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Kinh hién vi dién t{ truyén qua (Transmission electron microscopy - TEM) Ia mat thiét bi chup anh
toi tan dugc (ing dung réng rai trong nhiéu linh vuc nhu vat ly, vat liéu, héa hoc, y - sinh hoc va
nang lugng nhd kha nang chup anh chat lugng cao véi dé phan gidi cap dd nguyén ti di kém véi
cac phép phan tich tinh t€ nhé tudng tac gilita chum dién ti ning luong cao va mau vat. In-situ TEM
la thuat ngii mé ta viéc ti€n hanh cac thi nghiém dong truc tiép trén thiét bi TEM, qua d6 cho phép
ghi nhan cac tinh chat ca mau vat trong tuong quan véi chup anh céu tric trong thdi gian thuc, cho
phép hiéu rd su tac dong cla cau truc vat ly, héa hoc téi cac tinh chat tuong Ging ctia vat mau. Véi
su trg gilp cla cac ky thuat ché tao micro va nano, TEM ngay nay tham chi cho phép chup anh cac
qua trinh ngay trong pha 1dng, diéu chua tling biét t6i trudc day. Bai viét nay giéi thiéu tdng quan
vé ky thuat thiét ké thi nghiém va phan tich In-situ TEM Uing dung trong mét sé linh vuc: vat liéu,
spintronics, hoa hoc, chuyén ddi ning lugng... Cac két qua dugc trinh bay mot phan tif nghién ctu
riéng cla tac gia va téng hgp tii mat s6 nghién cliu khac trén thé giéi.

TU khoa: cdc qud trinh ti hoa, hién vi dién td, In-situ TEM, kinh hién vi dién td truyén qua, luu tri va
chuyén déi ndng Iuong, phan tich nano, vét liéu nano.

Chi sé phén loai 1.10

Tong quan vé TEM va In-situ TEM

TEM la mot k§ thuat hién vi st dung chum dién tr
¢6 nang lwong cao (thuong tr vai chuc kV téi vai tram
hodc tham chi trén 1000 kV) chiéu xuyén qua mau vat
mong (thuong dudi 200 nm) dé tao anh vi cu tric bén
trong vat ran nho sir dung hé thau kinh tir cho kha nang
phong dai tir vai tram t6i hang triéu 1an [1]. Do sir dung
chum dién tr nang lugng cao, cac két cau cua TEM
(sting phong dién tu, cot dién ti, thau kinh tir, hé ghi
anh... dugc dat trong buéng chan khéng cao (tham chi
siéu cao) dugc duy tri nho hé théng bom chan khong
tinh vi. Su tao anh 6 TEM tuong tu nhu nguyén ly
trong céac kinh hién vi quang hoc, chi khac 1a sir dung
song dién tir va thau kinh tir (hinh 1). Kha ning tao ra
hinh anh c6 d6 phan giai siéu cao la nho budc song rat
ngan ctia chum dién tor, phy thudc vao thé ting toc &
ngudn phat dién tir:
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Hodc néu co tinh dén hiéu tng twong d6i tinh néu
the tang toc du 16n (trén 120 kV):
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Véim_ la khdi luong tinh cua dién tir, V14 thé ting
tdc, e 1a dién tich cua dién ti va ¢ 13 téc d6 anh sang
trong chan khong. Theo cong thirc nay, néu séng dién
tir duge gia toc véi thé 100 kV, s& c6 bude song khoang
3,86 pm (0,00386 nm); con khi ting téc voi thé cao ap
200 kV s€ co budc song nho hon, t6i 2,51 pm (0,00251
nm), c6 nghia 1a séng dién tir du ngin dé cho kha ning
tan xa trén ting nguyén tir, cho phép chup lai hinh anh
nguyén tur.



A TECHNOLOGICAL REVIEW
OF IN-SITU TEM APPLIED FOR
PHYSICS, CHEMISTRY AND
ENERGY RESEARCHES

Summary

Transmission electron microscopy
(TEM) is an imaging and analyzing
instrument which utilizes the short
wavelengths of fast electrons (typically
80-300 keV) to achieve from sub-nm to
the state-of-the-art sub-A resolutions.
TEM has been being used in many
fields, from physics, materials science,
chemistry, biomedicine to sustainable
energy researches. The growing use
of this instrument over recent decades
has led to the development of In-
situ TEM techniques which enable
the live observation of microscopic
processes which occurs at the nano
and atomic scales. In-situ TEM refers to
observing and analyzing the processes
of experiments conducted inside the
TEM. This means both the structures
and properties of specimens during the
experiment processes can be observed
andrecorded atthesametime.Nowadays,
thanks to the advances in micro-and-
nanofabrication, TEM is even capable to
image nanoscale processes in liquids.
This article reviews the In-situ TEM
studies applied for materials science,
spintronics, chemistry and energy
conversion, focusing on experimental
designs and imaging approaches. The
results presented here are partially
reproduced from the authors’ researches
and from other researches in the world.

Keywords: atomic resolution, electron
microscopy, energy conversion and
storage, In-situ TEM, magnetization,
nanomaterials, transmission electron
microscopy.
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Hinh 1: so' @6 nguyén Iy ciia TEM so v6i hinh chup thiét bi FEI
TECNAI G20 trong thiec té (a), dnh chup vt kinh TEM (b), tiong tdc
chiim dién tir v6i mau vt va cdc tin hiéu san sinh (anh dwoe chinh sira
1ir [2]) (), mot anh chup TEM (truong sdng) mau vt liéu nano tinh thé
va anh nhiéu xa dién tir twong iing (d, e) [3]

Du budc song dién tir rat nho, nhung khong c6 nghia 1a
TEM c6 thé dat téi mirc do phan giai véi cac kich ¢& nho
nhu thé boi vi su thiéu hoan hao cua cc hé thau kinh tir.
Theo nguyén ly quang hoc, bat ky thau kinh nao ciing c6
quang sai, va thau kinh tir ciing Vay Vi thé, do phan giai ¢
TEM bi gi6i han boi bude song va cau sai cia vét kinh ()
theo cong thirc [1]:

dpgyy =1, =091 (Cs/i3 )1/4 3

Vi dy, mot hé¢ TEM thuong mai phé bién FEI Tecnai
T20 sir dung ngudn dién tir phat xa nhiét LaB, véi thé ting
toc 200 kV (A = 2,51 pm), cau sai cta vat kinh 1a 1,2 mm
s& cho d¢ phan giai diém 1a 0,24 nm. Cac TEM thé hé méi
¢6 thé duoc trang bi hé thong loai trir quang sai (aberration
corrected TEM) cho phép giam quang sai t&i rat nho va lam
tang do phan giai 1én mot cap, téi mirc do ha nguyén tir.

TEM duogc phat minh vao nam 1931 bai Ernst Ruska va
Max Knoll khi d6 dang la nhitng nha nghién ctru ciia Cong
ty Siemens (Berlin, Puc), sau d6 nhanh chong dugc phat
trién va thuong mai héa & Chau Au, Biac My va Nhat Ban.
Cung voi su phat trién cta céc k¥ thuat tao chum dién tu
don sic (nho sir dung sung phat xa truong) va cac cai tién
ky thuat, TEM da tr& thanh mot thiét bi chup anh véi do
phan gii cao nhét (toi mirc dudi 1 A) vaduogc s dung rong
rdi trong nhidu nganh nghién ctru can sy quan sat cau tric
v6i do phan giai cao va phan tich héa hoc chinh xac nhu:
vat ly, khoa hoc vat li¢u, hdéa hoc, y - sinh hoc, nghién clru
ning lugng... Ché d6 chup anh phén giai cao 6 TEM, goi la



HRTEM (High Resolution TEM), cho phép phan giai
cac 16p nguyén tir nho st dung nguyén ly giao thoa
cua song dién tir tan xa trén ting 16p nguyén tir voi do
phan giai téi cAp d6 nguyén tir (hinh 2).
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phan b hoa hoc véi @ phan giai siéu cao (hinh 3),
va kha niang khoéi phuc hinh anh 3 chidu cia miu vat
bang cach chup lai hinh chiéu ¢ nhiéu goc do (electron

tomography).

Hinh 2: (a) so do su tao anh quang hoc trong TEM va ché @¢ HRTEM (dwoc sita doi lai tir [4]), (b) danh chup HRTEM don tinh thé Silicon
véi bé mat SiO, vo dinh hinh, phé bién doi Fourier cdc ving lira chon tir cdc vimg twong vmg trén anh (b): don tinh thé Si (c) véi cdc cham
dac trung, (d) SiO, vo dinh hinh véi ph(f nhoe va (e) anh chup HRTEM vung don tinh thé SiO, véi do phéng dai 1,2 triéu lan cho hinh anh

sdc nét cdc 16p nguyén tr Si voi dp phan giai 0,17 nm

Bén canh kha nang chup anh
voi d phan giai cao, TEM con
c6 kha nang phan tich hoa hoc &
cAp d6 vi mdé nhd ghi nhan cac
phd (phd tan sic ning luong tia
X - EDX, phd tén hao ning luong
dién tir - EELS) va xay dung cac
btrc tranh phan bd hoa hoc véi do
phan giai cao. Trong thiét bi TEM
cao cap, viéc két hop cac cudn day
quét dién tir voi hé thdu kinh tir
cho phép hoéi tu dién tir thanh mat
dau do sidu nho, quét trén mau vat
va su dung hé théng camera dac
biét dé ghi lai anh tir chum dién tir
xuyén qua mau bi tin xa & nhiéu
g6c khac nhau, tao ra ché do ghi
anh hién vi dién tir quét truyén qua
(Scanning Transmission Electron
Microscopy - STEM) véi d6 phan
giai phu thudc vao kich thudc ciua
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Hinh 3: (a) nguyén Iy ciia STEM (anh dwoc sira doi tir anh goc trén [5]), (b, ¢) so sanh anh

HRTEM va HAADF-STEM chup cdt I6p hé mang méng da 16p Ta/CoFe/IrMn/Ta/Ta0 [6],
va (d) anh HAADF-STEM phan gidi cao I6p siéu mang bén dén GaAs/InGaAs [7]

Bén canh kha ning chup anh céu tric vét 1y, hoa

miii do dién tir hoi tu va ban chat mau, dong thoi do
tuong phan cua hinh anh ty 1& v6i nguyén tir khéi cua
c4c nguyén to c6 mit trong mau (Z-contrast HAADF).
Céc STEM hién dai thé hé méi c6 thé duoc trang bj hé
thng khtr quang sai lam giam hé sé C, t6i muc rat nho
cho phép c6 thé hoi tu chum dién tir kich thude dudi
1 A va cho anh STEM déng thdi véi cac birc tranh
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hoc, TEM con c6 thé cho phép chup lai anh phan bd
dién tir truong bang cach s dung thu kinh Lorentz
ghi nhan dién ti bi tan xa trong dién tir truong do lyc
Lorentz (ché d6 hién vi Lorentz), hodc phuc hoi lai
pha cua séng dién tir bi dich di do dién tur truong nho
phuong phép toan anh dién ti (electron holography).



Do phan giai cua cac k¥ thuat nay c6 thé dat téi dudi 1
nm. V6i nhitng kha nang chup anh phan giai siéu cao,
nhiéu tinh ‘nang, TEM tré thanh mot thiét bi manh hon
bat ky thiét bi chup anh phan giai cao nao, voi nhitng
thong tin truc tlep vé mau vat ma khong thiét bi nao
¢6 duoc. Vi thé, du di ra doi hon 80 nam, nhung TEM
van tiép tuc dugc phat trién va van 1a mot thiét bi hién
dai dau bang cua phan tich nano, phuc vu hitu ich cho
nhiéu linh vyc can nhiing thong tin vé vi ciu triic t&i
cép do nguyén tir hoic ha nguyén tt.
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Hinh 4: nghién ciru In-situ TEM iing dung trong nhiéu linh vice
khac nhau: Light Interaction (quang hoa, pin mat troi...), Electric
Biasing (nghién ciru tinh chat dién), SiNx Liquid Cell (nghién citu
qud trinh trong chat long), ETEM Gas Cell (nghién ciru qud trinh

trong chat khi), Graphene Encapsule (qud trinh phat trién vit liéu),
Molecular Reactions (cic phan img cap do phan tiz), Nano
Mechanics (co hoc nano), Spin Coupling (tinh chdt tir, cdu triic
va lién két spin) ... [8]

Song song v&i nhitng phat trién vé kha ning phan
giai va phan tich cua TEM, m¢t xu hudng nghién cuu
moéi duge hinh thanh trong gan 20 nim trg lai day
1a bién TEM trd thanh mot thiét bi nghién ctru “van
ning” véi viée tao ra cac thi nghiém truc tiép trong
budng TEM, qua d6 tim ra chinh xac méi lién hé qua
lai giita cac tinh chat cua vat liéu, linh kién va cac cdu
tric ghi nhan dugc nho TEM. Pay 1a ky thuat “/n-situ
TEM” (tleng Latln In-situ cb nghla 1a “tai cho™). Nh(‘y
cai tién budng miu va gia gin mau (thanh gitr mau,
TEM holder) cung véi su hd tro cua cac ki thuat ché
tao linh kién do, ngudi ta co thé tién hanh ngay trong
buéng TEM céac thi nghiém In-situ, ké ca viée thuc
hién phan tng héa hoc trong cac pha khi, 16ng, bién
TEM tré thanh mot “phong thi nghiém” do dac tinh
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chat va ghi nhan cdu trac 1y hoa, tir d6 hiéu rd hon cac
co ché tao thanh tinh chét vat liéu, linh kién & cép do
nanomet va trdé nén cuc ky hitu ich cho nhiéu linh vuc,
tir nghién ctru co ban t6i ing dung (hinh 4). Bai viét
nay gioi thiéu ky thuat /n-situ TEM Ung dung trong
mét sb linh vue, nhu mot téng quan gidi thiéu cong
nghé moi voi hy vong dua dén cac dong nghiép khoa
hoc tai Viét Nam mot cai nhin méi hon vé TEM va
phat trién nhiing nghién ctru dinh cao tai Viét Nam dua
trén thiét bi TEM.

In-situ TEM ing dung trong phan tich cau tric
dién tor

Khi mét chum dién tu truyén qua dién tu truong,
no6 sé bi 1éch di do tac dung cua luc Lorentz, phu thude
vao d6 1on cua dién truong (E), cam tng tir (B) va tdc
d6 cua dién tir (v) [2]:

F, =—¢[E+(vx B)] (4)

Thiét bi TEM véi ché d6 hién vi Lorentz sit dung
mot thau kinh dic biét (Lorentz lens) dat xa bén dudi
mau dé ghi nhan tao anh ciia chum dién tir tan xa do
luc Lorentz, tir d6 tao ra hinh anh twong phan vé cau
trac tir va vé ra ban do phan bd cam mg tir trong mau.
Trén thuc té, gbc 1éch nay rat nho va co6 thé duge tinh
theo cong thtrc [2]:

p= [Bne ©)

Dé c6 thé thuc hién duoc ky thuat hién vi Lorentz,
ngudi ta phai tat vat kinh chuan caa TEM dé loai trir
anh huong cla tir trudng nay 1én mau vat (tr truong
nay c6 do 16n du dé bao hoa toan bo mau va khong
con bat ky thong tin ndo vé tir tinh cta vat con ton tai)
va mau dugc dit tai trung tAm vat kinh véi moi truong
hoan toan khong co tir truong. Khi do, Lorentz lens sé
dong vai tro vat kinh tao anh va tao ra anh ciu trac tir
ciia mau vat (hinh 5). Lorentz TEM c6 thé hoat dong
& ché do TEM (tao anh Fresnel, Foucault) véi chum
dién tir song song. Vi anh Fresnel, ngudi ta c6 thé tao
ra tuong phan ciia cac vach domen tir bang cach dicu
chinh thau kinh Lorentz sao cho anh tao & vi tri ngoai
diém rd nét (defocus) voi d6 phan giai tot tir 10-20 nm.
Ché d6 anh Foucault cho tuong phan vé cac domen tir,
1a ché d6 & vi tri diéu tiéu (in focus) va phai dung khau
d6 dé chin chum tia tan xa theo huéng khong mong
mudn nén kha phirc tap du dat do phan giai tot hon



(5 nm). Mot ché do khac cua Lorentz TEM thuc hién
trong STEM la st dyng chum dién tir quét va camera
ghi anh dic biét, goi 1a ché 6 Twong phdan pha vi phin
(Differential Phase Contrast - DPC), véi tuong phan
truc tiép t6i cac thanh phan cia tir d trong mau. DPC
la phuong phap chup anh tir hién dai véi kha nang
phan giai dat t6i 2 nm [2]. Hién nay, cac thiét bi m&i co
thé cho do phan giai toi dudi 1 nm (thiét bi MagTEM
Jeol AMR 200 tai Khoa Vat 1y va Thién van, Pai hoc
Glasgow, Vuong qudc Anh).
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Hinh 5: nguyén Iy Lorentz TEM chup cdu triic tiv: (a) nguyén Iy
ché dg anh Fresnel cho twong phan vich démen va cdc anh Fresnel
(anh tir Wikipedia.org), (b) vi tri infocus khong co thong tin tir,
(c) vi tri defocus, cho twong phan vach domen (dwong den)
va cac gon song vudng goc voi tir dg; (d, e) ky thudt DPC
trong STEM va dnh tirong phan vé cac domen tir

Thi nghiém In-situ khi nghién ctru cdu trac tir bao
g6m viéc quan sat dong hoc cau tric tir tic dong boi
truong ngoai, ma 16n nhat 1a tir truong. Lorentz TEM
1a phuwong phap chup anh kha nhay véi su thay ddi cdu
trac tir nén rat thich hop cho céac thi nghiém In-situ vé
dong hoc ciu trac tir. Trong nhiéu cong trinh trudc day,
chung t6i dd cong bd cac két qua vé nghién ctru In-situ
Lorentz TEM tng dung trén cac ciu tric nano tir tinh
v6i viée chup lai dong hoc vi cdu trac tir thay doi trong
qué trinh tir hoa va quan sat su thay doi clia cdu triic
véach domen khi bi giam giit boi cu tric hinh hoc dudi
tac dong cua tur truong va dong spin, qua do6 tao nén sy
thay ddi 16n vé dién tro trong linh kién, dugc do dac
tryc tiép ngay trong TEM [9, 10].

Trong Lorentz TEM, tur truong cho cac thi nghiém
In-situ tr héa c6 theé dugce tao ra bang hai cach: cach
thir nhat, vat kinh chuan cua TEM s€ duoc bat 1én mot
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phan (cap dong rit nho so voi thong thudng), tao ra
mot tir truong song song voi truc quang hoc, hodc
nhiéu nhém nghién ctru tién hanh cai tién thanh giir
mau béng cach ché tao mot cudn day siéu nho san sinh
ra tir truong tryc tiép tai thanh gitt mau; cach thir hai
doi hoi thanh giit can dugc trang bi thém hé théng day
truyén dién dé cap ngudn cho cac cudn day, va trd
thanh mot thanh giltr mau chuyén dung cho riéng muc
dich nay [11].

(d)
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Hinh 6: qua trinh tir hoa dong cua linh kién mang mong nano
NiFe quan sdt bang dnh Fresnel trong Lorentz TEM (a) [9],
anh chup Lorentz TEM phdn gidi cao ¢ trang thdi khi vach démen
bi giam cam trong cu nano véi phan bé diong sive tiong g (b) [9],
va bé tri thi nghiém do truc tié}a tir dién tro cua linh kién
trong qud trinh quan sat Lorentz TEM (c, d) chimg minh viéc giam cim
véch domen trong cdu tao ra tir dién tré lon do dieoc & hinh (d) [10]

Trong nhiéu nghién ciru da dugc cong bd [9, 10],
tinh chit dién cua ciu triic nano NiFe d3 duoc do dac
tre tiép trong qua trinh tir héa, qua d6 sy anh huong
cua qua trinh dong hoc vach domen trong linh kién 1én
tinh chit tir dién tr& cua linh kién da duge hiéu mot
cach chinh xac (hinh 6). Linh kién NiFe ban dau duoc
tao ra trén dé dac biét, 1a dang mang (membrane) SiN
mong cho phép dién tir truyén qua cho cac phép do
TEM nh¢ phuong phap ché tao mang mong bang ky
thuat phiin xa magnetron, sau dé dugc tao thanh linh
kién nho sir dung k¥ thudt quang khic chum dién tir.
Mot bude quang khic thir hai (st dung anh sang tir
ngoai) két hop véi k¥ thuat lift off cho phép tao ra hé
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théng cac dién cuc Ti/Au gén lién trén linh kién cho
cac phép do dién [10]. Mau nay duoc gin trén thanh
gilt mau c6 hé thong tiép xuc dién dé cip dong va do
thé cho phép do chinh xac dién tré cua linh kién nhd
khuéch dai lock-in, qua d6 dién tr¢ cua linh kién thay
dbi trong qua trinh dt tir treong khi chup anh céu trac
doémen dugc ghi nhan (hinh 6b). Két qua di chi ra rang,
tr dién tro khéng 16 da duge tao ra khi vach démen
(duoc tao ra khi phan linh kién hinh ellipse bi tir hoa)
bi dich chuyén va biy vao cau ndi nano giira hai phan
cta linh kién (phan chinh tao nén tinh chét dién cua
linh kién). Vach domen bi dua vao cau ndi nho tr hoa
hodc do dong spin diéu khién, va bi giam giit nho cau
trac hinh hoc dan t&i viée ciu trac bi pha vo khéng
dinh nho viéc chup phan b tir do khi giam giir vach
bang Lorentz TEM phan giai cao (ché do DPC) va su
giam giit vach ddmen nay 1a ngudn gdc cua tir dién tro
16n trong linh kién [9, 10].

Neubn oha
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Hinh 7: (a) nguyén Iy phép toan anh dién i ¢ TEM (duwgc siea lai
tir [12]), (b,c) so do thi nghiém phan tich s béy dién tich trong linh kién
Vi hinh dnh tir toan anh dién tiv: dién tich phdan bé bi thay doi
manh khi dit cac thé hiéu dich khac nhau [13]

Cung véi Lorentz TEM, toan anh dién tur (electron
holography - hinh 7) thuc hién trén TEM cling 1a mot
phuong phap chyup anh phan bd dién tir truong véi do
phan giai cao (c6 thé dat t6i 2 nm) nhd viée phuc hoi
lai pha cua song dién tir bi dich di do dién tir truong.
Khi dién tir truyén qua mot mau bét ky, pha cta song
dién tir s€ bi dich di mdt lugng do dién va tr truong
[14]:
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Thanh phan thir nhét 1a dong gop cua truong tinh
dién ndi v6i thé V(z,y,z), con thanh phan thi hai la
dong gop clia cam tng tir voi truong thé vécto A(x,),z).
Cung v6i Lorentz TEM, toan anh dién tur da tré thanh
nhom phuong phap TEM tuong phan pha (phase
contrast TEM) dé hiéu rd ciu tric dién tir bén trong
vat liéu, ma thuc chit 1a sy phan anh tinh chét vat liéu
thong qua dién tur truong san sinh bén trong vat liéu.
Yao va cac cong su trong nghién ciru gan day da thiét
ké thi nghiém cho phép ghi nhan sy bay céc dién tich
trong bd nhé ban dan nho sir dung phép toan anh dién
ttr (hinh 7b). Nho khoi phuc phan bd trudng tinh dién,
su phan bd cac dién tich ciing qua d6 dugc quan sat.
Trong d6, hinh chiéu cta mat d¢ dién tich c6 thé dugc
khoi phuc tir pha ctia dién tir theo quan hé [13]:

V[, p)]
C,t

(7

O-proj (xa y) =

Thi nghiém In-situ trong toan anh dién tir cho phép
dat cac thé hiéu dich 1én mau, qua d6 sy bay dién tich
anh huong t6i tinh chat dan truyén trong qua trinh hoat
dong cua linh kién dugc hiéu 3 véi do phén giai cao.
Mot kho khan cta toan anh dién tir 1a viée khoi phuc
lai pha cua song dién tir khong truc tiép va nhiéu yéu
t6 cua truong ngoai cé thé tac dong téi pha cua song.

TEM moi trueong (E-TEM) va ing dung In-situ
TEM trong hoa hoc

Ngay tur khi TEM ra doi, cac nha hoa hoc da hy
vong TEM c6 thé gitp ho hiéu cac phan tng hoa hoc
& cap do nguyén tir. Piéu nay chi tré thanh hién thuc
khi E-TEM ra doi cho phép tién hanh cac phan tng
hoa hoc ngay trong budng TEM. E-TEM la thuat ngit
viét tit ctia Environmental Transmission Electron
Microscope, c6 nghia 13 kinh hién vi di¢n tir truyén
qua moi trwong, khong hoan toan mang y nghia la
TEM tng dung cho méi trudng [15]. O TEM thong
thuong, mau va toan bo cc co ciu quang hoc dugc dat
trong moi trudng chan khong cao do sy hoat dong cia
chum dién tr nang luong cao (dac biét khu vuc sung
phat dién tir can dugc bao vé chit ché boi chan khong
cao toi1 siéu cao) va viéc thyc hién cac phan ing hoa



hoc 1a diéu khong thé boi viéc dua cac thanh té cho
phan ng vao 1a khong thé. Chi téi thap ky 60, tuc 1a
30 nam sau khi TEM ra doi, thyc hién phan rng hoa
hoc (pha khi - rn) trong TEM méi duoc hién thuc
héa nho nhiing nghién ctiru tién phong cua cac nha
khoa hoc Nhat Ban. Hatsujiro Hashimoto va Toshio
Naiki (Pai hoc Cong nghé Kyoto, Nhat Ban) trong mot
nghién ctru hop tac véi Cong ty Jeol da cai tién budng
mau quanh khu vuc vat kinh, cho phép duy tri mot
luong khi véi ap suat thap ma khong gay tran khi sang
budng tao dién tir, do d6 vira cho phép chum dién tir
hoat dong an toan, vira cho phép mau c6 thé phan tng
hoa hoc véi khi dua vao véi su hd trg cia TEM holder
v6i kha ning d6t nong nhiét do cao [16]. Cai tién nay
dénh d4u sy ra doi cia ETEM va lam cho TEM lai tré
nén hiru ich hon bao gid hét trong nghién ctru hoa hoc.

Céu tric cua E-TEM dugc hoan thién vao thap ky
70 v6i nhitng dong gép 1on cia R.T.K Baker va P.S
Harris & Co quan nghién clru nang lugng nguyén tir
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Hinh 8: cdu triic ¢t chan khéng ciia E-TEM (a) (hinh diweoe sita lgi tiv [15]) va vmg dung E-TEM trong nghién ciru vit liéu nano Si,

trén va bén dudi budng mau nham ngan can khi tran
ra cac phan khac [17]. Bén canh d6, 4p sut riéng phan
cua tung khi dua vao dugc ghi nhéan chinh xac nho hé
théng phan tich khi du (Residual Gas Analyser - RGA)
(hinh 8). Do d6, E-TEM c6 thé thuc hién phan tng
giita cac khi dua vao véi mau do, va quan sat truc tiép
cAu trac do phan tng hoa hoc. Mot E-TEM hién dai sé
dugc trang bi ngudn dién tir phat xa trudng voi chum
dién tir don sic va do sang cao cung voi hé théng loai
trir quang sai nham ting d6 phan giai, mot hé thong
diéu khién chan khong tinh vi cho phép dua vao nhiéu
loai khi cho nhiéu loai phan tmg can nghién ctru, ciing
v6i hé thong holder cho phép co thé thyuc hién céc thao
tac d6t nong, 1am lanh hodc c6 thé dat thé hiéu thong
qua cac dién cuc. Mot sb thiét bi E-TEM con ¢6 trang
bi thém hé thong thau kinh Lorentz va ling kinh giao
thoa cho phép tién hanh phép toan anh dién tir, hodc
trang bi cic camera toc do cao cho phép quan sat phan
{rng hoa hoc véi toe do cao trong thoi gian thuc [18].

(b) cdu hinh chip Si sir dung cho viéc moc SINWs trong E-TEM dé hinh thanh linh kién tiép xiic don day, (c) cdc ddy SiNWs bdt dau moc ra
trén Si cantilever khi dwoc dot nong trong méi triweong khi disilance véi xiic tic vang [19], va (d, e) hinh danh déy SiNW trong thi nghiém
an mon I6p oxide (SiO,) trén bé mdt truc tiép trong méi truong khi HF trong E-TEM

(Dicot, Vuong qubc Anh), nhimg ngudi da hoan thién
hé théng bom chan khong cua E-TEM, cho phép diéu
khién 4p suat khi dua vao budng mau véi do chinh
X4c va an toan cao nhd hé thdng bom turbo ngay bén
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Vi viée tao phan tng hoa hoc trong E-TEM, céc
nha nghién ctru gan day tién hanh thyuc hién cac phan
img lang dong pha hoi héa hoc (chemical vapour
deposition - CVD) trong budng TEM cho phép nghién



ctru trye tiép sy hinh thanh cic vat liéu nano (day
nano...) truc tiép trong budng TEM: quan sat dong hoc
két tinh, hinh thanh ddy nano thong qua phan tmg CVD
theo cac co ché khac nhau (VLS, VSS...), diéu khién
qua trinh hinh thanh cac déy, qua d6 bién ching thanh
cac linh kién di€n tir nano.... Nhém nghién cutu tai
Khoa Cong nghé micro va nano (Pai hoc Ky thuat Ban
Mach) trong mét nghién ctru hop tac voi Trung tam
Nghién ctiru IBM Watson (Hoa ky) da tién hanh nghién
ctru nhu thé trén déi tuong 1a cac ddy nano Silicon
(SiNWs) moc theo co ché CVD trong budng E-TEM
[19, 20]. Trudc tién, cac chip Si duoc ché tao bang cac
ky thuat ciia cong nghé phong sach ban dan (quang
khic, an mon...) cho phép tao ra cac khung Si don tinh
thé treo lo ling trong khong gian (Si cantilevers) véi
bé mit duge phu mot 16p mang mong vang (Au) hoat
dong nhu mot 10 @bt nho trén chip (hinh 8b). Chip nay
khi dugc dot néng trong moi trudong khi Silance (SiH )
hoac Disilance (Si,H,) trong budng TEM vdi xtc tac
la 16p mang vang trén bé mat s€ dan téi moc ghép cia
cac SINWs trén cac giot vang theo phan irng phan huy
khi [19, 20]:

Si,H, > 28i + 3H, hodc SiH, > Si + 2H, ®)

Céac SINWSs moc ra sé duge quan st truc tiép bang
anh TEM dong thoi sé tao ra tiép xuc giita SINW va
Si cantilever cho phép hinh hanh mét linh kién véi 4
tiép xuc trén mot day nano Si cho cic ing dung nhu
transistor don day, cam bién sinh hoa, pin mat troi Si...

Mot diém dang chu y trong E-TEM la chum dién
tir s& phai di qua mot quang duong twong dbi dai trong
moi truong khi, va diéu nay sé 1am cho d6 phan giai
cua anh bi suy giam cling nhu cuong do cua chum dién
tir bi mat mat dang ké. O E-TEM, d6 phan giai ltc nay
thay d6i khac so v6i TEM thong thudng khong c6 moi
truong khi [21]:

(SNR)’

: ©
C°D

_ 2
dE—TEM - dTEM +

Véi d,,,, 1a do phan gidi ¢ ché d6 TEM thudng
(khong ¢6 moi truong khi) dugce cho bdi cong thie (3),
SNR 1a ty sb tin hiéu/nhiéu (signal-to-noise ratio), D
1a liéu luong (dose) cua chum dién tir, C 1a mot hang
s6 thiét bi. C6 nghia 1a v6i chum dién tir ¢ lidu luong
cao, c6 cudng do6 manh sé dé dang ting do phan giai
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ctia E-TEM. D6 1a 1y do E-TEM chi hoat dong t6t khi
duogc trang bi nguén dién tr phat xa truong c6 do don
sdc cao cung voi cudng do manh. Cung véi hé thong
diéu khién khi kha phiic tap, nhimg yéu t6 nay bién
E-TEM tré thanh thiét bi nghién ctru kha dat tién va
tdn kém khi hoat dong,

Ngay nay, v6i sy phat trién ctia cong nghé ché tao
phong sach ban dan, ngudi ta co thé bién mot thiét bi
TEM thong thuong thanh mot E-TEM quy mo nho véi
vi€c tao ra cac chip chira khi kin, vira cho phép dan khi
vao mau chira trong chip, vira cho phép dién tir truyén
qua dé thuc hién phan tng E-TEM trong khu vuc hep
cua chip. P6 chinh 1a cac microchip chtta cac kénh
dan kin (twong ty nhu cic dng din) c6 thanh mong
cho dién tr xuyén qua (thanh thuong bang SiN, BN,
graphene...), cho phép dua cac vat liéu va khi phan g
nham tao phan tng. Cai tién nay con cho phép dua
chat 1ong vao trong cac kénh (hinh 9) va tién hanh tryc
tiép phép do TEM céc phan g va qué trinh & pha
long [22] va dang 1a mot hudng nghién ctru hap dan
hién nay cho cac tng dung sinh héa, di¢n hoa sé dugc
trinh bay trong phan tiép theo.

Electron Beam s\ E

Initial ===

Hinh 9: mét thiét ké chip cho phép do In-situ TEM cdc qud trinh
ciia vt lidu nano trong méi truong chat long véi cac kénh dan mong
(microfluidics) bang SiN [22]

In-situ TEM trong nghién ciu chuyén doi nang
luong

Dbi voi cac nghién ctru chuyén doi nang luong, In-
situ TEM gan déy dic biét dugc yéu thich vi kha ning
tim hiéu tryc tiép cac qua trinh chuyén déi nang lugng
& cAp do nguyén tir, vi du nhu qué trinh lithium hoa
trong cac pin lithium nap lai, cac qua trinh dién hoa,
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cac qua trinh chuyén ddi nhiét dién trong cac vat li¢u
nhiét dién, thuc hién thi nghiém véi cac hé pin mat troi
ngay trong budng TEM... nho sy hd trg clia cong nghé
thiét ké va ché tao chip cho cac phép do TEM.

dung thiét bi phan tich phd ning lugng dién tir tan xa
khong dan hoi dit bén dudi camera ghi anh, phd EELS
dugc ghi nhan va chira cac thong tin vé& thanh phan
héa hoc, lién két hoa hoc, cac ham dién méi, hoa tri...
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Hinh 10: phén b6 ion Fe** va LiFe** trong hé hat nano LiFePO, bang phirong phiap EFTEM
dat chdt luong cao hon so véi phwong phdp hién vi tia X (MMLS) [23]

Mot diém manh ctia EELS
la n6 dac biét nhay véi cac
nguyén td nhe nén dic biét
hitu ich cho nghién ctru cac
vat liéu chtra Li, C... Mot
vi dy dién hinh 1a img dung
phép chup anh EFTEM
(Energy Filtered TEM) dya
trén phé EELS, trang thii
tich dién/phéong dién cling
nhu ban d6 phan bd Li
trong qua trinh phéng nap
cua pin da duoc xac dinh va
ghi nhan [23] (nhu mét vi
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Hinh 11: cdc thiét ké thi nghiém In-situ TEM nghién ciru qud trinh dién héa trong pin lithium [24, 25]: (a, b) “chip mé” véi cdc giot chat Iong
ionic diing lam chdt dién ly va hé cdc dién cue micro, (c) chip déng véi cdc chat dién ly long va hé dién cuc, (d) qud trinh lithium héa
day nano Si dwoc quan sat va mo ta tw thi nghiém In-situ TEM va (e) qua trinh phan huy lithium quan sat tir thi nghiém In-situ TEM

Diém doc dio cua TEM la kha nang phat hién
nguyén t6 Li, mdt nguyén t6 nhe va su dich chuyén
cua Li trong qué trinh dién hoa, bang viéc tmg dung
phd ton hao nang luong dién tir (electron energy loss
spectroscopy - EELS): khi dién tir truyén qua mau, n6

bi tan xa khong dan hdi va dong nang bi méat mat. St
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Mot xu huéng dién hinh gan day l1a tim hiéu cac
qua trinh dién héa va bién d6i cdu tric cua pin lithium
véi viée xay dung mot thi nghiém “nanobattery” ngay
trong TEM: mot hé pin siéu nho dugc bd tri trong TEM
chip, vdi cac dién cuc, méi trudng chit dién ly (thuong
dung chat 16ng) va céc tiép xuc dién trén chip cho phép
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thuc hién cac qua trinh phong nap pin va qua do6 tim
hiéu sy bién doi cau trac vat liéu tac dong téi pham
chét cua pin (hinh 11). Then chét cua ky thuat In-situ
TEM ung dung cho cac nghién ctru vé pin lithium 1a
cong nghé thiét ké va ché tao chip boi cac thanh tb
kha phirc tap doi hoi cho thi nghiém vé qua trinh dién
hoéa trong pin: cac dién cuc pin dua vao chip la cac vat
liu can nghién ciru (LiFePO,, SiNWs, Li,0,...) phai
théa man yéu to mong cho céac phép do TEM phan giai
cao; chit dién ly thuong dung 1a chat long dua vao
TEM la mét van dé khong don gian. Véi cac chip dong
kin, cac kénh dan c6 thanh mong cho dién tir truyén
qua cho phép dan cac chat long bat ky dua vao TEM
nhd sir dung TEM holder chuyén biét cho thé dan chat
long, nhung chip nay 1a mét hé vi co dién tir (Micro
Electromechanical System - MEMS) doi hoi khau ché
tao nhiéu budc va kha phic tap [24]. Cac chip mo sir
dung hé treo chat 10ng khong doi hoi chip qua phrc tap
nhung chi ¢ thé 1am viéc véi mot s6 chat 1ong vai dp
suat hoi bdo hoa thip dé khong bi bay hoi trong chan
khong, dong thoi strc cing bé mit 16n dé dang dinh w6t
va treo trong hé chip cho cac phép do TEM. Céc chat
long ion (vi du nhu (C,H,)(CH,)C,HN"N(CN)™...)
thuong dugc dung trong cac truong hop nay, va sé
thuong duoc pha thém cac mudi lithium dé tao thanh
dung dich dién ly [24, 25]. Ngoai ra, két hop v&i cac
thiét ké thanh gitr mau dic biét, nguoi ta c6 thé thuc
hién dong thoi nhiéu thi nghiém nhu kich thich quang
hoc, do dac dic tinh dan... (hinh 11, 12), ddc biét dugc
yéu thich trong cac nghién ctru vé pin mat troi va xuc
tadc quang [26, 27].

n-Si wafer

p/n
SiNWs

Source
Measure Unit

Au

Két luan

Kinh hién vi dién tir truyén qua (TEM) 1a mot cong
cu nghién ctru hién dai dugc ng dung rong rai trong
cac nghién cuu vat 1y, vat li¢u, hoa, sinh, nang lugng...
v6i kha nang chup anh dg phan giai siéu cao di kem
v6i cac phép phan tich phd manh cho cac phén tich hoa
hoc. In-situ TEM la mdt xu hudéng nghién ciru dang
dugc ua chugng trén thé gidi nho kha nang kham pha
mdi twong quan ciu tric va tinh chat vat liéu, linh kién
mot cach truc tiép, chinh x4c nhat thong qua viéc thyc
hién tryc tiép cac qua trinh dong trong budng TEM.
Véi sy hd tro ciia cong nghé ché tao chip ban dan, ki
thuat MEMS va co khi chinh xac, In-situ TEM da tr&
thanh mot phuong phap nghién ctru manh va hién dai
cho viéc tim hiéu cdu trac va tinh chat & cip do nguyén
tir trong thoi gian thyc, c6 thé tmg dung cho hau hét
cac linh vuc can nhiing thong tin & cap do do.

Thiét bi TEM van la mot thiét bi kha méi mé & Viét
Nam véi s6 luong TEM trén ca nuée chi tinh trén dau
ngdn tay va cac don vi st dung TEM mai ding ¢ mire
khai thac cac tinh ning don gian thay vi bién n6 thanh
mot thiét bi nghién ctru hitu dung cho cac nghién ctru
dinh cao. Phuong phap In-situ TEM lai cang xa la véi
hau hét cac nha nghién ctru trong nude. Va bai viét
nay nhu mot 101 giéi thiéu vé TEM, ciing nhu nhitng
huéng tiép can hién dai trén thé gidi dé khai thac hét
sttc manh cta thiét bi hién dai nay véi hy vong cac nha
nghién ctru trong nude cé thé sém dugce tiép can nhitng
phuong phép hién dai nhu vay dé hoa nhap voi cac
nghién ciru trén thé giGi.

(b)

Electron-beam

LA

a-Si Sio,

160 nm

Hinh 12: bé tri thi nghiém In- situ TEM nghién ciru pin mdt troi Si: (a) TEM holder voi hé thong nanoprobe cé thé do tirmg ddy nano Si
dé do dic tinh dan dién ciia tiép xiic p-n cho pin mdt troi [26]. (b) TEM holder duoc thiét ké dic biét cho phép doi anh sang vao méu
dé nghién ciru triee tiép sw thay déi cau tric trong qud trinh hoat déng ciia pin mat troi [27]
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Bai viét sir dung mot sé két qua nghién ciru riéng
clia tdc gia trong sw cdéng tdc véi cdc dong nghiép
nhom nghién ciru tgi Khoa Vat Iy va thién van (Pai
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luu triv nang lwong (DTU Energy) - Dai hoc Ky thudt
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Tran Trung Diing (Pai hoc Stockholm, Thuy Pién) da
doc va cé nhitng gp ¥ hitu ich dé hoan thién ban thao.
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