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Anh hudéng ciia nhiét @6 0 1én tinh chat
nhi€¢t di€n cua mang mong ZnO pha tap Ga

Nguyén Hong Ngoc, Lé Nguyén Bao Thu, Phan Bach Thing

Tom tit—Mang ZnO pha tap Ga (GZO) ché tao
bing phuong phap phun xa Dc magnetron, tiép theo
dwgc @ nhiét trong khong khi tai 400 va 500°C trong
5 gio. Khio sat anh hwong ciia nhiét dd @ 1én cAu
triic tinh thé va tinh chit nhiét dién ciia mang méng
GZO cho thiy qua trinh @ nhiét da c6 tac dung tich
cwc Ién tinh chét nhiét dién cia mang: (1) Hé sb
cong suét nhiét dién ting do d din dién ting nhd
dd linh dong ting khi mang GZO dwoc tai két tinh &
nhiét dd cao; (2) Hé s6 chuyén ddi nhiét dién ZT ciia
mang dwgc i ¢ 500°C tang 1 bac (ZT = 0,114) so v6i
mang chwa i nhiét (ZT = 0,012). Két qua khao sat
phd quang phat quang cho thiy sw cai thién vé tinh
chét nhiét dién c6 lién quan dén sw hinh thanh cac
loai khuyét tat trong qua trinh phiin xa ciing nhuw
qua trinh @ nhiét, trong dé6 khuyét tit VO va Zni
chiém wu thé,

Tir khod—mang méng ZnO pha tap Ga, tinh chit
nhiét dién, khuyét tat

1 MOPAU

Vét liéu nhiét dién 1a loai vat li¢u c6 kha nang

chuyén d6i nhiét ning thanh dién niang dwa
trén hiéu rng vat 1y Seebeck: Sy chénh 1éch nhiét
d6 dwoc duy tri ¢ hai ddu cua vat liéu s& sinh ra
mot dién thé. Hiéu sudt chuyén ddi nhiét ning
thanh dién nang duoc goi la hé sb phém chét nhiét
dién (figure of merit) Z (K') duoc x4c dinh thong
qua cong thirc sau [1-5]
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Trong d6, S 1a hé sb seebeck (V/K), o 1a do dan
dién (S/m), « 1a d6 din nhiét (W/mK). Vat liéu
nhiét dién c6 hé s6 do pham chit ZT cao can co
hé s6 Seebeck S, d6 dan dién o cao nhung do dan
nhiét « phai thap. Tuy nhién 3 tham sé trén khong
doc 1ap ma phu thudc nhau, dic biét 1a déu phu
thuoc vao ndng do hat tai dién n: S va o bién
thién nghich véi nhau theo nong do hat tai nhung
o va « lai bién thién gidng nhau theo nong d¢ hat
tai. Do sy lién két chat ch& giira hé s6 Seebeck S,
d6 dan dién o cao va d6 dan nhiét k ma cac
nghién ctru vé vat liéu nhién dién c6 hé sé pham
chat nhiét dién ZT cao da khong co sy dot phéa
dang ké nao trong thoi gian dai do cai thién do
dan dién ciing lam gia ting do dan nhiét.

Po dan dién va d6 dan nhiét trong cong thic
(1) déu phu thudc vao cau trdc tinh thé cua vat
licu. Do dan dién cua vat lidu phu thudc vao ndng
d hat tai va do linh dong cua hat tai. Nong do hat
tai cua vat liéu cd thé dugc diéu khién bang pha
tap ddi vai chat ban dan. D6 linh dong cua hat tai
phu thugc vao chit lwong cua ciu trdc tinh thé va
cac sai hong ton tai bén trong céu tric tinh thé.
Céc sai hong vbn ton tai bén trong ciu trdc tinh
thé s& gay ra tan xa, lam giam do linh dong cua
hat tai, 6 dan dién cua vat liéu giam. Ddng thoi,
C4C tAn xa nay ciling lam giam do dan nhiét cho
vat liéu. Day chinh 1a 1y do khién viéc ché tao vat
lieu nhiét dién c6 hé sé pham chat ZT cao gap
nhiéu kho khan.

Vit lieu mang mong ZnO vai dai nhiét d6 hoat
dong rong va cao nén dugc nghién ctu nhim cho
&ng dung nhiét dién [1-5] Tinh chét nhiét dién cua
mang mong ZnO c6 thé dugc didu khién thong
qua qué trinh pha tap va cai thién cAu tric tinh thé
cia miu. Yamaguchi da cong bd gia tri ZT cua
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vat liéu khdi AZO:Ni va AZO:Sm tai 1073 K la
0,126 va 0,102 [6] Nhém tac gia Takemoto thu
duoc ZT cua vat liéu kh@l (Gao,ooz,m o,ooz)zno,ggeo
120,19 6 773 K [7].

Trong cac nghién ciru trudce, ching t6i da ché
tao mang mong ZnO thuan khiét, ZnO pha tap
Ga, ZnO pha tap dong thoi Ga va In. Cac két qua
XRD, EDX va FESEM thé hién rd anh huong cua
nguyén té pha tap Ga, In 1én cau trdc tinh thé va
d6 két tinh cua mang mong ZnO. O cung diéu
kién ché tao, mang mong ZnO pha tap Ga c6 ciu
trdc tinh thé tt nhat [2, 3]. Trong nghién ciru nay,
chiing t6i tiép tuc khao sat tinh chat nhiét dién cua
mang mong ZnO pha tap Ga theo nhiét do 1.

2 THUC NGHIEM

Mang mong ZnO pha tap Ga duoc ling dong
trén dé silic bang phuong phap phun xa
magnetron DC trén hé phdn xa Univex 450. Bia
phin xa duoc st dung la bia gém ZnO pha tap
5 % n.t. Ga. Bia gdm phin xa dugc ché tao tir hdn
hop bot ZnO va Ga,03 ¢ d6 tinh khiét 99,999 %.
Ap suat nén 1a 6x10° (chuyén sang Pa), 4p suét
lam viéc 1a 4,5x10°3, khoang cach bia dé 12 5 cm,
cong suit phin xa 1a 60 W va luu lwong khi Ar 13
20 sccm. Mang mong ZnO pha tap Ga xac dinh
bang phuwong phap dao dong thach anh va phuong
phép Stylus v&i may Dektak 6M ¢ do day xap xi
1100 nm. Sau khi ché tao mang duogc tiép tuc u
nhiét ¢ 400 va 500 °C trong khdng khi, thoi gian o
5 gio. Cau trlc tinh thé cua cac mang dwoc Xac
dinh bang phuong phap nhidu xa tia X trén may
D8 Advance-Bruker. Cac khuyét tat trong céc
mang dugc khio sat bang phuwong phap quang
phét quang. Tinh chit nhiét dién ciia mang duoc
khao séat bang thiét bi ZEM-3 (ULVAC) va ky
thuét nhiét phan xa (Temperature-dependent time-
domain thermoreflectance - TDTR).

3 KET QUA

Céu tric tinh thé cia mang méng GZO theo
nhiét do G

Gian 6 nhiéu xa tia X cua ca ba mang mong
chua u (GZO@Asde) va u (GZO@400 va
GZO@500) chi xuét hién mot dinh nhidu xa & vi
tri goc 26 khoang 34,4°, dac trung cho mat mang
(002) trong mang tinh thé luc gidc wurtzite cua
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vat liéu ZnO. Piéu nay cho thay qua trinh 1 nhiét
van duy tri cdu trdc tinh thé wurtzite déc trung.
Dac biét, nhiét d6 u cao di lam bién doi chat
luong tinh thé thé hién ¢ su cai thién cuong do
dinh XRD - théng s6 quan trong dé danh gia muc
do tinh thé hoa ciia cac mang mong. Tir cuong do
ctia cac dinh nhidu xa ¢ hinh 1, nhan thiy cudng
d6 dinh XRD cua mang mong GZO@500 la cao
nhat, chang t6 miu co do tinh thé hoa tét nhat.
Gian dd nhidu xa tia X chi xut hién duy nhat mot
dinh nhiéu xa cia mat mang (002) thuoc ZnO nén
c6 thé két luan khong ton tai cac pha dxide Ga,0s3
bén trong mang.

{002)

GZO@500 J\
GZO@S500 ﬂ
GZO@Asde A

26 28 30 3.2 34 36 38 40
26 (deqg.)

Hinh 1. Gian d6 nhidu xa tia X cta cac mang mong GZO theo

nhiét d6 u

Intensity (a.u)

Tinh chit phit quang cia mang méng GZO
theo nhiét do G

Trén céc phé quang phat quang (PL) & Hinh 2
déu xuat hién nhiéu dinh phat quang, dac biét s6
lugng dinh phat quang va cuong d6 cac dinh khi
nhiét do G tang. Su xuat hién cac dinh phat quang
& céc vi tri budc song khac nhau chuang to cé su
ton tai nhiéu loai khuyét tat trong cac mau. Vi tri
cac dinh phat quang cho phép xac dinh muic nang
lwong cua cac khuyét tat trong ving cim, cudng
d6 cac dinh nay cho phép xac dinh mot cach gan
dung mat do céc loai khuyét tat tuong tng [9,10]

Céac dinh phat quang c6 budc song 378 — 384
nm ng vai dich chuyén ving-ving (Near-band
edge NBE), dédc trung cua vat liéu ZnO [23 — 27].
Céc dinh phéat quang 389 — 398 nm xac dinh su
ton tai cua khuyét tat Zn ¢ vi tri xen k& [23 — 26,
31, 32]. Cac dinh phéat quang trong vung 400 —
700 nm duoc xac dinh thudc cac loai khuyét tat 1a
nat khuyét Zn (Vzy), Ga thay thé Zn (Gaz,), Zn
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xen k& (Zm), nat khuyét oxy (Vo), dxy xen k&
(Oi), bxy tai vi tri cua Zn (Ozn) va Zni— O; [11-
25].
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Hinh 2. Phé quang phét quang PL clia cic mang mong GZO
theo nhiét d6 u

Anh huéng cua nhiét do u I1én ciu tric va tinh
chit ciia mang GZO duoc thé hién rd qua sy xuat
hién cta 2 dinh phéat quang tai dai budc séng 442
— 444 nm va 735 — 755 nm, (tng véi khuyét tat Zn
xen k& va Vz,—Oi. C4c khuyét tat trén dugc hinh
thanh trong qua trinh hinh thanh mang, pha tap va
qua trinh G nhiét.

Céc khuyét tat Vo va Zn; dong gop vao mat do
dién tr dan. Nguoc lai, cac khuyét tat Vz, va O;

lam giam mat do d6. Cac két qua da cong bd cua
nhém xéac dinh hat tai chinh trong cac mang GZO
la dién ta, do d6 cac khuyét tat Vo va Zn; ¢d thé
6 nong do cao hon.

Céc loai khuyét tat trong cac mang mong Va
mirc nang lugng twong g dugc trinh bay chi tiét
trong bang 1.

Tinh chit nhiét dién ciia mang méng GZO
theo nhiét do G

Hinh 3 thé hién hé sb cong sudt nhiét dién (PF
= 00) clia cdc mang méng GZO theo nhiét d6 1
dugc khao sat trong khoang nhiét d6 do tur 30 —
300°C. Cac mang mong GZO@400 va
GZO@500 c6 gia tri PF tang theo nhiét d6 (hinh
3). Pac biét, mang mong GZO@500 c6 PF =
4,39x10* WmK2 & 300 °C, cao hon gia tri clia
ciu tric sidu mang InGaO3(ZnO)m béo cdo boi
nhém tac gia [26]. Hé s6 cong suat ting c6 thé do
d6 dan dién tang: do linh dong ting vi d¢ két tinh
clia mang mong tdt hon khi duoc 0 & nhiét do
cao.
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Hinh 3. Hé s6 cong sut nhiét dién ciia cdc mang mong
GZO theo nhiét do u

Do dan nhiét toan phan K dugc trinh bay &
Hinh 4. Qua trinh U nhiét lam tang d6 dan nhiét
ctia cac mang mong GZO. Tuy vay, do dan nhiét
ctia cAc mang mong GZO déu giam theo nhiét do
do.
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Bing 1. Céc loai khuyét tat tn tai trong cac mang mong GZO theo nhiét do
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Hinh 4. B6 dan nhiét toan phan ciia cdc mang méng GZO
theo nhiét d6 u

Hinh 5 cho thiy hé s6 chuyén d6i nhiét dién ZT
cua cac mang mong GZO déu tang theo nhiét do
do. Qua trinh u nhiét cai thién dang ké gia tri ZT.
Mang mong GZO@500 c6 ZT ~ 0,114 ¢ 300 °C,
gié tri nay cao hon dang ké so véi cac gia tri ZT
da cong b veé vat lieu khdi ZnO pha tap Fe (ZT ~
0,005 & 400°C),27 vat ligu khdi ZnO pha tap Al
(ZT ~ 0,01 ¢ 600 K)28 va vat liéu khbi ZnO ddng
pha tap Al va Ga (ZT ~ 0,01 ¢ 400 K) [29].

Nhiét dé (°C)

Hinh 5. Hé s6 chuyén d6i nhiét dién ZT cta cic mang mong
GZO theo nhiét d¢ 1

4 KET LUAN

Mang mong ZnO pha tap Ga (GZO) duoc
ling dong trén dé Si bang phuong phap phun xa
DC magnetron. Qua trinh G nhiét trong khong khi
¢6 anh hudng tich cyc Ién tinh chét nhiét dién cua
mang mong GZO. Cu thé 1a: Hé sé cong suit
nhiét dién ting nhd mang dwoc tai két tinh t6t hon
& nhiét do cao din dén do din dién cua mang
tang; He $6 chuyén ddi nhiét dién ZT cua mang
duogc 4 ¢ 500 °C ting mdt bac (ZT = 0,114) so vai
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mang chua u nhiét (ZT = 0,012). Két qua khao sat
phd quang phat quang ctia cic mau GZO cho thiy
tinh chat nhiét dién duoc cai thién 1a do sy hinh
thanh cac khuyét tat trong mang phtin xa va trong
quéa trinh U nhiét, trong d6 khuyét tat Vo va Zn;
chiém uu thé.

Loi cdam on: Nhom tic gia chdn thanh cam on
Qiiy NAFOSTED (103.02-2015.105) da tai tro
cho nghién ciru nay.
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Abstract—We deposited successfully Ga-doped
ZnO (GZO) thin films by using magnetron Dc-
sputtering technique, followed by annealing. The
effects of the thermal annealing on thermoelectric
properties of GZO films were investigated. The
obtained results showed that due to annealing, the
thermoelectric properties of the GZO films were
significantly enhanced: (1) power factor increased
with an increase of electron mobility due to high

film crystallinity; (2) The figure of merit ZT values
of the GZO film annealed at 500 oC (ZT = 0.114)
was one order higher the asdeposited GZO film (ZT
= 0.012). The room temperature photoluminescence
(PL) spectra depicted various kinds of point defects
which controlled thermoelectric properties and both
oxygen vacancies VO and zinc interstitial Zni played
an important role.

Index Terms— Ga-doped ZnO thin films, thermoelectric properties, point defects.
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