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Tém tit. Cong trinh ndy nghién ciru anh hudng ctia nhiét do G dén cau tric tinh thé, tinh chat dién va cam
bién pH ciia mang SnO; pha tap Sb. Mang SnO; pha tap Sb duoc ling dong trén dé thach anh bang phuong
phéap Sol-gel pht nhin. Mang sau d6 dugc ¢ cac nhiét do khac nhau 300°C, 500°C va 700°C trong 120
phiit trong méi truong khong khi. CAu tric tinh thé, hinh thai bé mat va tinh chat dién cta cic mang duoc
khao sat bang gian d6 nhiéu xa tia X, anh FESEM va phép do Hall. Két qua cho thiy cac thong sb hang sb
mang, kich thudc tinh thé, kich thuéc hat bi anh huong boi nhiét do . Kich thude tinh thé cta mang tang
tir 17 18n 27 nm khi nhiét d6 1 ting tir 300°C 1én 700°C. Dién tr& suit ciia mang giam trong khoang nhiét
d6 1 300°C va 500°C va tang tr¢ lai khi nhiét d6 0 dat 700°C. Ngoai ra, mang ATO — 700°C dat gia tri do
nhay cao nhat 50 mV/pH.

Tir khéa. Cam bién pH cau trac EGFET, sol-gel, SnO; pha tap Sb.

INFLUENCE ANNEALING TEMPERATURE ON STRUCTURAL, ELECTRICAL AND
PH SENSOR PROPERTIES OF SB DOPED SNO: FILMS

Abstract. This study investigates annealing temperature on structural, electrical properties, and pH
response of the Sb-doped SnO, membrane. Sb-doped SnO; films were deposited on the quartz substrate by
sol-gel dip-coating technique. The films were annealed at temperatures 300°C, 500°C, and 700°C in the air
for 120 minutes. The structure, surface morphologies, and electrical properties were observed by X-ray
diffraction, FESEM images, and Hall measurements. The results showed that lattice constant, crystal size,
and particle size are affected by annealed temperature. The crystal size increased from 17 to 27 nm as the
temperature increased from 300°C to 700°C. The resistivity of films decreases in the range temperatures of
300°C and 500°C and increases again when the annealed temperature at 700°C. In addition, the ATO-700°C
membrane achieved the highest sensitivity value of 50 mV/pH.

Keywords. pH- EGFET, sol-gel, Sh doped SnO..

1 GIOITHIEU

Vit liéu ban dan oxit kim loai cAu tric nano da dugc nghién ctru rdng rai boi vi cac tinh chét dién, quang
va cAu triic ndi troi va kha ning img dung trong cac thiét bi quang dién. Trong do6, cac vat liéu nhu ZnO,
TiOz, SnO2, CdO, ... s& hitu nhitng dic tinh ndi troi nhu dan dién t6t va do truyén qua quang hoc trong
trong vung anh sang kha kién cao. Dic biét, nhing vat liéu nay thuong duogc st dung trong cac tng dung
cam bién khi [1], man hinh phang [2], diode phat quang (LEDs) [3], pin mdt troi [4], cam bién pH [5] ..
Thiéc oxit (Sn02) 1a vat liéu tiém nang duoc sir dung trong cac thiét bi néu trén do so hitu nhiing tinh chat
doc dao ndi troi nhu do bén cao trong moi truong hda hoc va nhiét d6, dé rong ving cAm 16m tr 3.6 eV dén
4,6 eV [5, 6], nang lugng lién két exciton 16n (180 mV) va dan dién trong sudt. Pic biét, vat liéu SnO,
dugc sir dung trong thiét bi cam bién pH dé phat hién ion H*[8]. C6 hai loai ciu tric cam bién pH di duoc
nghién ciru d6 1a ISFET (ion sensitive field effect transistor) va EGDET (extended -gate field-effect
transistor). Trong d6, cdu tric EGFET c6 nhiéu uu dlém hon so véi ISFET la gia thanh thap, 6n dinh véi
anh sang va nhiét dg va dé dong gbi [7]. Tuy nhién, cau tric pH- EGFET doi héi mang cam ung 1a vat ligu
dan dién tét so v6i vat liéu truyén thong cua cau tric pH- ISFET nhu SioNs, SiO2, Al;0s [9]. Vi véy, cong
trinh nay khéo sat dnh huéng ctia dnh huéng ctia nhi¢t do ché tao dén tinh chat dién va tinh chat cam bién
pH (ciu trac pH- EGFET) ciia mang SnO; pha tap Sb. Bén canh d6, phuong phap tong hop mang SnO; pha
tap Sb (ATO) dugc chon 1a phuong phap sol-gel voi k§ thuat pha nhing boi vi tinh hi¢u qué, kinh té va
don gian dé ché tao mang chét lugng cao [10].
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2 PHUONG PHAP NGHIEN CUU

Mang SnO; pha tap Sb (véi ti 1& Sb/Sn: 5 mol%) dugc ché tao bang phuong phap sol-gel va k§ thuét phu
nhing (dip-coating). Dé téng hop dung dich sol, mot lugng mudi SbCls (99,9%, Sigma-Aldrich) dugc cho
vao dung dich chua mubi SnCl2.2H,0, sau d6 dugc hoa tan vai dung dich ethanol. Hén hop duoc khuéy va
dun néng & 70°C trong 2 gio mot binh kin. Mang ATO dugc ling dong trén dé thach anh tir dung dich (sol)
dugc thuc hién biang quy trinh phu nhung. Cac dé thach anh dwogc 1am sach trude khi nhung vao dung dich
va sau d6 rat ra v6i toc do khong doi 80 mm/phit. Mang SnO;: Sb sau phu nhing dugc say kho & 200 °C
trong 15 phdt. Cac mau sau d6 dugc 0 & cac nhiét d6 khac nhau 100°C, 300°C, 500°C va 700°C tuong ng
& toc do 10°C/phut trong khdng khi, va duoc giir & nhiét 6 nay trong 120 phut mdi qua trinh u. Cac mang
ATO dugc 1 6 cac nhiét d6 khac nhau dugc ky hiéu ATO — 100°C, ATO — 300°C, ATO — 500°C va ATO
—700°C. Qua trinh phu va 1am khé duoc lap lai dé thu duoc cdc mang thich hop d6 day thich hop dé phan
tich. Céu tréc tinh thé ciia mang duoc xac dinh bang phwong phéap nhiéu xa tia X trén may D8—ADVANCE.
Tinh chat dién duoc xac dinh bang phép do Hall Van der Pauw trén may do HMS3000. Dic trung cam bién
ion H* dugc khao sat bang cau trac pH- EGFET, trong d6 ciu tric dugc chia thanh hai phan bao gom thiét
bj cam bién mang ATO va thiét bi MOSFET (Hinh 3). Pic trung I-V cta cu trac cam bién pH- EGFET
trong diéu kién pH 5, 7, 9 duoc do bang may phan tich Keithley 2400.

3 KET QUA VA BAN LUAN
3.1 CAu triic tinh thé
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Hinh 1: Gian d6 nhiéu xa tia X ctia c&c mang ATO — x (x =100°C, 300°C, 500°C, 700°C) duoc nung & cac nhiét do
khac nhau.

Hinh 1 trinh bay gian d6 nhiéu xa tia X cta cac mang mang ATO — x (x = 100°C, 300°C, 500°C, 700°C)
duoc nung ¢ cac nhiét do khac nhau. Két qua thu dugc mang ATO co cAu trac vo dinh hinh & nhiét do u
nhiét d6 phong va bat dau tinh thé & nhiét do u trén 300°C vdi ciu trac tir giac rulite (JCPDS No. 41-14445).
Céu trac tinh thé ciia cac mang ATO — x (x = 100°C, 300°C, 500°C, 700°C) ¢6 cac mit mang SnO, (110),
Sn0; (211). Pic biét, cac mang ATO dat do tinh thé cao khi nhiét do 1 ting 1én v6i mit mang SnO; (110)
12 mat troi. Ngoai ra, cac trang thai oxit ciia Sb khong tim thiy ching t6 da c6 su thay thé tap Sb & vi tri Sn
trong mang chi SnO2. Bén canh d6, cac thong s hing sé mang va kich thudc tinh thé cua cac mang ATO
dugc liét ké & Bang 1. Hang s6 mang (a va ¢) cua tir gidc SnO; rutile dugc tinh theo phwong trinh (1), trong
d6 h, k, 114 chi sb Miller ctia mat mang va d la khoang cach gilra cac mat mang. Trong khi d6, kich thudc
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tinh thé ctia cac mang dugc tinh tir phuong trinh (2). Phuong trinh 2 cho biét hé sb K dugc goi 1a hé s6 hinh
dang va duoc xac dinh 13 0,9, budc séng ciia tia CuKal (0.154056 nm), B 1a d6 ban rong cuc dai, goc nhiéu
xa Bragg va D 1a kich thudc tinh thé.

1 hZ+k? 12

d? a2 + c2 (1)

0.9A
= (2)
BcosB
Béng 1. Hang sb mang va kich thude tinh thé ctia cac mang ATO — x (x = 300°C, 500°C, 700°C)
Tén miu (hkI) - 20 Kich thwéc | Kich thuéctinh | a=b c Thé tich 6
tinhthé D | thé trung binhDa | (A) A mang ([A]®)
(nm) (nm)
ATO-300°C | (110)— 26,68 20,53 17,4420 4,7252 | 3,1921 71,2739
ATO -500°C (110) — 26.78 20,50 18,3822 4,7078 | 3,1870 70,6389
ATO -700°C (110) — 26.59 37,55 27,2968 4,7182 | 3,1972 71,1782

Két qua bang 1 cho thiy gié tri thé tich 6 mang giam tir 71,2739 A% xudng 70,6389 A®khi tang nhiét do u
tir 300°C Ién 500°C. Két qua nay dugc giai thich do ban kinh ion Sb¥ (0.61 A) nhé hon so véi Sn** (0.71
A), vi vay su thay thé Sn** boi Sb®* trong mang chu din dén mang tinh thé bi co lai. Tuy nhién, gié tri thé
tich 6 mang ting ngugc tro lai khi nhiét d6 u dat 700°C nhung gia tri van nhé hon so v6i mang ATO —
300°C. P6 1a do sy xuit hién cua trang thai hoa tri khac ctia Sb 1a Sb3*. Trang thai hoa tri cua Sb phu thudc
vao nhiét do ché tao va ap suét riéng phan cuia oxy nhu duoc quan sat & cac cong trinh [10], trong d6 trang
thai Sb®* xuat hién ¢ nhiét d6 cao trén 800°C. Vi vay, thé tich 6 mang ciia mang ATO — 700°C né rong do
ban kinh ion cua Sb** (0.76 A) 16n hon so voi Sn** (0.71 A). Ngoai ra, kich thudc tinh thé trung binh cua
cac mang ATO ting theo nhiét d6 ¢ va dat gia trj 16n nhat dbi véi mang ATO — 700°C, chirng té chat lwong
tinh thé ciia cic mang ATO cang t6t.

3.2 Hinh thai bé mit mang ATO

IMS-NKL 5.0kV 4 0Ok SE(M) I IMS-NKL 2.0kV 4.1mm x60.0k SE(M)

. .

IMS-NKL 2.0kV 4.3mm x60.0k SE(M) 500nm

Hinh 2: Hinh thai bé mit cua cac mang ATO —x (x =300°C, 500°C, 700°C) duogc nung ¢ cac nhiét d khac nhau.
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Kinh hlen vi dién tr quet (SEM) 1a mot k§ thuat t6t dé phan tich hinh thai bé mat ciia cdc mang mong va
n6 cung cap thong tin c6 gid tri vé hinh dang va kich thudc cua cac hat. Hinh thai bé mdt cia mang oxit dan
dién trong sudt anh huong dén cac dic tinh dién va quang hoc ciia chung, 1a nhitng yéu té quan trong trong
céc ung dung ciia thiét bi quang dién tir. Hinh 2 cho thay hinh thai bé mat ciia cac mang ATO dugc i ¢ cac
nhi¢t do khac nhau. Két qua cho thiy hinh thai bé mit cia tat ca cac mang phu thugc vao nhiét do u. Bé
mit cia tit ca cic mang cho thiy mot giao dién dong nhit va ciu tric x0p trong tat ca cac vang dugc quét
cia mang. TAt ca cac mang cho thdy cac hat nho va cac hat 1on nam rai rac xen ké trén bé mat. O nhiét do
11 300°C, cac hat c6 kich thude nho chiém wu thé trén bé mit cia mang ATO. Tuy nhién, kich thudc hat tro
nén 16n hon va chiém wu thé so cac hat nho, kich thudce hat tré nén 16n hon va két tinh ciia mang duoc cai
thién khi nhiét do @ & 500°C. Cac hat nho s& két tu lai v6i nhau va hinh thanh cac hat c6 kic thuéc 1én hon
khi nhiét d6 1 tang. Qua trinh nay dugc giai thich khi tinh thé duoc hinh thanh, cac hat nhan dau tién duoc
tao ra, sau d6 cac nguyén tir hodc ion ké cin dinh vao hat nhan theo mét thir ty vu tién duoc xac dinh boi
muc nang lugng clia mang tinh thé, tao thanh mot 16p déu dan. Mt khac, néu su tang trudng xay ra lién
tuc, cac hat c6 thé nd ra theo hai chiéu va co thé xay ra hién tuong chong 1én nhau. Két qua nay phu hop
vdi gian dd nhiéu xa tia X, cho théy rﬁng d6 ban rong cua cac dinh tré nén hep hon ¢ nhiét d6 u 700°C, cho
thiy sy gia ting vé chat lugng va kich thude tinh thé.

3.3 Tinh chit dién ciia cic mang ATO

Bang 2. Két qua do Hall ciia cac mang ATO —x (x = 100°C, 300°C, 500°C, 700°C).

Tén miu T Nong dd hat tai Do linh dong Pién tré suat
(°C) (cm?) (cm2V-isT) (Qcm)
ATO - 100°C 100 - - -
ATO -300°C 300 -3,01 x 108 4,05 4,60 x 10!
ATO -500°C 500 -1,68 x 10° 5,30 7,00 x 102
ATO -700°C 700 -2,09 x 108 8,52 3,50 x 101

Bang 2 trinh bay két qua do Hall cua cac mang ATO — x (x = tp, 300°C, 500°C, 700°C). Két qua cho thay
mang ATO c6 dién tré vo cung lon khi nhi¢t do u ¢ nhi¢t do phong. Khi nhiét do t trong khoang tir 300°C
- 700°C, mang ATO c6 tinh chét dién loai n va dién tré suat thép dat dugc 1a 7,00 x 102 Qcm, twong (g
ndng do hat tai va do linh dong lan luot 14 -1,68 x 10 cm®, cm?V1s? d6i voi mang ATO — 500°C. Tuy
nhién, dién tré suit cua mang tang khi nhiét d¢ u dat 700 °C do néng dd hat tai giam, Kkét qua trén dugc giai
thich do su xudt hién vi tri acceptor Sb3* tir su thay thé Sn** bai Sb®* bu dién tich vé6i cac donor Sb tir syr
thay thé Sb> & vi tri Sn*, hién tugng bu dién tich cling dugc quan sat & cong trinh [12, 13].
3.4 Cam bién pH

May phan tich thong sb ban din Keithley 2400 duoc st dung dé xac dinh d6 nhay pH cua cdu trac
EGFET 6 pH 5, 7, 9 ¢ nhiét d phong (25 ° C). EGFET duoc ngém trong dung dich dém trong 1 phit trude
khi tht nghiém. Co ché hoat dong cia EGFET gidng vdi thiét bi MOSFET truyén théng, ngoai trir ciu tric
cam bién duoc nhing vao dung dich dém. EGFET va dién cuc so sanh (Ag/AgCl) dugc dit trong dung dich
dém pH 5, 7, 9. Cac dic tinh truyén ctia pH- EGFET ¢ cac dién ap ctia dién cuc so sanh khac nhau (Vrer)
va dung dich pH dugc thé hién trong Hinh 4. Céac dién ap so sanh dugc ap vao dién cuc so sanh Ag/AgCl,
d6 nhay pH ciia mang ATO — 300°C v&i cong EGFET thu duoc théng qua su thay ddi dién ap ngudng cia
cam bién EGFET.
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Hinh 3: So d6 hé do dic trung I-V cta cam bién pH - EGFET.
Két qua thu duoc tir Hinh 4, khi gia tri pH ting tir 5 1én 9, thé ning bé mat cua 16p cam bién ion giam, vi
vay dién thé vung (Veg) va dién thé ngudng Vr cua thiét bi giam. Vi vy, duong dac trung pH dich vé gia
tri duong.
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Hinh 4: Dic trung Ip-Vie ctia ctia cam bién pH — EGFET ctia mang ATO — 300°C trong nong d¢ tir pH 5 dén 9.

Ngoai ra, tir duong didc trung Ip - Vier c6 thé xac dinh d6 nhay pH bang cach do dodich ciia thé ngudng Vr
va két qua thu duogc thé hién trong Hinh 5. Trong d6 cam bién EGFET véi céng cam bién mang ATO —
300°C c6 d6 nhay pH véi dudng dic trung tuyén tinh dat xap xi 40 mV/pH trong pham vi ndng dé tir pH 5
dén 9, dugc tinh tir phuong trinh.
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Hinh 5: Dic trung Ve — pH ciia cam bién pH — EGFET di véi mang ATO — 300°C trong ndng do6 tir pH 5 dén 9.
Trong nghién ciru ndy, mach dong dién va dién ap duoc giit khong doi trong qua trinh khao sat phan tng
pH. Dién ap cong dugc ap ¢ 0,2V va cong dong dién dugce xac do ¢ 100 pA. Hinh 5 cho thay EGFET van
c6 d6 tuyen tinh tot.
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Hinh 6: Pic trung Ip-Vps cia cam bién pH — EGFET ddi véi mang ATO — 300°C trong ndng do tir pH 5 dén 9.
Hinh 6 cho thiy cac dic trung lp-Vps cia EGFET trong khoang ndng d6 giita pH 5va 9. Cudng do dong
viing bdo hoa dugc biéu thi bang biéu thic I, = “f"% (Vrer — Vr)*(1 + AVpyg) (4), trong d6 po 1a d6 linh
dong cua electron trong kénh, 7»‘12‘1 hé s6 diéu ché do dai }(énh, Cox 12 dién dung oxit trén mot don vi dién
tich,‘ W/L 1a ty 1€ chiéu rong-chiéu dai kénh, Vger Va Vps lan luot 1a dién ap cua dién cuc so sanh va dién ap
nguon. Trong phuong trinh (4), V1 phu thudc vao gia tri pH.

Tu cdc cach tinh da trinh bay trén, déc trung Ip - Veer Va d0 nhay cua cac mang ATO — 500°C dugc tinh va
trinh bay ¢ Hinh 7. Trong do, két qua cho thay mang ATO — 700°C s& khong duge trinh bay. Ket qua thu
dugc gia tri do nhay ctia cac mang ATO — 700°C va ATO — 500°C lan lugt 1a 45 mV/pH va 50 mV/pH.
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Hinh 7: A). Dic trung Ip-Vrer clia cdm bién pH — EGFET ‘ ,
B). Déc trung Ve — pH ctia cdm bien pH — EGFET doi véi mang ATO - 500°C trong nong do tir pH 5 den 9.

4 KET LUAN

Cong trinh nay, chung t6i di ché tao thanh cong mang SnO2 pha tap Sb véi ti 16 Sb/Sn: 5 mol% tng dung
trong lam cam bién pH. Chung t6i da st dung dic trung Ip-Ver ctia ctia cam bién pH — EGFET dé xac dinh
d6 nhay ciia mang. Két qua thu dugc mang ATO — 700°C dat gia tri d6 nhay cao nhat 50 mV/pH. Ngoai ra,
cong trinh nay ciing cho thiy anh hudng cta nhiét d6 u dén ciu tric tinh thé, hinh thai bé mit ciing nhu
tinh chét dién cua mang ATO. Két qua thu dugc cho tha"iy nhiét d6 u cang tang anh hudng kich thudc tinh
thé, kich thude hat, do tinh thé ciia mang ting.
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