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TOM TAT

Chiing t6i d& ché tao thanh cdng mang méng
ZnO thudn, ZnO pha tap Ga, ZnO pha tap dong
thoi Ga va In bang phwong phdp phin xa
magnetron dc. Céc kér qua XRD, EDX va
FESEM thé hién 1 dnh huéng ciia nguyén té pha
tap Ga, In I&n Cdu tric tinh thé va do két tinh cia
mang mdng ZnO. Mang mong ZnO pha tap Ga
c6 tinh thé tot nhdat. Mang mong ZnO dugc dong

pha tgp Ga va In c6 tinh tinh thé kém hon so véi
mang GZO va ZnO. Bang cdch pha tap don chat
(Ga) va luéng chat (Ga va In), ching téi da diéu
khién dwoc cau tric tinh thé cia mang méng
ZnO. Dua va0 cac két qua trén, cac nghién ciru
Vé tinh chat nhiét dién cia cdc mang mong ZnO
thuan va ZnO pha tap dang dwoc tién hanh.

Tir khéa: mang mong ZnO, pha tap, Ga, In, Céu triic tinh thé

MG PAU

Mang mong oxide dan dién trong suét nhu
In,O3 pha tap Sn (ITO), SnO; pha tap F (FTO)
dugc st dung lam dién cuc dan dién trong sudt
trong cac thiét bi quang dién tir (man hinh hién
thi, pin mat troi...). Gan day, c6 nhiéu nghién
ctru va cong bd khoa hoc vé mang mong oxide
ZnO pha tap (B, Ga, In, Al...) nham tng dung
lam dién cuc trong subt nhu ITO va FTO vi vat
liéu ZnO cé céc thuan lgi voi gia thanh ré do trix
lwong quang 16n, c6 dién tré suét thap gan tuong
duong mang ITO khi pha tap thich hop, d6 hip
thu thap hon ITO trong ving kha kién.

Bén canh cac ung dung néu trén, vat liéu
Zn0O ciing duoc nghién cau cho tng dung nhiét
dién [1-6]. Hién nay, nang lugng nhiét dugc quan
tam nghién ciru cho chuyén hoa thanh dién ning
véi céc ly do sau: (1) nhiét nang ton tai khap moi

noi, tir nhiéu nguén nhu anh sang mat troi, nhiét
du tir may moc, than nhiét con nguoi..., (2) qua
trinh chuyén hod nhiét ning thanh dién ning
khong gay tac hai tiéu cuc dén méi truong séng
nhu khong gdy ra tiéng on, khong cé chat thai...
(3) va nang cao hiéu suat sir dung cua céc nhién
lidu khac nhu xing dau trong dong co dét trong
vi hién nay dong co ddt trong ¢ hiéu suat thap
do mét phan Ién xing dau bi tiéu hao thanh nhiét
du [1-24].

Vat liéu nhiét dién la loai vat liéu co6 kha
ning chuyén d6i nhiét ning thanh dién nang dya
trén hiéu ung vat ly Seebeck: su chénh Iéch nhiét
d6 duoc duy tri ¢ hai dau cua vat liéu s& sinh ra
mot dién thé. Nhiing vat lidu c6 do dan dién cao
nhu kim loai lai ¢6 hé sb Seebeck rat nho, trong
khi d6, chét ban dan c6 hé sé Seebeck Ion lai co
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do dan dién kém hon. Do dan dién va d¢ dan
nhiét déu phu thudc vao cau trdc tinh thé cua vat
lidu. Do dan dién cua vat liéu phu thudc vao nng
d6 hat tai va do6 linh dong cua hat tai. Nong do
hat tai cua vat liéu c6 thé duoc diéu khién bang
pha tap d6i voi chat ban din. Do linh dong cua
hat tai phu thudc vao chét luong caa ciu trdc tinh
thé va cac sai hong ton tai bén trong cau tric tinh
thé. Cac sai hong vén ton tai bén trong cau tric
tinh thé s& gay ra tan xa, lam giam do linh dong
cua hat tai ciing nhu d6 din dién caa vat liéu
giam. Pdng thoi, cac tan xa nay ciing 1am giam
d6 dan nhiét cho vat ligu. Pay chinh 1a ly do
khién viéc ché tao vat liéu nhiét dién co hé sé
pham chat ZT cao gap nhiéu kho khan.

Trong nghién cttu nay, bén canh muc tiéu cai
thién d6 dan dién cia mang ZnO bang cach pha
tap Ga va In, ching t6i ciing mudn diéu khién do
tinh thé cia mang mong ZnO pha tap théng qua
sy chénh léch ban kinh gifra cac ion Zn?*, Ga®* va
In3* (ion Zn2* ¢6 ban kinh 16n hon ion Ga®* va
nhé hon ban kinh cua ion In®"). Quan diém dugc
dua ra 13 sy bu trir chénh l1éch 16n nhé gitta cac
ban kinh ion khi duoc pha tap véi mét ti 1€ thich
hop s& giup diéu khién tinh tinh thé cia mang
mong ZnO. In va Ga déu thugc nhém IIIA, déu
dong vai trd donor khi pha tap nén nong do hat
tai cao van dugc dam bao. Phuong trinh sai hong
khi pha tap cua Ga va In vao mang moéng ZnO
déu cho mat electron dan trén mdi nguyén tir pha
tap.

Gay, — Gag,+e (1)

Iy, — Inj;+e (2

VAT LIEU VA PHUONG PHAP

Mang méng ZnO thuan, pha tap Ga, dong
pha tap Ga va In dwoc ling dong trén dé thuy tinh
soda-lime Marienfeld (Germany) bing phuong
phép phln xa magnetron cao 4p mat chiéu (Dc-
sputtering) trén hé phin xa Univex 450. Bia phin
xa duoc sir dung 1a bia gém ZnO thuan khiét, bia
gém ZnO pha tap 5 % at Ga, bia gbm ZnO dugc

ddng pha tap 4,5 % at Ga va 0,5 % at In. Céc bia
gém phdn xa duoc ché tao tir hdn hop bot ZnO,
Ga,03 va In203 c6 do tinh khiét 99,999 %. Ap
suit nén l1a 6x10° torr, 4p suat lam viéc la
4,5x107 torr, khoang cach bia dé la 5 cm, cong
suit phan xa 1a 60 W va Iuu luogng khi Ar 1a 20
scem. Trudc khi phin xa, dé thuay tinh dwoc tay
rira trong bé siéu &m bang dung dich NaOH 1 %,
acetone, nudc cat va sau do tiép tuc duoc tay ria
bang plasma trong budng chan khéng 15 phut
trudc khi phan xa. Cu trc tinh thé cua cac mang
mong dugc xac dinh bang phuong phap nhidu xa
tia X trén may D8 Advance-Bruker. Thiét bi hién
vi dién tr quét phat xa truong (FESEM) dugc st
dung dé danh gia hinh thai hoc bé mat cac mang
mong. Thiét bi tan sic ning luong tia X (EDX)
dugc sir dung nhim xac dinh céc thanh phan
nguyén tir ton tai trong cac mang mong. Do day
cac mang mong duoc xac dinh bang phuong phap
dao dong thach anh va phuong phap Stylus vai
may Dektak 6M. Cac mang mong ZnO, ZnO pha
tap Ga (GZ0), ZnO pha tap Ga va In (IGZO) c6
d6 day khoang 1100 nm.
KET QUA VA THAO LUAN
Céu triic tinh thé ciia mang méng ZnO thuin
va ZnO pha tap
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Hinh 1. Gian d4 nhiéu xa tia Xcta cic mang mong (A)
Zno, (B) GZO va (C) IGZO
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Gian do6 nhidu xa tia X cua ca ba mang mong
Zn0, GZO, IGZO cho thiy hai dinh dic trung
cao nhét & vi tri goc 20 khoang 34,4 °va 69,2 °.
Trong d6, dinh & vi tri 69,2 ° dic trung cho mit
mang Si (400) cuaa dé Si [7]; dinh con lai 12 vi tri
dac trung cho mat mang (002) trong mang tinh
thé luc giac wurtzite cua vat liéu ZnO. DPiéu nay
cho thdy, ké ca d6i véi mang pha tap GZO va
IGZO, van ton tai dang ciu tric tinh thé wurtzite
ddc trung nay. Pha tap & mac nay khdng lam thay
dbi dang c4u tric tinh thé cua vat liéu, tuy nhién,
pha tap 1am bién d6i chat Iuong tinh thé, dinh
huéng va kich thuéc hat cia mang mong. Diéu
nay thé hién qua su bién ddi cac gié tri cua vi tri
dinh phd, sb luong cac dinh phd, cuong do dinh
phd va do béan rong. Khi céc tap chat duoc pha
tap vao mang, ching c6 thé ton tai dudi dang
thay thé cation Zn, ton tai tai vi tri xen kg, tai
bién hat hoic & dang oxide Ga,Os, In,0s. Phd
nhiéu xa tia X khong cho thdy cac dinh dic trung
cho oxide nén c6 thé két luan khong ton tai cac
pha oxide Ga,0s, In,03 bén trong mang.

Bing céach so sénh vi tri cac dinh phé (002)
trong cac mau ZnO, GZO, 1GZO véi dinh dic
trung (002) cua bdt ZnO & vi tri goc 20 ~ 349, ¢o
thé dy doan duoc tng suét ton tai trong cac mau
mang mau. Céc vi tri dinh (002) cia ca ba miu
déu c6 gia tri nho hon 34,44 °, du doan g suat
ton tai trong ba mang déu la ung suit nén [8].
Diéu nay s& dugc kiém chung cu thé dya vao két
qua tinh toan (Hinh 2C). Su bién ddi vi tri cac
dinh phd duoc gay ra c6 thé do cac nguyén nhan
nhu sy thay thé, xen k& cua céc ion tap chat, su
t6n tai cua cac sai hong, (ng suat hay sy bién doi
thanh phan pha bén trong mang. O ba mau mang
mong nay, su thay doi vi tri goc 26 phu hop véi
dinh luat nhidu xa Bragg 2dsin® = A. Ban kinh
cia Ga** nho hon so v6i Zn%*, dan dén khoang
cach giira cac mat mang trong mau GZO giam so
Vi ZnO, gia tri cua goc theta cua miu GZO
(34,42 %) 16n hon ZnO (34,21 °). Tuong tu, ban

kinh cta In®* 16n hon Zn?*, gia tri cia géc theta
giam tir 34,42 ° (GZ0) xudng 34,33 ° (IGZO0).

Do ban rong (FWHM) cia cac dinh phé 1a
mot thdng sé quan trong dé danh gia do tinh thé
cua cac mang mong. Tir Hinh 1 nhan thiy rang
mang mong GZO co do tinh thé tét nhat do c6 do
ban rong hep nhat. o ban rong rat nhay véi tinh
tinh thé cua mang mong do tir gia tri cua do ban
rong, c6 thé tinh dugc kich thudc hat cua mang.
Déi voi mang mong c6 tinh dinh hudng cang cao,
tic 1a cudng d6 dinh phd cang lén, hinh dang phd
cang hep va ddi xtng, hat tinh thé phat trién wu
tién theo mot hudng nhét dinh, kich thudc hat s&
cang lon. Kich thuéc hat (D) duoc xac dinh theo
cong thire Sherrer théng qua dé ban rong cua cac
dinh nhiéu xa. Budc séng st dung trong phuong
phap phan tich la Cu Ka, A = 0,15406 nm.

_ 09
~ Bcosd ©)

V6i B 1a d6 béan rong cua dinh phd (FWHM)
Mat d6 bién dang:
§=1/D> (4

Ung suét cia mang mong duoc tinh dya vao
cbng thac Hoffman:

2
— 2C13- C33(Cu1 + C12) (€ - Co)
Ci3 Co

()

Trong d6, € 1a tng suat dan hdi, ¢ 12 hang sb
mang theo truc ¢ cia mang moéng déi voi mat
(002) duoc tinh bang cong thirc ¢ = A/sin©, co=
0,5206 nm la hiang sb mang truc ¢ cua vat liéu
khéi, Cjj 1a hang s6 dan hoi caa tinh thé wurtzite
Zn0O c06 cac gid tri dugc trinh bay trong Bang 1.

Bang 1. Gi4 tri cac thong sé Cj

Cautric | Cu Ci2 Cis Css

ZnO | Wurtzite | 209,7 | 121,1 | 105,1 | 210,9
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Hinh 2. C4c thng sb cu trac tinh thé ctia cdc mang
méng ZnO, GZO,Va IGZO: (A) Kich thudc hat tinh
thé, (B) Mét do bién dang duong va (C) Ung suat nén

Két qua tinh toan theo cong thirc (3-5) dugc
trinh bay & Hinh 2 cho thiy mang méng IGZO ¢6
kich thudc hat tinh thé nho nhat, mang mong
GZO c6 kich thudc hat tinh thé I6n nhat. Nhan
thy riang, mang mong c6 cudng do dinh nhidu xa
cang cao va dd ban rong cang nho thi kich thudc
hat cang Ion. Ung suat tinh dugc déu mang gié tri
am, c6 nghia 1a tng suit ton tai bén trong céc
mang mong déu 1a tng suat nén. V& do 16n, mang
mong ZnO ¢6 tng suat nén Ion nhat va mat do
bién dang cao nhat. Ung sut nén ton tai trong
mang moéng ZnO chu yéu la tng suét giita dé Si
va mang. Mang mong GZO ¢6 ing suat nén va
mat do bién dang nho nhat, gay ra do sy chénh
léch ban kinh ion gitta Ga®* (0,062 nm) va Zn?*
(0,074 nm). Vi mang mong 1GZO, do su c6 mit

caa In®* voi ban kinh ion 16n nhét (0,081 nm),
(ng Suit nén trong mang ting 1én so véi Mau
GZO.
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Hinh 3. Gian d4 nhiéu xa tia X & thang chia nho cta
cac mang mong (A) ZnO, (B) GZO va (C) IGZO

Ngoai dinh phé dic trung (002) c6 cudng do
cao nhat, gian d6 nhiéu xa tia X con cho thiy cac
dinh phé khac voi cuong d6 nho hon (Hinh 3).
Diéu nay chimg minh khong ton tai chi duy nhat
mot dinh huéng wu tién theo mat (002) ma con
t6n tai cac dinh hudng tinh thé khac nhu (100),
(001). Pinh phé dic trung cho Si (200) ciing XUt
hién. Trong 3 mang ZnO, GZO va IGZO thi
mang mong ZnO c¢6 nhiéu dinh huéng tinh thé
nhét, bao gdm cac dinh huéng mat (100), (002)
va (101), thé hién tinh da tinh thé ciia mang. Két
hop Véi céc yéu té nhu cuong do cua dinh (002)
cao nhat, do ban rong nho nhat, kich thuéc hat
tinh thé 16n nhét, c6 thé két luan rang mang GZO
c6 tinh tinh thé tét nhat trong ca ba mau mang
méng. Mau 1GZO chi ¢6 mét dinh hudng duy
nhat 1a (002) nhung c6 cuong d dinh phd 1a thap
nhét, d6 ban rong 16n nhét va kich thuéc hat nho
nhit. Mau 1GZO co tinh tinh thé kém hon cac
mang ZnO va GZO.
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Phé tan sic ning lwong tia X (EDX) ciia cac mang méng ZnO thuin va ZnO pha tap

ull Seale 20851 cfs Cursor; 0000

ull Scale 20851 cfs Cursor: 0.000

Hinh 4. Phé EDXcua cic mang méng (A) ZnO, (B) GZO va (C) IGZO

Phé tan sic ning lugng tia X cho biét ti 1&
thanh phan cac nguyén té thuc té ton tai trong cac
mang mong dya vao viéc ghi lai phd tia X phat ra
tir vat rin do twong tac véi cac chum dién tir 6
ning luong cao trong cac kinh hién vi dién tu.
Hinh 4 x&c nhan sy ton tai cua cac nguyén té Zn,
0, In va Ga trong cac mang mong. Thanh phan ti
Ié cac nguyén té thuc té bén trong cac mang
mong (Bang 2) c6 su khéc biét véi thanh phan
pha tron trong bia.

Bang 2. Phan traim nguyén tir % at thu dwoc tir
phuong phéap phéan tich EDX ctia cac mang mong
Zn0, GZO va IGZO

Ga In Si
OK | ZnL Total

L L K
ZnO | 52,57 | 47,17 0,26 100
GZO | 52,91 | 43,70 | 2,82 0,57 | 100
IGZO | 53,45 | 43,25 | 259 | 0,33 | 0,38 | 100

Ti 1& phan trim khéi lwong va nguyén tir O
trong mang ting nhung khong dang ké theo thir

tuy ZnO, GZO, 1GZO. Tong ti Ié thanh phan cac
cation Zn, Ga, In ciia cac mau lai c6 su giam theo
thar ty ZnO, GZO, 1GZO. Ti Ié cua Zn trong mau
mang mong ZnO nhé hon so vai mang ZnO pha
tap (GZO va 1GZ0) c6 thé do su thay thé cua cac
ion Ga®* va In®* & vi tri cta ion Zn?*. Khi so sanh
ti I¢ thanh phan Zn giira hai mang GZO va 1GZ0,
ti I¢ thanh phan nguyén tir cua Zn trong mau
IGZO kém hon so véi mau GZO du tong thanh
phan nguyén tir pha tap khi ché tao bia trong ca
hai mau déu bang 5 %. Ti 1¢ thanh phan cua Ga
trong mang GZO nho hon trong mang IGZO do ti
I¢ thanh phan pha tron trong bia ciia mau ché tao
GZO nho hon ciia mau IGZO.
Hinh thai hec bé mit clia cac mang méng ZnO
thuan va ZnO pha tap

Hinh 5 1a hinh anh bé mat cia cac mang
méng thu duoc tir kinh hién vi dién tir quét hiéu
tmg truong FESEM véi d6 phan giai cao cho biét
hinh thai hoc bé mit cia cac mang méng ZnO,
GZ0O va IGZ0.
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Hinh 5. Anh FESEM cua cac mang méng (A) ZnO,
(B) GZO va (C) IGZO

Mang mong ZnO cd hinh théi cac hat tuong
dbi r6 rang hon so voi cac mang mong GZO va
IGZO. Anh FESEM cua mang méng ZnO cho
thy cac hat khong dong nhat trén toan bg bé mat
mang. Nguyén nhan la do mang mong ZnO co
nhiéu dinh huéng phat trién nhat trong ca ba
mau, pht hop véi két qua XRD & Hinh 2: cac
dinh hudng tinh thé khac nhau cho cac hinh thai
hat trén b& mit co kich thudc va hinh dang khéc

nhau cling ton tai trén bé mat. Mang mong GZO
¢6 bé mat nhan va phang hon, bién hat thé hién
trén anh khong rd rang nhu mang ZnO. V& mat
d6 mang quan sat duoc trén bé mat, mang mong
IGZO c6 @6 xép chat kém hon cac mang mong
Zn0O va GZO.

Kich thuéc hat quan sat tir anh FESEM c6
gia tri khac so voi két qua tinh toén tir gian do
nhiéu xa XRD. Nguyén nhan 1a do hat tinh thé
quan sat dugc trén anh FESEM la nho vao cac
bién hat ¢ thé quan sat duoc trén anh, trong khi
phuong phap XRD xac dinh kich thugc cua cac
viing tinh thé nhé trong mang nho vao hién tuong
cong huong caa cac tia nhiéu xa.

KET LUAN

Mang mong ZnO thuan khiét, ZnO pha tap
Ga, ZnO pha tap dong thoi Ga va In duoc ché tao
bang phwong phap phin xa magnetron Dc. Cac
két qua phan tich XRD, EDX va FESEM cho
thay rd su anh huong cua pha tap Ga, In lén cu
trac tinh thé va do két tinh caa mang mang ZnO.
Mang mong ZnO pha tap Ga c6 cAu tric tinh thé
tét nhat. Mang méng ZnO dong pha tap Ga va In
6 ciu trac tinh thé kém hon so véi mang GZO
va ZnO. Diéu nay ching to, bang cach pha tap
don chét (Ga) va ludng chat (Ga va In), ciu tric
tinh thé cua mang mong ZnO dwoc cai thién. Cac
nghién cuu tiép theo sé& tap trung vao viéc khao
st tinh chat dién (ndng do hat tai, o linh dong
va dién tro suat, hé sb Seebeck) cua cac mang
mong ZnO, GZO va IGZO. Bén canh do, phuong
phap XPS s& duoc sir dung nham xac dinh trang
thai ion hoa cua céc nguyén té pha tap Ga va In
trong mang.

Loi cam on: Noi dung nghién citu trong bai
bdo du’aq thue hién voi su ho tro kinh phi t@r Quy
phat trién Khoa hoc va Cong nghé quoc gia
(NAFOSTED - 103.02-2015.105).

Trang 89



Science & Technology Development, Vol 19, No.T3-2016

Investigation of the crystal structure and the
morphology of In and Ga-doped ZnO thin
films applied for thermoelectric materials

e Nguyen Tran Hong Nhat
University of Technology, VNU-HCM
e Tran Cao Vinh
e Phan Bach Thang
University of Science, VNU-HCM

ABSTRACT

Undoped ZnO, Ga-doped ZnO, Ga and In
dually doped-ZnO thin films were deposited by
using magnetron Dc technique. Results from
XRD, EDX and FESEM confirm influences of Ga
and In dopants on the crystalline structure and
the crystallinity of the ZnO thin films. Ga-doped
ZnO thin films possess the highest crystallinity,

while In and Ga dually doped-ZnO thin films
were the worst. Through single and dual doping,
the crystalline quality of the ZnO thin films can
be controlled. Further researchs will be focused
on the thermoelectric properties of the undoped
ZnO and doped ZnO thin films.

Key words: ZnO thin films, dopants, Ga, In, Crystalline structure
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