc tap. Do d6, dé don

gian ta chi ldy trung binh clia D:

J=De j dN(W,)
W
’ } - (2.14)
4 mekT. I Inl+e < )dwW
h® e X

0

=D

Trong da s6 cac kim loai, cong thoat hiéu dung ¢,=(W,—¢€.) va khodng

4eV. Con dai lvong KT ngay ca véi nhiét do twong déi cao (T=2,510.10%K) ciing

chi bang:
3
KT =1,38.10 % x % 1 0.28v (2.15)
1,6.10
Nhu vay:
Wo =€ _ 9 (2.16)
KT
Wo—ep
Nén ek L1
Wo—eg Wo—eg
Do dé: In(1+e kT ju e T 4. (2.17)

Cuobi cung ta duoc:

PHAM THANH TAM 7
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0 W, —€¢
=D AmmeT “fije AW,
h

Wo

Wo—eg
_ 5 4r mek?® T ze*T
h3

Thé ¢, = (W, —¢) vao ta dwoc:

_ %
J=ADT% W

(2.18)
9
(e}
)
5
(2.19)

Pay chinh la phuong trinh phét xa nhiét dién t& doi véi kim loai cla Richardson

Hé sb A lahang s déi vai tat ca cac kim loai

Ammek’® A
AO:T:120104 2 ~

m=.noi

(2.20)

Conhé s6 D thi hoan todn khéc nhau d6i véi timg kim loai.

Phuwong trinh (2.19) cho ta biét dwgc sw anh hwdng cua nhiét d6 d6i véi dong phéat

xa nhiét dién tt

2.3 Su phan b6 theo van tdc clia nhiét dién to:

Bay gio ta sé tim ham phan bd clia nhiét dién tl phat xa theo van toc cla

ching.
Tabiét ham phéan bd Fermi-Dirac ¢6 dang:

1
FE) === —

e K 41

(2.21)

Nhuwng d6i véi nhirng dién ttr ¢ van toc 1on thi ta co:

W =W,
Wy—ep
Va e K 1)1
W-ep
Nén ek L1
Khi dy (2.21) duoc viét lai:
e W

F(E)=eXTe T

(2.22)

Do d6 d6i v&i nhirng dién t&r nhanh sé c6 dang h am phan bd Boltzmanm.

Tl (2.7) tacd ham phan b6 theo van téc cta dién tl nhanh trong kim loai:

PHAM THANH TAM
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om &= W
dn(v,,v,,v,,)= —-eTe ¥dv,dv,dv,
h (2.23)
_w
=Ce Tdv,dv,dv,
. 2m® & o
Vi C=—pr—el Q
h* 5
2
Vay, so dién tlr di dén mot don vi dién tich bé mat trén mot giay: ©
7m(vf+v)2,+v§)
dn,(v,,v,,v,,)=Cv,e T dv,dv,dv, (2.24)

Vasd dién tir thoat ra khai kim loai bang:

M(VZ+V2+v2)

dn (v,,v,,v,,)=CDv,e 27 dv,dv,dv,
Goi u,u,u, la cac thanh phan van téc cla dién ti khi thoat khdi kim loai:
Céc thanh phan u_,u_ cla dién tir phéat xa ciing bang van t6c Vv ,v_cla no trong
y' z y' z

kim loai. Do vay, con thanh phan van téc u, sau khi bay ra khoi kim loai sé thoa
man diéu kién:
muZ  mv:

T:T—WO (225)

Tlrdaytaco: udu =vdv

W,  m(uZ+uj+ul)

Khi do: dn'x (u,,u,,U,,)= CDue e 2 du,du du, (2.26)
Do vay, su phan bd theo van tdc nhiét clia dién ti phat xa:

2,22

o _m(ux+uy+uz)
dn(u,,u,u,,)=LDe *T du,dudu, (2.27)
_Wo
V 6i L=Ce ¥
L o2m® E
Thé C =FekT vao ta duoc:
2m® = T
L :FekTe kT (228)

PHAM THANH TAM 9
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Nhu da biét, hé so truyén qua D & kim loai gan bang 1 ngay ca voi nhitng dién ter
phat xa c6 nang lwong khong 16n hon Wy la may. Khi do, cd thé xem D khéng
phu thudc vao nang luvgng cla dién ti phat xa cling nhw cac nhiét dién ti phat xa

c6 ham phan b6 theo Maxwell-Boltzmanm.

CHUONG 2

2.4 Anh huwéng ctia triedng déi véi dong phat xa:
Theo Schottky luc &nh dién tai bé mat c6 dang:

2
F(X)=— V6i X >a (2.29)
4x

Do do, cong cua luc dién tlr dé vuot qua lvc can F trénla:
A = j F(x)dx (2.30)
-b

V&i b lakhoang cach nao dé trong kim loai ma ¢ dé luc F=0
Khi gidi thich diéu nay Schottky khdng can dang bién d6i cla dién truong khi
X < a, tirc lakhi cach bé mat kim loai mdt khoang bang hang s6 mang tinh thé.
Khi ap dién truvdng ngoai theo hwdng gia tée dién ti phat xa. Do do, lwc tac dong
toan phan Ién dién t&r phat xa:

F (x)=F(x)-eE (2.31)

Luc F_(x) > 0chi dén khodng cach X =X, , tai vi tri X =X, thi lyc anh dién

triét tiéu voi dién truong ngoai nén F_(x)=0. Do d6, cong cla lyc dién tir dé

vugt qua lwe can
A= j F. (x)dx (2.32)
-b

Giatri x, dwgc xac dinh béi phuwong trinh:

2

e
F(X)=——-eE=0 2.33
00=5 239

1 e
Nén X =—,.]— 2.34
o\E (2.34)

PHAM THANH TAM 10
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Cong thirc (2.32) duoc viét lai;

A= j (F(x)—eE)dx = j F(x)dx — j F(x)dx — jede (2.35)
—b -b Xy 0
eZ
A:AO—H—eExk:AO—e eE (2.36)

k

CHUONG 2

Tl day ta két luan dién truong, cong cla dién t& phai chdng lai luc can cla luc
anh dién sé giam mot luong:
AA=A —-A=eveE (2.37)

Do d6, biéu thic tdng quat cta cdng thoat hiéu dung khi ¢ mat dién tr wong

ngoai l&a
b, =0, —AA=¢, —eveE (2.38)

Vamat do dong phét xa khi c6 dién trvong ngoai |&

e
J.=ADT% ¥

E (2.39)
— Joe KT
V&i Jo lamét do dong phét xa khi khdng cé dién truwong ngoai
T day taco:
InJe _ &VeE (2.40)
J, KT
J
Hay IogJ—E =1, 906@ (2.41)

0
PR : , A
D0i voi diode phangtaco: E ZF
V&i d lakhoang céach gilta 2 dién cuc.
Khi d6 (2.41) duoc viét lai:

Jo 1,906 Y,
log—&= ="+ (2.42)
J, Jd T

PHAM THANH TAM 11
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log

N
\

E

=

Hinh 2.1 Sy phu thudc cla dong phét xa nhiét vao dién trung va nhiét dd cla cathode

Nhu vay, néu dién trudng E khong bi &nh hwdng béi dién tich khong gian. Thi

13 rang log(Je/J) phai phu thudc bac nhét vao |V, va d6 ddc cla dudng ndy i 18

nghich v&i nhiét dd T cta cathode (Hinh 2.1).

Do vay, néu mudn dong phé xa nhiét tang ta co6 thé khdng can nung néng

cathode qua cao ma chi can tang dién thé V, Ién. Biéu nay réat c6 lgi cho cac

cathode khdng chiu dugc nhiét dé cao.

Ly thuyét trén khdng con phu hop véi thyc nghiém tai x, vi khi do dién treong

day rat manh (~3.10° V.cm™). Tuy nhién, vé6i dién 16n nhu vay thi da xudt hién

dang phat xa méi: phat xa tw déng.

PHAM THANH TAM
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PHAT XA NHIET BDIEN TU PIEN TiCH KHONG GIAN

3 ANH HUONG PIEN TiCH KHONG
GIAN VOl DONG PHAT XA:

Khi xay ra sy phat xa dién t& tr cathode vé anode, dién tich khong gian sé cam
trng nhitng dién tich dwong véi mat do nhw nhau tai 2 dién cuc (
Hinh 3.1). Pudng stc cla dién tredng gay nén boi cac dién tr nay sé bat dau tir
cac bé mat cathode va anode. Do vay tri tuyét doi cla dién truong tai anode va
cathode sé 16n nhét. €,(0) >0va g,(d) <0.

CHUONG 3

£,(0)>0 g,(d) <0

v

v

v

+ 4+ + + 4+ + + ++

v

Hinh 3.1 Vung dién tich khong gian gi(ra 2 ban dién cic anode va cathode
Vi g(x)ham lién tuc nén né phai bang O tai vi tri x = X, ndo dé gilra 2 ban
dién cuwc. Do d6 thé tai V(xm) = Vi la cuc tiéu tvong (ng vai thé tai tai X, dat gia
tri cyc dai (Hinh 3.2).

€y, V,,8V, y
eV, (x)

.
& 1
—~ 1
=] |
&
' ':
) )
2
S
—~
>
=

Hinh 3.2 So db dién trwong, thé va thé nang gitta 2 ban dién cuc anode va cathode
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PHAT XA NHIET BDIEN TU PIEN TiCH KHONG GIAN

RO rang ta thdy ving dién tich khong gian sé tao nén mot thé can sy chuyén
dong cla cac dién ttr trong khoang tir x = 0 dén x = X,, vé phia anode. Do dé tvong
(rng v&i Mot thé ap vao xac dinh ta sé cé mot dong bao hoa js xac dinh.

Dic tinh ving dién tich ton tai ngay ca khi ta ap dién trudng ngoai €& vao
(Hinh 3.3).

€B

A

£,(0)>0 g,(d)<0

v
A

v
A

v
A

+ 4+ + + + + + o+

Hinh 3.3 Vng dién tich khdng gian gita 2 ban dién cyc anode va cathode khi ¢é dién trwdng ngoai

Khi do, dién truong va thé tai vung dién tich khdng gian 13;

a—:(X)=sp(X)+sB=a—:p(x)—\;—B (3.1
\Y,
V(x)=V_(X)+V, =V (X) - FBX (3.2

V@i g5 va Vg la cuong do dién trvong va thé cla dién truong ngoai. Ta thdy,
ngay ca khi dién trudng ngoai la gia téc cho dién t&r tir cathode vé anode thi dién
truong tai ving dién tich khéng gian van c6 thé am, duong hodc bang 0. Ta sé di

xét tlrng trwvd'ng hop cu thé trén.

3.1.1 Dién trudong tai cathode @m ¢(0) < O:
Tw (3.1) taco:

Vv
e (X)<eg <:>e~:p(x)<FB

Vi dién truong la 1én nhét & cathode nén dién trvong tong hop tai ving dién

tich khong gian sé luén am. Tuong (ng vo&i thé nang eV (x) trong vung dién tich

PHAM THANH TAM 14
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PHAT XA NHIET BIEN TU PIEN TiCH KHONG GIAN

khong gian sé& khong c¢6 cuc dai. Do vay, dién tlr sé khong bi can khi chuyén dong
tlr cathode vé anode. Khi d6 , dong phat xa sé dat gia tri bAdo hoaj =js.

Ché dd nay duoc goi la ché do dong béo hoa.

(XA EYIN
_____________ A
d
eV _(x
0 8,)\()() . e a P() >
] ev(x) |d
NG eV,
o q -
=z
o)
K A K A 2
(@)

Hinh 3.4 So dd dién trudng, thé va thé nang gitta 2 ban dién cic anode va cathode

trong trwdng hop ¢(0) <0

3.1.2 Dbién truong tai cathode duwong ¢(0) >0:
Tw (3.1) taco:

V
sp(x)>sB<:>sp(x)>FB

Khi dd, dién truong téng cong trong ving dién tich khong gian sé bang O tai vi
tri X, nao dé twong rng véi mot cuc dai thé nang eV(X,,). LUc nay cac dién ttr lubn
chiu mot lwc can khi chuyén dong tlr cathode vé anode. Do vay, dong phat xa luén
ludn nho hon dong bdo hoaj <js.

Ché dd nay duoc goi la ché do gi¢i han dong dién.

e(Xa eV a
/ \\‘(?YP (x
eV(X).
0 0 L + - »

LV : d
BT 4 v eV,
vod

K A K A

Hinh 3.5 So db dién truong, thé va thé nang gitta 2 ban dién circ anode va cathode
trong truong hop ¢(0) > 0

3.1.3 Dién truong tai cathode duwong ¢(0) =0:
Tw (3.1) taco:

PHAM THANH TAM 15



PHAT XA NHIET BIEN TU PIEN TiCH KHONG GIAN

\Y,
g, (X)=¢g @sp(X)=FB

Khi do, dién trudng téng cong sé bang O tai cathode va &m trong khap viing
dién tich khong gian. Tuong (ring dwdong cong thé nang eV (x) sé ¢ cuc dai tai vai
tri x = 0 va giam dan dén x = d. Khi do, dién tir sé duoc giatéc khi chuyén dong

trong cung dién tich khéng gian va dong phat xa sé dat t&i gia tri bdo hoaj =

e(X)a eV A
I v,
g (X) d S
0 - » O > z
v T
K A K A

Hinh 3.6 So dd dién trwdng, thé va thé ndng gilta 2 ban dién cwc anode va cathode

trong truong hop ¢(0) =0

Trong trudng hop ndy, twong tng véi gid tri Vg = V' né sé phan biét ra 2
mién rd rét, va ché do nay goi la ché do chuyén tiép. Do vay, tir nhitng phan tich
dinh tinh nhu trén ta cé dugc dudng dac trung Volt — Ampe cliadiode
AJ

Hinh 3.7 Buong dac trung Volt — Ampe j = £ (v,)
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PHAT XA NHIET BIEN TU PHUONG PHAP TANG DONG PHAT XA

4 PHAT XA NHIET DIEN TU CUA
CATHODE MANG M ONG VA
CATHODE OXIDE

4.1 CATHODE MANG MONG
Codng thirc dong phét xa nhiét dién t& j cia kim loai (phuwong trinh Richardson):

—4nmek? W ) b

j=D= e W =ADTR " (4.1)
. 41 mek? A A
Voi: =—— =120,4.10'——— hé s0.
A h? m?.fio®

A= AD (thuc nghiém Ao ~ (1,5 — 2).A).

D: giatri trung binh hé s@ truyén qua.

T: nhiét do tuyét déi (K).

¢, : cdng thodt hiéu dung (eV, J).

Tir cong thirc dong phét xa nhiét dién ti j ta thdy rang: chi can mot bién déi
nho cong thoat hiéu dung ¢, c6 thé lam bién do6i dong j rat 16n. Vi vay, néu trén bé
mét cathode pht mét mang méng kim loai chat khac thi c6 thé anh hudng dén kha
nang phat xa dién tt clia no.

Vi du 1: Phi mét mang méng C,, Ba hay Th Ién cathode W thi kha nang phat xa
dién tr sé Ién. Nguoc lai, phi mét mang moéng O 1én cathode W thi kha nang phat

xa lai kém di.

w:{ Cs, Ba, Th (méng j
W

Oxi (mang j
W A,=120,4.10° Az

mZ

é wé

Cathode W

Hinh 4.1
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PHAT XA NHIET BIEN TU PHUONG PHAP TANG DONG PHAT XA

Bang sau trinh bay tri s6 cong thoéat hiéu dung ¢, ddi véi cac cathode trong dang

don nguyén ti.

G (V) | Gy (V) | 4 (o)
Cathode (kim loai (kim loai (Kimloai | A [ﬁ}
cathode) mang) mang mang)
W-Cs 45 1,9 1,5 3
W - Ba 4.5 2:6 1,6 1.5
W -Th 45 3.4 2t 3
Mo — Th 42 3.4 2,6 1,5
Ta-Th 4.1 3.4 2.5 1,5
W-0 45 6,3
Ni—-O 4.6 6,4 %
W-H 4,5 5,8 %

Tathay theo bang trén, déi voi kim loai cathode thudng rét Ién. Vi du cathode
W c6 cong thoédt ¢ = 4,5 eV. Khi phu 1én mét 16p mang méng Cs thi cdng thoat
clia mang méng W — Cs giam xudng rat dang ké con lai ¢, = 1,5 €V (gidm 3 lan).
Nhwng ngwoc lai néu phil O 1én W thi cong thoat mang méng W — O lai tang Ién
¢, =6,3eV (tang 1,4 lan).

Hién twgng gidm cbng thoat cla cathode mang mdéng dwgc Langmuir gidi
thich nhv sau:

Vat chat dwoc hdp phu ndm trén bé mat cathode dwdi dang mot 16p ion dwong
(nhw cathode W — Cs) hay du¢i dang mot I6p nguyén t&r bi phan cuc — dipole. Hai
|6p dién gan bé mat cathode duoc thanh lap boi dipole dién hay béi I6p ion sé gay
nén dién truong gia toc, dién trwdng nay sé gidm hang rao thé nang & bé mat kim
loai. Néu xem hai 16p dién d6 nhw tu dién phang véi dién tich tap trung trén cac
|6p clia nd thi cudng do dién tredng & bén trong bang

E =4nc 4.2)
6 = nm.e: mat do dién tich bé mat, dwoc xac dinh b&i mat do nguyén tlr phan cuc

clia mang nm. Mat do hiéu dung nay nhd hon mot it so véi mat do nguyén tir

LEDUY NHAT 18



PHAT XA NHIET BIEN TU PHUONG PHAP TANG DONG PHAT XA

thanh [4p mang méng vi khong phai tit ca cac nguyén tir nam trén bé mat déu bi
phan cuc.
Lwc tac dong Ién dién t& trong 16p dién co:
F =eE=4nn ¢ (4.3)
Valam giam cong thoat kim loai moét dai | uvong:
Ad, = Fd =4nn_ep (4.4)
V&i d: d6 rong cla hai l6p dién.

p = e.d: momen ludng cuc dién.

+++++++"‘¢/§j

______ W ———
Mot 16p ion + Lam
giam
W Vat chat hap thu R hang rao
trén bé mat cathode thé nang
LT & bé mat
Mot 16p nguy Do P VE kim loai

t& bi phan cuc

Co ché thanh Iap 16p ion dwong c6 thé gidi thich mot cach don gian néu ta so sanh

so d6 hang rao thé nang & bé mat kim loai W v6i hd thé nang cla nguy én tir Cs.

Hinh a): Cs & xa hé mat W

Hinh b): .
) Hang rao thé

Nguyén Tién lai %én bé nang ha xuéng
tir Cs mat kloar

va Kim kep lai

|

BPién tlr hoa tri cuia
nguyén tir Cs co
kha nang chuyén

vao kim loai

|

Hinh thanh ion Cs
va lop dién

Hinh 4.3 So d6 nang luvgng vé co ché thanh [ap ion Cstrén bé mat W

LEDUY NHAT 19
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PHAT XA NHIET BIEN TU PHUONG PHAP TANG DONG PHAT XA

Hinh 4.3 atrinh bay so d6 hang rao thé nang dé6i véi truong hop khi nguyén tir
Cs & xabé mat W. Khi nguyén tir Cs tién lai gan bé mat kim loai thi hang rao thé
nang gitra ching bi ha xuéng valam hep lai (Hinh 4.3 b). Hang rao thé nang gidm
xudng nhu vay lam cho dién t& hoa tri clia nguyén tir c6 kha nang chuyén vao kim
loai, vi nhitng mtrc nang lwgng trong kim loai tuvong ng v&i nang luong clia no la
tw do.

Vay dé chuyén dién t& tir nguy én tlr vao kim loai can thiét phai co diéu kién la

0> eV,
Vidu2:
Pha nguyén tir Cs (eVi = 3,96 eV)
Pha nguyén ti* Rb (eVi = 4,16 eV
Phi nguyén tir K (eVi = 4,32 eV)

|én kim loai W (¢, = 4,54eV ) dé giam

codng thoat clia W.

CHUONG 4

TU cbng thic do giam cong thoat kim loai A¢, = Fd =4rn_ep, khi db céng
thodt cathode mang méng l&:
0y = by — Ady = 0y — 4T 1, ED (4.5)
o, cang nhd, khi mat do dipole bé mat cang I6n. Pai lvgng cuc tiéu clia ¢, twong
trng vai khi phi 1én cathode m6t mang méng don nguyén ttr. Néu pht 1én cathode
mét 16p thi hai nira thi cong thoat lai tang, vi xac sudt thanh lapdipole hay ion trén
|6p thé hai nay rat nhd. Khi pha 1én cathode mot vai 16p thi cong thoat sé tuong

duong véi cong thoat kim loai nguy én chat dung dé pha.

LEDUY NHAT 20



PHAT XA NHIET BIEN TU PHUONG PHAP TANG DONG PHAT XA

¢c/) cang nhﬁ Mat dé dipole bé mdt cang I6n
i 0000000000000
1«

B w Ph{i 1én cathode mot 16p mang
LW ! mong don nguyén tk
oaonemmesso | .o
Y ; OW ° | Phi thém 116p nita thi cong thoat

tang

——————————————————

————————————

ety el 0
. R  Cong thoét 1uc nay bang céng thoat
kim loai nguyén chét dling dé phu.

Hinh 4.4

CHUONG 4

Buwong cong phu thudc gitta cong thoat ¢, clia cathode mang méng véi do phi

0clia W - Cs, W — BavaW — Th. Do pht 6 t6i vu nhd hon 1. Diéu d6 ¢ nghia la
néu phl day thi dipole nam rét gan nhau, sé xuét hién sy anh hudng tuong tac cla
dién truong dipole lan cén, do d6 phai gidam momen luéng cuc dién p cla ching
nén dé giam cbng thoat kim loai A¢, = Fd = 4xn_ep cling gidm theo.
Voi:
0 : @ pha
g="m n,: so dipole/don vi dién tich
! 7, : s6 ngtidon vi dign tich

O cathode mang méng, ngoai s gidm cong thoéat ¢, con quan sét dwoc sw giam
rat 16n hang s6 A. Da&i voi cathode W — CsvaW — Th: A = 3.104 A/m,.do,. Dai
véi cathode W — Ba: A = 15.104 A/m,.d0..

Nguyén nhan 1am gidm hang s6 A lado:

1. Do phét xa vét xuat hién rat manh.

2. Do bién ddi hang rao thé nang dudi tac dong cua dién truong dipole.
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0,68y
0,7 0

3

Hinh 4.5 Budng cong phu thudc gilra cong thoat hiéu dung ¢,
clia cathode mang mong voi do pha 6.

CHUONG 4

Hinh sau mo ta bién doi clia hang rao thé nang dudi tac dong cla trwong
dipole. Vi hang rao thé ning nhu vay, gia tri trung binh hé s6 truyén qua D phai
giam rat nhiéu d6i véi nhirng dién t& c6 nang | wgng W >W, . Béi vi, dbi véi hang
rao thé nang cé dang don gian (duong khong lien nét a b ¢ d e f) v6i do rong so

vGi chiéu cao khong I6n 1am, Fowler d &tim dwoc gia tri D dudi dang:

5_ 8 KTW, ef%“d,/zm(w-w; )
W (4.6)
AW
g 1
/]
/ o
j - _l Aj-]'.\
2 ! ;"-*—_— --f
1 i 3
y I
‘e
; :d W lwo Wo
Y
1 /.11
2 N 1 + Y Y 5

NN
=
o
‘1\3
4

Hinh 4.6 Bién doi clia hang rao thé nang dudi tac dong cla truong dipole
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Puong cong 1: Hang rao thé nang cua kim loai tinh khiét.

Puong cong 2: Bién doi thé nang cla dién ti trong tr wong cua hai 16p dién.

Puong cong 3: Hang rao thé nang khi c6 mang dipole.

Béng phwong phéap do nhiéu xa dién tt, ta nhan dwoc cong thoat toan phan Wo
ctia wolfram la 13,67eV. Tinh d6 giam cong thoat hiéu dung W — Th & do pha tdi
vu la Ag, =1,91eV . Do d6 W/ =1,67eV .

Khi nghién ctru si phan bd theo van toc clia nhiét dién tir phat xa tir cathode W —

Th, Nottingham tim dwgc W - W’ =1,5eV . Khi d6 do cao W c6 thé bang 13,26eV.

V&i T = 1800K, bang thirc nghiém c6 thé xac dinh d woc hé s6 D :

D An
D= = 0,025 4.7
120,4.10° A/ 2. i’ (4.7)

CHUONG 4

TU cong thirc (4.7) => do6 rong d cla hang rdo thé d = 3,2.10® cm gan béng

khoang duong kinh nguyén t& Th (3,59.10® cm). Diéu dé chiing td nhiing két luan
trén la dang.

Trong qué trinh ché tao dung cu dién tl, trén bé matca cd thé bi hap phu mot
[6p méng nguyén t&r co ai lwc dién tk 16n. BOi voi trudng hop nay thi nguyén tir
hap phu s& kéo dién tir tir bé mat kim loai ra 16p phi v a hinh thanh dipole dién co
cuc am & phia ngoai. Bién trvdng gay nén bai dipole nay s& ham dién tir va do do
lam tang cbng thoat ¢, cua cathode. Vi du nhw nguyén tr O (cla khi O, trong

khong khi) hap phu trén bé mat cathode W thi kha nang phat xa giam di rat nhiéu.

4.2 CATHODE OXIDE
Cathode oxide lal&p oxide kim loai kiém thé (BaO, SrO, CaO) pht | én trén
cot kim loai (vi du Ni).

B& mat gb ghé

Nhiing vao dd BaCOs \ BaO
kigm thé o _
t = 1600K » o4 D0 rong vung cdm 3,8
BaCO; — CO,+ BaO 48ev
SrCO; = CO,+ S0 l

My ht chan khong Chét cach dién
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Hinh 4.7 So do qua trinh tao cathode oxide
Qua trinh tao cathode oxide:

Nhitng oxide ndy trong khéng khi s& hap thu hoi nudc, dé bi x&p. Vi vay 16p
oxide nay |&p vao dung cu va dugc hat khi bang may bom chan khong.

Thudng mudn tao cathode oxide, dau ti én nhing c6t kim loai vao carbonate
kim loai kiém thé (BaCOj, SrCO5, CaCOs3). Sau khi cathode khé thi 1&p né vao
dung cu vatiép tuc hat khi.

DBun néng cathode tirng khoang thoi gian ngan véi nhiét do 1600K dé phan
hly carbonate ra oxide theo céng thirc:

BaCO, —» CO, + BaO

SICO, — CO, + SO

CO, <& bi may chan khoéng hat, cathode oxide nhu thé c6 nhiéu 16 nho, bé

CHUONG 4

mat gob ghé.

Cathode trong dang nay c6 dé rong vung cam Q, = 3,8 — 4,8 eV nén nd la

chét céach dién. Cac mic nang luvong ctia n6 duoc trinh bay & hinh sau day:

Ba0 chua luyén Ba0da luyén

fs-Ba L

W' (mdvc tap
chit Ba thim;

W,

T =
R R

‘21}-[] R . o

a) k) _
Hinh 4.8 Cac mic nang lvgng cla cathode oxide (BaO) truwdc (a) va sau (b) khi luyén
Mubdn cho kha nang phat xa dién t» tang, can phai luyén cathode oxide, tic | a

lam xuat hién nhitng nguyén t& thira kim loai kiém tho trong mang tinh thé oxide,

hay bién oxide thanh ban dan loai n.
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BaO
TSATT Luyén cathode: Bao;:;:a:-ﬂ‘ ® o
Ni 2+ 2- > Ni
BaO->Ba™ +0O ‘ or
T = 1300K — 1350K
V =100 - 200V O Ba
QO Léhoéng
00000 .,y 00000
., 00000 =« @OO®O0O |
00000 ©@e000
| JOX XOX B | JOJo)eoX 3

Hinh 4.9 Phuong phap luyén cathode oxide
Phuong phap luyén cathode: cathode dwgc dét nong dén nhiét @6 T = 1300K

— 1350K va dét vao gilra anode — cathode mot hiéu dién thé V = 100 — 200V.

CHUONG 4

D6t néng dé co phan tng:

BaO — Ba* + 0>

NEu dat hiéu dién thé V vao thi khi dong di qua BaO, mdt phan O,— gan bé
mét s& thoat ra chan khong va dé lai trong mang nhiing 16 hong.

Nhitng ion O, tir phia trong s& chuyén ra chiém nhitng 16 hdng nay. Diéu do
trong dwong voi 16 hdng di sdu vao trong mang va xuét hién nhitng nguyén ti tw
do Ba. V@i ché do nhu thé sé thanh 1ap Ba tir BaO va Ba phan b6 khip mang
oxide BaO vatrén bé mat cla no.

Sau khi luyén xong, cac nguyén ti tv do Ba dong vai tro donor vathanh | ap
béan dan loai n.

Khi nhiét do khéng cao 1am, bac ion hoa donor nhd v a dién ti tir vang hoa tri
khong dd ning lvong dé chuyén dén vong dan thi mac niang lwong dién ti nhan
duoc:

—(2nmkT )g zi} (4.8)

Z’: s6 mirc tap chét donor trong ban dan.

Phuwong trinh méat dé dong phét xa dién ti:

Y+W—¢

j=ADT% « (4.9
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_ Y+W;—¢
Thay (1) véo (2) => j= ADn/T% ©
2V emak 24
Voi: A =2 OMKE g g10° A
h’2 o o

n = % : mat do trang thai tap chat co thé cd cla dién to.

o

4.3 KET LUAN

Vi viéc phd thém trén bé mat kim loai lam cathode (nhu W) m6t kim loai
thich hgp (nhu Th, Cs) vai diéu kién ¢, > eV, tasé lam gidm cdng thoét hiéu dung
cla kim loai cathode. Do dd sé lam tang kha nang phat xa nhiét dién t& cla
cathode mang méng so vai kim loai cathode ban dau.

Ngoai rata cé thé phu 1én trén cot kim loai (vi du Ni) mot 16p oxide kim loai
kiém thd (BaO, SrO, CaO) dé tao thanh cathode oxide, sau quatrinh luy én cathode
oxide s& 1am cho kim loai kiém thd (Ba, Sr, Ca) trd thanh ban dan loai n (c6 nhiéu

dién tt tv do). Do d6 lam tang kha nang phat xa nhiét dién t&r cho kim loai (Ni).
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5 SU TUONG TU QUANG - CO

Mot trong nhitng nguyén ly co ban cla quang hoc la nguyén ly Fermat. Theo
nguyén ly nay, khi anh sang lan truyén tlr diém A dén diém B thi trong tat ca cac
quy dao co thé nod sé truyén theo quy dao nao ma thoi gian can thiét dé di hét quy
dao 1a cuc tri. Nguyén ly dé dwoc biéu dién dang toan hoc nhu sau:

OU(#] = fﬁjd = f)(jﬂds) =0

4V

(5.1)
Vé&i v: van toc lan truyén anh sang trong méi trudng c6 chiét suat n, n dugc
tinh b&i cong thirc n = ¢/v , ¢: van toc lan truyén anh sang trong chan khong.

Trong co hoc ciing ¢6 nguyén ly tac dung ti thiéu, duoc biéu dién dudi dang

toan hoc sau
& Te}
f-"(fW,f dr) o( vl a’f] o
4 (5.2) S
5

O d6, Wy : dong nang clahat , v-van téc cla hat
Gia thiét electron chuyén dong vao ving co dién thé U tlr diém ban dau

c6 dién thé U=0, v6i van téc ban dau v=0, theo dinh luat bao toan nang luvong ta

co:
?'}11;2 - 2e -
—=eU=v=|—U
2 m (5.3)
T biéu thirc (2.2) taco:
Ok Jr\_a 1’”‘ il \_o\ |ﬂds _o\ mfs\—()
1 2 2 2 (5.4)
Thay (2.3) vao (2.4) ta dugc
¥ij
O\(J‘\/fd,_\"] =0
A (5.5)

So sanh (5.1) v6i (5.5) ta thdy hai biéu thirc trén hoan toan twong tw nhau,

tlr day chung ta thdy rang c6 thé xem quy§ dao clia hat tich dién trong truong tinh
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dién giéng nhuv dwong di cliatia sang lan truyén qua méi truong xac dinh: cé déng
vai tro nhu chiét suat. Tagoi d6 la su twong tw quang co.
Tl d6 taco dinh luat quang hoc ctia chum hat mang dién:

Dinh luat truyén thang: Trong vung c6 dién thé khong doi, hat tich dién chuyén

dong thang (vi v ma U= const).

Dinh luat phdn xa: Khi chum hat tich dién phan xa trén mat dang thé thi gdc

phan xa bang goc tGi.

Taxét diéu kién phan xa mot chum electron: hwéng mot chum electron cé van
toc ban dau vo vao mot bé mét kim loai cd dién thé am U.. DE electron téi bé mét
kim loai thi van t6c electron théa diéu kién: voi truc x vudng goc véi bé mat kim

loai.

oL oL

m

- [©)

v £ i :

oX

>

5

Uc

Hinh 5.1 Hién twgng phan xa tia dién tu.

V ox = Vocosa, do d6 diéu kién trén dwoc viét lai 1a

m_, 2 N
—V,Co8 & = el.
2 (5.6)
mv; mv; .
—2=eU, —2cos’a =eU,cos’a =eU,(l-sin*a)
Vi, 2 2

Nén diéu kién dé electron toi bé mét kim loai 1a |eU,|(1-sin*o)> |eU |
Hay
Ue

Uo

Nguoc lai, diéu kién dé chum tia phan xa trd lai la:

sha < [1- (5.7)
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UC

sina > [1- (5.8

0

Dinh luat khiic xa: Khi hat tich dién chuyén dong tlr viing cé thé U, sang viing ¢

thé U,, hwdng chuyén dong va do Ion clia van toc sé thay ddi va dugc xac dinh
bang dinh luat khic xa :
sina U,

sin 3 B \/i (59)

Hién tuong khic xa chum hat tich dién nay la do sy tdc dung cua lyvc dién

truong ton tai & mot [6p méng phan cach gilra hai ving c6 dién thé khac nhau lam
thay di thanh phan": (vudng goc véi mét phan cach) cliavan tac.
O 16p phan céach hat tich dién chiu tac dung cla lyc dién trudng huéng theo

truc y. Vi vay thanh phan van t6c thay doi, thanh phan van toc v,, khong doi

b4
Suy ra S
5
sna _v, Y,
snp v, WU, (5.10)

Trong do la chiét suat quang dién tr. Khi U,<U, — trwong tang toc, géc khic
xa nhé hon goc toi, tia khic xa léch hon vé phap tuyén va trvong c6 tac dung hdi
tu. Nguoc lai, khi U>U, ,tredng can, géc khic xa Ién hon goc t6i, tia khic xa sé
xa phap tuyén hon va truedng cé tac dung phan ky.

Khi electron chuyén dong trong tlr trvd'ng chiing chiu tac dung ctia luc tir, luc
nay phu thudc vao dién tich cla hat, d6 16n va huéng clia van tdc hat mang dién.
Do do, trong trwong hop tir truong khéng ¢6 su twong tu nhu trong quang hoc: tw

trudng 14 mdi tredng bt déng hwdng, con dién trudong 1a mdi treong dang hedng.
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6 QUY PAO CUA ELECTRON
TRONG DPIEN TRUONG, TU
TRUONG

Thau kinh dién tir dvoc dung dé hdi tu hay phan ky chum dién t, tao duoc

bang dién tredng khdng dong nhat hay tir tredng khdng ddng nhat co déi xing truc.

6.1 Chuyén dong cla electron trong dién trrong:

Hinh 6.1 quy dao cla electron trong dién treong

CHUONG 6

Phuong trinh chuyén dong cua electron trong dién truong khdng déu ddi xing
truc: U(r)=U(-r) trong hé toa do tru :

dr oU
Mm—s-= —eE [ =S——
dt or
d*z oU
— =-€6E =s—
dt 0z (6.1)
Theo dinh luat bdo toan nang lugng va bién ddi toan hoc, ta thu dwgc phwong trinh

Sauk

(,-,12:' ETU(:) dr+ T_..-*O(:)

+ — r=0
d=2 2Uo(=)dz 4 JUq(2)

(6.2)
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Dung cong thirc trén ta gidi bai toan trong trwvdng hgp mot thau kinh tinh dién
mdng va yéu. Thau kinh tinh dién moéng va yéu khi ving khéng gian trong thau
kinh c6 la hep, trong vung do gia tri r clia dién t&r khong kip thay déi nhiéu. Dé
xac dinh, taxét mot chum dién t& tlr diém A cach khe thdu kinh mot khoang d va

lam thanh véi truc mot goc a, khi di qua thdu kinh chiim nay bi khic xa va cét truc

thau kinh tai diém A1, & khodng cach anh d1 nhw hinh vé sau:

Hinh 6.2 Quy dao cla dién t& khi di qua thau kinh méng

Céc goc a,B déu rat nho. Phuong trinh quy dao trén cd thé viét vé dang nhu sau:

U 0 (2)

—| U o(2) =———1(2) §
‘ K fif 4JU(2) (6.3) >
(@)

Tich phan theo ztlr A dén A1, taco:

A (_."'(_7)
1 0 r(z)dz

W/O() =—— [ =—r(z
4 FayUo) (6.4)

Vi ham sb duéi dau tich phéan chi khac khdng trong mét viung rét hep, trong dé

I
—JUo(2) %

AN dz

_r

r thay d6i rat it so voi r0. Khi do tathay cac biéu thirc sau vao biéu thirc trén:

dr| 1, oot
dz|, d :

r r
T
dz Al d

(6.5)
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"

B U 0

(2)

N —— §y ry
LU L UL =2 | ——d:
VUG Un =] JUo(2) (6.6)
Néu d = (chum electron song song) va d;=f,, ta cé thé tinh tiéu cv phai:
1 }'0 _\l UU(: )
YN, (")d:
Néu d;= tatinh dwoc tiéu cu trai d=f;:
AL
R [1 Yo
f AUA » UG
1 JUA A U0 6.9)

Tathdy réng f, va f, phu thudc vao ddu dao ham béc hai ctia U,(2)
Néu U, (2) > 0 thi f > 0, thdu kinh hoi tu.

Néu U, (2) <0 thi f <0, thdu kinh phan ky.

6.2 Chuyén dong cua electron trong tir trrong:
Ta xét chuyén dong cua electron cé van toc ban dau vO trong tlr trvong cla

cudn day ngan, duoc xem nhu thau kinh tir mong.

Tir treng khéng déu nhieng co truc déi xing dugc minh hoa bang hinh

CHUONG 6

Hinh 6.3 Quy dao clia electron trong tir truong
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Phuong trinh chuyén dong:
2
mdT_ —e[v x é]

dt® (6.9)

Phuong trinh Maxwell: div B =0
Hay

194B,)+ %0

ror dz (6.10)

Tinh gan ding phuong trinh quy dao clia electron :

d’r  eBL(D) _

0
2

Pay la phuong trinh co ban ctathau kinh tir. Lay tich phan phuong trinh trén
roi gidi nhu ddi voi trvong hop thau kinh tinh dién ta tinh duoc tiéu cu cua thau
kinh tlr. Tiéu cv ciathau kinh ti:

1 e ¢,

Cong thtrc trén cho thdy f ludn luén dwong, do d6 thau kinh tir 1a thau kinh hdi tu.

CHUONG 6
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7 NG DUNG CUA PHAT XA
NHIET DIEN TV

Nhu chlng ta da biét, phat xa nhiét dién t& la nguon cung cap dién t&r chd yéu
trong cac den dién tlr va cac thiét bi k¥ thuat. Khi khoa hoc cang phat trién thi cac
nguodn phat xa nhiét dién tr cang dugc cdi tién va rng dung rong rai hon trong ky
thuat dién tt, chang han nhw trong kinh hién vi dién t& gitp ta biét duoc ciu tric
bé mat clia vat liéu, phan tich do tuong phan thanh phan héa hoc va cau tric tinh
thé cliamau, hay trong k¥ thuat quang khac lithography. Trong phan nay chiing toi
xin trinh bay (*ng dung clia ngudn phat xa nhiét dién t& trong kinh hién vi dién t&

SEM va trong k¥ thuat lithography.

7.1 KINHHIEN VIDPIEN TU QUET -SEM

711 LUQCSU VE KINH HIEN VI BPIEN TU SEM

Kinh hién vi dién tlr quét, SEM (Scanning Electron Microscope), la mdt kinh
hién vi dién tl co thé tao ra anh voi do phan giai cao clia bé mat mau vat bang
cach ding mot chim dién t& hep quét trén bé mat mau. Viéc tao ra anh ctia mau
vat dugc thuc hién thong qua viéc ghi nhan va phan tich cac birc xa phat ra do
tvong tac clia chim dién tr vai bé mat ctia mau vat. Ding kinh hién vi dién i
chling ta co6 thé biét duoc cu trdc tinh thé cling nhw bé mét clia mau Vat.

Kinh hién vi dién t SEM dau tién duogc phat trién bdi nha vat Iy nguoi Nga
Zworykin (1889- 1982) vao nam 1942. Bén ndam 1948 C. W. Oatley (1904- 1996)

phat trién kinh hién vi dién t& quét trén mé hinh nay voéi chum dién tir hep c6 do

CHUONG 7

phan giai dén 500 A°. Tuy nhién, kinh hién vi dién t& quét thvong pham dau tién

dwoc san xudt vao nam 1965 bdi Cambridge Scientific Instrument Mark |.

7.1.2 CAU TAO CUA KINH HIEN VI BIEN TU SEM:
Kinh hién vi dién t&r gdm cd cac bd phan sau:
+ Nguon phat dién t& (sing phong dién tk).
+ Hé thau kinh tir.

+ Hé th6ng gitr mau.
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+ Hé thdng thu nhan anh.
Electron
o U 4
L. =4
vl ,,.,; o Cathode-ray
tube for viewing
E Scanning
= =" coil
Condenser = | Cathode-ray
lenses D,—ﬁ ul or
ﬁ ::hk::;grapny
= Scanning
‘ | I circuit
Primary =3 S
alectrons ——
Detector
Secondary |’ Photo-
electrons Qt,\g:; : multiplier I
Specimen —__ ——— =
-
Specimen o —
holder |
Vacuum system
Hinh 7.1 So d6 cau tao kinh hién vi SEM
a) Sung dién to:
Filament Heating Supply
|
o Filament i
Thermionic electron gun |
|
|
Filament Grid Cap | ™ fHlas
{cylinde ) Resistor
Bias
resistor High
Yoltage
P:l ﬂ» ey
Wehnelt B
Cylindcr o= Equipotentials Emission =z
10-1000KV Current (@)
0+ Anode o %
P]ate\‘ s o
Crossover - o y
Anode — L
|
|

earth potential

Hinh 7.2 So do sng dién t

Sung phéng dién tir tao ra chum dién tl véi kich thudc diém nhd, nang lvong

c6 thé diéu chinh duoc va do tan sic nhd. Sung dién ti dwoc dung trong SEM ¢

nhiéu loai. N6 c6 thé hoat dong theo co ché phat xa nhiét, phat xa trwong hodc két

hop phat xa nhiét véi phéat xa truong. Ong phét xa tredng hoat dong khong can
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nhiét d6 cao do d6 c6 do bén cao. Cuong dd dong trong 6ng phat xa trudng rat 1én
nén tao ra dnh c6 do sang cao. Kich thudc hdi tu clia dng phat xa truwong nhé nén
d6 phong dai 16n. Ong phét xa tr wong hoat déng trong mdi truwdng chan khéng siéu
cao, nén giathanh rat cao. Phat xa nhiét thi yéu cau vé chan khong khéng qua khat
khe. Phan nay chi trinh bay stng dién tt theo co ché phat xa nhiét.

Sang dién tlr cdu tao gdm cé ba phan: spi dét, hinh tru Wehnelt, ban anode.
Trong do6, si d6t cling co6 cac loai nhv W (tungsten), LaBg. Trudc day ngudi ra
ding tungsten, va sung dién ti tungsten dugc dung da hon 70 nam do gia thanh
clia né thap, va dd6 mé rong chum tia nhd. Soi dét Vonfram tao nén dién tl don
gian nhét bang phét xa nhiét dién t& tir dau day hinh kep toc, trong diéu kién chan
khéng khong quéa khét khe. Tuy nhién, ngudn nay cho hiéu qué thdp do thong s6
ngudn khong t6t. Hién nay ngudi ta thudng str dung suing phdng dién tir dugc tao
nén bang nung nong dau ctia don tinh thé LaBe. Ban kinh cta dau ¢& 5 um. DuGi

day la bang so sanh cac thdng sb clia cac ngudn.

Units [Tungsten|LaBs |FEG FEG FEG
cold) (thermal) (Schottky)

Work Function

Operating K 2700 1700 300 - 1750
Temperature
Current Density Alm*  5¢10"  10° 10" - -
Crossover Size g m 50 10 <0.005 |<0.005 0.015-0.030
Brightness Alcm® 10 5x 10° 10° 10° 10°

s o
Ener gy Speed eV 3 15 03 1 0.3-1.0 5
Stability %hr <1 <1 5 5 ~1 5
Vacuum PA 10 10*  10°® 10° 10°®
Lifetime hr 100 500 >1000 [>1000  >1000

Comparison of Electron Sources at 20kV

Nqguyén ly hoat dong clla sung phéng dién tu:
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Bias supply Filament Eiz:’negm
/ supply

+ Filament current j;

4 Wehnelt
cylinder
1 | [ \ s (grid cap)
High —©— \|j

voltage } *
supply 4 o— i

— ] [ ] Anode plate

FIGURE 1.8. Schematic of the self-biased thermionic tungsten electron gun. (The effect of
the negative bias of the Wehnelt cylinder on the electron trajectory is shown.)

Hinh 7.3

Nguodn phat xa nhiét dién tr dwgc dat bén trong hinh tru Wehnelt véi clra
s md hoat dong nhv mot vat bao vé. Soi dot tungsen cd duong kinh khoang 100 .
N6 dugc nung nong dén nhiét do khoang 2800K, bang cach ap dong (filament
current). Mot thé am thay doi trong khoadng tir 0.5 -30 kV gilra tungsen va khdi
hinh tru duoc tao ra bang cach cung cdp mdt dién thé 16n vao. Dién tlr phét ra tir
filament sé di dén mot dién cuwc goi la dién cuc Wehnelt c6 tac dung nhv mot thau
kinh tinh dién, vira tang téc so cap, vira ¢ tac dung dinh hwdng chuyén dong cla
chim dién t& chuyén déng theo moét phwong nhét dinh. Khi anode duoc dat vao,

dién trvong gilra spi dét va anode hit va gia toc electron dén anode. Buong kinh

CHUONG 7

chum tia gan anode khoang 10-50 pm

b) Hé thau kinh tir

Hé thau kinh tir cé tac dung tap trung chum dién tt vira dwgc phat ra khoi sing
phong dién tir va diéu kién kich thwdc cling nhw do hoi tu clia chum tia. TUy vao
rng dung, yéu cau vé do phan giai, ban chat mau ma nguoi ta chon bao nhiéu thiu
kinh dé hdi tu. C6 thé la hai, ba, hoac nhiéu hon.
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Electron Ly

gun

First
condenser
lens

Second
condenser
lens

Final aperture

Final
lens

Specimen

Fig. 3.4. A schematic diagram of a three-lens probe-forming column as used
in SEMs etc.: lenses produce a demagnified image of the electron source;
aperture diaphragms intercept the unwanted part of the beam.

Hinh 7.4

Trong hé thau kinh tlr nguoi ta chia lam hai loai la thau kinh tu sang va vat
kinh.

+ Théau kinh tu sdng (Condenser lens) dung dé hoi tu chum tia sau khi
phéat ratlr sing dién ti hay la bién chum tia thanh chum tia song song v6i truc thau
kinh. Mot khau do tu sang thwong thi thuong két hop véi thau kinh tu sang va tiéu
diém ctiachum dién tl thi trén khiu do.

+ Vat kinh (object lens) thuong dugc dung dé hdi tu chum dién tr vao

diém do trén bé mdt mau gitp hdi tu t6t hon. Viéc chon kich thudc khau do sé

CHUONG 7

gitp ta giam duong kinh ctia chum dién t&r [én bé mit miu va cai thién dé phan

giai hinh &nh thu duoc.

Théu kinh tir thuc chat 1a mét nam cham dién, co6 cau trac la mot cudn day
cubn trén 18i 1am bang vat liéu tir mém. Hai dau cuc sit d6i xing quay luan phién.
O tdm hai circ ¢c6 mdt 16 n6 cho cham dién t& di qua. Khe thdu kinh tach 2 dau
cuc, tai do tir trvong tac dong lam hdi tu chum tia. Vi tri tiéu diém cé thé duoc
diéu chinh bang cach thay d6i dong thiu kinh tu sang. M6t khdu do tu sang thudng
thi thuong két hop véi thdu kinh tu sang va tiéu diém cla chum dién t& thi trén
khau do. Vi cudn day mang dong dién nén né tda rat nhiéu nhiét va doi hdi mot hé

lam lanh (bang nudc hodc Nito 16ng).
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Hinh 7.5 Cau tao cla thau kinh tlr

Source of
electrons

Electron
trajectory

Copper windings

Iron shroud

Magnetic
lens field
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Hinh 7.6 Sy truyén qua cla dién t qua thau kinh tir

Thau kinh tir hoat dong dwa trén nguyén ly léch dudng di clia dién tl trong tlr
treong duwai tac dung cla luc Lorentz. Phuong trinh chuyén dong cua dién ti trong
tw treong:

Ldy tich phan va giai phwong trinh nay ta thu dugc cong thirc xac dinh ban kinh
quy dao va tiéu cu clathau kinh

%: &Jif B, %(2)dz

0 = (7.0)
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1
E |2
2m,xE| 1+ -
| e
va r=

eB

(7.2)

Vi E: nang lugng dién tir dudi thé tang téc V; Eo: Nang luvgng nghi; B: Cam
(rng tr trong.
Nhu vay cé thé diéu khién quy dao clia dién tir bang cach diéu khién sy phan
b6 cliatly trvong B trong khe tlr tao cho dién t&r chuyén dong giong nhu sw khiic xa
anh sang trong thau kinh quang hoc.

c) Hé thdng thu nhan va tao &nh

Khi 4nh sang dén tuvong tac voi mau, sé ¢ cac birc xa phat ra chdng han nhu
dién tl tan xa dan hoi, dién t& thi cap, dién ti Auger, tia X..tuy vao loai blrc xa
chdng ta mudn thu nhan ma ta dung detector vai thé thich hgp. Théng quaviéc ghi
nhan va x& Iy tin hiéu sé& cho ta théng tin v& mau. Hé thdng thu nhan, x& ly tin
hiéu va tao &nh dwgc cho béi so d6 sau. Trong dé cac blc xa sau khi phat ra dugc
detector thu nhan. Sau dé né chuyén dén nhan quang dién dé chuyén tin hiéu dién
thanh tin hiéu quang. Tin hiéu dién di dén may khuéch dai va sau cuing hién thi 1én

man hinh.

Secondary
Electrons (SE)

Eleciron
Beam
Backscattered

Electrons (BSE) Collector Voltage

+300V for SEs and BSEs
-100V for BSEs only

CHUONG 7

+12 kV
CRT
PMT |~ Amp = Intensity
Scintillator
Collector Light Pipe

Figure 2.4. Diagram showing backscattered and secondary electron collection of these signals
by the Everhart-Thornley (E-T) detector.

Hinh 7.7
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Do nang luvgng ctiachum dién tlr nhd (thuong <50eV) nén dé thu nhan dién tk
thir cdp nguoi ta dung detector Everhart-Thornley . D6 la mét loai 6ng nhan quang
nhép nhay. Dién t& thir cip trude hét nd deoc thu nhan bang thé hat khoang 400V
va sau dé né duoc gia tdc dén mot thé hiéu dich dwong 2000V. Bién tir thir cap
duoc giatdc va manh 1én gay nén nhip nhay va phat ra anh sang va dugc dan dén
6ng nhan quang bén ngoai hé SEM bang 6ng dan sang va clra sd clia bubng mau.
Sau khi qua 6ng nhan quang, tin hiéu dién duoc khuéch dai, duvoc hién thi va luu
gilt cho hinh anh s6. Bd sang cla tin hiéu tly thuéc vao sb dién tir thi* cap dén
duoc detector. DE thu nhan dién tir tan xa nguoc thi nguoi ta dung thé hiéu dich -
100V . BSEs duoc thu nhan cé thé bang detector nhap nhay hodc detector ban dan.

7.1.3 NGUYEN TAC HOAT DONG CUA KINH HIEN VI BIEN TU SEM

Dién tlr duvoc phat ratlr sing phong dién tir sé di dén mot dién cic Wehnett cé
tac dung nhr mot thau kinh tinh dién, vira tang téc so cap vlra cé tac dung dinh
huwéng chuyén dong cta chum dién tir chuyén dong theo mot phuong nhat dinh.
Sau d6 cac dién tr dén anode va dugc tang toc. Sau d6 chum dién tlr sé di qua hé
thau kinh tir va dugc hdi tu thanh chum dién tl hep (cd vai AO dén vai nanomet),
sau do dén quét trén bé mat cla mau nhe cac cudn quét tinh dién. Khi dién ti
trong tac vai bé mat mau vat, sé co cac birc xa phat ra, s tao anh trong SEM v &
cac phép phan tich dwgc thiec hién thdng qua viéc phan tich cac birc xa nay. Céc
btrc xa chl yéu gom:

+ Dién tlr tan xa nguoc dan hoi: Khi chum dién t¢ dén dap vao mau, nhiéu
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diéntl bi tan xa dan hdi va khong doi nang lvgng ban dau clia ching.

+ Dién tlr tan xa nguwoc khong dan hdi: Khi chum dién tir dén dap vao mau
va bat ngugc trd lai véi cac nang lugng khac nhau. Sy tan xa nay phu thudc vao
thanh phan héa hoc & bé mit mau, do dé anh dién ti tan xa nguoc rat hitu ich cho
phan tich vé do twong phan thanh phan héahoc. Ngoai ra, dién tlr tan xa nguoc co
thé ding dé ghi nhan anh nhiéu xa dién t& tdn xa nguoc, giup cho phan tich cau

tric tinh thé (ché do phan cuc dién tl).
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Electron Electron Gun
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L7/ 11V
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Hinh 7.8 So do khoi ctia kinh hién vi dién te

+ Dién tl thtr cdp: Day la ché dd ghi anh thdng dung nhét clia kinh hién vi
dién tl quét, chum dién t& th cap c6 nang lwong thap (thwong nhd hon 50 eV)
dwoc ghi nhan bang 6ng nhan quang nhdp nhay. Vi ching ¢ nang lvong thdp nén
cht yéu 1a cac dién tir phét ra tir bé mit mau voi do sau chi vai nanomet (<2 nm),
do vay ching tao ra anh hai chigu ctia b& mit mau . Céc dién tir thi cdp nay duogc

detector thu va dém. Cang nhiéu dién tlr thi cap thi anh diém cang sang.

CHUONG 7

7.1.4 S TAO ANH CUA KINH HIEN VI BIEN TU SEM:
Kinh hién vi dién t&r SEM cho ta théng tin mau théng qua cac hinh anh duoc

hién thi. C6 nhiéu yéu t6 anh hudng dén cac thdng so cua anh thu dwoc nhuw do
phan giai, hién tvong quang sai,huéng dit mau, vi tri dat detector, dudrng kinh dau
do dién tk,...Vi vay, viéc cai thién cac yéu t6 anh huwdng dén chat luong anh la
mot nhiém vu duoc dit ra d6i véi cac kinh hién vi dién t& nham tao ra cac kinh

hién vi dién t&r c6 dé phan giai cao hon va khac phuc dugc hién trong quang sai.
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a) Thé tich twong tdc mau (Specimen I nteraction Volume):

La phan thé tich bén trong mau co xay ra twong tac v&i chum dién tir. Thé tich
trong tac mau phu thudc

+ S6 nguyén tir cla vat liéu

+ Thé hoat dong ctia chum dién ti

+ Go6c tdi clia chum dién tir.

Electron Beam  Augers 10A to 30A
Secondaries 100A l Backscattered <1-2um

Rang{c':f K X-rays

== Range of L X-rays
= Range of Electron Penetration

Hinh 7.9 Specimen Interaction Volume

b) Do phan giai ctia kinh hién vi SEM

D0 phan gidi cia SEM phu thudc vao kich thuéc clia chdm dién tlr dap vao
mau.Thong thuong, kich thwéc chdm dién tir 16n hon kich thuéc nguyén tir , do do
SEM khong phan tich dwgc & cap dd nguyén tt. Trong cac may SEM, dd phan giai
khoang 20 nm. Céc kinh SEM hién dai cé dd phan giai trong khoang 1nm-10nm

C6 nhiéu yéu t6 anh huéng dén do phan giai ctia kinh SEM, chdng han nhu thé

CHUONG 7

giatdc, dong do I,( probe current), dueng kinh chum dj,

Codng thirc Abbe vé do phan giai:

d=0.612 A/n sin &
(7.3)

d: dd phan giai.

n: chi s0 khiic xa gitra ngudn diém va thau kinh

a: nlragoc khau do (rad).

DE cai thién do phan giai vé co ché talam tang so dién tir SE dén detector, ta
hiéu chinh do sic nét ciing gop phan ting do phan giai ctia anh thu dwoc. DE dat

duoc nhitng diéu do, ta co thé thuc hién bang cach diéu chinh cac théng s6 nhu
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giam dudng kinh chum dién t¢ dén mau, ding khdu do kinh dé hoi tu chim dién

ttr khi dén mau va giam khoang céach lam viéc, hay tang thé giatéc.

c) Do twong phan:

Mot thdng sb quan trong cla anh la do twong phan gitta hai vung. D6 la do
chéi tvong doi cta hai dién tich ké nhau trén 1 anh. D6 twong phadn co6 hai loai do6
la do twong phan hinh hoc va do twong phan toan phan. D€ cai thién do twong

phan nguoi tacd thé tang kich thwdc chum dién ti.

d) Hién twgng quang sai (Optical Aberration):
Hién tuvong quang sai la hién tuong sai 1éch anh thu dwoc qua dung cu quang
hoc. Quang sai ¢4 hai dang phé bién |a ciu sai va sic sai.

Bia tan
rong tdi

.. u

CHUONG 7

Hinh 7.10 Hai loai quang sai, s&c sai (a): chtm hat c6 budc song khac nhau do dé chum

tia song song khong hai tu tai mot diém ma tao thanh mot dia, cau sai (b): chumtia cang
xa truc chinh cang bi kém héi tu.

+ Hién twong sac sai: chim hat c6 budc song khac nhau do d6 chum tia song
song khdng hoi tu tai mdt diém ma tao thanh mot dia. Sic sai lién quan dén s
kém don s&c trong buéc song clia chim hat mang dién. M6t chim hat mang dién
chuyén dong sé tuvong (ng v&i mot bé séng co nhiéu buwdc séng khac nhau, hay
ban chit la do mdi hat mang dién sé cd dong niang khéc nhau. Do dd, céc song cd

budc séng khac nhau sé hoi tu tai céac ti éu diém khéc nhau, tao ra mot dia tan rong
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t6i thiéu trén mat phang tiéu (hiéu dung) cla thau kinh, thay vi la chum tia song

song hoi tu tai mot diém nhw nguyén ly clia quang hinh hoc.

® chromatic aberration

Hinh 7.11
d,, =C..0.AE/E, (7.4)

®: [ eB? 2+ D2 .
C,. = u?dz > 0.
‘ 1+ 1+, / 0\ 3+ <8mC<I)* 3 @*2)“0( g

Vi

+ Hién twong cau sai: Cau sai ladang quang sai chi c6 trong cac thau kinh tlr
do sy phan bé tir truedrng khdng hoan hao. S kém hoan hao nay dan dén viéc céc
chum tia & xa truc chinh sé hdi tu kém hon so véi cac chum tia di gan truc chinh
va do dé cling tao ra mot dia tan rong thay vi hdi tu tai mot diém.

® spherical aberration

]
non-paraxial rays |
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Hinh 7.12

d_. =0.5Csa’ (7.5)

+ Céch khac phuc:

Hién twong quang sai va cau sai anh huéng dén tinh chat ctia anh va viéc loai
bd quang sai thi rdt kho. Ngudi tacd gang diéu chinh hinh hoc hé thiu kinh dé hé
sO quang sai la nhé nhat va hiéu chinh hién tvgng quang sai. Cé nhiéu nghién ctru
dd dugc thyc hién nhuw: Scherzer (1947), Gabor (1942-43), Zworykin cung cac
cong s (1945), Steptier (1966). Cau sai c6 thé khic phuc bang cach dung thiu
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kinh c6 tiéu cy ngan. Tiéu cy ngan nhat dén murc cd thé dugc xac dinh tng voi gia
tri tlr truong cwe dai 1a . Ngoai ranguoi ta co thé giam cau sai bang cach dung mét
khau do trong hé thau kinh dé gi¢i han do léch goc ti da clia chum dién ti tir truc
quang hoc. Ciing ¢ nhiéu cach dé hiéu chinh sic sai trén nguyén tac la lam cho
nguon nang lwgong dién tir phai gidm. Do d6 mét trong nhitng cach dé hiéu chinh
Sic sai 1a ngudi ta dung ngudn phat dién tir co khoang nang lveng nhd. Hién nay
ngudi tacon dung kém thém may don sic kém theo véi ngudn phét xa nhiét. Diéu
nay gilp loc nhitng budc séng thich hop va gop phan giam sic sai. Thudng thi do
mé& rong nang lvong nam trong khoang (0.3- 1.5 eV) va muc tiéu 1a ngudi ta phan

ddu dé tao rachlim dién tr c6 do mad rong nang luong 1a 0.2 eV.

Beam limiting
aperture (virtual)

(@)

Beam limiting
aperture (virtual)

(©) —|~ Detector 2

Detector

Beam limiting
aperture (virtual)

Detector Detector 1

(b)

FIGURE 1.14. Objective lens configurations: (a) asymmetric pinhole lens, which has large
lens aberration: (b) symmetric immersion lens, in which small specimen can be observed
with small lens aberration: and (c) snorkel lens, where the magnetic field extends to the
specimen providing small lens aberration on large specimen (Adapted from [5]).
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Hinh 7.13

7.1.5 UU VA NHUQCDIEM CUA SEM

a) Uu diém:

Kinh hién vi dién tir SEM dang ngay cang pho bién trong phong thi nghiém do
né cac wu diém sau:

+ Phan tich ma khdng can phéa hiy mau vat.

+ Hoat dong & chan khong thap.
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+ Thao tac diéu khién don gian hon rét nhiéu so v&i TEM khién cho né rét dé
s dung.

+ T6c do thu di¥ liéu nhanh.

+ Viéc chuan bi mau don gian.

+ Giathanh ctia SEM thap hon rét nhiéu so véi TEM.

b) Nhuoc diém:
Bén canh nhi*tng vu diém thi SEM cling c6 nhitng han ché sau:
+ M&u phén tich phai & dang chét ran.

+ Kich thudc mau dit vao phan tich rt nho (khoang 10cm-40mm).

CHUONG 7

VO THI NGOC THUY 47



PHAT XA NHIET BIEN TU UNG DUNG

8 ELECTRON BEAM LITHOGRAPHY

Electron beam lithography (EBL) lathuat ng tiéng Anh cla cong nghé tao cac
chi tiét trén bé mat (cac phién Si...) ¢ kich thwéc va hinh dang giéng nhuw thiét ké
bang cach st dung chum dién t&r ¢ ndng lwong cao lam bién déi cac chat can
quang phd trén bé mat phién. Phuong phap nay dwoc dich ra tiéng Viét voi tén goi
khdng chinh xé&c |a quang khac bang chum dién tir. EBL 1amdt cong cu phd bién
trong cong nghé nand dé tao ra cac chi tiét, cac linh kién c6 kich th uéc nhé véi do

chinh xac cuc cao.

8.1 LichsrciaEBL

Nam 1959, Richard Feynman cé bai phé biéu ndi tiéng "There is a plenty
room at the bottom" tai Caltech (California Institute of Technology — Hoc vién
Cong nghé California), duoc coi lamé dau cho ky nguyén cong nghé nand, va chi
hai thang sau d6, Monllenstedt va Spiedel da cong b6 cong nghé ché tao cac cau
tric c6 duong kich nhd t6i 100 nm st dung céng nghé khac chum dién ti -
electron beam lithography bat dau bwéc vao cudce chién khoa hoc va cong nghé.
Thuc chat, cong nghé electron be am lithography chi phat trién thuc sw tlr nhitng
nam 60 cla thé ky 20, vgi viéc phat trién cac k¥ thuat vé tao ch um dién tir hep, ché
tao ra cac chat lam resist c6 tinh chéat bién déi manh duédi tac dung clia chum dién
tlr (mapho bién laPMMA - PolyMethylMethAcrylat hay "thuy tinh hitu co™).

Quang khéc hay photolithography 1a k¥ thuat st dung trong céng nghé ban dan
va cdng nghé vat liéu nhdm tao ra cé4c chi tiét cla vat liéu va linh kién véi hinh

dang va kich thudc xac dinh bang cach st dung bic xa anh sang |am bién déi cac

CHUONG 8

chat cdm quang phu trén bé mat dé tao ra hinh anh can tao. Phwrong phap nay dwvoc
s dung phé bién trong céng nghiép ban dan v a vi dién t. Han ché cla quang
khac 1a do anh sang bi nhiéu xa nén khong thé hoi tu chum sang xudng kich c
quanhd, vi thé nén khong thé ché tao cac chi tiét c6 kich thwéc nano (dd phan giai

clia thiét bi quang khéc t6t nhat 14 50 nm), do do khi ché tao cac chi tiét nho cép
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nanomet, nguoi ta phai thay bang cong nghé quang khéc chum dién tr (electron

beam lithography).

8.2 TONG QUAN VE CAC LOAI LITHOGRAPHY KHAC NHAU

Hé théng lithography bao gdm mdt ngudn birc xa, mau d woc phi chét can va
hé théng diéu khién hinh anh diéu chinh phan ctia mau dwoc chiéu sang . Chét can
gom 2 loai: chat can duong (phan chat cdn phoi sang bi lay di), chat can am (phan
chdt can khong phoi sang bi ldy di). Khuon dwoc khic vao mau co thé duoc
chuyén vao mau bang budc tiép theo goi 1a bude an mon. Tén chét can bét ngudn
tlr budc nay, thuc ra khong phai la phan clia qua trinh lithography. Chét can chiu
tac nhan &n mon sao cho nhitng phan ctia mu van bi phd bang chét can d ugc bao
vé ch6ng an mon

Ngudn Ngudn

phat phét
Xa Xa

CHAT CAN DUONG

| Méu dwoc ph chét can_|

CHAT CAN AM
[l [1 []
| Mau duoc phi chdtcan | | Mau duoc phi chatcan | | Méu dwoc phii chét can
(@ (b) (©)

Hinh 8.1 : Luu do lithography véi chat can, (a) hé théng lithography bao gom nguén
birc xa, hé thdng diéu khién roi va mau dugc phi chat can, (b) qua trinh roi: chét can bi

thay d6i bang birc xa, (c) rira: d6i véi chat can d wong thi phan bi roi sang sé bi &n mon,
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chat can am phan khong bi roi sang sé bi an mon
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DU LIEU VE VI CAU TRUC (CAD)

BQ VIET CHUM TIA PIEN TU/BQ VIET CHUM TIA LASER

MAT NA CHO LITHOGRAPHY TIEP XUC, GAN
HOAC CHIEU

_ IEUV ITIAXIEBP I IBP

NEN DUQC PHU CHAT CAN/ HIEN

An mon héa wét/khd
V1 CAU TRUC TREN NEN

Hinh 8.2 So dd téng quan vé céc loai lithography khéac nhau

So do trén trinh bay tong quan vé céc loai lithography khac nhau. Chiing khac
nhau theo loai birc xa va hé théng didu khién. Mac du vay, diém bét dau cla qua
trinh 1a cdu tric phéi dugc truyén vao mau, nd thudng coi nhw mot tap tin-CAD.

- Phan loai theo blic xa:néu sir dung anh sang nhu blrc xa cung cép thi goi la
photolithography.Trong dé cac nguén sang duoc st dung la ving cuc tim
(UV:365 nm-436 nm), UV sau (DUV: 175 nm-250 nm), vung ngoai cuc tim
(EUV: 11 nm-14 nm) vatia X (10 nm). Ngoai ra co thé si dung dién tr hoac ion
nhu blrc xa cho lithography dién t&r va ion twong (*ng

- Phan loai theo hé thong diéu khién: cé thé st dung mot mat na dé tao khudn
gom 3 cach b6 tri: lithography tiép xuc, lithography gan, lithography hinh chiéu.
Ngoai ra con cé thé viét tryc ti€p bang chtm tia hdi tu ( lithography laser, dién t

hay chum ion).
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Vi phuong phap st dung mat na, mat na bao gém mot vat liéu mang | a trong
sudt d6i véi birc xa duoc st dung va mét I16p hap thu la khong trong sudt. Khudn
dwoc khic vao |6p khdng trong sudt ndy. Vat lieu phu thudc vao ngudn bic xa.
Bltc xa chi roi nhitng phan ctia mau & dé phan twong (ng |a mét na trong sudt. Do

dd, chi co phan chat can bi phoi sang va bi thay dai.
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VGi phurong phap viét truc tiép, may tinh diéu khién ch um birc xa dwoc hoi tu.
V&i nhitng khéi phan xa, chum tia dwgc quét qua ngudn sao cho khudn duoc viét
vao chét can nhu si dung bat. O day moi khudn phai dwoc viét sau khudn khéc

cho nén mat thoi gian dai dé két thic toan b wafer.

8.3 SO LUQCVE PHOTOLITHOGRAPHY

Photolithography la loai lithography quan trong nhat. Nguy én ban tén dwoc
dung cho lithography st dung anh sang véi budc séng trong dai kha kién. Tuy
nhién dan dan anh sang duwoc kéo xudng t¢i 193 nm, dwgc st dung trong ché tao
chit ban dan ngdy nay va tham chi bwdc séng ngan hon dudi nm dang dwoc
nghién ctru.

Van dé co ban cla lithography la khd nang phan giai ctia hé thong chinh la
kich thuwdc dac treng nhd nhat ( Minimum Feature Size-MFS) c6 thé duoc xéc
dinh trén mau. MFS phu thudc vao phuong phap roi, do dai budc song roi A trén
vat liéu cta hé théng quang hoc.

Cac phuwong phap roi va gi¢i han kha nang phan giai:

L|THQGRAPHY LITHOGRAPY LITHORAPHY
TIEP XUC GAN HINH CHIEU
/// \.\\ -'.H./,.’ --\\\ .//' ‘\\\\ %
// \\ A \\ -’/ N
y N " Sy T ey
e Y R
[ 1 [ ‘.-
1 lu .,p' l v
e e .
MFES=/d. MFS=,/(d+g).
. ./// )
(O]
@ (b) N 5
MFS=k 2
NA o
(©)

Hinh 8.3 So do 3 phwong phap roi: (a) lithography tiép xc, (b) lithography gan, (c)
lithography hinh chiéu.
Vi tat cd ba phuong phép trén anh sang du oc phat ra tlr ngudn sang di qua hé

thong quang hoc sao cho chum tia song song dwgc hinh thanh. Véi lithography
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tiép xtic mat na vamau dugc ép véi nhau sao cho mét na tiép xtc gan voi chéat can
(Hinh 8.3 a). Kha ndng phan giai bi han ché béng do léch va MFS=+d.x , d 1a dd
day chat can. Nhuwoc diém co ban cla phwong phap nay la chét lugng mat na bi
tiép xuc voi chat can dan dén sw khdng hoat dong nh v mong doi vé cu tric. DEé
trénh van dé nay phuong phap th hai dwgc phat trién (hinh 3.b). Vi lithography
gan c6 mot khe hd duoc xac dinh gitta mau va mat na, do do khong lam toi mat
na. Nhuoc diém cha phuong phap nay la khd nang phan giai thap
MFS=/(d+g)A\ .

Phuong phéap st dung ngay nay trong san xuét cong nghiép lalithography hinh
chiéu. & day anh ctia mat na dwoc chiéu vao mau. Sau khi di qua mét na 4nh sang
bi bo lai bang hé théng quang hoc. Mat na khong tiép xtc véi mau do do khdng
lam gidm kha nang phan gia nhu trong lithography tiép xic va kha nang phan gia
tot hon trong lithography gan. Hon nira ta c6 thé giam anh t¢i mac khudn tr én mét

na dugc phép 16n hon khudn trén mau. MFS xac dinh bang biéu thic
A
MFS =k, — 8.1
kA (8.1)

k, (0.5-0.9) la hang s, tinh dén tinh chat khong li tudng cla thiét bi (sai s6 clia
thau kinh) va nhiing anh hudng khéng xudt phat tir quang hoc (chat can, xt ly chéat
can, hinh dang cla céu tric anh... do dé k, goi lahang s6 cong nghé

NA: do mé s6 clia hé thong quang hoc, NA = n.sin(Bmax)

Dé tdng kha nang phéan giai ngoai viéc thay doi cac théng s6 (giam A vatang
NA) nguei ta st dung Ki thuat dich pha varoi Iéch truc. Néu giam budc séng thi ta
gap phai mot van dé la néu buéc séng cang nhé thi hé thong mat na, gwong va

thdu kinh thich hop rét phirc tap va dat tién

CHUONG 8

84 LITHOGRAPHY CHUMPBIEN TV

Mot cach khac dé dat kha nang phan giai dudi 100 nm la thay doi loai birc xa.
Taco thé st dung chum dién tir dé roi sang. Cac dién tir dé d ang dwoc sinh ra bang
phét xa nhiét hodc phat xa hiéu ng trvéng va dwoc héi tu thanh chum tiavai kich
thwdc chum vai nm. Chum dién t&r nay co6 thé dugc sir dung dé viét mot cdu tric

mong mudn vao trong chat can hodc str dung quang hoc dién ttr thich hop dé thuc
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hién lithography chiéu dién t&r. Cac phan (*ng hdéa hoc trong chat can ciing nh v
trong chat cdn quang hoc, chi c6 nhirng loai phan (ng thich hgp v6i nhitng dién tir

( tuy nhién mot s6 chat can quang cé thé str dung nhw chat can chum dién tl).

8.5 VIET TRYUC TIEPBANG CHUM PIEN TU

Trong viét truc tiép bang chum tia dién t, cac dién t& duoc tao thanh chum tia
va dugc gia toc t¢i mot vi tri xac dinh tr én bé mat wafer, & day chat can phai duwoc
phoi sang dé tao thanh khudn. M ot hé thong chum tia dién tlr bao gdm: ngudn dién
tl hay sung ban dién tir, hé théng quang dién tl, gia wafer ¢ o hoc vamat hé théng
diéu khién.

Trong cot dién ti, cac dién tir duoc tao thanh chum véi duong kinh ¢ hinh
dang xac dinh. Do d6 nhitng yéu t6 quang — dién t&r khac nhau nhu cac thau kinh
hoi tu, khong hoi tu va d6 mé duwoc khai thac. Cac phan khac cta cot nhu khoadng
trong cla chum tia dé déng va mé chum tia, hé thong lam léch chum tia véi hé
thong nay chum tia dugc dat vao wafer.

Vi hé thong léch chi c6 thé dia chi mot tr wong 400-800 um (phu thudc vao
kich thuwdc tai chd va cong cu), ta can phai chuyén mau dang chiéu tlr tr vong phoi
sang nay t6i trudng ké tiép bang gia wafer co hoc. Vi tri clia gia duoc do bang
dung cu giao thoa cé thé diéu khién ch um tiavéi do chinh xac ~ 5 nm.

Toan bd hé thdng phai & trong chan khong dé cho phép tao n én chum tia va
phai duoc cach li vdi rung dong. Nhitng y éu cau tiép theo la trwong dién ti ki sinh
thap, vi diéu nay lam hai cho viéc dinh vi chum tia

Khudn dwgc cho nhr mot tap tin ciia CAD dugc chuyén thanh chuyén dong
clia chum dién t&/ gia wafer bang may tinh. Trong khoang thoi gian roi, chuan do

clia mau duoc do lién tuc vatiéu cu dwoc hiéu chinh. C6 hai so dd phoi sang:
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+ So d0 quét trwvong: hé thong lam léch va moi diém ngudn dia chi gia wafer,

nhuwng chum tia dwgc déng mé theo cau trdc.

+S0o do quét vecto: chi cé nhitng diém can roi duoc dia chi. Do d6 so do quét
vecto ton it thoi gian hon so do quét truong.

Thoi gian can thiét dé roi toan bd wafer phu thudc vao khuodn, nhung vi viét
truc tiép chum dién ti 1a phuong phap ndi ti€p, cho nén mat thoi gian va khong

thich hgp ddi voi san xudt vi mach hanh loat trong cong nghiép.
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8.5.1 SUng dién tl:
C6 hai loai sting dién tr phd bién langudn nhiét va nguon phat xa truvong.
SUng str dung ngudn nhiét thi don gian vaén dinh. Nguon electron c6 thé | a soi
W hay LaBg dwgc udn cong thanh hinh chir U. Néu st dung W thi nhiét d6 cung

CHUONG 8

cdp khoang 2300 dén 2700 C bang cach cho d ong dién mdt chiéu di qua.Do choi
clia sting va thoi gian séng phu thudc manh v ao nhiét do ngudn. O' nhiét do thap
thi do choi clia ngudn c& 10* A cmsrt va thoi gian séng khoang 100h, ¢ on néu &

nhiét do cao thi do chéi khoang 10° A cm™sr vathoi gian séng khoang 10h.
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Néu str dung LaB6 thi ngudn phat xa nhiét hinh thanh tir dau que, sw nung
nong dau que khong truc tiép két hop gilta phat xa nhiét v a s ban pha dién td.
Nhiét do dau que khoang 1600C, nang |wgng chum tia khoang 12 keV, do choi
khoang 105 A cm™sr™* va thoi gian hoat dong 1a 1000h.Do d6 LaBg tré thanh
ngudn chudn d6i véi ngudn chum tia dién tir. Nhung LaB6 dé phan (rng & nhiét do
cao hon W nén can méi trudng chan khéng cao (10-6 Torr) dan dén cdu tao phtc
tap

Dai véi sting phat xa trwdng, ngudn gdom mot day thwdng lam bang W, dau day
dwoc 1am nhon bang phwong phéap &n mon axit, ban kinh dau nhon c6 thé dat dén
1pm. Que W ddng vai tro dién cuc cathode, anode 1a mdt dia phang dong truc dit
trvéc dau que, dia phang dwoc khoét mot 16 dé dién tir di qua. Ngudn dién ti phat
ra c6 nang lwong khoang 20 keV véi thé dat vao khoang 20kV, voi khodng cach
gilta anode va catode dwgc chon thi dién truong & dau que khodng 109V/m. V6i
truong manh nhu vay thi electron dé dang xuyén qua rao thé va duoc tang téc dén
mtc nang luong 1a 20 keV. Do chdi dat duoc khodng 107 A cm™®sr™ . Mc du vay
sting trwdng phat xa it duoc st dung do yéu cau chan khong cao 107 Torr vi dau
W dé bi ban pha bdi ion.

Slng TF c¢6 céu tao twong ty slng phét xa truong, nhung dién truong dat vao
khoang 10%V/m, va nhiét d6 dau W khoang 1000-1500°C. Do hiéu (tng Schottky
cong thodt clia dién tlr sé giam khi co dién truvong, do dé electron cé thé phat xa &
nhiét do thap. Do sang dat duoc it nhat 14 10° A cm™sr™® | cdu tao clia sting TF lai
don gian hon céau tao cta sing phat xa trwong vi yéu cau chan khong thdp hon
khoang 10 Torr (do dau W bi nung néng nén né cé khuynh hwéng tw 1am sach).
Thoi gian hoat déng kéo dai hang tram gio.

Céc ngudn phat xa truong mac du cé do chdi rat cao nhung ching khong 6n

CHUONG 8

dinh va yéu cau c6 do chan khong cao nén khong dwvoc chap nhan rong réi trong

cac hé thong lithography chum dién ti.

8.5.2 The beam blanker (khoang tréng ctia chum)
Khoang trong cla chum dung dé dong va md chum. DEé s dung duoc thi

khoang tréng chum phai théa ba tiéu chuan:
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1. Khi chum tia bi dong thi sy yéu di clia chum tia phai rat 16n, cu thé la giam
di khoang 10° 1an.

2. Sir di chuyén chim tia phai phai nhé hon 1 pixel mau, cu thé lanhoé hon 0,1
pm.

3. Thoi gian hwdng (ng ctia khoang tréng khoang tréng phai nhd h on thoi gian

bdc 1 pixel mau, cu thé lanho hon 100 ns.

A

Deflector plate

1 C
1
Undeflected beam /

Deflected beam

Hinh 8.5
Thuc té viéc thda man tiéu chuan dau tién khong cé gi la kho khan, nhung voi
hai tiéu chuan con lai doi hoi hé thdng phai duoc thiét ké can than. Mot diéu quan
trong can cha y khi thiét ké d6 1atam cta chim bi léch phai dong tiéu voi mau.
Hinh trén cho thdy qui dao chinh cla electron khi qua hé thong | am léch tinh

dién. QuT dao thuc la la dwdng cong ABC c6 dang hinh parapol. Tai tdm clia may

CHUONG 8

lam léch, quT dao clia chum tia bi léch di mot khoang B’B. Qui dao thuc té gom

dwong thang AB’ va B’C. Nhin tlr bén ngodi qui dao clia chim tialéch di mot goc

® tir diém B’ (tdm cla may l&ch). Vi vay ndu B’ dong tiéu v&i mau, vi tri cla diém

sang trén mau sé khong thay déi khi may 1am Iéch hoat dong, thoa tiéu chuan hai.
Diéu quan trong tht hai trong thiét ké | a khau do phai dong tiéu véi mau. Khi

d6 khu vuc di ngang nhé nhat cla ch im tiala mat phang clia khdu do. Két qua |a
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khi may l1am |éch hoat dong, su thay déi tir m& sang tit xuét hién mot cach nhanh

chéng néu khau do dat & bat ki mot vi tri nao khéc, gitp thda tiéu chuén thi ba.

8.5.3 Deflection beam

Principal trajectory

o~ T

C——

-— T Ferrite

| shigld ] I]
D1 ~f |o

l Principal plane D2
——————————————— of final lens -----H-4+t------

I:I}I:J — || ——

Specimen plane / Wc:nrl-cpis/ce plane /

(a) (b}
Hinh 8.6
Hinh trén thé hién hé thong lam léch sr dung rong ré & may SEM. D1 va D2
la cudn day tlr dat phia sau tlr trudng cla thau kinh tlr cubi cung. Thudng thi L1 va
L2 bang nhau. Hé théng nay phi hop véi SEM vi khoang cach hoat dong L nhé (<
10 mm). Diéu nay la chinh yéu doi voi kinh hién vi vi hién twong quang cau sai la
mot trong nhitng yéu t6 quan trong nhat g¢i han dd phan giai, v a hé s6 quang sai
tang nhanh chéng néu tang khodng cach hoat dong. Vi thé hé thdng nay cho do
phan giai cao (10 nm hay c6 thé nhd hon). Ngoai ving nay, thi hién tugng quang

sai do |éch truc 1am cho vét chum electron mé rong vabién dang.

CHUONG 8

Gi¢i han khodng cach lam viéc nay khéng anh hwéng nghiém trong doéi véi

SEM nhuwng anh hwéng rat 16n déi véi lithography chum dién tt. D6i véi phuong
phap nay doi héi do phan gidi twong ddi khiém ton ( khoang 100 nm), nhwng phai
duy tri trong viing 16n hon 1x1 mm?2 Hon nita, bién dang cla trudng quét khong
dang Keé.

Sau nhiéu nghién ctru thi hé thong nay duwoc cai tién dé tang khoang cach hoat

déng mavan han hé duoc hién tvong quang sai. Hai ci tién chinh yéu | &
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1. Cudn day tlr thi hai dat trong khdi cuc tir clia thau kinh cudi ¢ ung, két qua la
trwong lam léch va treong hoi tu chong 1én nhau.

2. Trong hé théng lam [éch & SEM, L1 va L2 phai c6 truc quang hoc Iéch nhau
mot géc 180 dd. Nhung khi cai tién thi goc nay khéng con 1a 180 do nira.

Ohiwa da cho thdy nhitng cai tién nay lam giam hién tuong quang sai t¢i muc
thap nhat co thé. Li do ctia nhi*ng cai tién nay dwoc giai thich nhu sau:

1. Sy chong chéat trvong cla D2 va thau kinh cudi cung hinh thanh nén sy
phan bd doi xing xody ma tam khong phai la truc quang hoc mala mét diém ma
khoang céach ctia n6 tinh tir truc ti 1 v&i do 16n cla tr vong tao béi D2. Két qua clia
sy phan bd treong twong dwong véi thau kinh tir néu hé thong duwoc téi wu hda. Su
di chuyén dong bd véi chum electron bi léch bdi D1 la cach lam chum tia di qua
tam clia no.

2. Sy quay D1 twong déi véi D2 duoc tinh toan theo qui dao xoan 8¢ clia cac
electron trong trvong cla nhitng thau kinh.

Hé thdng thiét ké nay sé dwoc may tinh tinh toan theo chwong trinh clia Munro
Vviét dé co két qua téi wu nhat.

Vi hé théng lam léch dat gan cac thanh phan kim loai clia cdt, viéc do dac cho
thdy xuét hién hiéu Gng dong xody. D1 bi chdn bang mdt tdm ferrit. TAm chan
khong dwoc st dung cho D2 vi n6 s lam Iéch thanh phan thong lwgng dong clia

chum hoi tu.

CHUONG 8
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8.6 PHUONG PHAP TAN XA HAN CHE GOC ( SCALPEL - scattering
with angular limitation in projection beam lithography)

-
&

e .__,-." - ‘i

Mask 51
o oy mask

.y walar

Sitching
dellector

Fig. 1. Schematic diagram of the SCALPEL principle showing the function
of the scattering mask in forming image contrast.

Hinh 8.7

Nhuwoc diém cua viét truc ti€p chum dién ti la dac diém noi tiép cla phuong
phép. Trong san xuat hang loat thoi gian phoi sing mot s6 gio la khdng thé chap
nhan. Néu st dung phép lithography hinh chiéu thi phuvong phap nay chiu do
xuyén sau lén cla dién ti, cac I&p mat na phai d ay dé dirng mot phan dang ké dién

t.

CHUONG 8

Mot phuong phap dé khac phuc van dé nay do la phuong phap SCALPEL.
Trong SCALPEL mét chum dién t& rong cé duwdng kinh tir 2-3 mm dwgc quét qua

mot mit na bao gdm mang SiN4 (100-150 nm) trén d6 16p tan xa khudn 1am béng

Au hay W (25-50 nm). Cac dién t&r dap vao I6p mang nay sé di qua I6p nay hau
nhu khdng bi tan xa, trong khi dién tir dap vao |6p tan xa sé bi r6i loan manh khéi

dwdng dan clia ching. Céac dién tir khong tan xa dwoc hdi tu nho khiu do clia 6ng
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kinh va dugc chiéu vao wafer, trong khi d6 dién tir tan xa sé bi khoa. Do do6 anh
thu dwoc c6 do twong phan cao.

Nhuv phuong phéap lithography hinh chiéu, SCALPEL c6 wu diém gidm anh
gitp viéc ché tao mit na dé dang hon. Mat na bao gbm gia silic dé gitp I6p mang
dwgc gilr chat. B6 rong cia mang twong (ng voi do rdng chum dién ti trong khi
n6 c6 do da vai cm. Bang quang hoc hinh chiéu dién t téi tir hai dién tich mang
khac nhau dwoc tach riéng bang thanh Si co thé dwoc néi véi nhau tai wafer do do

céc mach c6 kich thwéc 2x3 cm cd thé duoc phoi sang.

8.7 UNGDUNG

Trong nghién ctru:
Nanopatterning on Nanoparticles
Nanowires
Nanopillars
Gratings
Micro Ring Resonators (b cong hwdng vong siéu nho)
Nanofluidic Channels

Trong cong nghiép va thuong mai:
Ché tao mat na cho phuong phéap quang khac

Vé feature

CHUONG 8
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