Chuaong 3: Ky thuat phan tich AFM,
SEM, TEM
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Kinh hién vi lwc nguyén to
AFM — Atomic Force Microscope

Pugc sang ché boi Gerd Binnig va Christoph Gerber vao
nam 1986.

Loai kinh nay dugc phat trién tir mot loai kinh hién vi
duong ham (STM) ciing do hai ong ché tao vao nam 1982.

Kinh ¢6 do phan giai ¢ cap dd nanomet

Thuoc nhom Kinh hién vi quet dau do hoat dong trén
nguyén tac quét dau do trén bé mit.
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Gerd Binnig (left) and Heinrich Rohrer (right) who were awarded the Nobel
Prize for their invention of the scanning tunneling microscope.
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Nguyén ly cua AFM

AFM 13 mot thiét bi quan sat cau tric vi mé bé mit cua vat ran dua

trén nguyén tic lwe twong tac nguyén tir gitta mot dau mii do nhon

v6i bé mat ciia mau 1am cong can rung.
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Cau tao:
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Obtaining Surface Profiles
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» Pau do thuong duge lam bang silic nitrit (Si,N,),
kich thude khoang mot nguyén tu.

(C) DANZEBRINK
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Nguyeéen Iy hoat dong cia AFM

e Khi mili d0 quét gan bé mit mau
s& xuat hién lwc Van der Waals
gilta CaAc nguyén tur lam rung
thanh rung. Luc nay lam cho can
rung rung nhe theo d6 map mé
cia bé mit mau

Dao dong cua thanh rung do luc
tuong tac duoc ghi lai nho mot tia
laser chiéu qua bé mit cta thanh
rung.

Dao dong cua thanh rung lam
thay doi goc 1éch cua tia laser va
duoc detector ghi lai, ttr d6 ma
hoa lai 30 map mé ctia bé mat.

Detector and
Feedback
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May AFM c6 thé thao tac trong
03 ché do khac nhau cua dau do

. Ché @b tiép xtic ( Contact Mode)

« Ché do khong tiép xtc ( Non- Contact Mode)

. Ché d¢ tapping.

o

Tip-Surface Force

repulse regime
{contact mode)
far away from surface
{out of feedback)

altractive regime
(non-contact mode)

Tip-Surface Distance
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CHE PO TIEP XUC (CONTACT MODE)

flexible
cantilever

O 1w
tip \.

L
Fal

surface

- Tip dugc ti€p xiic va kéo 1é trén bé méit mau va cho anh dia hinh

- Khi khoang cach giita tip va bé miit miu nhé (vai A) Luc twong
tac la lyc day khoang 10°N

- Nhugc diém ctia phuong phap: dé pha huy bé miat miu va tip,

hinh dnh dé bi méo (nhiéu) do 16p vat chat hap phu trén bé mit
mau lam nhiéu lyc day. Chi c6 thé khic phuc néu AFM hoat
> moi truong chan khong cao.
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CHE PO KHONG TIEP XUC (NON-CONTACT MODE)

flexible vibrating cantilever

HePee e ten

I
|

surface

horizontal sample motion

e Trong ché& do nay dau do luén dugc gitt ¢ mot khoang cdch rat nhé
ngay sat bé mit miu (10-15 nm), sy thay ddi do léch ciia can rung la
do thay ddi lu'c hit s& dugc ghi nhan va tao anh 3 chiéu trén bé mit
mau.

o Khuyé&t di€m: luc hat qué y&u va dau do phai dit sat bé mit miu dé

Dj keo xudng be miit miu do luc ciing bé mét cia nhitng 16p khi hap

e

X T t mau. Hinh dnh c6 d) phan gidi kém va dé bi sai léch.
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CHE PO TAPPING (TAPPING MODE)

Piezo oscillator ‘ —
Bién dq "ty do’

Ldp chat iong
“Tapping”

s
. prr——— y T
.- - el
[\/\/ . Bien df giam
. ~ : 2

e Trong ch& do nay dau do go 1én bé mit miu véi ning lugng da
16n dugc ti€n hanh béng cdch cho tip ti€p xdc bé mit miu sau
dé tip dugc nang 1én d€ tranh cao xudc bé mit miu.

Sample

e Dau do hoiic miu sé dugc dich chuyén.

e Ch& dd nay tranh dugc kéo 1& dau do trén bé mit miu, tranh

lam héng miu ciing nhu tranh dugc luc bam dinh giita mau va

dau do, tranh dugc nhiéu hinh anh do nhitng 16p chit 16ng bam
hé it mau.
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So sanh giira 3 ché d§ quyét

Non-Contact vs. Contact Through Water

rion-corisct AFM imag AT F T AT
——— —

i F ] Wy alsy

sarngl 100 &am ok

Non-Contact Contact

I

Contact, Non-Contact, Tapping
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Contact vs. Tapping — Si (100)
1st - scan 1st scan ‘ nd scan

-
L
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Uu diém cia AFM

Po dugc ca vat dan dién va vat khéng dan dién.

AFM khong doi hoi moi truong chan khéng cao, c6 thé hoat
dong ngay trong moi truong binh thuong.

AFM ciing ¢6 thé tién hanh cac thao tac di chuyén va xay
dung & cap do timg nguyén tir, mot tinh ning manh cho
cong nghé nano.

Mau chuan bi don gian, cho théng tin day du hon so véi
hinh anh cua hién vi dién tir truyén qua.

AFM cung cap nhitng phép do do cao truc tiép vé dia hinh
cia mau va nhitng hinh anh kha rd rang vé nhirng dic trung
hé mat mau (khdng can 16p bao phit mau).
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Nhuoc diém cia AFM

AFM quét anh trén mot dién tich hep (t6i da dén 150
micromet).

Toc d6 ghi anh cham do hoat dong & ché do quét.
Chat luong anh bi anh hudng boi qud trinh tré cia bo ap dién.

Pau do rung trén bé mit nén kém an toan, dong thoi doi hoi
mau €O bé mat sach va sy chong rung.
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Comparison between AFM and Electronic Microscopes

» Optical and electron microsco can easily generate two dimensional images of a
sample surface, with a magnification as Ia}r(ge as 1000X for an optical microscope,
and a few hundreds thousands ~100,000X for an electron microscope.

» However, these microscopes cannot measure the vertical dimension (z-direction) of
F‘b& sample, the height (e.g. particles) or depth (e.g. holes, pits) of the surface
eatures.

» AFM, which uses a sharp tip to probe the surface features by raster scanning, can

image the surface tﬂ;ﬁggraphy with extremely high magnifications, up to 1.000,000X,

comparable or even better than electronic microscopes.

» The measurement of an AFM is made in three dimensions, the horizontal X-Y plane

and the vertical Z dimension. Resolution {magnification) at Z-direction is normally
higher than X-Y.

https://fb.com/tailieudientucntt
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Kinh hién vi

—
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Light microscope

Electron microscope

A

height of width | | width | thickness | | sizeofa || sizeofa ‘sizeofa | | sizeofa || sizeofa | atom |

a5 year of a of a of human red blood bacterium virus DNA glucose
. old chiid hand finger . | hair cell B particle molecule || molecule |
© Copyright. 2012, University of Waikato. All Rights Reserved
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KiNH HIEN VI QUANG HOC
UVu diém:

-Thu dwoc anh truwe tiép ma khéng can budc xir Iy mau.

- Nhanh va phu hop véi moi loai mau tir khi, 1dng va ran.

- D& dang tich hop v&i camera dé Iwu gitr hinh anh va phan tich.

Nhuwoc diém:

- D6 phan gidi thap (vai trdam nm) 1a do gi®¢i han cia nhiéu xa anh sang.
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KiNH HIEN VI BiEN TU

C6 dé phan giai tot hon (~nm) vi bwdc séng cla electron nhd hon so v&i anh

sang
“ Light

rock Mount Everast v '

. O® -
i

Ol

200 e© x100,000=

keV
wavelength of wavelength
accelerated of light

electrons (6 pm) (600 nm)
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(b) Radiolarian under electron microscope
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TUONG TAC GIUA FTFOCTRON VA VAT CHAT

electron
Primary electron beam information on surface beam
structure
backscattered electrons 'L ;
(SEM) & ;
information on surface
\ structure
Backscattered electrons \ ; ¢ secondarv electrons
Characteristic X-rays \ & J' (SEM)
4
AN f"
4
AN s
Cathodoluminescence \gr ¥
Secondary electrons specimen
|
Auger electrons Y
transmitted electrons
Sample (TEM)

information on internal structure
by dark and bright field imaging

Electron tan xa nguoc > dia hinh va thanh phf?tn

Electron thir cap = dia hinh

Electron truyén qua = cau trac va thanh phan

X-Rays = thanh phan
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2 different approaches:

P ~N

Backscattered and Transmitted electrons
secondary electrons

L =
N o O
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quét trén mo6 hinh nay \\@hflm dién tor hep c6 do phan

giai dén 500 A°.

- Kinh hién vi dién ti quét thuong pham dau tién duoc san
xuat vao nim 1965 boi Cambridge Scientific Instrument

Mark I.
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Cau tao cia SEM

gun

Electron
9

Cathode-ray
tube for viewing

Cathode-ray
tube for
photography

e

R Scanning

| coil

~
Condenser (
lenses :’ I] I
7 Scanning
circuit
Primary S
electrons = ——
Detector

Secondary | Photo-
electrons  —— multiplier

Specimen —
Specimenb

holder

Vacuum system

Kinh hién vi dién tir gom co6 cac
bo phan sau:
% Sting dién tu.
¢ H¢ thau kinh tu.
(Hé thong cac cudn quét, duge dit

gitra thau kinh tha hai va tha ba).

< Bo phan giir mau.

< H¢ thong thu nhan anh.
(Ong nhan quang dién, dung dé ghi
nhin chum dién tir thir cap).

27

https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Nguyén tic hoat dong cuia SEM

= Pién t&r dwoc phat ra tr sing phong

>

dién tw

= Sau dé dwoc gia téc va hdi tu thanh
moét chum dién té hep (c& vai tram
Angstrom dén vai nanomet) nhd hé
thong thau kinh tlr, sau d6 quét trén bé

mat mau nhé cac cudn quét tinh dién.

= C4c electron thoat ra tr bé mat mau

dwoc thu nhan bdi 6ng nhan quang

https://fb.com/tailieudientucntt
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MOT VAI ANH SEM

Carbon nane-tubes

EMT » 2000 kv Signal A= nLers  Dete -17 Asg 2002
* 1mm PhotoNo =223 Time :1180:37

400 nm
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SEM image of comb-like nanostructure of ZnO, which is the result of surface

polarization induced growth
Z. L. Wang, Annual Review of Physical Chemistry, 2004, Vol. 55: 159-196
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U DIEM CUA SEM

» Cho thong tin vé bé mit cua mau.

» Phan tich ma khéng can ph4 hiuy mau vat.
» Hoat dong ¢ chan khong thap.

» Toéc d6 thu dit liéu nhanh.

* D6 phan giai cao.

s Viéc chuan bi mau don gian.

o Gia thanh cua SEM thap hon rat nhiéu so véi TEM.

31
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FESEM: Field

Phu'cng

Co do phan

Ky
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TEM: Tran

Kinh hién vi dién ttr truyén qua TEM hoat dong dua trén nguyén |y tuong tu
nhu kinh hién vi quang hoc. Ngudn chiéu sang trong TEM la chum céc electron
cO nang lugng cao dugc phat ra tir sung dién tir. Cac chum electron nay s¢ di
chuyén xuyén qua than may dugc hit chan khéng va tap trung chim tia rat hep
nhd Va0 c4c thau Kinh dién tir va chiéu Xuyén qua mau vat ran mong.

O day ching duoc hoi tu lai nho cac vat kinh 14 thau kinh dién tir, sau d6 anh
duoc phéng dai qua mot sb thau Kinh tir trung gian véi d6 phong dai 16n (co thé
tdi hang triéu 1an), anh co thé tao ra trén man huynh quang, hay trén film quang
hoc, hay ghi nhan bang c4c may chup k¥ thuat sé.

Do gi6i han cuaa sy phan giai trong mot vai A% N6 la mot cong cu hitu dung
va manh mé& cho dic trung ctia c4c hat nand. Do phan giai TEM ¢ thé cung cap

thdng tin va kich thude va hinh dang ctia mau.
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Ngubdn phdt dién tir v ting toc

Cdcthau kinh va khe héi tu chum tia

https://fb.com/tailieudientucntt
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The first electron microscope

» Knoll and Ruska, first TEM in 1931

» ldea and first images published in 1932

» By 1933 they had produced a TEM
with two magnetic lenses which gave
12 000 times magnification.

- ————

Electron Microscope Deutsches
Museum,.1933 model
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UU VA NHUQC PIEM CUA TEM
U'u diém:
« Phan giai cao, nhd nhat ~ 0.2 nm.
e Cho anh thyc té ctia mang tinh thé.
* Phéc hoa céac sai hong trong mau.
«  Khdng can phu 16p dan dién do d6 thuan loi cho nghién ctru vat liéu hitu co.
 Kj¥ thuat nhiéu xa dién ti gilp xac dinh cau tric tinh thé, hing s6 mang, c4c sai
hong
Nhuge diém
« Kh6 khin trong qué trinh chuan bi mau trong sudt dbi vai chum electron tir mau

khéi (do do dan, mat d6 dién tir va do day ctua mau).

36
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ANH TEM

() ‘-;}20 ininiéi‘yt%_@{ (d) 256/mmolfL. 31T '

ZnO nanotubes
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ZnO nanoparticles (a) and ZnO nanorods (d)
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Grids and washers used
as specimen support

200P

May contribute to
the EDS signal.

4
1 1

50/100 100/100

100 Hexagonal 1x2 mm 0.4x2 mm

‘é Common size: 3 mm.

{.,*‘ Smaller specimen diameters can be used for certain holders.
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SpecimenipieEs

Crushing

Cutting

— saw, “diamond” pen,
ultrasonic drill, FIB

Mechanical thinning

— Grinding, dimpling,

— Tripod polishing

S
hl

Electrochemical thinning
lon milling
Coating

Replica methods
FIB

Etc.

/r’—\ -
~—

Mo -—'s - .
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Preparation philosofies

Bulk sample Thin film Fibers and powders
Reduce to disk Look through: Support on

(3-mm diameter plan view grid or film

or smaller) with

electron-transparent Look parallel ) .13
regions to surface: Make bl s-l1ke

Cross section

L.ook at surface
at glancing angle:
‘reflection’

Self-supporting discs or specimen supported on a grid or washer

https://fb.com/tailieudientucntt
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Preparation of particles and
fibers

Epoxy mixture
Fiber g Powder \

Epo,\'y\' /
SEN
———

2

| )IED-@

first embedding them in epoxy and forcing the epoxy into a 3-mm

(outside) diameter brass tube prior to curing the epoxy. The tube
8QxV are then sectioned into disks with a diamond saw,

ailled to transparency.
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Preparation of thin films

Cut out cylinder Grind down/
dimple
- -
Cut out slices Cut out a cylinder Grind down .and
and glue it in a Cu-tube  glue on Cu-rings

Glue the interface » or
of interest face to
face together with
support material
’ }

Cut a slice of the
cylinder and grind
it down / dimple

Cut off excess
material
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Preparation of thin films

Spacers 7\

/'?
/)
//
(/
/}
47"'“'
{/ /

Slices

Invert
—
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