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Phan I: CO SO LI THUYET HIEN TUQONG PHAT XA TU DONG
Pé thu duoc dong phét xa dién tlr phat ra tir b& mat kim loai, ching ta c6 thé d ung
nhitng phwong phép sau:

e Hodc lacung cap nang luvong thich hop cho electron dé né cé di dong nang
vuot qua hang rao thé vathoat rabén ngoai.

e Hodc la tac dong mot dién trwong Ién bé mat kim loai lam hang rao thé
madng di vagidm dan theo khoang cach tlr bé mat kim loai.

Phuong phép thi hai ndy lay twdng co ban cla giai thuéng Nobel vat Ii ndm 1986
vé kinh hién vi hiéu ng xuyén ham quét (STM) dwogc trao cho Gerd Binnig va
Heinrich Rohrer & phong thi nghiém IBM (Zurich). Khi tac déng dién truong 1én
bé mat kim loai, nhitng van dé ma ching ta quan tam la: Cwong do dién trueong
phai bang bao nhiéu dé bat dau co dong phét xa ? M6i quan hé gitta mat do dong
phét xa va cuong do dién trwong lagi? Twong ng v&i nhirng cau hoi nay, ching ta
cO nhi*ng muc sau:

|. HIEN TUONG PHAT XA TU DONG

I1.TINH TOAN DONG PHAT XA TU DONG

I11.THUC NGHIEM

|.LHIEN TUONG PHAT XA TU DONG:

1. . Dinh nghia: Theo tir dién bach khoa X0 Viét, phat xa tw dong la hién tuong
phét xa electron cla cac vat dan ran hodc 16ng d wdi anh hudng cla dién
trudng cuong do cao (khoang 107 V/em).

2. Céac mdc lich st quan trong:

» Phat xa tw dong dwoc kham pha vao nam 1897 béi R.Wood (USA).
e Nam 1929, R.Millikan va C.Lauritsen da thiét 1ap méi quan hé tuyén
tinh gitra logarit ciia mat dé dong phat xa tw dong j véi nghich dao cla
dién truwong: 1/E.
e Ciing trong khoang 1928-1929, R.Fowler va L.Nordheim da dua ra
gidi thich i thuyét vé hién tvgng qua hiéu tng xuyén ham.
II.TINH TOAN DONG PHAT X A TU BONG:

1. Quan diém co dién:Lién két kim loai lalién két yéu. Vi vay, céc electron ¢
thé tw do di chuyén trong toan bd kim loai. Gia sl ta dat mot phan bo dién
tich dwong gan bé méat kim loai nhu hinh bén dwéi, cac electron sé chay vé
phia phan bd dién tich dwong nay. Bang truc giac, chling ta sé thdy rang, néu
tang cwong do dién treong 16n dén mot mic nao d6 thi s& lam céc electron
bt ra khoi bé mat kim loai. Tuy nhién, khong phai dién trvong cung céap
nang lvong cho electron dé nd bt ra khoi bé mat kim loai. Dién truwong &
day chi c6 tac dung lam moéng va ha thap hang rao thé nang tac dong Ién
electron, lam tang xac suat xuyén ham cua electron.
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DE tap trung vao phan tich hién twong phat xa tw dong, khong xét dén phat
xa nhiét, ching ta hdy xét kimloai & 0 K.

Khi khong cé dién truong ngoai, céc electron chi co thé chiém cac mikc nang
lwvong & ngay hodc dwdi mic Fermi . DEé R A
bttt ra khéi bé mat kim loai, né phai vuot
qua hang rao thé chir nhat rong vo han co W,
dd cao w,-¢, & day W, la nang lugng
mtrc chan khéng, hiéu w,-¢ =¢, chinh la
cong thodt cla kim loai. Van dé dat ra &
day la, ching ta can phai tac dong dién
truong cwdng do bang bao nhiéu Ién bé SR
mat kim loai dé dua electron tir méc Fermi X
vuot qua hang rao thé nay. .

Theo li thuyét Schottky, d6 gidm hang rao thé khi co dién truong ngoai la

AW = eeE
Oy

¢ day AW =¢, , thi cwong do dién trvong can ditveo la  E, =2
Déi véi Wonfram: €

o, =454eV  E, =10°V /cm
Trong thuc té, phat xa tw dong da xay ra rat manh trén bé mat kim loai
Wonfram véi cuwong do dién truong vao khoang 5.10°+ 5.10° V/em.
2. Quan diém luong t0:



Nhu trén ching ta da thdy, quan diém cd dién vé hién tuong phat xa tw dong dan
dén nhitng két qua khéng phu hop véi thuc nghiém. Hon nita, béi vi electron la
mot doi twong lvong tir nén ching ta phai giai thich hién twgng nay cling nhuw tinh
todn dong phét xa dva trén quan diém luvong tr. Cong viéc nay dvoc R.Fowler va
L.Nordheim thuc hién vao nam 1928-1929 trong bai bao mang tén “Electron
Emission In Intense Electric Fields”. C{ing gidbng nhu cach ti€p can chung doi voi
nhiéu bai toan co hoc lvgng tt, dau tién cac 6ng cling md hinh héathé ma electron
phai chiu trong vatrén bé mat kim loai. Sau do, giai phuong trinh Schrodinger véi
thé da biét vatim ham song culia electron & cac vung khéng gian trvdc va sau hang
rao, roi cudi cung tinh hé s6 truyén qua D. Céach tiép can nay cho két qua chinh xac
nhung céng cu toan hoc cac dng st dung rét phirc tap. Chang ta sé chon mét cach
tiép can khéac don gian hon nhitng van cho két quéa gan tuong tu.

Khi cé dién trvong cwong do E tac dong 1én bé mat kim loai, hang rao thé sé
c6 dang:
AW,

b)

W, = Wy — eEx

—» X

0
Mat khac, ching ta da biét hé sd xuyén rao cla electron qua hang rao thé

hinh chir nhat v&i dé cao W va do rong Ax |&

_an 2m(W-W, )Ax;

D.=Ce "

AX

____A_ ______ W




Nén chiing ta sé chiarao thé thanh cac yéu t6 nhé hinh chi* nhat, tinh hé s6 xuyén
ra&o D, (W, )cla moi
yéu t6 do. Hé sb
Xuyén rao cla toan
bd hang rao D(W,) la
tich cia cac hé sb
xuyén rao thanh
phan.

n
4n 4n 4n 4n
——JZm(W -W, )Ax ——,/Zm(W—WX)Ax ——/ 2m(W-W, ) Ax; ——/2m(W-W, )AX,
DW,)=Ce ‘Ce " ‘Ce " e Ceb
-i“mz,/(w W, )AX,
DW,)=Ce =
*ffllmZWW W, )%

DW,)=Ce " 7

—%ﬂm]lmdx
DW,)=Ce " °

8n ﬁ( W,-W, )*'2
D(\N) Ce 3 E

Mat do dong phét xa tu dong c6 thé duoc tinh bang cong thic sau:

j =€ DOW,)dN(W,)
0
Vi trang thai cla electron trong kim loai th6a man Ii thuyét Sommerfield nén sb

dién tir dap 1én trén mot don vi dién tich bé mat tir bén trong vat thé ra véi nang
lvong W+W + dW trong mot gidy co thé viét |a

e-W,
cu\l(w)—m (1+e 3 jdwx




Chlay déngi¢ihan T - 0K vaWw, <g, ta tinh duoc:

2 1/2 Sn(zm)l/z ¢03/2
. e )
_ 3h  E
] = 1/2
2rthW 0,
NEu chd y dén &nh hwdng cla luc anh dién thi:
2 _875 (Zm)1/2 ¢03/2
j=—% E2 w eV
8y

6(y) laham Nordheim; Y = €vVeEd,
NEu nhiét do I¢n thi dong thoi nhan dwoc phat xa lanh va phét xa nhiét dién t:

__b
j = AT +pE)Ze T°

A, B, by lacéc hdng s8 dic trung cho moi kim loai.
I1l. THYC NGHIEM:

Ching ta hdy xé mot thi nghiém chitng minh mot cach thuyét phuc rang
electron thuc sw xuyén ham chir khdng phai nhay qua hang rao thé.

1. BO tri thi nghiém:

Tat ca lamot hé thong hinh tru. Anode A c6 thé hiéu cao, du dé gay nén dong phét
xa tw dong i. Cathode ¢ 1a mdt day dan kim loai W. Ban hitng K 1a mét hinh tru
bang dong, hiéu thé Vi trén nod co thé bién ddi tvong trng voi thé & cathode dé vé
dwdng dac trung phan bd. Cong thoat ctia dong la ¢, = 5.5eV .

Hinh 4

i —

~ 3 + 10kV

Vi — thé ham

d=10%cm
E = 10" V/iem

2. KEét qua:



. Vi(Volt)

r

¥ Hinh 3.16

3. Nhén xét:

Tai V,=5.5 eV, dong phét xa tw dong co su thay doi manh. Trén giatri do,
dong phét xa tw dong hau nhu khong doi. Diéu dé co nghia lanhirng electron co
nang lwong Ién hon ¢, khéng tham gia vao phat xa tu dong, tic la dién tir thoat
rakhoi cathode ¢ khdng phai do vuot qua hang rao ma “luén” qua né.
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[. Gi¢i thiéu chung:

Hién thi la cong nghé chia khoa ctia thoi dai thong tin dang hoat dong nh w
giao dién cubi cung gilra ngudi cung cap thong tin nhw may tinh, internet hay
céc tram phat thanh va céac hé théng nhin bang mat clia con ngudi. Néu ta nhin
vao clra hang dién tir ngay nay, c6 thé la cac mdy thu hinh dya trén CRT (dén
tia @m cuc) va monitor clia may tinh thong thuong. Thi hai, ta c6 Ié sé thady vo
s LCD nhé duoc hién thuc trong dién thoai di dong, dong ho v a cac dung cu
khéc. Tuy nhién, ta cling sé thdy cac man hinh v&i dudng chéo rét 16n c& 100
cm hodc hon duvoc goi la panen hién thi plasma (Plasma Display Panel — PDP).
V6i PDP, wéc mo vé Tivi treo twong da tré thanh hién thuc. Cac nha phan tich
dang tién doan s phat trién dén kinh ngac doi véi PDP trong mot sd nam tdi.
Céc cong nghé hién thi panen khac nhw hién thi phat xa trvong (Field Emission
Display — FED) va hién thi phat xa quang dién (electro Luminescence — EL)
ngdy nay c6 thé dwoc tim thdy hon hén trén thi trwong nhu trong céng nghiép 6
té vay hoc.

Chung ta sé tap trung nghién ctru vao FED voi vai tro nhw mé hinh cho
cong nghé hién thi phat xa phang, méi. Nguy én tac hién thi dva trén mang ma
tran dwoc dia chi clia yéu t6 anh va nguoc véi LCD, phdtpho bi kich thich bang
dién t (FED).

Mot man hinh phét xa trwvong (FED) c6 mot cdu tric don gian va mét cau
triic phat quang cao. Loai man hinh nay khdng can anh sang dé cung cap, bd
loc mau, kinh phén cuc hodc cac mang mdng quang hoc khac ma nhitng thi
nay thi can trong mot man hinh tinh thé 1dng (LCD). Do d6 cau tric clia mot
FED thi don gian hon mot LCD. Thém vao dd, cac FED c6 thoi gian déap tng
ngan hon, mot gdc nhin rong hon va vang nhiét do 1am viéc rong hon cac LCD.
Chung cd6 thé hién thi anh tinh va anh dong, nhiét do xung quang néng v alanh,
muc dich st dung ca nhan hoac cong c dng. Cau trdc clla mot FED twong tv nhu
mot man hinh 6ng tia catdt (CRT). Ca FED va CRT déu st dung phosphor dé
tao d6 sang va phu thudc vao mot chan khong dé duy tri thoi gian song cla
electron phat xa. Co ché hoat dong cla FED lién quan dén electron phat xa
trwong dé kich thich phosphor vatao sy phat sang. Phét xa xa trwong st dung
mot dién tredng cao hon trong phéat xa nhiét dé giai phong electron vao chan
khong.

[1. Cau tric FED va co ché hién thi:
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Mot panel FED bao gdbm mang phat xa truvong (field emission array-FEA)
vamot tdm phosphor. Tam FEA lamot cdu tric tao ra su phat xa truong. Ngoai
ra, phé xa qua cuc cong la thuong can thiét dé diéu bién céac electron phat xa
ra. Viéc thém dién cuc thr ba (cwc cong) gilra catot va anot tao ra sy phat xa
qua cdng. Cuc phat duoc dat & dinh cla catot. Cong thwong gan véi cuc phat
hon anot dé diéu khién electron phat xa. Dong phét xa nay dugc giai phong tlr
cwc phat vala mdt ham cla dién thé gitra cong va catot. Dién thé gilra anot va
cong diéu chinh bién do dong phét xa chay dén cong va anot. M6t cdu tric ma
trong do cong duoc dat trén catot duoc goi la cau trdc doc. Hinh 8.5 chi ra cau
trdc doc ctia mot cuc phat hinh nén trong FED. Trong cdu hinh nay, r la ban



kinh clia cuc phat (khoang vai tram A%, d la dwong kinh cla céng mé khoang
vai khodc vai chuc pm, x la do cao tlr dinh nhon dén canh trén ctia cuc cong (it
hon 1 pm), Sy 1a khodng cach gitra anot va cong khodng vai chuc ym dén vai
mm, Vg 1a dién thé gilra cong va cuc phat, V4 1a dién thé andt vacong. Cha y
dién trvong F=f(r,d,h,sV4) va mat do dong phét xa J=f(F). Trong hinh 8.5,
electron dugc phét ra tr cuc phat va kich thich 3 phosphor mau do, xanh 14,
xanh dwong (RGB) theo chiéu doc. Phosphor dwgc st dung trong linh kién phéat
xa trudng lakiéu electron kich thich. Tuy nhién, cng va catot cd thé duoc sap
x€p theo cau hinh ngang dugc thé hién trong hinh 8.6. cong dugc dat tai cung
mot do cao nhu catot. Vi electron dwgc phét ra tir cuc phat phai bay qua cong
vatién dén anot, cong can nhan dong nhiéu hon anot. Mo hinh thuc nghiém chi
ra rang anot clia cdu tric doc thu nhan nhiéu d ong hon céu tric ngang duéi
cung mot diéu kién hoat dong. D6 la mot nhuoc diém doi véi phat xa cong
ngang mac du kiéu phat xa cong nay cé mot cau tric va cac bwdc ché tao don
gian.

[11. Cuc phat:

Cuc phét co vai tro quan trong trong cac FED. Cau tric cuwc phat tr vong cé
dang nén, hinh ném (chi* V), hinh 6ng. Ving phét xa ctia mét cuc phat hinh
nén la dinh cla hinh nén, trong khi cac céu tric khac la cac canh. Nhiéu cuc
phat bao gdm cuc phat Spindt, cuc pha 6ng nanocacbon (cacbon nanotube -
CNT) va cuc phéat dan bé mat (surface conduction-SCE). Cuc phat Spindt 1a
mot hinh nén trong khi cuc phat CNT c6 dang Ia 6ng nanocachon duong kinh
nm. Cuc phat SCE st dung loai vat liéu goi | a PdO (palladium oxide) v&i mot
cau trac khe c& nm dé sinh ra electron phat xa mat. Bang 1 so sanh céc loai cuc
phét. Sy phat xa trwong clia cac dang cuc phat nay can 1 chan khoéng cao
khoang 107 torr. Dién thé hoat dong tlr vai chuc dén vai tram Von. Vi thé dién
thé hoat dong cao dé diéu khién mach tich hop (ICs) 1a mac hon, hoat dong tai
dién thé cao con cho thdy hao phi dé ché tao mach tich hop la cao hon. Do dé,
hao phi dé ché tao mach diéu khién d6i voi cuc phat Spindt v a cuc phat SCE la
thap hon béi vi ching hoat dong tai dién thé thap. Qua trinh chu yéu cua viéc
ché tao cuc phat Spindt c6 dang hinh nén, cuc phat SCE c6 dang khe nano, cuc
phéd CNT co6 dang dng nanocachon. Khé khan chd yéu cla viéc ché tao cuc
phat Spindt la can mot dién tich bay hoi; cla cuc phat CNT la ché tao 6ng
nanocacbon va clia cuc phat SCE la dong la (dong diéu khién) & cong cao.
Dong l& & cong cao clia SCE lavi cau tric cong ngang ctia nd. Cau tric cong
ngang nay duoc gilp dé tao ra khe cap nano gilta catot v a cong. Mac du thuan
tién dé ra mot khe cdm nano ddi véi cau tric cong ngang, cac electron duoc
phét ra ctia SCE bay qua cong va két qua la can mot dong & cong cao. Dong
hiéu dung duoc ap vao anot do d6 gidm, két qud la mot hiéu suat dong thap cla
SCE. So sanh véi SCE, Spindt va CNT sir dung mot cdu tric cong doc co sw
tiéu thu nang lwgng thap doéi véi cung mot hiéu dién thé hoat dong. Thém vao
d6, do cao cuwc phat cling anh hudng dén dong lai cong, dbi véi cau tric cong
doc khi dd cao cuwc phat thdp thi dong 1& cdng cao. Tuy nhién, cuc phéat Spindt
c6 kho khan la sy khong dong nhat déi voéi mot dién tich bay h oi 16n. Doi voi
CNT, dd cao cuc phat la mot thach thirc dbi voi viéc ché tao va dd cao nay
thuwong thap. Do dd, cuc phat CNT thuong cd dong & cong cao hon clia cuc



phat Spindt. Ngoai ra, nhwoc diém cla cwc phat CNT hiéu suat hoat dong vati
SO phét trién 6ng thdp. Chl y, mot gia tri nhd h on ctia mot ban kinh cwc phat
khong nhiing cé dwgc mot dién tich phat xa nhd ma con tao ra sy phat xa mat
dd dong J cao hon. Néu cuwc phat qua nhon thi dong phét | c6 thé giam vi tich
cliaJ vaA sE c6 gia tri nhd hon. Dong phét xa khac nhau ddi véi cac dinh nhon
khac nhau. M6t cuc phat cé thé can mot dién thé thap trong khi cuc phat khac
¢ thé can mot dién thé cao. Su khac nhau vé dién thé hoat dong | a do sy khong
dong nhéat valam tang su khé khan trong viéc diéu chinh cac mirc do m au hién
thi.

Table 8.1 Comparison of Spindt emitter, CNT emitter and SCE.

Item Spindt CNT SCE

Feature Sharp conic structure Nano-diameter of carbon tube Nano-gap of slit
Operating voltage (V) Few tens Few tens to hundreds Few tens

Major process Conic emitter formation CNT formation Nano-gap formation
Key issue Large area of evaporation CNT activation or CNT growth rate  High gate drawn current

1) Cuc phat Spindt:

Nhiéu loai vat liéu bao gbm béan dan co thé d wgc st dung trong cuc phat xa
truong Spindt. Theo ly thuyét, cuc phat tr wong nén la mot loai vat liéu voi mot
diém noéng chay cao dé chiu dwng moét dong cao, mot cong thoat thdp duoc
cung cap dé sv phat xa lalén nhat va p suat hoi thdp dé duy tri chan khong
can thiét trong linh kién. Mot cuc phat nén nhon dé tao ra mot dién truong cao
dang ké cho sw phat xa electron tai dién thé thap. Hiéu dién thé thap sé lam
gam xac suat danh thling dién moi. Bang 2 thé hién cuc phat pho bién | a Silic,
Tungsten, Molybdenum, LaBg, Tantalum dugc si dung réng réi trong linh kién
phét xa, theo nhitng tinh chat clia ching.

Table 8.2 Most common Spindt field emitters.

Item Si W Mo LaBg Ta

Melting point (°C) 1410 3410 2617 >1500 2996

Work function (eV) 4.50 4.50 4.50 2.66 4.25

Vapor pressure (torr) 1079 at 10~ at 7 x 1077 at — 5 x 10710 at
1200 °C 1800 °C 1800 °C 1800 °C

Reported emitter radius () <10 <200 400 — <200

Trong céc cuc phat, Tungsten c6 nhiét dd néng chay cap nhat va p suat hoi
thdp nhat trong khi Silic c6 ban kinh phéat xa nhd nhat. Vi Silic c6 thé dugc ché
tao trén cu tric ban dan chudn dé ché tao cac dinh nhon cuc phat, né da duoc
nghién ctru va str dung rong réi trong viéc ché tao cwc phat trieong mac du diém
nong chay clia n6 thap va &p suat hoi cao hon cac vat lieu khac nhu W, Mo,
Ta,...

Cac cuc phat xa truong nén nhon vi dién treong khac nhhau déi véi hinh dang
nhon va sy phat xa electron phu thuéc manh vao dién trwong. Cuc phat nhon
cling lam cho linh kién phat xa electron tai dién thé thdp. Hinh 8.7 chi ra m6t



Gate

Cathode Dielectric | Cathode, dielectric and
gate patterning
Axial rotation . .
Sucrificial ! Directional *
| acrihicl C evaporation
ayer /
 —
' Directional evaporation with axial
. rotation to form sacrificial layer
Vertical evaporation *

Axis rotation

<

l

: Vertical evaporation with
|

: axis

e v

1
Sacrificial layer removal
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qua trinh ché tao mot cuc phat hinh nén. Bwéc dau tién cla qua trinh la tao
catot, dién moi, va cuc cong. Sau dd bay hoi truc tiép theo truc quay dé tao 16p
bdo vé, 16p nay co6 tac dung ngan khéng cho hoi vat liéu lam cuwc phat khdng
bam vao bé mit clia cuc cng maléng dong trén |op bao vé vasau ndy |6p bao
vé bi loai bo di thi s& hién ra bé mat cuc cong. Sau khi |6p bao vé duoc tao, s
bay hoi doc véi truc quay dwoc thie hién dé tao cuc phat hinh nén. Budc cudi
cuing clia qua trinh ndy 1abo di I6p bao vé dé hién ra cuc cong.

2) Cuc phat CNT:

Kiéu cuwc phat spindt (sharp cone type) da dugc nghién clru réng réi trong
vai tap ky cudi. Tuy nhién, si boc hoi str dung trong ki€u cuc phat Spindt dé
ché tao hinh nén véi dién tich rong la rat kho khan. D6 la kho khan chi yéu
trong viéc duy tri cac cyc phat hinh nén déng nhat khi mét man hinh 16n duoc
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Figure 8.8 Typical indirect approach for forming CNT emitters.

thiét ké. Theo do, str dung mot st dung CNT nh v mét cuc phat la mét tién trinh
thay thé Spindt clia viéc tao FED. Vai tram nm va c6 thé nhu mot cuc phat xa
treong.

Qua trinh truc tiép va gian tiép co thé ap dung dé ché tao cuc phat CNT.
Trong qua trinh tric tiép, CNT duoc phat trién bang hd quang va sau dé pha vo
bang mod chat né. Mot cach giai quyét duoc thém vao chat nd nay clia CNT la
tao mdt chat thay tinh gid kim cuwong (paste). Mot cwc phat CNT sau do duoc
tao bang viéc in man hinh (screen printing) chat thay tinh gia kim cwong 6ng
nanocacbon (CNT paste) vao mot dé va sau dé lam hoat dong n6. Hinh 8.8 chi
ra qu trinh phd bién ma trong d6 nhiét do cao nhét |a khoang 450 °C. Buéc
dau cla qua trinh nay la ché tao catot, dién mdi, cc cong. Qua trinh tiép theo
laphl I6p CNT paste 1én dé va sau do lam hoat dong CNT (6ng nanocacbon).
Khi chat CNT paste dwgc chuan bi trong qua trinh riéng biét.
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Figure 8.9 Typical CVD process for forming CNT emitters.

Vi CNT duoc tao bdi mot nhiét dd6 hd quang cao nén nd cé do tinh khiét
cao. Tuy nhién d0 khong dong nhat clia CNT c6 thé khong d woc diéu khién
mot cach hiéu qua viéc in man hinh va pha hdy hoan toan su phan b6 lai mot
cach ngau nhién cac CNT. Theo dd, qué trinh truc tiép cla viéc tao CNT duoc
&p dung dé giai quyét van dé khong d6ng nhat. Hai phwong phap: CVD va EPD
(electrophoretic deposition) du oc st dung dé ché tao CNT. Hinh 8.9 chi ra qua
trinh clia CVD dung dé ché tao CNT. Catot, dién mdi vacong dwoc tao hinh tai
buwdc dau tién cla qua trinh nay. Budc ti€p theo la ngwng tu chat xic tac, pho
bién & Fe/Ni/Co véi nhiét do khoang 600 °C. Nhiét d6 qué trinh c6 thé giam

bdi viéc sir dung qua trinh CVD plasma. Phan tng tao CNT la
C,H, > 2C+H,



Madc du CVD tao ra mot CNT dong nhat hon nhung ti s6 (toc dd) phat trién
cham. Ngoai ra, EPD c6 thé 4p dung moy qua trinh thay doi lién tuc cho viéc
tao CNT. Hinh 8.10 chi ra mét co ché ngung tu ctia EPD. Trong co ché ngung
tu nay dé dugc dat trong chat cao su hoa tan. Cac CNT trong chét cao su hoa
tan duoc tich dién va sau do dich chuyén dén dién cuc. sau do, CNT duoc
ngung tu vao dién cwc. Cac CNT cd thé phat trién truc tiép | én dé bang viéc st

DC power

— Il ——

Substrate

Electrode

Solution T T
d Charged CNT
O Electrode

Figure 8.10 Typical deposition mechanism in the EPD process.

dung CVD hoic EPD. Do khong dong nhét thu d voc bing viéc sit dung CVD
hodac EPD vuot qua ngudng thu duoc béi phwong phap hd quang va doé tinh
khiét thu duoc lathap hon.

3) Cuec phat dan bé méit (SCE):

Trong linh kién SCE, mot mang PdO (palladium oxide) dw¢c st dung nhu
mot cwc phat va mot khe hep c& nm duwoc st dung dé giai phong electron tlr bé
mat clia mdt mang PdO. Cac electron nay du oc goi 1a céc electron dan bé mat.
Cau tric clia man hinh SCE khéc vi cau tric hién thi dwoc st dung trong cuc
phét kiéu Spindt va CNT. Hinh 8.11 chi ra mot cdu trdc phé bién clia mot man
hinh SCE ma né thuvong dwgc goi la mdt man hinh electron bé mat (SED).
Trong cau trdc nay, electron dugc gidi phong theo phwong ngang tir cuc phat
dén cuc cong. mot dién thé dwoc ap vao dé thu duoc electron phét xa. Khe hep
gilra cuc céng va catot khoang 10 nm. Catot va crc cdng duoc tao bang chét Pt
(Platium). Cuc phét 1a PdO. Mang Pt duoc tao béi phwong phap quang khac,



trong khi mang PdO cua cuc phat dwgc ngung tu bdi in phun (ink-jet printing).
Hinh 8.12 chi ra mot qua trinh pho bién dé ché tao mot SCE. B wdc dau tién cla
qua trinh nay la ché tao cong va catot. Budc ti€p theo la phi mot 16p vat liéu
lam cuc phat. Sau khi phi I6p nay hoan thanh, mét khe hep dwoc tao ra voi cac

Light
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plate i ———+— Anode
|| | SR WY | BM
A A ‘F
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Gate Emitter
FEA Cathode
plate ——+—— Substrate

Figure 8.11 Typical structure of a SCE display (surface electron display).

chiéu cd nm.

V. Quatrinh ché tao panel:

Qua trinh ché tao panel lién quan dén viéc ché tao tdm (plate) FEA vatam

phosphor va bao gom cac bd phan vakiém tra tudi tho, do 6n dinh. Hinh 8.13
chi ra qua trinh ché tao pho bién cla viéc ché tao tdm FEA. M6t trong nhiing
bwéc chinh cho viéc ché tao tdm FEA latién trinh ché tao cuc phat trong khi
qua trinh chi yéu dé ché tao tdm phosphor la qué trinh ché tao cac phosphor
hién thi mau. Qua trinh ché tao va |ap rap cac bd phan vakiém tra do 6n dinh
lién quan dén sw sap xép panel, sw che chin tao chan khong va dac tinh do bén,
doé 6n dinh.
Ba cuc phat chinh la Spindt, CNT, SCE. Hinh 8.14 thé hién qua trinh hién thi
clia cuc phéat Spindt. Qua trinh chi yéu cla viéc ché tao tdim FEA dugc mo ta
trong phan trwéc. BGi véi tdm phosphor, nén den (Black Matrix -BM) la thuong
dwoc st dung dé lam tang ti sd twong phan clia man hinh. Chl y, RGB
phosphor dwoc ngung tu vatao trong qua trinh ché tao tdm phosphor. Sau do,
tdm FEA vatam phosphor, sau do cac bd phan vakiém tra do 6n dinh duoc lam
tiép theo sau vacudi cung qua trinh ché tao panel FED dugc hoan thanh.
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Figure 8.12 Typical process flow for a SCE.

Hinh 8.15 thé hién qua trinh hién thi clia mot cuc phat CNT. Chat paste
ddwoc chuén bi trong mot moét b wdc riéng biét. Bwdc dau tién la chuan bi chat
CNT paste, CNT duoc tao thanh va sau dé dvoc lam tinh khiét. Sau bwéc lam
tinh khiét CNT, mot chét hoa tan (solvent) va mot chét gan (binder) thudng
dwoc thém vao dé tao chat CNT paste. Doi voi tdm phosphor, ché tao BM dé
tao do twong phan ctia man hinh. Sau khi ché tao BM, cac bd phan vakiém tra
dd 6n dinh duoc thuc hién cudi cung dé hoan thanh panel FED.

FEA plate Phosphor plate
process process
4
Assembly and aging
processes

Figure 8.13 Typical process flow for a FED.



Hinh 8.16 thé hién co ché hién thi ciia mot SEC. Paste PdO duoc chuan
bi trong mot qua trinh riéng biét dwoc trinh bay trong hinh 16. Sy chuén bi cla
chdt PdO paste bat dau v&i sw chuén bi chat nd PdO. Sau do, chét hoa tan va
chédt gan dwoc thém vao dé tao chéat paste PdO. B&i véi qua trinh tdm phosphor,
viéc tao BM la thuvong duoc ding dé lam tang do twong phan cho man hinh.
Sau khi ché tao BM, RGB phosphor dwgc ngung tu va ché tao trong qua trinh
ché tao phosphor. Ché tao tam FEA, tdm phosphor, cac bd phan v akiém tra do
on dinh duoc thwe hién dé hoan thanh panel FED.
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Figure 8.14 Typical process flow of FED with Spindt emitter.

In man hinh, quang khic, in phun 1a 3 quatrinh co ban cua viéc ché tao cac I6p
trong qua trinh FED. Gi{ra cic quéa trinh chinh nay, in man hinh 1a qua trinh
dwoc dung phd bién nhat d6i voi qua trinh FED. Qua trinh nay c6 thé duoc



dung trong ché tao cactot, dién cuc cong, dién moi, 16p BM v a lép phosphor.
Hinh 17 chi ra tom tat mdt qua trinh in man hinh pho bién.
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Figure 8.15 Typical process flow for FED with CNT emitter.

Mat na hinh, paste va may in la ba thanh phan chinh ctia bwéc in man hinh.
Mt chét paste dé dang xuyén qua mot mat na man hinh khi mot luc 1am bién
dang duwoc ap vao chét paste. Tuy nhién, hinh anh cla chét paste tré nén clng
khi khong c6 luc bién dang ap vao vi thé nd khong bi khuéch tan va do phan
gidi cao duoc duy tri. Sau khi chéat paste dwgc ngwng tu, né phai duoc lam khé
(dry) va nung néng hoadc t6i luyén (fire). Viéc 1am khé loai bo chat hoatan véi
nhiét do khoang trén 150 °C. Viéc t6i luyén loai bd chat gén (binder) valam tan
chay hat tai nhiét d6 khoang 400 °C. Hinh 8.18 chi ra nhiét do cla qua trinh
theo thoi gian.

Khia canh t¢i han cla qua trinh lam kho la d6 khong dong déu lam kho tir
bén ngoai bé mat dén bén trong 16i t6t nhu tir canh vao tam cla Iép paste.
Trong qué trinh t6i luyén, chét gan phai bi loai bo hét va luc nén phai dugc
gidm cang nhiéu cang t6t.

V. Nguyénly co ban cta FED:
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Figure 8.16 Typical process flow for FED with SCE.

Hién thi phat xa truong (FED) V& co ban la 6ng tia catdt phing. Dién tir
dwoc phat ra tlr bé mat cta vat liéu catot va duoc gia toc trong chan khong theo
hudng andt bang ap vao mot dién trudng. Dién trudng nay xac dinh nang luong
clia dién tt toi bé mat anot duwoc phd photpho. Nang luong cla dién tl, gidng
nhu trong CRT duoc st dung dé kich thich 16p hat photpho phat quang, khi tré
Ve tir trang thai kich thich, phét ra anh sang nhin thdy. Du c6 su giéng nhau,
song ciing cé sv khac nhau r6 rét gitta CRT va FED. CRT dua trén khoi, nang,
ba chiéu, 6ng thuy tinh dwgc hat chan khéng cé vo day chia sgi dét nong
1000°C nhu ngudn dién t& 1am viéc lién tuc va cac cudn tir dé 1am léch chum
dién tr dé dia chi valam sang nhirng yéu t6 anh riéng (pixel) trén tdm duoc phi
phdtpho d6i dién v&i nguodn dién ti. FED bao gom hai tdm thuy tinh cach nhau
khodng vai milimet. M 0t trong cac tdm mang mdt mang chét phat dién t& d vgc
m& riéng trong mot khoang thoi gian ngan chi khi birc xa ctia pixel photpho
trong (ng tap trung vao tdm andt duoc khdi phat bang dién tir didu khién.
Trong FED, chat phat dién ti la tai nhiét do thdp hon nhiéu, tham chi dudi
nhiét d6 phong. Su phat xa xuét hién vi dién trwong cao va sy tang cla dién
truong nhu thé tai dinh nhon va dau, hon la nhiét do cao cua vat liéu phat.
Trong hinh 1, tiét dién ngang loai di6t rat don gidn cla cau trdc FED, bao gobm
tdm cat6t mang chét phat vatam andt mang photpho dugc mo ta.

Thé nang W(z) ctia mot dién t tai khodng cach z tlr bé mat catot | a tong cua
bdn thanh phan: W(z)=Wg + ® — (€%/4z) - eE, (z > 0) (1)

O day We 1a ning lvong Fecmi, ® 1a ham cong, — (€%/4z) biéu dién luc
ma mot dién t& co dién tich e chiu khi roi khoi chét ran va - eE la dong gop
nang lwong tir dién trudng duoc ap vao. Hinh 2 md ta sy dong gop tir moi thanh
phan va thé nang cta dién t& cho hai truwong dwgc ap vao E (v6i E; <E;). RO
rang, ¢ hai cach dé ha thip rao nang lwgng d6i voi dién ti roi khoi vat ran va
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Figure 8.17 Side view of screen printing.

duoc phat vao chan khéng. Thir nhéat, ha thdp ham cong ® téi gia tri gan muc
Fecmi, dién t& c6 thé roi khoi bé mat dé dan hon. Thit hai, khi tdng dién truwong
&p vao, dang cla rao thé thay dbi va xac xudt ma mot dién tlr c6 thé xuyén
ngam tlr VAt ran qua rao thé vao chan khong cao hon. Trong trudng hop nay,
mat d6 dong do catét phét ra phu thuéc vao xac xuat xuyén ham, sé dién ti
canh bé mat va mat do trang thai.

Hinh 1: Tiét dién ngang cla cau tric FED kiéu rat d on gian, bao gom
mot tdm catdt mang chat phat dién tr vatdm an6t mang photpho. Sy hit dién
tlr dwoc tao nén bang ap dién thé cao V giira catdt v a andt sir dung so do dia chi
ma tran. Cac dién tlr phat ra dwgc gia toc theo hwdng anét phi phétpho, kich
thich cac pixel riéng cua vat liéu phat quang do kich thich phat xa anh sang
nhin thay.

Quan hé gitra cac thanh phan nay co thé dwoc danh gia tai nhiét do phong bang
biéu thirc Fowler — Nordheim:

f(E) = 6,2 . 10° (W/ ®)¥2/ (W + ©)).E2exp(6,8.107. d¥Y/E) (2).

Su bién dang clia rao thé bang ting cuong do treong da phuong duoc st dung
dé tang xac xuat xuy én ham cla dién tlr vao chan khong, do do tang d ong phét
xa. Tuong tw nhu vay, xac xuat phat xa duoc ting Ién bang cach ha thdp ham
cong clia vat liéu chat phat. C& hai nguy én tic tdng cuong phat xa da duoc
nghién ctu trong nhiéu ndm qua, nhitng mau dau ti én clia FED va san phidm
dau tién daxuat hién trén thi trvong vao nam 2000. Hinh 3 mé tad FED - 3D.

Hinh 2: rao thé bé mat ma dién t& chiu trong kim loai tai hai dién tr vong
khac nhau E, > E;. Rao bao gém bdn thanh phan riéng biét. Viéc xuyén ham
clia dién t&r tir trang thai dién t& bi choan t¢i mirc Fecmi W ¢ tdng bang ha thép
rao thé tlrc tang cwong do dién tredng ap vao.
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Figure 8.18 Typical process temperature profile.

~ Hinh 3: anh 3D ctia FED dua trén dau Sprindt. Cau tric nay duoc st dung
bang hang PixTech dé ché tao FED nho (5 inch) cho hé théng y hoc, xe hoi va
cac ing dung quan si. Thé an6t 1a500 V.

VI. Déc trwng ctia FED vatrién vong:

M@t s6 dang ké chuyén gia mong rang FED la de doa 16n nhét dia vi théng
tri clia LCD trong thi trwong hién thi phdng. FED c6 thé duoc xay dung gan
bang kich thwdc clia man hinh LCD vaco mot s6 wu diém bén trong lién quan
t¢i s dung man hinh phét xa photpho. Mot vu diém la khong c6 anh sang nén
trong FED. Vi vay, cong suét tiéu thu phu thudc chd yéu vao ndi dung anh va
do do thap hon LCD. Thém vao dé, géc nhin, biéu hién mau va xuét hién cta
anh chuyén dong la tot hon LCD. Khi hang ngan chét phat dién t&r dwoc st
dung dé chiéu mot pixel don, FED c6 thira chat phat cd hitu. Tuy nhién, trong
LCD mdt transistor don hong dan dén pixel va do do 1am cho man hinh vo
dung.

Dai véi thé andt co gia tri tir 5 kV dén 10 kV su kha thi cia m an hinh mau
FED lén dén 15 inch da dwoc chitng minh. Hinh 4 mé ta anh mau FED c6
dwong chéo 33 cm (13 inch) dwoc trién 1am tai hoi nghi hién thi thong tin (SID)
nam 2000. Ngdy nay c6 gang nghién cltu va phét trién quan trong 1a hudéng
theo xu hudng ¢6 gang nhan dang va xac nhan cac cong nghé chét phat cla
FED c6 thé lam duoc, bao gdm chéat phat dua trén kim cuong, chét phat cacbon
vachat phat dva trén 6ng nano cacbon nhiéu tuong.

Hinh 4: M6t SVGA - FED 13 inch ctia Sony/Candescent.

Hinh 5: Céac loai FED monochrome va polychrome dua trén chét phat dau
Sprindt do PixTech phét tri én.

Hién nay mot s6 hang cung cdp md hinh FED dau tién ra thi trudng. Trong
hinh 5, mdt dai cac FED don sac cting nhu FED mau d& duoc phét trién va thi
treong hod bang hang PixTech dugc trinh bay. Nhitng hién thi nay cé duong
chéo 5,2 inch va do day bé hon 1 cm. Ching bao gom 320 x 240 pixel. Cong
sudt tiéu thu (50% trang) la bé hon 10 W va do sang co thé cao bang



1200cd/m?. Trong khi hién thi don sac la thd va thoi gian séng dd ding trong
thuc té, thi hié’p thi mau van cé gi¢i han vé thoi gian song do su toi di cla
photpho va nhiém doc ctia dau Mo trong khi hoat dong.
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Phan 111: ONG PHAT TIA X DUNG ONG NANOCACBON PHAT XA TRUONG TRONG
THIET Bl XRD/XRF NGHIEN CUU VU TRU

I. Gigi thiéu vé dng nanocacbon vacac (rng dung:

1. Sy phat hién va ché tao 6ng nanocachon

Nam 1991, tién s Sumio lijima mdt nghi én ctru vién cla cdng ty NEC (Nhat Ban) cling vi niém
dam mé tim hiéu fullerene tinh c& phét hién qua kinh hién vi dién t&r 6ng nano carbon. Ong
nanocarbon (goi tat: 6ng nano) gidng nhuw mot qua mudp dai véi dudng kinh vai nanometer (nm)
vachiéu dai co thé dai dén vai trém micrometer (10° m), vi vay cé céi tén goi "6ng nano”. V6i
dwdng kinh vai nm 6ng nano carbon nhé hon sgi téc 100 000 Ian. Chi trong vong vai nam tir lGc
dwoc phat hién, 6ng nano carbon cho thdy cé rat nhiéu (rng dung thuc té hon C60. Cau trdc hinh
dng c6 co tinh (mechanical properties) va dién tinh (electrical/electronic properties) khac thuong
va dalam kinh ngac nhiéu nha khoa hoc trong cac co quan nghién ctu, dai hoc vadoanh nghiép
trén thé gi¢i. Ong nano c6 stc bén siéu viét, dd dan nhiét cao (thermal conduction) vanhiéu tinh
chét dién t& tha vi. V&i mot loat ddc tinh hdp dan nay nhiéu phong nghién ctru d& phai chuyén

. : Ong nanocacbon

Viéc ché tao 6ng nano co thé thie hién bang cach phong dién hd quang (arc disc harge) hoic
dung laser (laser ablation) trén mot vat liéu goc chira carbon hodc phun vat liéu nay quamét 10 &
nhiét d6 800 - 1200 °C (chemical vapour deposition, CVD). Hinh thanh 6ng carbon khéng phtic
tap nhwng tao ra nhitng 6ng nano gidng nhau cung déc tinh trong nhitng dot tong hop khac nhau
va sau do tinh ché dé gan loc tap chat doi hoi nhitng diéu kién van hanh mét cach cuc ky chinh
xac. Tuy vao diéu kién ché tao vavat liéu géc nguoi ta cd thé tdng hop 6ng nano mot vo (single-
wall carbon nanotube, SWNT), vé dbi (double-wall carbon nanotube, DWNT) vanhiéu vé
(multi-wall

T—

Ong nano carbon nhiéu vé (MWNT)
chup bang kinh hién vi dién tc.
Khoang céach gilta hai vé 1a 0.34
nmva duong kinh clia vo ngoai
cung la 6.5 nm



Ong nano dwoc lijima phat hién du ti én thudc loai MWNT. Richard Smalley (Rice University)
dadung phuong phép laser dé ché tao SWNT véi hiéu suat rat cao. Ph wong phap nay daduoc
thwong mai hda dé san xudt SWMT cho cong nghé. Gia cho SWNT v a DWNT tinh ché van con
rat cao & mirc $500/g. MWNT dé téng hop hon SWNT nén gia & mic $100/g. Gan day Mitsui
(Nhéat Ban) c6 thé san xuét 120 tdin MWNT/ndm cho nhu cau céng nghé voi gia $75/kg.

2. Tinh chét va cac hvéng ting dung 6ng nanocachon

Nguoi ta dadinh dwgc do bén (strength) va dd cling (stiffness, Young's modulus) ctia dng nano.
K€t qua thi nghiém cho thdy 6ng nano bén hon thép 100 lan nhwng nhe hon thép 6 1an. Nhu vay,
c6 thé noi ladng nano lamot vat liéu c6 co tinh cao nhéat so vdi cac vat liéu nguai ta biét tlr trwdc
dén nay.

Nhom nghién clru clia gido st Ray Baughman (University of Texas, M §) da phat minh ramot
quatrinh xe sgi dng nano cho ra sgi v&i co tinh cao hon thép va twvong duong véi to nhén. To
nhén duoc biét lamat loai to thién nhién cé co tinh cao nhat trong cac loai to sgi. Kinh nghiém
cho thdy mét con rudi bay voi tc do cao nhét van khdng bao gio | am thing lwdi nhén. Néu suw
kién nay dugc phong dai vai chuc ngan 1an dé sgi to nhén c6 dwdng kinh bang cay bt chi, soi to
co thé kéo ngirng lai chiéc phi co 747 dang bay trén khong.

Mac du dd cirng clia soi 6ng nano do nhom Baughman |am rachi bang 1/10 dd cirng cua tirng
6ng nano riéng &, soi Baughman van chwa phéi "siéu ciing" nhwng dahon han Kevlar vé stic bén
vanéu diéu kién san xuét hang loat cho phép né c6 thé thay thé Kevlar d ting trong nhitng chiéc
&0 gidp canhan chdng dan trong twong lai. Qua trinh xe sgi clia nhém Baughman chirng té kha
nang ché tao sgi 6ng nano v&i nhitng co tinh vi mé cang Ilc cang gan dén co tinh & thang phan
t(r. Qua trinh nay dakich dong nhiéu nhém nghién ctru khac trong cudc chay dua ché tao ra mot
loai sgi siéu cling, siéu bén vasiéu hitu ich chua tirng ¢6 trong lich st khoa hoc kY thuat.

V@i dang hinh dng dai va co tinh |y twdng, dng nano carbon duoc cho vao céc loai polymer dé
tao nhi*rng sdn pham nano-composite. That ra, composite dung nhi*rng chat dén cé hinh dai dé
tang co tinh khong phai lanhitng gi mai la. Ttr 6000 nam trwdc nhan loai datron bun véi rom dé
|am gach. O nhitng viing sau viing xa ngu&i dan van con dung dat sét va rom dé lam twdng. Hién
tai, chat don kim loai hay ceramic lanhiing vat liéu pho bién duwoc dung trong polymer dé tang
cudng co tinh thay thé kim loai. Ngui ta tin rang 6ng nano carbon sé& | a mot chat don "tdi
thwong" cho polymer nano-composite. Vai phan tram dng nano carbon c6 thé gia tang do bén, do
clrng va do dai ctia polymer Ién nhiéu lan. Céc cong ty ché tao 6 td dang trién khai polymer
nano-composite cho cac bd phan xe hoi. Dac diém clia cac composite nay | & nhe vabén chéc.
Congty 6t6 GM (M) dv tri s8 dung 500 tan 6ng nano/nam trong vong vai nam toi.

Mt co tinh khac ctia 6ng nano dang dwoc khao sat hién nay la dac tinh lam gidam séc, chéng
rung. Tinh chét rdt quan trong ndy s&é mang dén nhitng (ng dung dan s lan quéc phong.

Dién tinh vadac tinh dién tlr clia 6ng nano dathu hat nhiéu sw chd y clia cac nhavat ly vathiét
ké dién t&r vi mach. Nho & dang hinh 6ng va cac electron tv do pi trong 6ng, cac electron tw do c6
thé tai dién nhung it chiu sw phan tan electron (goi laballistic conduction). Si phan tan electron
la nguyén nhan dién tré gay ra sw phat nhiét thudng thiy & chat ban dan hay kim loai. N6i mot
cach khac, 6ng nano co kha nang tai dién hiru hiéu vi it phét nhiét.

Ong nano ¢4 thé tai dién makhdng s¢ phét nhiét. Nhu vay, dic tinh tai dién khdng phét nhiét v a
kha nang tao thanh cac linh kién dién t& nhu diode va transistor cia éng nano & kich thudc phan
tlr chi ra mot huwéng nghién clru méi la nano-dién tir ndi tiép vai tro thu nhé cda vi dién tir ma
silicon dang & dia vi doc ton.

Mot dac tinh khac clia 6ng nano la sy phat xa tredng. Khi dién thé duoc ap dat vao mot dau

clia 6ng nano dau kia st lién tuc phat ra electron. Bacé nhiéu vat liéu cé dac tinh phat xa trvong



nhung 6ng nano cd thé van hanh & dién thé thap, phat xa trong mot thoi gian d ai makhong bi ton
hai. Ap dung truc tiép clia phat xa trwong laman hinh TV va vi tinh. Day 1a mot cong nghé mang
lai hang ti do lamdi nam. Man hinh méng tinh thé 16ng dang thay thé dan cac m an hinh 6ng tia
am cuc nang né, kénh cang. Ong nano co thé 1am man hinh méng hon nira, ré nét vadung dién
10 lan it hon. Bac tinh phét xa trub’ng clia 6ng nano cho thdy kha nang thay thé m an hinh tinh thé
léng trong mot twong lai gan mac du man hinh nay hién rat thong dung va dang dwoc wa chudng.
Ngoai ra, 6ng nano con cho nhiéu ap dung khéc chang han d tng trong bd cdm tng (sensor) de
phét hién anh sang, nhiét, song dién tir hodc nhitng héa chét do ¢ hai véi do nhay rat cao. Ong
nano tu than ho&c két hop vai polymer dan dién dé bién ché th anh co bap nhan tao (artificial
muscle, actuator). Co bap nhan tao la mét md phong clia co bép sinh vat bién déi dién ning
thanh co nang; khi c6 mot dong dién chay qua co bap s& cho mét tac lwc. Co bap nhan tao 1a mot
trong nhitng bd phan quan trong tao th anh con robot hoac hé théng co dién vi mé

(microel ectronic mechanical system, MEMS). Nhom nghién c tu clia giao sw Gordon Wallace va
Geoff Spinks (University of Wollongong, Uc) cé nhitng thanh qua noi bat trong Iinh vuc nay.
Ong nano cling ¢6 mét trong sinh hoc. Mot bao cao khoa hoc gan day cho biét té b ao xwong rat
twong thich (compatible) véi 6ng nano. Ong nano dwoc sit dung nhw gian giéo (scaffold) dé cac
té bao xwong tang tredng va phét trién. Phrong phap nay cd thé trién khai trong viéc ghép v atri
liéu xuong.

Ong nano dang dem dén con ngudi nhidu &p dung thuc tién vamadt cudc cach mang khoa hoc
chua tirng c6 bao trum tat cd moi hoat dong kinh t€ x @ hoi mad thoi diém phét hién Sumio lijima
co thé chua hinh dung hét. Sy kham pha dng nano carbon dang | am thay d6i toan dién bo mat
phét trién khoa hoc va cong nghé ciia thé ky 21. Co tinh, dién tinh, sw truyén nhiét vatinh dan
dién dac biét ctia 6ng nano dwa dén hang tram dac tinh hiru dung khac nhau dakich thich vo s
nghién ctru co ban da nganh cling nhu nhitng nghién clru ting dung tir vat liéu hoc dén dién ti
hoc, tir vat ly dén y hoc.

Trén day ta dathdy dwoc vai tro vanhiing huéng (rng dung to 16n ctia dng nanocacbon dava
dang di vao cudc séng clia con nguoi. Xa hon nita, 6ng nanocachon con dwgc nghién clu, phat
trién trong cac du an nghién ctru vii tru. Trong d6 c6 dy an ph ong thi nghiém sao hoa (Mars
Science Laboratory)

[1. GiGi thiéu dv an phong thi nghiém sao hoa:

=



1. Muctiéu:

Tim xem datung cé su sdng trén sao hda hay khong?

Khao sat khi hau cuia sao hda

Khdo sat dia chat clia sao hoa

Chuan bi cho sy do bd ctia con nguwoi Ién sao hoa.

Dé dat dugc cac muc tiéu nay, thi MSL can thuc hién 8 muc tiéu khoa hoc sau:

e X&c dinh tinh chat, sw ton tai ctia cac hgp chat hitu c 0.
e Thong ké cac chat nén tang cla sv séng: C, H2,N2, 02, P, S.
e Timkiém su hién dién clia cac qua trinh sinh hoc
e Khao sat tinh chat hoa hoc, dong vi, th anh phan khoang chét clia bé mat sao hda.
e Giai thich quatrinh hinh thanh vabi én déi céac loai da va dat.
e Danh gia nién dai vaquatrinh bién déi cta khi quyén sao hda.
e Xéc dinh hién trang, s phan bd, di chuyén clia n wéc va CO2
e Khdo sat cac dac trung quang pho trén bé mat: birc xa thién ha, bilic xa vii tru ...
2. Cdau tao:
ChemCam Conceptual Design
MastC
astCam «— UHF
REMS
SA/SPaH:
Arm
Brush/Abrader
Corer
Scoop
Rock Crusher
Wheel Base: 1.5m
Height of Deck: 11m CheMin
Height of Mast: 21m
Wheel Diameter: 0.5m MAHLI MARDI
Clearance: 0.66 m

Trong rat nhiéu bd phan ctia MSL, ta chi y dén Chemin

[11. Quatrinh nghién cttu, phéat trién Chemin

1. Gidi thiéu Chemin:

CheMin lamot thiét bi XRD/XRF mini duoc thiét ké bdi trung tam nghi én clru Ames NASA
duoc dung dé nghién ctru chat ran ctia hé mat troi nhu sao hda, sao kim, mat trang ... CheMin
thu dong thoi phd XRD va XRF tir d6 xac dinh thanh phan va phan tich dinh lvgng cac khoang
vat trong cac 16p dat da. Tao co s& dé nghién cliru sv hinh thanh va phét trién cla sao hoa, dong
thoi tim kiém cac tiém nang khoang san, nang | ugng.

Chemin dua trén mot detector CCD 2 chiéu c6 thé phan giai ca nang | vong vakhéng gian clia
photon tia X.
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2. Quéatrinh nghién ctru:

Trong khi hau hét cac KT thuat can cho viéc trién khai CheMin trong khdng gian déu kha thi, van
dé con lai langudn tia X. nguon phéng xa khdng di manh cho XRD vaviéc thu nhd cac ong tia
X hién hanh bi gigi han bai thanh phan quyét dinh nhat 1a nguon electron. Nguon phat xa nhiét
6 hiéu suat khdng di cho 6ng tia X do nhiét hao phi tda ra tir sgi dot.

Mot phwong an thay doi qua trinh phét ra electron la phét xa trueong, ¢ nhiéu wu diém hon la
phét xa nhiét. nguon phat xa truong khong doi hdi nhiét dé phat xa ra electron, c6 hiéu suét cao
hon va it loai khi thai hon — khi thai c6 thé 1am hong dung cu valam ban bia. Déc tinh lanh clia
phét xa c6 thé ngan bién dang nhiét clia catod cho phép hdi tu electron tét h on va 6n dinh hon.
Phét xa trudng co thé dong ngat ngay 1ap tirc trong qua tr inh hoat dong clia 6ng phat tia X, khéng
can tdm chan co hoc. hau hét cac thir nghiém diing dng tia X phét xa trwong trude do déu khong
thanh cong béi vi ngudn phat xa nhanh choéng bi pha hly béi phéng dién ho quang v a phin xa
ion &m khong thé tranh duoc xay ra trong 6ng tia X. Ong nanocacbon |angudn phat cuc ky tot va
trong s6 hau hét cac vat liéu trong cac diéu kién tinh chat c o, nhiét, héa (trong méi truong khong
bi 6xi hoa). U'ng dung thanh cong clia 6ng phat tia X st dung 6ng nanocachon d & dwoc bao céo
gan day. Cong véc nghién ctru hién nay la bwdc dau tién dé phat trién mot ong tia X hdi tu cao
hiéu suat tot cho viéc khao sat cac h anh tinh.

3. Nguyén |y phét xa truwong

Phét xa trudng la sy téch electron tir vat dan ran bang dién truong. khong giéng phét xa nhiét,
phét xa trvong khong can cung cap nhiét. Tuy nhién can dién truong rat cao dé electron xuyén
ham qua rao thé bé mat. khi hinh dang vat rin c6 dang dinh nhon, d wong stic dién nhiéu hon va
dién trvong duoc tang Ién. Su tang cuong hinh hoc nay cla dién treong dugc st dung trong
ngudn phat xa truong cho phép phat ra electron vai dién tr wong thap tir dang ctia dinh. mé hinh
clia Fowler-Nordheim dwoc st dung dé mo ta sw phét xa tr uong duoc biéu dién bdi hinh 1. dong
cuc dai phat ra voi mot thé dwa vao doi hdi mot vat liéu véi ham lam viéc thap c6 dang nhon du
dé tao ra hé sb tang cwong cao nhat.

TUr mot k§ thuat standpoint, ngudn phat xa tr wong dién thé thap dwoc dua ra c6 dang mot bang
gdém nhiéu dinh bang Si hodc Mo dé phét xa electron. Dac tinh phat xa clia cac ngudn phét xa
nay manh phu thudc vao goc ctia dinh, va s duy tri clia cac dac tinh phat xa d oi hoi hinh dang
dinh khong thay doi.
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Figure 1; Fowler Nordheim model of field emission from a metallic tip; typical Fowler-Nordheim plot in which field

emission appears as a straight line with a negative slope. I emitted current (A), V applied voltage (V), ®

workfunction of the material (V), p field enhancement factor (non-dimensional).

Cho dén gan day, ngudn phat xa trwong khong tim thdy (rng dung thuc té trong 6ng phat tia X
bdi vi ngudn phat xa bi hily ngay 1ap ttiec bdi phong dién hd quang vaphan xa ion am. ich lgi vé
dién thé ctia ong tia X phat xa truong chi cé thé dat dwoc véi ngudn phat xa rat bén co, nhiét,
héa.

4. Nguon phat xa dung 6ng nanocachon

Ong nanocacbon lavat liéu ciing nhat vanhon nhat duoc biét dén. két qua 1a né duoc xem lavét
liéu t6t nhat cho catod phat xa trwdng. nhiéu thiét ké dwa trén vat liéu nay cho cwdng dd dong l6n
va dién thé hoat dong thap.

Ong nanocacbon rat bén co, nhiét, hoa hoc. nguoi ta d& chi ra réng ding mdt ngudn phat xa 6ng
nanocachon trong diéu kién chan khong thap hodc phan nhém nhé dé phong dién ho quang gitra
ngudn phat xa vacuc cong khong phé hily ngudn phat xa nh ung chi lam gidm hiéu suét cla no.
Do hé s0 rat cao clia dng nano, dién trueong tang cuong giam bat do sw hw hai clia dinh rat it dé
pha hly ngudn phat xa so véi dinh co hoc, dwoc biéu dién trén hinh 2.

high 8 low & high g8 high 38
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Figure 2; Comparison of the damage by arcing of a micromachined tip and a nanotube ; the field enhancement at the
nanotube tip is not as dramatically reduced if the emitter is physically damaged.

Do bén co hoc cao, mat do dong cao, bén véi phdng dién hd quang, va doi héi chan khéng thap
clia 6ng nanocachon Iam cho nhitng vat liéu nay tré thanh (ring cr vién tét nhat cho ngudn phat
Xa trwdng electron trong 6ng tia X mini cdng suat thap. d cirng v athoi gian séng lau can cho
thiét bi khong gian co thé dat duoc véi Ki thuat nay.

5. Ché tao catod

Nhiéu nghién clru da duoc tién hanh dé phat trién 6ng nanocachon. Catod 6ng nanocacbon nhiéu
véch duoc ché tao st dung phwong phap lang dong pha hoi hoa hoc dwoc phat trién @ NASA-
ARC. Quatrinh nay bao gom su phat trién cia mdt mang moéng dng nanocacbon nhiéu vach tr én
mot dé dalang dong kim loai xuc tac. Phiin xa chum ion d woc ding dé Iang dong mot 16p dém
nhdm day 50A° sau d6 13 16p sét day 100A°, chét xdc tc cho 6ng nanocacbon nhiéu vach phat
trién. Sy phat trién ctia 6ng nanocachon nhiéu vach dadwgc nghién ctru trén nhiéu dé khac nhau
nhu la Si, SiO, néng chdy, mica, graphit nhiét phan duoc dinh huéng cao, dong.

Dé molipden dwoc chon cho (ng dung catod dng tia X. D& molipden d wgc lam thanh dang, mai
nhan bang bdt mai SiC 600 dé dat dwoc bé mat cd do nham twong thich va t trong chan khong
triée khi 1ang dong xdc tac.




Hinh dang ctia mang duoc diéu khién trong qua trinh Idng dong bang mot tdm che. Catod d woc
phét trién nhu mdt mang hinh tron véi ban kinh tir 2mm dén 75pm.

Dé pha x(c tac dwoc dwa vao trong budng CVD phan ting chira SiO, véi nhiét do cao. Khi Argon
duoc dung dé 1am sach budng trong khi nung. & 750°C, dong khi etylen (99,999%) chuyén dong
voi lru lvgng 1000 scem trong 10 phit. Dong khi sau dé chuyén sang Argon vabuong dét duoc
[am lanh.

Mang 6ng nanocacbon duoc khao sat bang kinh hién vi dién ti. Kinh hién vi dién tt truyé n qua
TEM duoc dung dé khao sat cau trdc bén trong clia 6ng nano nhiéu vach vai s li én tuc clia cac
|6p graghit rat t6t doc thanh 6ng dugc biéu dién trén hinh 3. Kinh hién vi dién t& quét SEM duwoc
dung dé kiém tra 6ng nano dwoc phat trién va wdc lvong ban kinh, chiéu dai, mat do clia ching
tot nhu la cau tric vi mé vavi mo clia mang. Hinh 4a-b chi ra cau trdc thong thuong clia mang:
6ng duoc dinh hwdng mdt cach ngau nhién, dai mot vai pm vanhiéu do cong. Cac 6ng
nanocachon chay doc bé mat cla dé, hinh thanh vanh dai va trong mot s6 trwong hop chi ra dinh
tlr bé mat. Hinh 4c-d chi ra hai kich thuéc khac nhau cia mang 6ng nanocachon véi cac tdm che
khac nhau trong quatrinh | ang dong.

. p— 010 um
Figure 4; Scanning electron microscope images of CNT Lalhode% grown on Mo substrate, Films density is
controlled by the catalyst formulation and growth conditions (a: high density, b: low density), cathode diameter is
controlled by masking during catalyst deposition (c: 2mm diameter, d: Ef)Optm diameter)

6. Bac tinh catod

Tinh chét phat xa trvdng clia catod 6ng nanocachon nhiéu vac h duoc danh gia st dung mot vai
thiét bi dac biét duoc phat trién cho c6ng trinh nay.

Trong mot dung cu dugc xay dung & NASA-ARC, mot catod dng nanocacbon mot vach duoc
gan vao mot gia d&, bao ngoai lamot 16p pht anod c¢6 khodng cach diéu chinh d woc (hinh 5). B6
phan kiém tra dwoc dat trong mot budng chan khong siéu cao dwgc bom bdi bom turbo phan ti
khd duoc gia 6 b mot vach chén bom kho. T4t ca hé thdng do su phét xa trudng duoc thuc
hién trong khoang 10® mb. Mt don vi ngudn do Keithley 273 duoc st dung cho viéc dit vao
dién thé cao (dén 1100V) vadong duoc do voi dd nhay dén pA. Thé tuan hoan vaviéc thu thap
dir liéu duoc digu khién béi mot may tinh st dung phan mém Testpoin. Khoang cach gitra catod
va anod duoc diéu chinh chinh xac dén micromet v a duoc diéu khién quang hoc thong qua cong
quan sé&t. Giatri thdng thuong clia khe hé trong qua trinh do phat xa truong 14200, 150, 100pum
phu thudc vao dién trrong can thiét.




Mang dng nanocacbon nhiéu vach c6 mot dai rong mat do v a cau tric duoc khao sat. Mang co
mat do day can thé khdi dong cao do truwdng bi che chan b&i mat do cao clia cac 6ng nanocachbon
(mat do phat xa cao nhung it duoc tang cuong), trong khi d6 mang c6 mat do thap cho thé khéi
dong thap nhung cwdng d6 dong thap (tang cwdng dién treong tét nhung mat dé phat xa thap).
Mot dai mat dd mang thap dugc tim thdy cung cap cac tinh chat phat xa mong muén. cac di liéu
duoc ghi lai ctia catod trén duoc biéu dién trén hinh 6. Sy tdng nhanh clia dong dwoc quan sat khi
dién trudng 1on hon 2V/um. Khi dwoc vé theo biéu dién ctia Fowler-Nordheim, dir kién cho thiy
céc biéu hién clia phat xa trwong. Hai ché do phat xa khac nhau dwoc quan sat. Cac catod c6
duong kinh 2mm c6 thé dat dén d ong mot vai mA trudc khi suy gidam. Khi sv suy giam cta catod
xay ra, tinh chat phat xa treong khong mat hoan toan, nhung can dién thé cao hon dé dat duoc
dong tang Ién dén gidi han. Diéu nay dé xuét rang khong chi cac vi tri phat xa bi pha hdly m a
ching dwoc thay thé bdi cac 6ng nano khac trong m ang. Sy doi hoi cho sy can thiép ban dau cua
céc catod mai va sy tré thuong xay ra trong dit kién phat xa trwdong dé xuat mot sw sap xép lai
cac 6ng nanocachon bén trong mang khi dién trong duoc cung cép, tao cho mang mot cau hinh
t6t hon cho phat xa trudng. sy sap xép ndy cling dwoc giai thich nhu mot nguyén nhan clia biéu
hién bén cla catod khi hoat dong trong cac diéu kién khic nghiét nh w 1a su phong dién hd quang
lién tuc.

Puong kinh catod nhd hon cho thay s tang 1én dang ké clia mat do dong. Méat do dong co thé
dat duoc 16n hon 1A/cm? do dwoc véi catod cé dwong kinh 100pm. Hién twong nay doi hdi sw
khao sat xa hon nhwng né dwoc tin rang do lahé qua clia sy xuyén quatét hon torng mang co
ban kinh nho hon véi mat do diém phat xa I6n hon.
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Figure 5; instrumental setup for Figure 6; Field emission data of a 2mm diam. MWCNT cathode: left:
field emission characterization. applied electric field vs current density with typical operating current in

X-ray tube; right: Fowler-Nordheim plot showing two emission regimes.

Kha nang tai sinh clia tinh chat phat xa d wgc danh gia tai cong ti lién doanh k¥ thuat tia X
oxford. S dung mét may duwoc thiét ké dac biét cho phép mé ta dac tr vng ctia mot vai catod
trong budng dién thé siéu cao. Nhitng thi nghiém nay dwoc thic hién trong mot phuong thirc den
hai cuc v6i khoang cach catod anod 1a475um. Hinh 7 cho thay phan b clia dién truong can thiét
dé tao ra mot dong 100pA. (sau khi thirc hién & 500pA) dwoc do trén mot day 125 catod voi
mang c6 duong kinh 2mm. Hau hét catod d oi hdi dién truong thap dé phat ra 100pA, d ong hoat
dong binh thwdng cla 6ng tia X cdng sudt thap. Tuy nhién do phan tan cla cac gia tri Ién. Trong
khi d6, su lap lai kém nay chi c6 mot hé qua nho trong viéc ché tao 6ng ba cuc hdi tu 16n (tir sw
chon loc truong cé thé duoc dieu khién doc 1ap bang mot dién thé céng), n6 1a mot han ché dang
ké cho viéc ché tao 6ng diod thwong mai hay 6ng hoi tu siéu nhd. Nguoi ta hi vong rang viéc 1am



sach hon trong qua trinh chufn bi dé va phuong phép 1ang dong xUc tac sé phaét trién kha nang
Iap lai cua chét lwgng catod. Tuy nhién van dé nay co hé qua rat nho trong su phat trién cua viéc
trién khai 6ng khong gian nhw mot sv lwa chon toan dién dé chon ra catod cho s téi wu héa qua
trinh thuc hién.
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Figure 7; variation of the electric field required to extract 100 pA from 2mm diam. MWCNT films measured on
125 cathodes in diode geometry with 475um gap; cathodes were progressively ramped up to 500 pA prior to
measurements.

IV. Ong phét tia X phat xa trudng mini

Ngubn phat xa 6ng nanocacbon nhiéu véach dwoc 13p dit trong 6ngtia X cdng suat thdp dwoc
thiét ké bdi cong ti lién doanh k¥ thuat tia X thiét bi Oxford (hinh 8). Thiét ké ctia 6ng duoc dua
trén 16p vo stk nho trong dé 1ap dat ngudn phat xa 6ng nanocachbon d woc ngdn cach vai mot | udi
truyén qua dé diéu chinh dong phét xa. Mac du khéng duoc thiét ké nhw mot ngudn hoi tu siéu
cao, nhirng ong nay dwoc noi vai thau kinh tlr dé gidi han kich th wdc cta diém phat tia X. Ca
hinh dang ngoai clia anod phan xa vaanod truyén qua déu dwgc san xuat theo thiét ké nay. Hiéu
suat clia cac 6ng nay do dugc >80% (so vGi 6ng phat xa nhiét | a50%). Thir nghiém thoi gian
song cuia nhitng 6ng nay dang tang Ién va chua xay ra sw hv hdng. M6t 6ng dwoc van hanh &
1,5W d6i vai trén 100000 xung trong 10 gidy (66% chu k y 1am viéc) minh hoa su lam viéc manh
mé clia ngudn 6ng nanocachon nay. K thuat nay duoc 1ap dat trong ngudn tia X mini Oxford
Instruments Eclipse I1, tich hop 6ng phét xa trwvong 6ng nanocacbon 3W vanguon cung cap
trong mét khéi nhod (160x38mm, 300g) dwoc didu khién bang cac ngudn acquy. Nhitng ngudn
nay co thé thvong mai hda trong hé anod phan xa vatruyén qua cho rng dung phé tia X.

1250 ym
S0am radius circle
Figure 8: Oxford Instruments X-ray Technology Inc. Figure 9; image of the X-ray emitting spot

miniature field emission X-ray tube with gated MWNT 2mm (1276x602um)
diam. cathode.



Trong khi catod phat xa trwong 6ng nanocachbon la mét buwéc tién quan trong cta ki thuat thu
nho dng tia X, nhirtng ngudn nay khong hién dién trong tat ca sv can thiét clia ('ng dung XRD
XRF hanh tinh. Nhirng s cai tién sau nay cla hiéu suat dwgc mong doi tlr nhitng thiét ké diém
mai va sy phat trién nhirng hinh dang diod. Sv gidm ctia kich thwdc diém dén diém hoi tu mong
muoén <50um dwgc mong doi tir catod nhd hon két hop véi viéc thiét ké lai hé quang hoc hdi tu.
Nguyén mau 6ng tia X mini siéu hdi tu s& dwoc kiém tra trong ndm 2004.

V. Két luan

Catod phét xa trvong dwa trén mang méng dng nanocachon nhiéu vach d & duoc ché tao vakiém
tratrong 6ng tia X mini. Quéa trinh phét trién 6ng nanocacbon bang phuoeng phap CVD duoc dua
vao dé ché tao catod. Ong tia X mini dwoc 1&p dit ngudn phét xa trén cho hoat ddng manh mé va
phét trién hiéu suat. Trong khi k¥ thuat nay dwoc (ng dung cho dng thwong mai héa mini cho
rng dung XRF xach tay, nhitng sv phat trién ké ti€p thi can thiét dé lam nhirng nguon tia X nay
tién dung hon cho thiét bi nhiéu xa tia X trén hanh tinh. K&t qua éng hdi tu micro sé dugc dé
nghi cho nhiém vu cla phong thi nghiém khoa hoc sao héa valamot phan cta thiét bi chemin
XRD XRF
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Kinh hién vi dién tir xuyén ham - STM

1 NguyénlycliaSTM
Kinh hién vi dién tr xuyén ham — Scanning Tunneling Microscope (STM) hoat
dong dua trén nguyén ly xuyén ham cla cac dién t& gilra hai cuc dién khi c6 dién
trwdng dat vao

Hé s6 xuyén ham dugc xac dinh theo cong thirc:

Nhuv vay ngay khi khéng c6 dién trvong ngoai (khdng cung cép nang luong
cho dién tir hé s6 D van khac 0). D ti I& nghich v&i a — khoang cach giira hai dién
cuc (khoang cach gilra mau vatip) vati lé thuan vai nang lvong dién tir W.

DE ghi hinh anh tip (hodc mau) sé chuyén do ng con mau (hodc tip) dirng yén,
lic d6 dong dién xuyén ham sé thay doi (do D thay doi) tuy thudc vao dia hinh clia
bé mat mau hodc trang thai dién tir ctia bé mat mau.

iezo-electri
position pez,';,peud e
feedback
| tm:ls
tunnel /
ourrent
sample
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Tip duoc gan trén 3 tinh thé &p dién vaco thé dich chuyén theo 3 phuong x, y,
z khi c6 dién trwdng dat 1én gdbm ap dién nay. Dong tunnel phu thudc va khoang
céch tip-méu va cau tric dién tr clia mau dudi dau do, nhe vay hinh anh tao duoc
do giatri dong tunnel tao nén theo cac phuong X, y, diém nhd cao dong | 16n anh
sang, diém I6m dong | nhd sang yéu.

Vareanmn Level

T e T e T e e T e s B e —
Lot
Fermi [evel

N\

>
P

Dong tunnel dugc biéu dién theo cong thic:
| = (Vi/d)exp(-Cdd ?)
C =10.25(eV)"? nm™
d=0.5nm
® — codng thoat cd vai eV
Chiéu ctia dong tunnel phu thudc vao thé dit gitra tip va mau do sw phi cla
ham séng dién tt gitra ching (co chiu tir mau dén tip hodc nguoc lai).
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negat e bias
negative biss posiive bias positive bixs /_ I

S (L

Khi V. < 0 cho phép nhitng dién ti dich chuyén tir nhirng trang thai bi chiém
cta tip dén nhirng trang thai con trong trén bé mat mau, khi V> 0 xay ra hién
twong nguoc lai.

2 CautaocuaSTM

= - Control voltages for piezotube
¥
X
e B
o
TE
-
E £ Tunneling Distance control
&3 current amplifier  and scanning unit

JPaan >, -~
| sample T
| ~

Tunneling
| voltage

Data processing
and display
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ETMport AES, LEED, MS ports
Sample | Differentially pumped

"l | | Y :.1, rotary flange
Sample e -
rretion p
r —
: S z

Teflon pﬁ;-

rl.l‘qi“
-

2.1 Heé co khi
Mot hé co khi diéu khién su tiép can clia mau va tip dén khoang cach can thiét
trvdc khi quet.
Viéc dich chuyén tip duoc thwe hién bai gém ap dién. Tip dwoc gan vao gém
ap dién va co thé dat hiéu dién thé vao céc cuc cla ap dién dé thuc hién sy dich
chuyén nay. Pham vi dich chuyén c6 thé tir 0.01 A dén vai um.

2.2 Hé chéng rung
Céc ngudn dao dong bén ngoai anh hwdng manh dén dd phan giai cia STM.
Céc ngudn c6 thé la do: rung déng tda nha, di chuyén clia con nguoi, dao dong am
thanh,...
Y éu cau bat budc 1a bién d6 dao dong khéng mong muén phéi nhd hon 0.1 A
d€ co thé tao anh nguyéntd.
C6 nhiéu phuong phap khac phuc anh huwéng cla cac dao dong khdng mong
mudn nay:
W |Pt
| e

T™x AL
Y.~ Fl A

\:3:"' D -

" 3

PP
F

T._'
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Hé théng chong rung trén dém tir trong chén chi chira heli 16ng (d6i véi STM
sr dung trong chan khéng cao)

W-dau do bang tungsten, A-gia d& dau do, PP-tdm ap dién, F-chan dé, D-tdm
dién moi, MP-tdm kim loai, M-nam cham.

W2

%

ANNNNNN AN

(1) (2)

Hé thdong chdng rung doi véi STM lam viéc trong moi truong khong khi
(1)- Hé thdng chdng rung thay luc
(2)- Hé théng chdng rung bang 16 xo.

2.3 Heé thong diéu khién phan hoi

Hé thdng phan hdi c6 nhiém vu gilr cho khoang cach giira tip v a mau khong
ddi (ché do do cao khong ddi) hodc gilr cho d ong tunnel gilra tip-mau khong doi
(ché d6 dong khong doi)

Dong tunnel duoc chuyén thanh dién ap va so sanh vaéi gia tri chuan tao tin
hiéu vi sai, tin hiéu nay lai dugc chuyén doi thanh dién ap dé diéu khién vi tri gom
ap dién theo huéng z (dé tao hiéu chinh cho dd cao khong doi hodc d ong khong
d6i)

Ngoai nhiém vu diéu chinh vi tri gdm &p dién tin hiéu vi sai n ay cling dwoc luu
gitr nhv mot ham cla x, y dé tao hinh anh bé mat.

Zp;o @—
l 4 \

Pl
| FeeoRACK |

N
MONITOR
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2.4 PaudoSTM
Hinh anh sac nét phu thudc vao do sac nhon ctia dau do. Tip dwgc ché tao bang
cat co hoc, mai béng vatam thuc dién hoa. Ban kinh cia tip nhd hon 1000 A.
Tip thuong duoc lam tir W (bén chac nhwng dan bi oxy hda) hoic P/Ir (tro hoa
hoc trong khéng khi vatrong dumg mai)

4 e e e
Pau do bang tungsten
3 Cac ché do hoat dong

3.1 Ché do dong khong doi
Dong tunnel duoc gitr khong doi qua hé thong diéu khién phan hoi Feedback.
Trong ché do nay tao hinh anh bé mat qua sv thay doi do cao z cla dau d 0. St
dung & pham vi quét I6n hon 100 A dé do dia hinh bé mit.

z-velus

Faadbeck amplifier

/ y E Setpaint current / y E
X X

Current amplifier / Current amplifier A

Tunnelling current Tunnalling current

Tig
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3.2 Ché do chiéu cao khong doi
LGc nay mach phan hoi khong hoat dong , vi tri z clia tip d woc gitr khong dai,
hinh &nh tao duoc la do bién thién clia dong tunnel. Sir dung cho pham vi quét nhd
hon 100 A.

4 UngdungcltaSTM
V& ban do dia hinh, tao hinh &nh & mdc do tirng nguy én tr cho thay su phan bo
sip x€p cla cac nguyén tir cling nhu quan sat duoc cac khuyét tat mang. Day la
mot cong cu httu hiéu dé nghién clru vat liéu nano.

Hinh &nh 7x7 nm cutia nguyén tt Cs (mau do) trén nén GaAs va hinh dnh 35x35
nm cta Cr trén nén Fe,
Ché tao vat liéu co kich thudc nano: khdc nano, 1ang dong kim loai, tdm thurc
bang dau do lanhitng phuong phap hitu hiéu dé ché tao cac cdu tric nano.
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Ung dung nhiéu trong nghi én clru vat liéu sinh hoc: cdu tric ADN cla sinh vat
(sau khi dwoc pha mét 16p dan dién)

~ Anh STM ctia AND ~
Han ché: do dac treng nguyén ly STM chi st dung dwoc cho vat liéu dan dién.
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5 M©&tsb loai may STM

STM nhiét do thap
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