1. CAC PHUONG PHAP PHAN TICH MANG

® Phuwong phép khao st hinh thai bé mit mang®
kinh hién vi lwc nguyén t& (AFM)

két hda hoc clla mang
Pho ké dién t&r Auger (AES)
Pho ké quang — dién tir tia X (XPS)
Hé do do nhay khi

® Phuong phép phan tich cau tridc,thanh phan,trang thai lién /
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Detector_

KHAO SAT HINH THAI BE MAT MANG a &/

Cantil

KINH HIEN VI LUC NGUYEN TU
(AFM - Atomic Force Microscope)

Chtrc nang: khao sat cau tric vi mo bé
mat cia vat ran dwatrén nguyén tac xac
dinh lwc twong tac nguyén tiv giba 1 dau
mdi do nhon v&i bé mat mau,co thé
guan sat ¢ do phan giai nm.

Atomic Force Microscopy (AFM) :

General Components and Their Functions
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KINH HIEN VI LUC NGUYEN TU
(AFM - Atomic Force Microscope) (tt)

Nguyén |y hoat dong:

+ Khi miii nhon quét gan bé mat
mau s& xuat hién luvc Van der
Waals gilra cac nguyén tir lam
thanh rung.

+Dao dong nay dwoc ghi lai nho 1
tialaser chiéu vao bé mat phan xa
cuathanh rung.

+Dao dong nay lam thay doi goc
|éch clatialaser vadwoc detector
thu lal.

+Viéc ghi lai lvc twong tac trong
quatrinh thanh rung quét trén bé

mat s& cho hinh anh cau tridc bé mat

clla mau vat

Atomic Force Microscopy (AFM) :

General Components and Their Functions

laser diode mirror —"i B sensor output, 8¢, Fe
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KINHHIEN VI LUC NGUYEN TU
(AFM - Atomic Force Microscope) (tt)

Phéan tich pho:

> Vi AFM hoat dong dwatrén viéc do luc tac dung nén nd
cd mot ché dd phan tich pho, goi laphd lwvc AFM (force
spectrocopy), la pho phan bo luc theo khoang céch.

»Céc pho nay cb thé cung cap nhiéu thong tin vé cau tric
nguyén tir ciabé mat cling nhu cac lién két héa hoc.

UJu diém: Nhwoc diém:

-bo duwoc ca vat liéu dan dién vakhong dan - Quét anh trén mot dién tich
dién hep (t6i da 150um)

- C6 thé do trong diéu kién thuong, khong doi -T6c d0 ghi &nh cham

hoi méi trwdng chan khong cao - @01 hdi bé mat mau sach, va
- Mau chuén bi don gian, cho théng tin day chOng rung.

dd hon kinh hién vi dién t& truyén qua (TEM)
- Cho hinh &nh khard rang vé nhirng dac
treng cia bé mat mau (khéng can 16p bao ph
mau)




PHUONG PHAP PHAN TiCH THANH PHAN HOA HOC,

CAU TRUC,TRANG THAI LIEN KET HOA HQC CUA I\/IANG Z&
_* \

PHO KE BDIEN TU AUGER (AES)
Hiéu ¢ng Auger  Chiéu mot chim dién t& (3-10 keV) dén bé mat maur e- & 16p
sau bén trong nguyén tlr(1) bi birt ra.
L0 trfng (2) sé bi chiém bdi cac e- cla 16p ngoai (3).
Dién t& dich chuyén tlf noi ¢6 ning luong cao  noi cé nang
lvong thap:
+ phat rabtrc xa tia X (4a)
+ nhuwdng nang lugng cho e- cung phan 1¢p, néu nang lvong nay
du I&n thi e- nay S8 bt rakhoi nguyén tir[ 1dién tir Auger(4b)

X-rays EAuger - EK - EL1 _EL3

... (characteristic) X-rays L Auger

A(4a) AUGER electrons ( Y J
OeV
3p M, 4 eV
3s M, 15 eV

(4b) :
2pl, —@» O— 768eV
4 2p L, © 772eV
4 oL, —f o qzev

' ' X-ray
| B
Excitation: M M
(1) Excitation: f elextrons

electrons 1) Excitation: 3.-10keV) “a i oy

v i e
(3..10 ke\) electrons sk @ 2) (E for Al)

(3...10 keV)



Cau tao

_ Bubng chan khéng cao UHV

_SUng phong dién tur

_May phan tich nang lvgng dién tir: (CMA)
_Detector dién ti

_ B0 phan thu nhan va phan tich dir liéu

Gun Lens —

Beam
Steering «
Deflectors

Cylindrical
Mirror =
Analyzer

Magnetic
Shielding

Field
Emission
Gun

Microchannel
_~Plates with
. Ring Anodes

Aperture

Octapole Lens
(stigmator)

Objective Lens
(magnetic)




Nguyén |y hoat dong: s Date
Chum dién t& t(nang lwong tir 3-10 keV) duwoc roi toi Supplym_ Acquisiton

mau hiéu (’ng Auger va céc dién tir Auger birt ra |

khoi bé mit mang (céc dién tir ndm du6i bé mét A .

khoang tir 0.4-5nm).Céc dién tir nay s2 bi |& cong TargEtF Elclon Gun ﬁ e

quanh sting phéng dé dén mot khau dd nhé ndm & phia e L

sau CMA.Sau dé duoc thu nhan bdi mot electron " —f

detector, qua bd phan khuéch dai tin hiéu, b6 phén Sfields

X ly tin hiéu dién tré, cho do thi [a ham clia nang Opongl on

IuQ’ng _ Source

Electron Beam — Sample Interaction

Thong tin thu duoctr AES

Primary Electron

Secondary Electrons Beam

Auger Electrons
0.4 -5nm

Backscattered
Electrons

Characteristic X-rays
1-3um

Thanh phan Cactrang ]
cau tao Ndng do thai héa hoc
nguyén tur

Volume of
Primary

Excitation

wwnw. pihlcom




PHO KE PIEN TU AUGER (AES) (tt)

Nhuoc diém:
-Can do trong moi trudng chan
khong cao
-Kho phan tich cac vét liéu cach
dién
-Mau phai sach

/ -B& mit mau co thé bi hong do

« chum dién t& chiéu tdi.
// -D0 nhay vira phai

Uu diém:

_ BP0 phan giai khéng gian cao

Phan tich twong déi nhanh

Co thé phan tich bé mat valép
dudi bé mat cliamau

_Nhay v6i cac nguyén td nhe
(£23)

_Phan tich dinh lvgng tot

_Cho cac thong tin hda hoc giatri
( s an mon, oxi hoa..)



PHO KE QUANG PIEN TU TIA X (XPS)

Photo-Emitted Electrons (< 1.5 kY) . Efectron Energy Analyzer (0-1.5kV)
(measures kinetic energy of electrons)

escape only from the very top surface
(70 - 110A) of the sample

Samples are usually solid because XPS Si(2p) XPS signals
requires uitra-high vacuum (<10°° torr) from a Silicon Wafer

/ Nqguyén Iy hoat dong:
4 Chum tia X c6 ndng luong c& 1keV ban Ién
mang mong[cac dién tl¥ cla nguyén ti (trung
binh ndm dudi bé mat khodng 30 A°) bi kich
thich[Jthoat ra khdi bé mat mang.

Pong nang cua cac dién ti thoat ra=nang lvgng
chiing nhan duvgc=nang lvong lién két cla dién tr




PHO KE QUANG PIEN TU TIA X (XPS) (tt)

Phan tich phd:nhan dwgc cac dinh (noi Xay ra st thoat dién tt)
trong dai quét nang lvong tia X.

Truc hoanh lanang lvgng lién két (nang lvong tia X duoc quét).
Truc tung lacwong do

Pkl Aome s EERY)
Fie i Akt

Thong tin thu duoc: g un @ g
A 7 ~N 7 = A 2 - A g Cis A5, M54
Phan tich dwgc cau trac dién ti trong lién ket EE L

"Ithanh phan nguyén t6
" Ith6éng tin vé cac trang thai hoa hoc

Y éu cau clla phuong phap:
-Phan tich tat ca cac mau ran (trir chit co &p sudt hoi twong doi
can)

- doi hoi khat khe vé dé sach bé mat

-D0oi hai tién hanh trong chén khéng cao hoac chan khdng siéu
cao (khoang duwéi 100 torr)

-Trwong hop mang quamong : st dung phuong phap ga mau
nghiéng vai goc lon.

Bling ERrey, £V



HE DO DO NHAY KHI

Co ché nhay khi: dbi véi mang nhay khi , co ché hoat dong dwa vao s thay
doi dién tré cla mang. Si thay doi nay phu thudc nhiéu yéu té nhu: nhiét do,
s hap thu oxi, khi do,sv giai hap...

Quatrinh do khi dwgc mé ta nhw sau:

-Sir hap thu va khuéch tan nhirng phan tir khi
trén bé mat oxit ban dan, diéu nay phu thudc
nhiét d6 cua moi trvong.

AN

- Phan rng clia cac phan tir khi do va céc
phan ti bi hap thu héa hoc trén bé mat cam
bién.




HE DO DO NHAY KHI (tt)

B0 nhay: lati lé cla dién tro cua mang do trong khong
khi v&i dién tré trong moi trwong co khi do.

_Dai voi khi khr: R, >R, (R, :dién trd ciamang khi
chua co khi do; R, : dién tré khi co khi do), nén do nhay
khi dwgc tinh nhu sau R _R

§=—"

Rq

_Pai vai khi oxi héa: R, < R, nén do nhay khi dugc
tinh nhu sau

S = fy ~ Ra I/
R, |




HE DO DO NHAY KHI (tt)

Gluartz MMuffle Heating coil
tube furnace JInsulation (kanthal)

Cau tao hé do:

| ‘ w | oo
-Budng do Cork contact / |7 LM
-Luwu lwong ké 1 ;’; outlet | |
-Bong ho do trd RIS TIIT A1 ] |
-B0 diéu chinh vahién thi T et
nhiét d6 clia mau L L H
-Bd hién thi nhiét do cla | 200 T M
tam fnox N P ]
-Pipet mirco , % ‘ F controller
'B\lnh Chl]’a khll Cé.n dC\) T‘:;gset Air_-’;girier suﬁ;is-zte =
-Clra bubng
-Quat hut

Cau tao bén trong hé do:

Tam Inox dwgc nang nhiét

Cap mdi do lay tin hiéu ra ngoai
Bép nang nhiét

Pau do nhiét do ciatam bubdng
Pau do nhiét d6 ciatam Inox




HE DO BO NHAY KHI (tt)

Cach do:

-Dét mau da ph dién curc [én bép sao cho miii do tiép xuc tot voi
cac dién cwc ciamau . Chon nhiét d6 do thich hop.bo dién tro
trong khéng khi (chua c6 khi do)lay giatri ban dau R

- Do dién tré khi co6 khi do (R, ), c6 thé chon theo lvu lvgng
khi.Lan luot 1ay cac giatri dién tré theo nong do laR, (x:van toc
phun khi qua flow metter., roi tinh d6 nhay:

S — RU_RI
Ry

A

Thé tich khi do tiém vao (V. ) dugc tinh:

c(ppm). M( ) 1073

V2 (miﬂ l) (cm3)

mol

Vi(ul) =



Phan tich pho: . -
Sensor characteristics to 1 vol% CH, in air S e
[ . o
Operating ~ Sensitivity (S%) Recovery Time g T /O
Temperature (Minutes) Cﬁgcn Tl e
100-C 63.5 Incomplete :ﬂ i =
in 30 minutes .. N
150°C 70.1 Incomplete 100 150 \eoo /250 200
. ; Temperature (C°)
m 30 mimutes
2000C 84.3 10 min (approx.) Fig. 3. Variation of sensitivity with temperature
2500C 72.2 3 min (approx.)
300°C 55.3 Less than 1 min

Sensitivity variation as a function

of ethanol concentration for ZnO:Al thin film

as operated at 250°C.

25

Sensitivity

4 |
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