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Anh huéng ciia do day 1én @0 linh dong
dién tir cia mang méng ZnO dong pha tap

galium va hydrogen

Pham Thanh Tudn Anh, Hoang Vin Diing, Nguyén Hiru Truong,
Phan Bach Thang, Tran Cao Vinh

Tém tit—Trong nghién ciru nay, anh hwéng cia
d¢ day lén do linh dong dién tir cia mang moéng
ZnO dong pha tap galium va hydrogen (HGZO)
duogc khio sat. Mang HGZO dwoc ché tao trén dé
thity tinh bing phwong phap phiin xa magnetron tir
bia gébm ZnO pha tap Ga (GZO) trong mdi trudng
hén hop khi Ar va Hz. Tir phép do Hall, d linh
dong ting nhanh tir 44,6 dén 53,4cm*/Vs twong \rng
v6i d§ day mang ting tir 350 dén 900 nm, sau dé c6
xu huéng bio hoa ~55cm?/Vs khi ting dé day hon
nira. Phin 16n cic mang dat dwge dd linh dong
>50cm?/Vs, day 1a mot gia tri rat cao ddi véi mang
méng TCOs ché tao bing phwong phip phin xa
magnetron. Sw phu thugc cia do day lén do linh
dong dwoc giai thich theo co ché tan xa bién hat.
Chit lrgng tinh thé ting lam giim tin xa bién hat,
din dén dd linh dong ting nhanh trong khoing dd
day 350-900nm. Tuy nhién, & nhirng d¢ day lé6m hon
900 nm, swr xuit hi¢n cac sai héng lam ting s6 lwong
tAm tan xa va bio hoa d9 linh dong. Hon nira, két
qua cho thdy mang HGZO & d¢ day t6i vu 800 nm
dat gia tri dién tré suit thip (5,3x10“Qcm), d
truyén qua trung binh cao (83,3%) trong dai buéc
séng rong 400 — 1100 nm va chi sé phim chét
“figure of merit” cao nhit (10,3x10°Q'cm™") twong
ung voi do linh dong cao (51,5¢cm?/Vs).

Tir khoa — Do day, d¢ linh dong dién ti, mang
mong ZnO pha tap, phiin xa magnetron, tan xa bién
hat

1 GIOI THIEU

ac oxide trong subt dan dién c6 do linh dong
dién tr cao (High Mobility Transparent
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Conducting Oxide — HMTCOs) la mot loai
TCOs dac biét da va dang duoc nghién ciru rong
rai, nhdm ting cuong hiéu suat va tbc do dap tng
cia cac ung dung quang dién ti. Ching dugc
g dung nhiéu 1am dién cyc trong cac man hinh
cam Ung, man hinh phang hay cac 16p tiép xuc
trudc va sau clia pin mit troi da tiép giap [1, 2].
Nho vao do linh dong cao thay vi n(‘Sng d0 hat
tai, cac mang mong HMTCOs khong chi dan
dién tot ma do trong sudt ciing duogc cai thién do
su hép thu hat tai tu do thﬁp. HE qua la ph?irn
chit cia mang dugc ting cudong.

ZnO pha tap H (HZO) duoc biét dén 13 mot
trong nhiing vat li€u HMTCOs. Mang mong
HZO dat gia tri do linh dong cao (>40cm?/Vs) &
ty 1¢ hydrogen xac dinh [3, 4]. Bén canh do,
nhiéu cong trinh nghién ctru vé mang HZO pha
tap thém cac nguyén té nhoém IIIA (nhu Al, Ga,
In) ciing di dugc cong bd [5-7]. Viéc két hop
hydrogen va cac nguyén t6 nhém IIIA nhim
nang cao d6 dan dién va tinh trong sudt cua
mang moéng ZnO pha tap. Tuy nhién, két qua dat
duoc cia cac nghién cuu trong va ngoai nudc
van cho thdy gia tri thip vé do linh dong vi
phuong phép ciing nhu diéu kién ché tao chwa toi
vu. Dién hinh nhu ty 1¢ khi hydrogen [5, 6, 8]; ty
1¢ tap chét galium [9]; qué trinh xir 1y nhiét [10]
va nhiét do dé [8, 9]. Trong s d6, anh hudng cua
do day lén cac mang moéng ZnO pha tap hydro,
dac biét 1a do linh dong dién tir cao chua dugc
khao sat ddy du. Do d6, ndi dung nay s& duogc
lam rd hon trong qua trinh khao sat.

Trong nghién ctu ndy, vét liéu ZnO ddng
pha tap Ga va H (HGZO) duoc chon lam ddi
tuong nghién ctru. Trong d6, thanh phan tap chat
Ga tuong ddi nho dé han ché sy bién dang ciu
trac tinh thé cia mang. Mang méng HGZO duoc
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lang dong bang phuong phap phin xa magnetron
DC trong mdi trudng hdn hop khi Ar va Ha. Anh
huong ciia d6 day 1én cac tinh chat, dic biét la do
linh dong ctia mang s& dugc tap trung khao sat. Tu
do, thong s6 toi uu vé do day mang cho loai vat
liéu nay s€ duoc xac dinh.

2 VAT LIEU VA PHUONG PHAP

Vit liéu

Phuong phap phin xa magnetron dugc su
dung dé ché tao mang mong HGZO trén dé thuy
tinh trong moi trudng plasma hydrogen véi ty 1€ ap
suat riéng phan Hy/(Hy+Ar) = 1,7%. Vat liéu gbm
ZnO pha tap 0,25% Ga»O; (theo khéi lwong) dung
két & 1500°C trong khong khi dugc s dung lam
bia phtn xa. Ap suit va cong sudt phin xa dugc lan
lugt c6 dinh & 5x107torr va 60W. Nhiét do dé
duoc duy tri & 200°C trong sudt qua trinh ling
dong va dao dong khoang 10°C do nhiét plasma.
Thoi gian phiin xa dugc diéu chinh tuong tng véi
d6 day mang can khao sat.

Phwong phap

Cac thong s dién co ban ciia mang nhu ndng
do hat tai (n), do linh dong (n) va dién tré suat (p)
dugc xac dinh thong qua phép do Hall (Ecopia
HMS-3000) ¢ nhiét d6 phong. Trong khi d6, dién
tr& mit (Rs) duoc do bang phuong phap bén miii
do (four-point probes) va so sanh véi gia tri Rs thu
dugc tur cong thuc: Rs = p/d, trong d6 d 1a 4o day
mang. Mit khac, tinh chit quang cia mang thé hién
qua phd truyén qua quang hoc duogc phén tich trong
viing quang phd tir 300 dén 1100 nm bang phd ké
UV-Vis (Jasco V-530).

Cau trac tinh thé va hinh thai hoc ctia mang
HGZO dugc dic biét quan tim. Phuong phap nhiéu
xa tia X (XRD, Bruker D8 Advance) cho phép xac
dinh cac thong tin vé tinh thé hoc ciia mang. Bén
canh d6, bé mit cia mang dugc quan sat dudi kinh
hién vi dién tir quét phat xa truong (FESEM, Joel
JMS-6700). Bang ky thuat chup mat cit (cross-
sectional) trén cung thiét bi ndy, d6 day ciia mang
thay dbi trong khoang 350—1750nm. Dé dam bao
do tin cdy va chinh xéac, két qua vé do day mang
con duoc kiém tra, so sanh bing phuong phép
Stylus (Veeco DEKTAK-6M) véi két qua sai léch
khéng qua 10% so véi d6 day mang tor anh
FESEM.

3 KET QUA VA THAO LUAN
Tinh chét di¢n

Hinh 1 mo ta su thay ddi cua néng do hat
tai, do linh dong va dién trd sudt cua mang
HGZO nhu 1a nhimg ham cua d6 day. Nhitng két
qua dat dugc cho thiy mang HGZO co gia tri do
linh dong vuot troi so véi nhiéu nghién ctru khac
dua trén vat liéu ZnO pha tap hydrogen [3—10].
Do linh dong clia mang ting lién tuc khi d¢ day
mang ting, trong khi d6, ndng d6 hat tai thay ddi
khong dang ké va dat gia tri trung binh khoang
2,2x10%cm>. Tuy nhién, diéu dang chu ¥ & day
la ty 1¢ tang do linh dong trong khoang d6 day
350-900nm cao hon nhiéu so v6i ¢ nhiing do
day 16n hon 900nm. Cuy thé, d6 linh dong ting
nhanh tir 44,6 1én 53,4cm?/Vs trong khoang 350~
900nm, sau d6 c6 xu hudng bao hoa & khoang
55cm?Vs néu tiép tuc ting d6 day mang. Bén
canh d6, dién tré sudt cia mang giam dan tir
6,5x10* xudng 5x10*Qcm tng v6i do day ting
tir 350 dén 900nm, sau d6 ting nhe néu do day
tang hon nita. RS rang, su suy giam cua dién tro
suat duoc quyét dinh chu yéu boi do linh dong
hon 14 ndéng d6 hat tai theo do day mang.
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Hinh 1. Két qua Hall cia mang HGZO & cac do day
khac nhau

V& co ban, do linh dong ciia dién tir trong
mang mong bi chi phdi thong qua sy tan xa cua
dién tir trén cac tap chat, dao dong mang va cac
bién hat. Dau tién, tin xa dao dong mang chi
dong vai trd quyét dinh trong cac ciu trac don
tinh thé thudn nhat, nhu ZnO, SnO; ¢ ham luong
pha tap thip (~10'°cm?) [11]. Do d, tan xa dao
dong mang co thé duogc bo qua khi xem xét trong
mang da tinh thé HGZO véi nong do hat tai
trong bac 10%*%cm>. Tht hai, cic mang HGZO
duoc ché tao dudi diéu kién, moi trudng nhu
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nhau véi gia tri ndng do hat tai thay d6i khong
dang ké theo d6 day mang. Diéu nay cho thiy su
anh huong cua cic tap chat 1én mang ¢ cac do day
khac nhau la twong duong nhau. Tu d06, tan xa tap
chat c6 thé xem 1a nhu nhau trong cac mang c6 do
day khac nhau. Nhu vy, d6 linh dong cling nhu
tinh chit cua mang s& phu thudc vao su thay doi
cau truc tinh thé theo do day.

CAu tric tinh thé
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Hinh 2. Gian db nhiu xa X theo d6 day ciia mang HGZO
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Céu trac tinh thé cia mang HGZO & cac d6
day khac nhau dugc khao sat thong qua gian dd
nhidu xa tia X ¢ Hinh 2. Cac mang déu c6 céu
trac da tinh thé v6i hai dinh hudng phat trién
theo mat mang (100) va (200). Trong d6, mat
(002) song song v6i truc ¢ co ning luong bé mit
thip nhét 1a dinh hudéng wu tién hon [12, 13].
Pay la ddc trung cho céu trac luc gidc wurtzite
ctia ZnO. Ngoai ra khong quan sat thdy cac pha
tinh thé ctia cic hop chat hydrogen va galium.
Pé thuan tién trong viée so sanh, ty s6 cudng do
twong d6i cua dinh (002) so véi toan phd
(Ioo2y/IT) dugc trinh bay & Bang 1. Bén canh do,
kich thuéc tinh thé trung binh (D) theo dinh
hudéng (002) cia mang HGZO cling dugc xac
dinh theo cong thic Debye-Scherrer: D =
0,90/(BcosB); trong do A = 0,154 nm la budc
song cua tia X, B la d§ ban rong va 0 la goc
nhiéu xa Bragg.

Bing 1. Mot sb thong tin vé tinh thé hoc ciia mang HGZO & cac d6 day khac nhau

D§ day mang (nm) Tooz / It D§ ban rjng (do) 20 (d9) Kich thwéc tinh thé (nm)
350 0,73 0,3023 34,43 27,5
630 0,85 0,2684 34,48 31,0
800 0,86 0,2599 34,45 32,0
900 0,90 0,2410 34,45 34,5
1300 0,88 0,2491 34,44 33,4
1750 0,94 0,2243 34,41 37,1

Qua d6, cudng do tuong ddi ImyIr c6 xu
huong tang, trong khi d§ ban rong lai cé xu
huéng giam khi d6 day mang ting. Diéu nay
phan anh sy tdt dan 1én cua do tinh thé theo
chiéu ting cua d6 day mang, cu thé 1a kich thude
tinh thé trung binh ting tir 27,5 1én 37,1nm. Mot
didu dang chu y khac 1a hiu hét cic mang co
dinh nhifu xa (002) dich vé nhitng géc 20 16n
hon 34,42° cua vat liéu ZnO khéi (JCPDS 36-
1451). Piéu nay tuong tng voi sy giam khoang
cach giita cac mat tinh thé (dug) theo dinh luat
Bragg. Nhu di dé cap ¢ trén, sy anh huéng cta
tap chat dugc xem 1a nhu nhau & tat ca cac mang.
Do d6, sy thay d6i goc léch 20 cua dinh (002) &

cac mang it bi anh huong cia tap chét, ma bi chi
phdi boi chat lwong tinh thé trong qua trinh phat
trién ciia mang. Trong khoang d6 day tir 350 dén
630nm, mang c6 do tinh thé kém, d6 chat con
thép, thé hién qua cuong do nhiéu xa thép, dinh
phd rong va mang co xu hudng cing (20 ting).
Khi d6 diy mang ting trén 630nm, do tinh thé
ciing nhu d¢ xép chit cia mang ting nhanh va
mang c¢6 xu hudng phuc hdi tmg sudt (20 giam).
Sy tang cudng chit lugng do tinh thé lam giam
cac bién hat, giam tan xa va tang cuong dd linh
dong, dic biét thé hién rd trong khoang do day
350-900nm.
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Tuy nhién, tir dit liéu phd XRD, cac phan tich
nay chua du dé 1y giai qua trinh bdo hoa do linh
dong khi d6 day mang vuot qua 900nm. Tu do,

hinh anh bé mat va mat cét cia mang HGZO &
cac do day khac nhau 1a sy bd sung quan trong
va duoc thé hién & Hinh 3.

Hinh 3. Anh FESEM miit cit va bé mit cia mang HGZO & cic d6 day 350nm, 800nm va 1300nm

Qua anh mat cét, do day cua cac mang
HGZO duogc xac dinh va thao luan trong nghién
ctru ndy. Céc anh nay con cho thiy cac mang cé
xu hudng phét trién theo céu trac cot. Cac cot
tinh thé c6 thé quan sat cang 15 rang khi do day
mang cang ting. Piéu nay phan anh ciu trac
mang xép chat hon khi d6 day ting. Bén canh do,
anh bé mit ciing thé hién xu hudng tinh thé héa
t6t hon clia mang voi kich thudc hat ting khi
tang do day. Nhirng diéu nay hoan toan phu hop
voi nhitng nhan dinh tir phd XRD khi giai thich
su cai thién cua do linh dong theo do day. Tuy
nhién, khi d6 day mang vuot qua 900nm, anh
mit cit con cho thdy su xuit hién cia céc cot
tinh thé bi dit gdy. Nguyén nhan c6 thé 1a do su
phuc hoi tmg suat 16n ciia mang dudi dang cac
sai hong nhu sai hong diém (point defects), su
léch mang (dislocations), .... Cac sai hong nay
mic du chua du dé lam giam d6 tinh thé cua
mang, nhung goép phan lam ting cic tAm tan xa.
Trong khi d¢ linh dong khong ngirng dugc cai
thién do su tinh thé hoa theo d6 day mang, thi sy
gia ting ngay cang nhiéu cla cac tim tan xa lai
kim ham su tang d6 linh dong. Tur do, ty 1€ tang
do6 linh dong gidm va do linh dong c6 xu hudng
bdo hoa ¢ nhitng ¢ day mang 16n.

Tinh chét quang
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Hinh 4. Phé truyén qua quang hoc cia mang HGZO & cic
d6 day khac nhau

Hinh 4 biéu dién sy truyén qua quang hoc
theo d¢ day cta cac mang HGZO trong ving
budc song tir 300—1100nm. Hau hét cic mang
déu dam bao do truyén qua trung binh trén 80%
trong ving kha kién va can hdng ngoai, ngoai trir
mang c6 d0 day 1750nm. B9 chénh 1éch gitra
cuc dai va cuc tiéu cua cac mang tang khi d6 day
tang tir 350 dén 900nm, va c6 xu hudng giam &
nhitng d0 day mang lén hon. Mang cang day,
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hép thu va tin xa cang ting, dan dén cuc dai va
cuc tiéu gan nhau hay noéi cach khac 1a van giao
thoa khong rd nét. Ngoai ra, su truyén qua trong
ving can hong ngoai chiu dnh huéng manh mé
boi hiéu tng hip thu hat tai tu do. Trong nghién
ctru nay, do truyén qua trong ving cin hong
ngoai chénh I¢ch khong 16n & cac mang, hoan
toan phu hop véi su thay d6i khong dang ké cua
gia tri nong d hat tai thu dugc tir két qua Hall.
Tinh chét quang dién

Trén thuc té, quy ludt thay ddi cta do dan
dién va do trong sudt cua mang dién ra theo hai
chiéu hudng trai ngugc nhau. Diéu ndy co thé
thdy rd qua dd thi biéu dién mdi lién hé gitra dién
tro suat va do truyén qua trung binh trong ving
budc song 400-1100nm cta mang HGZO &
Hinh 5. Qua d6, khi d6 day ting, d6 truyén qua
trung binh ctia mang giam trong khi d6 dan dién
(hay nghich dao cta dién tro suit) tang.
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Hinh 5. Quy luit thay ddi cua dién tro suit, do truyén
qua trung binh va chi s6 pham chét cia mang HGZO &
cac d¢ day khac nhau

Dé danh gia pham chat quang dién ciia mang
& cac do day khac nhau, chi s6 phdm chit (FOM)
cua mang duoc tinh toan théng qua cong thic
[14]:

FOM = pln(1/T) (1

Trong do, p 1a dién trd suat, T 1a d6 truyén
qua trung binh trong ving phd rong 400—1100
nm. T Hinh 5, gia tri FOM tang tir 9,6x10° dén
10,3x10° Qlem™! khi d§ day mang tang tir 350
dén 800 nm, sau d6 giam xubng 8,0x103 Q'cm'!
6 do day 1750nm. Vi vay, mang HGZO & d6 day
ti wu 800nm c6 pham chit quang dién tSt nhat,
déng thoi do linh dong dat trén 50cm?/Vs.
Nhitng két qua kha quan nay c6 thé cung cap cac
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dién cyuc tng dung véi pham chit quang dién t6t
va kha nang dap trng cao.

4 KET LUAN

Qua nghién ctru nay, mang moéng HGZO
duogc ché tao thanh cong trén dé thuy tinh trong
mdi trudng hdn hop khi Ar va H, bang phuong
phép phin xa magnetron DC. Mang HGZO thé
hién dic trung ctia mang HMTCO véi dd linh
dong dat duoc trén 50cm?/Vs. Dic biét, sy anh
hudéng cua d¢ day mang 1én d¢ linh dong dugc
giai thich theo co ché tan xa bién hat.

Nghién ctru ciing tim ra diéu kién d6 day tbi
uu cia mang HGZO 1a 800nm. Véi d6 day nay,
mang dat dugc nhitng két qua kha thi nhu: dién
trg suat thap (5,3x10*Qcm), do truyén qua trung
binh cao (83,3%) trong vung budc song 400—
1100nm va chi s6 phdm chit cao nhét
(10,3x10°Q'em™). Hon nira, mang ciing dat
dugc gia tri 0 linh dong vuot troi (51,5¢cm?/Vs),
¢6 tiém nang rat 16n cho nhitng tng dung doi hoi
tbc do dap tng cao.

Loi cam on: Nghién ciru nay dwoc thyc hién
trong khuén khé Pé tai cap truong Dai hoc
Khoa hoc Tw nhién, PHOG-HCM nam 2016 —
2017 v6i md s6 quan ly T2016-24. Ngodi ra,
nhém tac gia xin chdn thanh cam on Tién si Lé
Trdn, Truong DPai hoc Khoa hoc Ty nhién,
PHOG-HCM vé nhitng thdao ludn khoa hoc hitu
ich.
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Abstract—this work, impacts of the thickness on
electron mobility of Ga and H: co-doped ZnO
(HGZO) thin films were investigated. The HGZO
films were prepared on glass substrate by using
magnetron sputtering from ceramic Ga-doped
ZnO (GZO) target in the gas mixture of argon and
hydrogen. Based on the Hall measurement, the
mobility enhanced fastly from 44.6 to 53.4cm?/Vs
with the increasing thickness from 350 to 900 nm,
then tends to be saturated at ~55cm?/Vs with
further thickness. Most of the films achieve the
mobility of >50¢m?/Vs, which is very high value for
sputtered TCOs thin films. The thickness-
dependent mobility is explained in term of grain

boundary scattering. The improvement of
crystalline quality reduced grain boundary
scattering, which lead to the fast increase in
mobility of the films with 350-900nm in thickness.
When the thickness increased more than 900nm,
however, the appearance of many defects increased
scattering centers and saturates the mobility.
Furthermore, the results showed the HGZO films
with optimum thickness of 800nm obtained low
resistivity (5.3x10*Qcm), high average
transmittance (83.3%) in the wide wavelength
range of 400-1100nm, and the highest figure of
merit (10.3x103Q'em™) corresponding to high
mobility (51.1cm?/Vs).

Keywords—Carrier mobility, doped ZnO thin films, grain boundary scattering, magnetron sputtering,
thickness



