Chuong 3
K¥ thuat phan tich AFM, SEM, TEM
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Kinh hién vi lwe nguyén tir
AFM — Atomic Force Microscope

» Puogc sang ché bai 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 dng ché tao vao nam 1982.

e Kinh c6 d0 phan giai ¢ cap do nanomet

* Thugc nhom kinh hién vi quet dau do hoat dong trén
nguyén tac quét dau do trén bé mat.
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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 & mot thiét bi quan sat cau tric vi mo bé mit cua vat ran dua

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

v6i bé mit ciia mau 1am cong can rung.

Laser  Photo diode

] —S
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Cau tao:

s ; . =G ha miroir).

= Mot miii do nhon + Can quét wong phan xa( )
(cantilever). = Photodector .

= Nguon Laser. = B6 phan thu nhan tin hiéu.
= B quét ap dién.

= Gia dit mau.

laser diode mirror A B sensor outpul, &, Fe
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Obtaining Surface Profiles

Y
L
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Pau do

Dau do thudng duoc 1am bang silic nitrit (Si;N,), kich thude

khoang mot nguyén tur.

cantilever

. (C) DANZEBRINK
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Normal Tip Supertip Ultralever

Diamond-coated tip FIB-sharpened tip Gold-coated Si;N, tip
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3. 6.B6 quét ap dién:

quadrant photodetector  laser

N
normal
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Nguyeén 1y hoat dong cia AFM
e Khi mili do quét gan bé mit mau
s& xuit hién luc Van der Waals

gitta CAC nguyén ti 1am rung  PEEEEEEE
thanh rung. LII'C nay lam cho can Electronics

rung rung nhe theo do map mé

3 ~ Photodiode
cua bé mat mau

Laser
e Dao dong cua thanh rung do luc /
twong tac duoc ghi lai nho mot tia
laser chiéu qua bé mat cua thanh — Sms \/ Cantilever & Tip

rung.
A 9 A PLT Scanner
e Dao dong cua thanh rung lam .

thay doi goc 1éch cua tia laser va
duoc detector ghi lai, ttr d6 ma
hoa lai 40 map moO cuia bé mat.

10
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Diameter (nm)
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X 0.200 pm/div
Z 20.000 nM/div
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Miay AFM c6 thé thao tac trong 3 ché do khac nhau
cua dau do

« Ché do tiép xic ( Contact Mode)

« Ché @6 khong tiép xiic ( Non- Contact Mode)

I’\ A [ "
* Che do tapping.
L repulse regime
O {contact mode)
= far away from surface
E 0 {out of feedback)
A OlF-k---mroo -
Li‘ /—"’—"‘-_
=
altractive regime
(non-contact mode)

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

flexible
cantilever

O 1w
tip Q

L
Fal

surface

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

- Khi khoang cdch giira tip va bé miit miu nhé (vai A) Luc twong
tac 1a lyc day khoang 10°N

- Nhugc diém ctia phuong phap: dé pha huy bé miat miu va tip,
hinh anh dé bi méo (nhiéu) do 16p vat chat hap phu trén bé mat
mau lam nhiéu lyc ddy. Chi cé thé khiac phuc néu AFM hoat
dong trong 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 ch& do nay dau do luén duge giit 6 mot khodng cich rat nhé
ngay sat bé mit mau (10-15 nm), su’ thay doi do 1éch cta can rung la
do thay ddi luc hiit sé dugc ghi nhan va tao anh 3 chiéu trén bé mat
mau.

o Khuyét diém: Iyc hit qud y&u va dau do phai dit sat bé mit miu dé
bi kéo xuéng bé mit miu do luc ciing bé mit cia nhitng 16p khi hap
phu trén mit mau. Hinh anh c¢6 do phan gidi kém va dé bi sai 1éch.
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CHE PO TAPPING (TAPPING MODE)

Piezo oscillator ‘ —
/\/\J Bign ad "ty do’

Ldp chat iong

“Tapping”

s
. =3l = y; ¥
.- - el
: Bien d§ giam
[ it .
A
i

e Trong ché& d§ nay dau do g6 1én bé mit miu véi ning lugng du
I6n dugc ti€n hanh bing cach cho tip ti€p xdc bé mit miu sau
dé tip dugc nang 1én dé tranh cao xudc bé mit miu.

Sample

e Pau do hodc miu sé duge dich chuyén.

e Ch& dd nay tranh dugc kéo 1é 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 dnh do nhitng 16p chit 16ng bam
trén bé mit mau.
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So sanh 3 ché d§ quyét

Non-Contact vs. Contact Through Water

oo st & FR ey
————— |

T

e

Soicl BRI aage
e,

vl

sarmgl 1o am roplad
Non-Contact ( Z
CEEEN 1
Contact, Non-Contact, Tapping
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Contact vs. Tapping — Si (100)

1st scan

2nd scan

18
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Uu diém cia AFM
Po dugc ca vat dan dién va vat khéng dan dién.
AFM khong doi hoi méi truong chan khéng cao, c6 thé hoat
dong ngay trong moi truong binh thuong.

AFM ciing c6 thé tién hanh céc thao tac di chuyén va xay
dung & cap do ting nguyén tir, mét tinh nang manh cho
cong nghé nano.

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

AFM cung cap nhitng phép do d6 cao truc tiép vé dia hinh
cia mau va nhitng hinh anh kha rd rang vé nhimg dic trung
bé mit mau (khdng can 16p bao phi 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.

o Chat lugng anh bi anh hudéng boi qua trinh tré ciia bo ap
dién.

» Pau do rung trén bé mat nén kém an toan, dong thoi doi

hoi mau ¢ bé mit sach va sy chong rung.

20
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So sanh v&1 cac phuong phap khac

Kinh Iuen vi quét dwong ngam(STM)
Trong mét s6 truong hop, dé phén giai cia STM 12 tét hon AFM, do su phu thude
ham mi cua dong tunnel vao khoang cach. Su phu thudc cua luc vao khoang cach
trong AFM la phirc tap hon nhiéu khi ké dén hinh dang dau do va luc tiép Xuc.
STM noi1 chung la chi ap dung dugc von doi véi cac mau dan dién, trong khi do
AFM ap dung du'qc cho ca cac vat dan va vit cach dién. Hcm nira, AFM co duqc
wu diém la dién thé va khoang cach giira dau do VOl mat nén co thé duge diéu
khién mot gach doc lap, trai lai, ¢ STM, hai tham son ay lai phu thu¢c vao nhau.

Kinh hién vi quét dién tw (SEM)
So vai kinh hién vi quét dién tir (SEM - Scannmg Electron Mlcroscope) AFM
cung cap nhung phép do do cao truc tiép ve dia hinh cua mau va nhung hinh anh
kha r6 rang v¢é nhimg dac trung bé mit mau (khéng can 16p bao phi mau).

Kinh hién vi di¢n twr truyén qua (TEM)
So véi kinh hién vi dién tir truyén qua (T EM - Transmission Electron
Mlcroscope) cac hinh anh AFM ba chiéu c6 thé thu d woc ma khong can chuan bl

mau qua phire tap, n6 cho thong tin day du h on nhiéu so véi cac hinh anh mat cit
hai chiéu cua TEM.
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Light microscope

Electron microscope
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thickness " sizeofa | atom |

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

Uu diém:

-Thu dugc anh truc tiép ma khong can bude xt 1y mau.

- Nhanh va phu hop véi moi loai mau tir khi, 16ng va ran.

- Dé dang tich hop voi camera dé luu giit hinh anh va phan
tich.

Nhuoc diém:

- D0 phan giai thap (vai trdm nm) 13 do gidi han cta nhiéu xa
anh sang.

23
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KINH HIEN VI PIEN TU

C6 dd phan giai tot hon (~nm) vi budc soéng cua electron nho

hon so v&1 anh sang

wavelength of wavelength
accelerated of light
electrons (6 pm) (600 nm)

24
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(b) Radiolarian under electron microscope

(a) Radiolarian under light microscope

25
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TUONG TAC GIUA ELECTRON VA VAT CHAT

electron
Primary electron beam information on surface beam
structure
backscattered electrons 'L }
(SEM) # ; o _
information on surface
\ structure
Backscattered electrons \ # ¢ secondarv electrons
Characteristic X-rays \ & J' (SEM)
4
AN .l
4
X s
Cathodoluminescence \%Jr ¥
Secondary electrons specimen
|
Auger electrons Y

/

transmitted electrons
Sample (TEM)

information on internal structure
by dark and bright field imaging

« Electron tan xa nguoc = hinh thai hoc bé mit va thanh phan
* Electron thtr cép hinh thai hoc bé mit
« Electron truyén qua = cau triac va thanh phan

« X-Rays = thanh phan 26
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2 different approaches:

P

Backscattered and
secondary electrons

<

N <

SEM

CuuDuongThanCong.com

~N

Transmitted electrons

v
.

TEM

https://fb.com/tailieudientucntt
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SEM: Scanning Electron Microscope

- Kinh hién vi dién td SEM dau tién dugc phat trién boi

Zworykin vao nam 1942.

« Pén nim 1948 C. W. Oatley phat trién kinh hién vi dién tu
quét trén mo hinh nay véi chum dién tir hep c6 do phan

giai d@én 500 A°.

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

Mark 1.
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Cau tao cia SEM

Electron
gun 9

1
e
TR Scanning
| coil
BN
Condenser (
lenses :| D
i Scanning
circuit
Primary S
electrons = ———
Detector
Secondary ’ Photo-
electrons  —— multiplier
Specimen Sl
Specimen@
holder

Vacuum system

CuuDuongThanCong.com

Cathode-ray
tube for viewing

Cathode-ray
tube for
photography

Kinh hién vi dién tir gom co6 cac
bo phan sau:

% Siing dién tik.

e H¢é thau kinh tu.
(Hé thong cac cudn quét, duoc dit
gitta thau kinh tha hai va thir ba).

% Buong chin khong va bé
phdn giir mau.

< H¢ thong thu nhan dnh.
(Ong nhan quang dién, dung dé ghi
nhan chum dién tir thi cap).

* Cac b0 phan khac: ngubn cap dién, hé chan khong,

hé théng lam lanh,bom chéng rung, hé thOng

chOng nhiém tU trudng va dién trudng

29
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Cac hé thau kinh va lang Kinh — s R

Thau kinh tir thuc chat 12 mot nam cham

dién co cau tric 12 mot cudén day cudn trén 16i p—

lam bang vat liéu tir mém. Tir truong sinh ra &

——\

khe tir s& dugc tinh toan dé c6 sy phan b sao m
cho chim tia dién ttr truyén qua s& ¢ do léch

thich hop voi ting loai thau kinh. Tiéu cy cua

thau kinh dugc diéu chinh théng qua tr  cuenday

trrong & khe tir, c6 nghia la diéu khién cuong S & ol

chim dién tr

do dong dién chay qua cudn day. Vi co dong \
dién chay qua, cudn day s€ bi nong Ién do d6

can duoc 1am lanh bang nudc hoic nitolong.

30
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> Dién tir duoc phat ra tir sing phong dién tir (c6 thé 1a phat xa
nhiét, hay phat xa truong...), sau d6 dugc ting toc.

> Thé tang tbc ctia SEM thuong chi tr 10 kV dén 50 kV vi su han
ché cua thau kinh tir, viée hoi tu cac chum dién tir c6 budc song
qua nhd vao mot diém kich thude nhd s& rat kho khan.

> DPién tir dugc phat ra, ting toc va hoi tu thanh mot chum dién tir
hep (c& vai trim Angstrong dén vai nanomet) nhd hé thong thau

kinh ttr, sau d6 quét trén bé mat mau nho cac cudn quet tinh dién.
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[ Do phén giai cua SEM dugc xac dinh tir kich thude chum
dién tir hoi tu, ma kich thudc ctia chum dién tr nay bi han ché
boi quang sai, chinh vi thé ma SEM khong thé dat dugc d6 phan
giai t6t nhu TEM.

3 Do phan giai cia SEM con phu thudc vao tuong tac gitra vat
liéu tai bé mat mau vat va dién tr. Khi dién tir tuong tac voi bé
mit mau vat, s& cO cic burc xa phat ra, su tao anh trong SEM va
cac phep phan tich duoc thuc hién thong qua viéc phan tich cac

birc xa nay.
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Cac burc xa chu yéu gom:

Pién tir thir cap (Secondary electrons):

-ché d6 ghi anh thong dung nhat cua kinh hién vi dién tir quét,
-chum dién ttr thtr cap c6 nang luong thap (< 50 eV) duoc ghi nhan
bang 6ng nhan quang nhap nhay.

-chling tao ra anh hai chiéu cta bé mit mau (do cac dién tir phat ra
tir bé mit mau v4i do sau chi vai nanomet).

Dién tir tan xa ngugc (Backscattered electrons):

-chum dién ttr ban dau khi twong tac voi bé mit mau bi bat nguoc
tro lai

- ching thuong c6 nang luong cao.

-Su tan xa nay phu thudc rat nhiéu vao thanh phén héa hoc & bé
mit mau, do d6 anh dién tir tdn xa nguogc rat hitu ich cho phan tich
vé d6 twong phan thanh phan hda hoc.

-ghi nhan 4anh nhiéu xa dién tir tdn xa nguoc, giup cho viéc phan
tich cau tric tinh thé.


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

Electrons from
the source

® Primary electron )
(primary electrons)

S'EI:nndanr electron

Atom with nucleus ) ~t|||l||~|
and electrons & inthe Elecrons

K, L and M shell

Characteristic
X-rays

condary
electrons

———= Primary electrons (Pe")
———= Secondary electrons (Se”)

= Back-scattered electrons
Electron hole in a scale

\V Electron from L scale fills hole in K
j" Emitted X-ray radiation
Difference in energy level
converted to liberate an
- Auger electron (e7)
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Cac tinh nang cua SEM.:

1. Quan sat bé mit mau ran & cac do phong dai khac nhau

2. Do sau truong quan sat 16n hon rat nhiéu so voi kinh hién vi
quang hoc, cho phép thu anh 1ap thé

3. Két hop v&i dau thu pho tan xa ning lugng tia X (EDX) cho

phép phan tich thanh phan nguyén t6 cta ving quan sat
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so sanh hinh anh ciia kinh hién vi quang hoc va SEM
Miu dwge chup la s¢i dung dé ché tao du chin tia cuc tim

UM - .

kinh hién vi quang hoc cung cap thong tin
mau ciia mau, nhung do sau trudng quan sat
ngan, nén khi diéu chinh dé quan sat mot ving
ctia mau (khoanh dé trong hinh) thi cac ving
c6 do cao khac b1 mo. D06 phong dai x110

Du SEM chi cho anh véi 2 mau den trang (mat thong tin
mau), nhung do sau truong quan sat Ion hon nhi€u va cho
hinh anh n61. Bo phong dai x110

Anh do dién tir thir cap (x4000 lan). Vat
11€u vo co (hat tréng) duogc sur dung dé
chin tia cuc tim c6 thé dugc nhin théy rai
| rac trong soi.

(x15.000 1an) co thé quan sat cac hat vo
co cO kich co tr 100nm té1 500nm. Khi
quan sat mat cat, co thé nhan ra cach thic
cac hat vo co ndy phan bb trong soi. .

x 4.000 Ian. x 15.000 13n.
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Anh dién tir tAn xa ngwoe BSE (x 5.000 1an)

Cau tric mat cét cua soi thu duoe véi dau do dién tir
tan xa ngugoc — cac hat tréng dugc phan bd trong soi1
nhu thé nao.

su khac nhau vé nguyén tir s6 trung binh ctia thanh
phan cau tao s& cho d6 twong phan khac nhau

W Hiy thir phan tich thanh phan

» cps/eV
3504 €

300
250
200
150
100

S0

Anh ban gotiaXciaTivaC

Ti
epmtb—nt | Energy-dispersive X-ray

2 spectroscopy (EDS, EDX, EDXS
m Pho x-ray clia anh bén trén or XEDS) 37
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Khi chiéu chum tia dién tr vao mau, cac tia X dac trung cling duoc sinh

ra. Bang cach lap thém dau thu pho tan xa ning lugng tia X vao hé thong

kinh hién vi dién ti, chiing ta co thé thu duoc phé cua cac tia X dac trung,

va bi€t duoc cac nguyén to nao ton tai va phan bo ¢ dau trén mau.

chlng ta thay vat liéu cha yéu cta mau soi
nay la thanh phan hitu co (ch yéu la C)
va cac hat Ti (thuc ra la TiO2) c6 tac dung
ngan tia cuc tim phan bé rai rac trén soi.

Phé tia X dac trung thu dugc cua vung

quan sat trén anh BSE bén trén cho
thay mau co chua Ti.

CuuDuongThanCong.com
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Khi chiéu vao mau bang chum tia dién tir trong chan khong: dién tir thir
cap (SE), dién tir tan xa nguoc (BSE), tia X dic trung, va cac tin hiéu
khac duoc hinh thanh.

Trong kinh hién vi dién tir quét SEM céc tin hiéu SE va BSE thuong
duogc sir dung dé tao nén anh. Céc dién tir thi cép SE dugc sinh ra ¢ 16p
gﬁn bé mit mau, va anh SE thu duoc tir cac dién tur nay phan anh chi tiét
cau tric dia hinh mau.

BSE la cac di¢n to phan xa nguoc tro lai sau khi va vao cac nguyén tu
trén bé mit mau, sé luong dién tir tan xa nguoc phu thudc vao thanh
phan (nguyen tir SO, hu’O’ng tinh the v.v.) cia mau — phan anh sy phan bo
thanh phan cau tao ctia bé mat mau.

Pau do tia X ciing c6 thé gan trén SEM cho phép phén tich thanh phan
nguyén to.

SEM khong chi dugc stir dung dé quan sat cau tric mau ma con
duoc dung dé xac dinh va dinh luong nguyén to.
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Nguyén tac hoat dong cia SEM

= Pién t&r dwoc phat ra tir sing phong

>

dién tw

= Sau do6 dwoc gia tdc va hdi tu thanh
moét chum dién t& hep (c& vai tram
Angstrom dén vai nanomet) nho hé
thdng thau kinh ttr, sau dé quét trén bé

mat mau nh® cac cudn quét tinh dién.

= Cac electron thoat ra tlr bé mat mau

dwoc thu nhdn bdi 6ng nhan quang

dién.

40
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MOT VAI ANH SEM

EHT = 2000 k¥ Signal A = nLems  Dete 17 Aug 2002
= 1tmm PhotoNo #2235  Time :1180:37

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

4.4

polarization induced growth

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

e Cho thong tin vé bé mat ctia mau.

 Phan tich ma khdng can pha huy mau vat.
 Hoat dong & chan khong thap.

» Tbc d6 thu dit liéu nhanh.

* Do phan giai cao.

* Viéc chuan bi mau don gian.

» phan tich ma khéng can pha hiy mau

o Gia thanh ctia SEM thap hon rat nhiéu so vi TEM.

43
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Kinh hién vi phat xa truong FESEM

Ciing giong nhu kinh hién vi SEM tuy nhién ngudn electron dugc
tao ra vO1 sung phat xa truong

Vao nam 1968, Tap doan Hitachi Ltd. (Hitachi) da phat minh ra
nguon chum tia dién tir phat xa truong (FE) cing véi Tién si
Albert V. Crewe (Truong Pai hoc Chicago trude day).

nim 1972, Hitachi tién hanh 1ap dit thanh céng ngudn chum tia
dién tir FE 1&n kinh hién vi dién t#(SEM), danh dau su phat
trién thanh cong cua thiét bi mang tén HFS-2, kinh hién vi dién
tr quét phat xa truong (FE-SEM) thuong mai dau tién trén thé
g101
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Ong phét xa trwdng hoat dong khdng can nhiét dd cao do
do co6 do bén cao.

Cuwdng dé dong trong 6ng phat xa trwéng rat Ién nén tao
ra anh c6 db sang cao.

Kich thwéc hdi tu cla 6ng phéat xa trwong nhd nén déd
phong dai lon.

Ong phat xa trwdng hoat ddng trong mdi trwéng chan
khdng siéu cao, nén gia thanh rat cao. Phéat xa nhiét thi

yéu cau vé chan khéng khdng quéa khat khe.
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TEM: Transmission Electron Microscope

Kinh hién vi dién tir truyén qua TEM hoat dong dua trén nguyén Iy twong tu
nhu kinh hién vi quang hoc.

Nguon chiéu sang trong TEM la chum céc electron ¢ ning luong cao duoc
phat ra tir sung dién tu.

Chum electron dugc hoi tu lai nho cac vat kinh 12 thau kinh dién tir, sau d6
anh dugc phéng dai qua mot so thau kinh tir trung gian voi do phéng dai 16n (co
thé toi hang triéu lan), anh c6 thé tao ra trén man huynh quang, hay trén film

quang hoc, hay ghi nhan bang cac may chup k¥ thuét so.
CO d6 phan giai mot vai AY dac trung cua cac hat nand. Do
phan giai TEM c6 thé cung cap théng tin va kich thudc va hinh

dang cua mau.

46

CuuDuongThanCong.com https://fb.com/tailieudientucntt


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

Xét trén nguyén ly, anh cia TEM van dugc tao theo cac co ché

quang hoc, chi khac ché dd ghi anh.

Diém khac co ban & do twong phan.

- 36 tuong phan trong kinh hién vi quang hoc do hiéu tmg hap thu

anh sang

-d6 twong phan cua anh TEM xuat phat tir kha ning tan xa dién tu.
Twong phan bién d¢: do hi¢u ung hap thu dién tir (do d6 day, do
thanh phan hda hoc) ciia mau vit.
Twong phian pha: do cac dién tir b1 tAn xa dudi cac goc khac
nhau.

Twong phan nhiéu xa: do cic dién tr bi tan xa theo cic hudng
khac nhau do tinh chat cua vat ran tinh theé.
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Kinh hién vi dién tir truyén qua TEM

» Nam 1931, Knoll and Ruska dwa ra mo hinh.
> Nam 1933, ché tao ra may do TEM v@&i 2 thau kinh ti,
cho @6 phong dai 12000 lan.

———

Ernst Ruska: Nobel Prize in physics 1986 .
Electron Microscope Deutsches
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Ngubdn phét dién tir v ting toc

Cdcthau kinh va khe héi tu chum tia

Phong dai
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UU VA NHUQC PIEM CUA TEM
U'u diém:
« Phan giai cao, nhoé nhat ~ 0.2 nm.
e Cho anh thyc té ctia mang tinh thé.
* Phé&c hoa cac sai hong trong mau.
« Khdng can phi 16p dan dién do d6 thuan loi cho nghién ctru vat liéu hitu co.
« K§ thuat nhiéu xa dién tir gilp X&c dinh cau trdc tinh thé, hang sé6 mang, cac sai
hong
Nhuoe diém
« Kh6 khan trong qué trinh chuan bj mau trong sudt d6i voi chim electron tir mau

khoi (do do dan, mat do dién tir va d6 day cua mau).
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ANH TEM
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ZnO nanotubes
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ZnO nanoparticles (a) and ZnO nanorods (d) 52
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Chuan bi mau cho kinh hién vi dién tir
1 s6 phuong phap pho bién:

- Pong khoi va cat lat

- Nghién ion

- Phu dan dién

va 1 s6 phuong phap khac.
Yéu cau vé mhu TEM va SEM
Méu TEM: yéu cau bé day cua
mau dat dwoc nho hon 30um va cau trac
mau khong bi bién dang. Kich thudc mau
khoang 30mm duong kinh
Méu SEM: khéng yéu cau qua
moéng nhung bé mit phai dugc danh
bong vai két qua cudi cung hoan toan
khong c6 vét xudc va bién dang. Kich
thuéc mau khoang 1emxlemx1/2cm. Bé
mait nén co tinh dan dién.
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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 LLook parallel Make bulk-like
regions to surface:

Cross section

Look at surface
at glancing angle:
‘reflection’

Self-supporting discs or specimen supported on a grid or washer
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High-resolution transmission electron
microscopy (HRTEM)

So véi TEM, HRTEM tang do tuong phan pha Ién. B phan giai
diém cao nhat nhian duoc trong HRTEM tuwong phan pha la
khoang 0,5 A° (0,050 nm). O nhiing quy mé nho nay, cic nguyén

tir riéng 1é cua tinh thé va cac khuyét tat cua no co thé thay dugc

55


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

56

https://fb.com/tailieudientucntt

CuuDuongThanCong.com


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

anh HRTEM cua hat nano Sn
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High-resolution micrograph from a
Lu-Mg doped Si3N4 sample showing
the presence of an Intergranular
Glassy Film (IGF).
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