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Tom tit

ang mong HIGZO duwoc ché tao tir bia gom ZnO dong pha tap 3
Mnguyén 16 Ga, In va H trén dé thiyy tinh bang phwong phdp phin

xa magnetron DC, v&i ham liwong tap chdt In thay doi (0.05 - 0.1)
at.%, Ga (0.05 - 0.35) at.% va ti ¢ dp sudt khi riéng phan H /(Ar+H,) tir (0%
- 3.5%). Tinh chat dién, cau truc tinh the, dac biét la do linh dong dién tir phu
thudc rat I6n vao ham lwong pha tap Ga, In va khi H, sur dung trong quda trinh
cheé tgo. Keét qua cho thay mang mong thu dwoc tw bia ZnO dong pha tap 0.1
at.% Gava 0.05 at.% In, ¢ nhiét dj dé 100°C va ti 1é khi H/(H,+Ar) = 3.5%
(HIZO) cho két qua tot nhat. PJ linh dong dién tir thu dwoc dat 50 cm*/Vs,
cao hon nhiéu so véi mang IGZO ¢ cdc ti 1é pha tap khdc va so véi mang 120
khi chwa pha tap khi H, Di¢n tro sudt va dién tro mat cua mang voi do day
1000 nm lan lwot la p = 4.4x10* Qcm va R,=4.3Q/0, do truyén qua trung
binh trong khoang buoc song 400 - 1100 nm la 81%.

Tir khéa: Mang méng ZnO, dong pha tap, phiin xa magnetron.

Abstract

HIGZO thin films are prepared from ceramic ZnO target co-doping
3 elements Ga, In and H on glass substrates by dc magnetron sputtering,
with varying impurity contents: In (0.05 - 0.1) at.%, Ga (0.05 - 0.35) at.%
and partial pressure ratio H /(Ar+H,) from (0% - 3.5%). The electrical
properties, crystalline structure, especially electron mobility depend strongly
on the impurities content during deposition process. As a result, the thin
films obtained from 0.1 at.% Ga and 0.05% at.% In co-doped ZnO target, at
substrate temperature of 100°C and H /(H +Ar) = 3.5% (HIGZO) showed the
best results. The electron mobility of 50 cm?/Vs was much higher than that of
IGZO film and IZO film without H,. The resistivity and sheet resistances of the
films with thickness of 1000 nm were p = 4.4x10* Qcm and R = 4.3 /0, the
average transmittance in the range of 400 - 1100 nm was 81%.

Key words: ZnO thin films, co-doping, magnetron sputtering.
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1. Dit van dé

Mang méng dan dién trong sudt trén nén
ZnO pha tap duogc trng dung rong rai trong cac
thiét bi quang dién tir nhu man hinh hién thi
phing, di6t phat quang (LED), pin mdt troi nhd
vao dg trong sudt cao, khong doc hai, gia thanh
thip va bén trong moi trudng plasma hydro.
Tuy nhién, mang ZnO thuan co dién tré sudt
cao do néng do hat tai thép. Dé cai thién do
dan dién, cac nguyén t6 nhom III(A) nhu Al
Ga, In "8 thuong duoc st dung dé pha tap.
Ngoai ra, tap chét hydro ciing da dugc chimg
minh vira cung cép hat tai, vira thu dong hoa
cac sai hong trong cdu trac mang ZnO 1am do
linh dong dién tir ting déng ké . Tuy nhién,
do ban kinh ion In** (0.81A) va do dai lién két
cong hoéa tri In-O (2.1A) 16n hon ban kinh ion
Zn** (0.74A) va Zn-O (1.97A), trong khi, Ga**
(0.62A) va Ga-O (1.92A) nhé hon Zn** va Zn-
O. Khi Ga hodc In tham gia vao mang ZnO,
lam bién dang cdu trac mang tinh thé, dong
thoi ndng d6 hat tai ting do sy dong gop dién
tir ctia tap chat, ddy chinh 1a nguyén nhan lam
giam d6 linh dong ciing nhu d6 truyén qua cua
mang. Dua vao ddc tinh trén, chung to6i tién
hanh dong pha tap ca ba nguyén t6 In, Ga va
H, v6i mong mudn co sy két hop hai hoa giira
cac tap cht vao mang ZnO, cho c4u trac tinh
thé t6t hon, tir d6 cai thién d6 dan dién dong
thoi van dam bao d6 trong sudt cao.

Trong nghién ctru nay, mang HIGZO
duoc ling dong trén dé thuy tinh bang phuong
phép phun xa magnetron DC véi ti 1€ pha tap
khac nhau. Anh huong cua ti 1¢ pha tap 1én
cAu trac, tinh chat dién va tinh chat quang cua
mang HIGZO dugc nghién ctru chi tiét.
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2. Thue nghiém

Mang HIGZO dugc ling dong trén dé
thuy tinh (Marienfeld, Germany) v&i d§ day
1000nm, nhiét do dé 100°C tir cac bia gbm
IGZO pha tap theo ti I¢ trong bang 1. Trudce
khi ling dong, dé thuy tinh dugc danh siéu 4m
lan luot véi xa phong, aceton va nudc cét hai
lan. Khoang cach bia - dé 5 cm, 4p suat nén
4.05x10 torr, ap suat lam viéc 5x10- torr, cong
suat phun xa 60W va ti 1& H,/(H,+Ar) 3,5%
dugc ¢ dinh trong nghién ctru nay.

Bang 1. Bia gdm ZnO pha tap In,O, va
Ga,0, voitile phan trim nguyén tir khac nhau.

Ty 1€ pha tap In O, va Ga,O, vao ZnO
Ténbia| A | B| C | D | E | F
0.10 0.05
0.25 0.10

o | In
at Ga

0.35 0.15/0.15 0.05

Sau khi ché tao, chiing t6i ding phuong
phap Stylus (Dektak 6M) dé xac dinh do day
mang. Tinh chit dién dugc khao sat bang
phép do Hall (Ecopia HMS-3000) va phuong
phap bén miii do. H& UV-Vis (Jasco V-530)
duogc ding dé xac dinh mot s6 tinh chit quang
trong khoang budc song tir 340-1100nm. Céu
triic va do tinh thé duge xac dinh thong qua
phd nhiéu xa tia X, bang cach st dung hé D8
ADVANCE-BRUKER véi btic xa CuKa (A =
0.1542 nm).

3. Két qua va ban luin

3.1. Tinh chit di¢én cia mang méng
HIGZO

Nong d6 hat tai, d6 linh dong va dién
tré suat ciia cac mang HIGZO phu thudc vao
ham luong pha tap In va Ga dugc thé hién
trong hinh 1.
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Bia phin xa vii cic t 1@ pha tap khic nhau

Hinh 1: Sw phu thuc ciia nong dé hat tdi, dp linh dpng va dién tré suit
vao ham lwong tap chat.

Tir hinh 1 cho thay khi giam ham lugng
Ga, nong do hat tai ¢ xu hudng giam, trong
khi d6 d6 linh dong dién tu tang tuong tng.
Bio cdo trude day 2! ciing cho thay, dbi voi
cic mang dién cuc truyén qua (TCOs) néi
chung va d6i véi mang ZnO pha tap noi riéng,
ndng do hat tai trong mang duoc dong gop tir
hai nguén chinh: tir cac sai hong hoac khuyét
tat mang (intrinsic defects) nhu khuyét oxy
(oxygen vacancies) hodc céc vi tri kim loai
xen k& (metal-interstitials) va tir su thay thé
vao vi tri Zn ctia cac nguyén tir tap chit hoa
tri III (nhu In, Ga, Al, B..).Trong khi d6, do
linh dong cua dién tr bi anh hudng boi cac co
ché tan xa nhu: tan xa bién hat, tn xa ion tap
chat, tan xa do dao dong mang, tan xa dién tu

tu do . Thong qua su thay doi vé ndng do hat

tai va do linh dong c6 thé thay, sy thay doi
ty 16 tap chit In va Ga di c6 anh huong nhét
dinh dén kha nang sinh dién tr ty do cua cac
donor ciling nhu sy cai thién do linh dong cua
dién tir cia mang.

3.2. Cu triic ciia mang HIGZO

Ph6 XRD cua cac mang HIGZO phu
thudc vao ham lugng In va Ga pha tap duoc
thé hién trong hinh 2. Tat ca cac mang déu phat
trién wu tién theo mat mang (002), vudng goc
v6i dé. Ngoai ra khong phat hién bét ky dinh
nao lién quan dén hop chat In O, hodc Ga 0,.
Diéu nay chimg to Ga* va In** da thay thé vao
vi tri Zn*" hoidc cac ion ciia chung chiém cac
vi tri xen k€ trong ZnO hay bi c6 1ap tai cac
vung phi tinh thé & bién hat hinh thanh lién
két Ga-O va In-O 19,
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Hinh 2: Phé XRD ciia cic mang HIGZO theo ti I¢ pha tap.
Kich thudc trung binh tinh thé (D) va  luat thay ddi kich thude tinh thé cta cdc mang

quang duong tu do trung binh cua dién tu
(MFP) trong bang 2 duogc tinh toan tt FWHM
ctia dinh nhiéu xa (002) sir dung cong thirc
Debye-Scherrer [,

=i 0.94

= oot (1

Trong d6 D, 4, p va @ lan luot 1a kich

thude trung binh tinh thé, budc song tia X
(1.5418A), FWHM tinh bang radian va goc
nhiéu xa Bragg.

Va I MFP = —— (372n) /2n  (2)
ine

Trong do, h 1a hfing s6 Planck, e 1a dién
tich nguyén t6 (v6i q = 1.602x10-19 C), n 1a
nong do hat tai va p 1a d6 linh dong dién tu.

Tir két qua trong bang 2 cho thiy, tat ca
cac mang c6 do két tinh t6t voi kich thude tinh
thé kha 16n va do chénh léch khong nhiéu gitra
cac mang. Xét vé mdi lién hé véi do linh dong
trong hinh 1, c6 thé thiy rang quy luit thay
d6i do linh dong khong twong dong véi quy
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HIGZO khi ty 1¢ pha tap thay doi.

Bing 2: Kich thuéc trung binh tinh thé va
quang dwong tu do trung binh dién tu.

Mau, A | B C D | E F
- 31.037.5 31.1 373 33.0 324
(nm)
MIEe 50| 5559 |74 66 65
(nm)

Bén canh d6 quang dudng tu do trung
binh cta dién tir (MFP) nho hon nhiéu so véi
kich thudc tinh thé. Do d6, do linh dong cta
dién tir trong mang HIGZO it bi chi phdi boi
co ché tan xa bién hat. Thong thuong d6i voi
vat liéu TCOs, su bién thién d6 linh dong dién
ttr lién hé mat thiét véi su thay ddi trong ciu
trac tinh thé ciia mang. Ching toi cho rang su
tang d6 linh dong 1a do co ché tan xa tap chét
ion trong mang giam, sy tan xa nay xay ra chu
yéu bén trong hat tinh thé (ndi tinh thé) duoc
quyét dinh boi cac sai hong va tap chét.
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3.3. Pj trong subt ciia mang HIGZO

Do truyén qua cua cac mang HIGZO trong ving kha kién va can hong ngoai dugc thé

hién trong hinh 3.

a0

au-
70
ﬁl}-— |
su.—
40k

30 f

Erd truyén qua (%)

20+

-~

10

400 500 &00

700 aoa

Buidc sdng (nm})

Hinh 3: D§ truyén qua ciia cic mang HIGZO trong ving buéc séng 340 -1100nm.

Do truyén qua trung binh trong ving kha
kién va hong ngoai gan cia da sb cac mang
déu trén 80%. Thém vao do, sy dich chuyén
bo hép thu vé phia budc song ngin theo hiéu
ung Burstein-Moss [3, 6] phu hop voi gia tri
néng do hat tai thu dugc ctia cac mang, nhu
két qua da dugc thé hién trong bang 1. Noi
cach khac, vi tri mirc Fermi E, cua cac mang
c6 nong do hat tai 16n bi dich vao trong vung
dan khién d6 rong ving cam quang hoc cia
mang dugc mé rong do sy 1ip day mot phan
day ving dan cia cac electron.

Tir két qua phd truyén qua c6 thé thiy,
v6i ham lugng nho tap chat In va Ga pha tap
¢6 anh huong 16n d&én tinh chat dién va cau
tric, nhung lai khéng anh huéng nhiéu dén
d6 truyén qua ctia mang.

4. Két luin

Anh huong ciia viée dong pha tap In va
Ga 1én mot s6 tinh chat dién, tinh chat quang
va cau tric cia mang HIGZO di duoc nghién
ctru. TAt ca cac mang déu phat trién wu tién
theo mat mang (002) dic trung cho ciu trac
hexagonal wurtzite ciia ZnO. Két qua phan
tich cau trac tinh thé va mot sé tinh chat quang
phu hop véi tinh chit dién ciia mang, véi ti
1¢ ddng pha tap 0.1 at.% Gava 0.05 at.% In,
& nhiét do dé 100°C va ti 1¢ khi H,/(H,+Ar) =
3.5% (HIGZO) cho két qua tot nhat. B linh
dong dién tr dat 50 cm?/Vs, dién tro suét va
dién tr& mat cua mang voi do day 1000 nm
lan lugt 1a p=4.4x10* Qem va R = 4.3 Q/n,
dd truyén qua trung binh trong khoang budc
song 400 - 1100 nm 1a 81%.
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