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Anh hwong cua nhi¢t do lang dong Ién cAu tric tinh thé,
tinh chat di¢n va quang cia mang mong ZnO pha tap F
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Tém tit:

Mang méng trong su()t din dién ZnO pha tap F (FZO) dwgc léng dong trén dé thiy tinh bﬁmg phwong phap phiin
Xa magnetron tir bia gdm ZnO pha tap ZnF,. Céu triic tinh thé, tinh chat dién va quang ctia mang FZO dw¢c nghién
ctru theo sw thay débi nhiét do lang dong (100 300°C), bang cac phwong phap nhw pho nhiéu xa tia X (XRD), phép do
Hall va pho truyen qua UV-Vis. Két qua XRD cho thay cac mang FZO déu c6 cAu tric dac trung hexagonal wurtzite
cia ZnO, v6i dinh huéng wu tién theo truc ¢ vudng goc voi bé mit dé. V& tinh chét dién, do linh dong dién tir ciia
mang ting don diéu khi nhiét d ting do chit lweng tinh thé dwoc cai thién, trong khi d6, ndng dé hat tai dat cwc dai
¢ 200°C. P§ truyén qua trung binh ciia cac mang FZO déu trén 83% trong dai buéc séng rong (400-1100 nm). Sy
dich chuyén xanh ciia bo hap thu kém theo d mé rong ning lweng viing cAm phit hop véi hiéu ing Burstein-Moss.

Tir khéa: cAu tric tinh thé, mang méng, nhiét df ling dong, ZnO pha tap F.

Chi s6 phén loai: 2.5

Pat van de

Mang mong oxide trong sudt dan dién (transparent
conducting oxide - TCO) dugc ung dung rong rai lam di¢n
cuc trong sudt trong cac thiét bi quang dién tir nhu: pin mat
troi, man hinh hién thi phang, diode phat quang (LED)...
Cho dén nay, Indium-tin-oxide (ITO) van la vat liéu duoc st
dung pho bién nhét trong ché tao mang TCO, tuy nhién do
su khan hiém cta nguyen t6 Indi (In) dan dén gia thanh ITO
cao. Géan day, di c6 nhiéu nghién ctru vé mang mong oxide
ZnO pha tap (B, Al, Ga, In, F...) nham ung dung lam dién
cuc trong sudt vi ZnO c6 gia thanh thap do trit lvong quing
16n; ¢6 d6 din dién tot, gan twong duong mang ITO khi pha
tap thich hop; d6 hap thu thdp hon ITO trong ving anh sang
kha kién. Hon nita, ban kinh ion F- x4p xi O* nén F c6 thé
dong vai tro 1a mot anion thay thé vao vi tri O nat mang véi
d6 bién dang mang nho [1]. Mot vai cong bd vé mang mong
ZnO pha tap F (FZO) da chi ra viéc pha tap glup tang nong
do hat tai, dong thoi gidm cdc sai hong trong cau triic tinh
thé, gop phan ting do linh dong dién tir [2-5].

Nong do hat tai (n) va do linh dong (u) déu c6 anh hudng
16n dén dién tro suét (p) ciia mang theo cong thirc p= l/neu,
v6i e 1a dién tich nguyén t6. Trong d6, d6 linh dong va nong
d6 hat tai phu thudc vao chat luong tinh thé va cac sai hong

*Tac gia lién hé: Email: pttanh@hcmus.edu.vn
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ton tai bén trong cu tric mang tinh thé. Nhiéu cong trinh
nghién ctru dd st dung cac phuong phap khac nhau dé cai
thién d¢ linh dong va néng d6 hat tai cia mang mong ZnO
bang cach pha tap F [2-12]. Dién hinh, mang moéng FZO
dugc ché tao trén dé thuy tinh bémg phuin xa magnetron rf tur
bia ZnO thuan trong moi truong hdn hop khi Argon va CF,

[3]. Két qua cho thiy ndng do hat tai mang FZO tang theo
ham lugng khi CF, va dat cuc dai 2,0x10% cm™ ¢ nhiét d6
ling dong 150°C. Tu’ong tu, mot nghién ctu khac dat dugc
mang phun xa FZO trong méi truong Ar + H, + CHF, ¢ ap
suat 5 mTorr, ty 18 H, duy tri 6 5%, va ty 1¢ CHF thay d01
trong khoang 0-7% [4] Céc mang FZO nay co dlen tro suét
thip nhat 2,9x10 Qcm va do truyén qua trung binh trong
ving kha kién trén 80%.

Theo tim hiéu tai liéu ciia chiing t6i, hau hét cac nghién
ctru déu str dung cac hop chat khi cua F (nhu CF,, CHF,...)
dua vao méi trudng khi phun xa dé lang dong mang FZO
Tuy nhién, viéc sit dung cac hop chét khi cua F c6 mot sb
bét loi 16n: (i) kho kiém soat ham luong F vao trong mang,
dac biét 0 ty 1¢ pha tap nho, (ii) cac nguyén t6 trong hop chat
khi c6 thé gay ra nguon tap chét 1on (nhu C) trong mang, va
(iii) cac hop chét khi cua F thuong c¢é gia thanh cao, doc hai
va c6 kha nang an mon manh. Mot xu thé khac 1a st dung
mudi florua nhu mot chat bi oxy hoa [5], hoac pha tron bot
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Effects of substrate temperature
on crystalline structure,
electrical and optical properties
of F-doped ZnO thin films
deposited by magnetron sputtering

Thanh Tuan Anh Pham', Minh Nhut Ngo!,
Huu Truong Nguyen', Van Dung Hoang!,
Bach Thang Phan?, Cao Vinh Tran'

!Laboratory of Advanced Materials, University of Sciences, VNU-HCM
’Center for Innovative Materials and Architectures (INOMAR), VNU-HCM
Received 9 October 2018; accepted 20 November 2018

Abstract:

Highly transparent and conductive F-doped ZnO
(FZO) thin films were deposited on glass substrates by
magnetron sputtering from ZnF -doped ZnO ceramic
target. Crystalline structure, electrical and optical
properties of the films were studied under the change
of substrate temperature (100-300°C). The effects of
substrate temperature on the films were investigated by
X-ray diffraction (XRD), Hall effect-based measurement
and UV-Vis spectroscopy. The XRD results suggested
that the FZO films had the characteristic hexagonal-
wurtzite structure of ZnO with c-axis preferential
orientation perpendicular to the substrate. In respect
of electrical property, electron mobility of the films
increased monotonically by increasing the substrate
temperature due to the improved crystallinity, while
the carrier concentration reached peak at 200°C. The
average transmittance of all the FZO films was more
than 83% in the broad wavelength region (400-1000
nm). The blue-shift of absorption edge and widened
optical band gap were in agreement with the Burstein-
Moss effect.

Keywords: crystalline structure, F-doped ZnQO, substrate
temperature, thin films.

Classification number: 2.5
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ZnO véi mudi florua trong qua trinh ché tao bia phun xa
[6]. Dién hinh, nhém nghién ctru cua Ku va cong su di ling
dong thanh cong mang FZO trén dé thuy tinh tir bia gém
ZnO pha tron véi 1,3% va 10% ZnF, theo ty 1¢ khéi luong
[6]. Nghién curu cling chi ra qua trinh xu 1y nhiét d§ cao
(300°C) trong mdi truong chan khong gop phan cai thién
chat luong tinh thé va cai thién d6 linh dong dién tir trong
mang sau khi ché tao. Tuy nhién, qué trinh ché tao mang kha
phtrc tap qua hai budc: ling dong va xir Iy nhiét. Hon nita,
két qua nay chua cho thiy duoc nhiét d6 ti uu trong ché tao
va xtr Iy mang, dic biét trong nhitng ciu trac da 16p va kha
ning tmg dung thyec tién.

Trong nghién ctru nay, bang cac phuong phap thuc
nghiém két hop véi tham khao nhiing tai liéu trong cing
linh vyc, chiing t61 tién hanh ché tao mang mong FZO tur vat
liéu gdm ZnO:ZnF, sao cho ty 1¢ nguyén tit F bang 1% bang
phuong phap phun xa magnetron dc trong moi truong khi Ar
tinh khiét. Quan trong hon, nhiét do léng dong mang dugc
thay d6i trong khoang 100-300°C. Anh huéng cua nhiét do
léng dong Ién cAu truc tinh thé, mot sb tinh chit dién va
quang cia mang FZO dugc khao sat. Sau cung, nghién ctiu
s¢ gioi thiéu mang FZO dugc lang dong & diéu kién nhiét
do tot uu nhat, pht hop v6i kha nang tng dung lam dién cuc
trong sudt trong cac thiét bi, linh kién quang dién.

Déi tuong va phuong phap nghién ciiu

Maing mong ZnO pha tap F (FZO) dugc ling dong trén
dé thuy tinh (Marienfeld, Germany) bang phwong phap
phiin xa magnetron dc trén hé phin xa Leybold Univex-450
(Germany). Bia phun xa dugc s dung 1 bia gébm ZnO
pha tap 1% nguyén tir F, dugc ché tao tir hdn hop bot ZnO
(99, 9%, Merck, Germany) va ZnF, (99,995%, Alfa Aesar,
Us) bang phuong phap thiéu két & nhlet do cao. Mang duoc
ling dong & ap sudt nén 1a 6x107 torr, 4p sudt phun xa la
5x107 torr va cong suat phun xa 1a 60 W trong méi trudng
khi Ar tinh khiét cao (99,999%). Nhiét do lang dong mang
dugc thay ddi tir 100 dén 300°C. Trude khi ling dong, dé
thity tinh dwoc tay rira trong bé siéu am 1an luot bang cac
dung dich NaOH 1%, acetone va nudc cat; sau d6 tiép tuc
dugc xir Iy plasma bé mat trong budng chan khong 15 phiit.

Céc thong sb dién cia mang mong FZO nhu ndng d6 hat
tai, do linh dong va dién tré suit duoc xac dinh bang phép
do dua trén hiéu tng Hall (HMS-3000, Ecopia, Korea).
Céu trac va cac thong sb tinh thé hoc ctia mang dugc phan
tich béng phuong phéap nhiéu xa tia X (XRD, D8 Advance,
Bruker, US). Phé truyén qua quang hoc trong ving budc
song 350-1100 nm dugc ghi nhan bang may quang phd UV-
Vis (V-530, Jasco, UK). Hinh thai hoc bé mit ciia mang
duogc quan sat bang kinh hién vi dién tir quét phat xa trudng
(FE-SEM, S-4800, Hitachi, Japan). Ngoai ra, d¢ day cua
mang duoc kiém soat bang phuong phap dao dong tinh thé

92



thach anh (XTM/2, Inficon, Switzerland) va kiém tra bang
phuong phap Stylus (Dektak 6M, Bruker, US). Qua do6, cac
mang moéng FZO ché tao dwoc co d6 day trung binh khoang
600 nm.

Két qua va thao luan
20 12 20
~ 18} P B ~
= A (TE J18 -
3] . bz 410 <
(o] 16 | . ° . au <
> = 8
= 14} e IR S {16 §
al2f A s =i
45 & {14 %
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« \ ML 16 2 -]
ol A Soe I E{ns
= oL N | 55 g
gﬁ AT -® L 14 £ &
4 ne@ Z.
2 1 1 1 1 1 2 = 8
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Nhiét do ling dong (°C)

Hinh 1. Sy phu thudc ctia nong do hat tai (n), do linh dong (n) va
dién trd suat (p) vao nhiét do lang dong clia mang FZO.

Hinh 1 thé hién su thay ddi cua céac thong s6 dién cua
mang mong FZO nhu 13 nhitng ham cta nhiét d6 ling dong.
Qua d6, dg linh dong cua mang cd xu hudng tang don di¢u
khi nhiét do léng dong tang. B linh dong tang 76,5% tu
10,2 1én 18,0 cm?/ Vs khi nhiét do tang tur 100 1én 300°C.
Trong khi do, n6ng do6 hat tai chi tang nhe va dat gia tri cuc
dai ~10% ¢cm? & nhiét d6 200°C. Nho do, dién trd suét co
xu hudng giam manh theo nhiét d§ va dat gia tri cuc tiéu
5,6x10° Qcm & 200°C. Két qua nay twong duong vé6i bao
cdo cua cac nhom tac gia Yoon [3], Ku [6] va Ammaih [7].
Tuy nhién, qua trinh ché tao mang FZO lai don gian, an toan
hon va & nhiét @6 thap hon. Dé phan tich su hon nguyén
nhan din dén sy thay ddi tinh chét dién, cau trac tinh thé
ctia cac mang FZO duoc chung toi khao sat bang gian do
XRD ¢ hinh 2.

(002)
300°C \

=

| 250°C

=

<«

=
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Hinh 2. Gian d6 XRD ctia mang FZO theo nhiét do ling dong.
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Hinh 2 thé hién gian d6 nhiéu xa tia X (XRD) clia mang
mong FZO dugce léng dong ¢ cac nhiét do khac nhau. Két
qua cho thiy gian d6 XRD cua cac mang déu c6 mot dinh
duy nhat & vi tri 260 ~ 34,4, Piéu nay ching té cdc mang
FZO phat trién wu tién theo mit mang (002) dinh hudéng
theo truc ¢ vudng goc véi bé miat dé, dic trung cho cau tric
hexagonal wurtzite cua vat liéu ZnO. Ngoai ra, khong quan
st thay dinh nao khac lién quan dén cac pha cua hop chat
ZnF,. biéu nay chi ra rang F ¢6 kha ning ton tai dudi dang
ion F thay thé tai vi tri O* hodc F- xen k& trong mang ZnO
hay bi c¢6 1ap tai cac ving phi tinh thé & bién hat [13]. T
gian d6 XRD, cac thong sé tinh thé hoc cua cac mang FZO
O cac nhiét do léng dong khac nhau dugc liét ké ¢ bang 1.

Bang 1. Cac thong so tinh thé hoc clia mang FZO theo nhiét do
ling dong.

T, (°C) 20 (d) FWHM (d$) D (nm)

100 34,36 0,27 30,7

150 34,35 0,26 32,6

200 34,41 0,30 28,0

250 34,36 0,25 33,7

300 34,37 0,25 33,6
Cha thich: T - nhiét do I3ng dong, FWHM - do ban rong, D - kich thutc
tinh thé

Dau tién, d6 dich cta vi tri dinh (002) dugc xem xét, nhu
trong bang 1. Vi tri dinh (002) cua mang FZO c¢6 su thay
d6i theo nhiét d6 lang dong ¢ 100, 150, 200, 250 va 300°C
lan lugt c6 20 = 34,36°, 34,35°, 34,41°, 34,36° va 34,37°.
Khi nhiét do ling dong tang trong khoang 100-200°C, dinh
(002) c6 xu huong dich vé goc 26 16n hon. Sau do, gia tri
26 lai giam néu tiép tuc tang nhiét do hon nira. Diéu nay ¢
the phan anh su thay thé nhiéu hon ctia F- vao vi tri O2 trong
cau tric mang ZnO. Su thay thé nay giy ra ing suit cing
trong mang do ban kinh F- (1,36A) nho hon O* (1,40A) [2].
Qua trinh thay thé nay dwgc mé ta theo cac phuong trinh sai
hong [2, 14]:

05 +F & F5+e” (D

Vo' +2e  +F o F;+e” (2)

Tir phuong trinh (1) va (2), co thé thdy chinh qué trinh
thay thé cua F- vao vi tri O* hodc V, (khuyet oxy) da cung
cap thém cic electron tu do cho ving dan ciia ZnO. Nhu
vay, khi nhiét d6 ling dong ting trong khoang 100-200°C,
F- thay thé tt vao vi tri 0>, gia tri goc 20 giam va ndng do
hat tai ting, ddc biét & 200°C. Diéu nay phu hop véi két qua
do Hall ¢ hinh 1. Tuy nhién néu nhiét do tang hon 200°C,
F- ¢6 xu hudng xen ké& trong mang, dan dén 20 giam va nong
d6 hat tai gan nhu khong doi.

Kich thuéc tinh thé trung binh (D) cua cic mang FZO
dugc danh gia theo cong thuc Scherrer: D = 0,90/(FWHM
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cos0), véi FWHM la d6 ban rong cua dinh (002) va A=0,154
nm 1a budc song cua tia X. Két qua tinh toan cho thdy sy
chénh léch khong dang ké vé kich thude tinh thé cua cac
mang FZO. Nhu vy, sy anh huong cia kich thudc tinh thé
1én tinh chét cua mang, dac biét 1a sy tan xa cua electron
trén cac bién hat 1a twong ty nhau ¢ cac mang FZO. Do
do, su thay ddi cua do linh dong dién tir theo nhiét do léng
dong co6 thé dugc giai thich boi cac tan xa ion tap chét bén
trong hat tinh thé. Mot minh chimg khac cho thay su thay
d6i khong dang ké vé kich thudc hat tinh thé cia mang FZO
duoc thé hién & hinh 3.

Hinh 3. Anh FESEM bé mat ctia mang FZO dugc ling dong 6
nhiét do 100, 200 va 300°C.

Qua hinh 3, kich thudc hat cia mang FZO c6 xu hudng
tang khi nhiét do ling dong ting. Tuy nhién, sy thay ddi nay
khong nhiéu, twong ddng véi kich thudc tinh thé tinh tir gian
dd XRD. Mit khac, cuong do nhiéu xa cua dinh (002) c6 xu
huéng ting theo nhiét do ling dong cho thdy mang FZO co
chit lugng noi tinh thé t6t hon. Picu nay dugc giai thich 1a
do cac nguyén tir lang dong duogc cung cip thém ning luong
nhiét d& dang khuéch tan trén bé miat dé, giup cho qua trinh
két tinh t6t hon. Hon nita, nhiét do lang dong phu hop giup
cho viéc pha tap F dugc hiéu qua hon, dan dén giam céc sai
hong ndi tai, di¢n hinh nhu V  theo phuong trinh (2); han
ché cac sai hong lién quan dén F va tang cuong su thu dong
hoa cua F dbi véi cac lién két dut gay (danghng bond) ¢
bién hat va bé mat mang [15]. T4t ca nhiing yéu t6 nay gop
phan lam giam sy tan xa cua dién tr, dac biét 1a sy tan xa
trén cac ion tap chit va sai hong, lam ting cuong do linh
dong dién ti khi nhiét do léng dong tang.
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Hinh 4. (A) Phd truyén qua trong viing buéc séng 350-1100 nm,
va (B) db thj Tauc cia mang FZO § cac nhiét do ling dong khac
nhau.

Qua hinh 4A, s0 lugng, vi tri va chénh léch giita cuc dai
va cuc tiéu ctia cac van giao thoa thay do6i khong dang ké
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giita cac mau & nhiét do ling dong khac nhau. Diéu nay cho
thiy do day va chét lugng tinh thé ciia cac mang tuong ddi
dong déu nhau. P§ truyén qua trung binh trong ving kha
kién va can hong ngoai (400-1000 nm) trén 83% & tat ca cac
mang FZO va c¢6 xu huéng ting theo nhiét d6 ling dong.
Hinh anh phong to cho thay bd hip thu quang hoc c6 xu
hudng dich vé phia budc song ngin khi nhiét do ling dong
cua mang tang.

Bang cach st dung phuong phap ngoai suy, nang luong
vung cam quang hoc E,, ) ciia mang FZO co6 thé duoc xdac
dinh tir bd hép thu thong qua biéu thirc lién hé gitra hé sb
hép thy (at) va nang lugng photon (hv):

ahv ~ A(hv - Eg_op)l/2 3)

trong d6, A 1a hang s ty 1&, va hé sb hap thu (o) duoc tinh
theo dinh luat Lambert:

a=In(1/T)d @)

v6i T 1a d6 truyén qua, d 1a do day ciia mang. D thi Tauc
thé hién mdi lién hé gitra (0hv)’ va ndng lugng photon (hv)
nhu hinh 4B. D rong vung cam quang hoc dugc ngoai suy
bang cach kéo dai ving tuyén tinh cta bd hép thy va tim
giao diém véi tryc hoanh (hv). Qua dé, nang lugng ving cam
quang dugc mo rong tur 3,269 eV 1én 3,305 eV khi nhiét d
lang dong tang tir 100 dén 300°C; ngoai trr 6 nhiét do 200°C,
E,, =3310¢eV. Déi v6i ban dan chuyen mirc thiang nhu
ZnO0, d6 mo rong nang luong vung cam (AEEM) lién hé véi
nong do hat tai theo hiéu u‘ng Burstein-Moss [16]

SO

AEBM
8mi \ 1t

trong do, mg 1a khéi hiéu dung cua electron, h la héng sb
Plank, n la néng d¢ hat tai trong mang.
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Hinh 5. Méi lién hé giia d§ md rong viing cAm quang hoc va
nong do hat tai cia mang FZO.

Hinh 5 thé hién sy mo rong ning luong ving cam theo
nong d6 hat tai trong mang R4 rang, sy gia tang cua AEBM

phu hgp v6i sy tdng cua nong do hat tai khi nhiét do 1ang
dong mang tang, tuan theo hiéu ng Burstein-Moss.

) Dé danh gia pham chét cta mang FZO ¢ céc nhiét do
lang dong khac nhau, gia tri pham chat (figure of merit -



FOM) duoc tinh thong qua biéu thire [17]:

1
FOM = T/ (©)

trong do, p 1a dién tro sudt va T 1a do truyén qua trung binh
dugc mo rong dén vung can hong ngoai (400-1100 nm).
Moi tuong quan giita cac dai lugng nay duoc thé hién &
hinh 6.
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Nhiét do ling dong (°C)
Hinh 6. Mdi tuong quan giiia di¢n trd suat (p), do truyén qua
trung binh (T,) va chi s& pham chat (FOM) clia mang FZO theo
nhiét do lang dong.

Gia tri FOM cua mang FZO c6 xu hudng ting nhanh
(3x10%- 10,8x10% O 'em™) khi nhiét o ting trong khoang
100-200°C, sau d6 c¢6 xu huong giam nhe ¢ nhiét do cao
hon. Do d6, mang FZO duoc lang dong & 200°C thé hién do
pham chit quang dién tot nhat, c6 kha nang dap tng duoc
yéu cau lam dién cuc trong sudt trong cac thiét bi quang
dién.

£ a
Ket luan

Trong nghién ctru nay, mang mong ZnO pha tap F (FZO)
da duoc ché tao thanh cong bang phuong phap phin xa
magnetron & cac nhiét 6 ling dong khac nhau. Anh huong
ctia nhiét d6 lang dong 1én tinh cht dién, quang va cau triic
ciia mang FZO da dugc phan tich. Qua do, chat luong noi
tinh thé, 6 dan dién va do truyen qua trung binh ciia mang
c¢6 xu huéng ting khi nhiét do ling dong ting. O nhiét do
lang dong 200°C, mang FZO c6 gia tri pham chit cao nhat
(10,8x10% Q'em™) twong tng véi dién tro sudt p ~ 5,6x10°
Qcm va do truyén qua trung binh (400-1100 nm) dat 84,7%.
Céc két qua nay dam bao cho ung dung mang FZO lam dién
cuc trong sudt trong cac thiét bi quang dién. Hon nira, do
linh dong dién tir cia mang ciing c6 sy gia tang manh mé
theo nhiét do nho sy tang cuong do két tinh va thu dong
hoa cac sai hong cua tap chat F. Pay 1a tin hi¢u tich cuc
mo ra hudng nghién cliru vé vat liéu TCO ¢6 d6 linh dong
dién t cao dua trén vat li¢u ZnO pha tap F. Vi vay, gia tri
pham chit ciia mang FZO s& tiép tuc dugc ting cudng trong
nhiing nghién ciru tiép theo.

Nghién ctru dugc tai trg boi Truong Pai hoc Khoa hoc
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Khoa hoc Ky thuat va Céng nghé

Tu nhién, Pai hoc Quéc gia TP Hd Chi Minh trong khuon
kho D¢ tai ma so T2018-37. Céc tac gia xin tran trong cam
on.
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