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Effects of Temperature on the Infrared Emission
Performance of AZO Films
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Abstract With the decrease of global resources and environmental deterioration, energy saving and emission
reduction have become a hot topic and Low-E glass with thermal insulation performance is becoming the re-
search focus. To improve the thermal insulation performance of glass, the simplest and most effective method
is plating low-emissivity coatings on the surface of them. . The Al doped ZnO (AZO) film is the most poten-
tial low-emissivity layer for Low-E glass, due to rich raw materials, high conductivity and high transparency
and so on. Effects of temperature on the infrared emission performance of AZO films were researched and
mechanisms of changes were analyzed in this study. The change of infrared emissivity of AZO film kept at a
certain temperature for some time was studied firstly, and then the change of infrared emissivity in variable
temperature environment was studied. 500 nm-thick AZO films were deposited on glass substrates at room
temperature by direct current magnetron sputtering and then were put in muffle furnace for heat treatment.
Films were kept at 100~400 °C for 1 h in air and then cooled to room temperature in the furnace. The phase of
AZO films was analyzed by X-ray diffraction and the surface morphology was observed by scanning electron
microscope. The resistivity was measured by four probe method and the infrared emissivity was measured u-
sing infrared emissivity measurement instrument. Visible spectrum was measured by visible spectrophotome-
ter. The results showed that AZO film before and after annealed all show hexagonal wurtzite structure and
(002) preferred orientation. With the annealing temperature rising to 300 °C, the intensity of (002) diffraction
peak increases, the full width of half maximum (FWHM) narrows down and grain size increases. With the in-
crease of annealing temperature, the resistivity decreases firstly and then increase. The film annealed at 200 °C
shows the lowest resistivity of 0. 9 X 107* Q * cm. The decrease of resistivity is attributed to the growth of
grains. The film annealed at higher temperature in air will absorb oxygen, resulting in the decrease of resistivi-
ty. The change of the infrared emissivity with annealing temperature agrees to that of resistivity. The {ilm an-
nealed at 200 °C shows the lowest emissivity of 0. 48. Infrared photons are strongly reflected by free electrons.
When the resistivity is low and the concentration of free electrons is high, more infrared photons are reflected,
the infrared radiation weakens, and the infrared emissivity decreases. The transmittance decreases firstly and
then increases. It is the lowest at 200 °C but still up to 82%. This change is caused by the change of free elec-
tron concentration. Free electron strongly reflects visible light. The infrared emissivities of the films as-deposi-
ted and annealed at 200 °C were measured during the process of heating and cooling between room temperature
and 350 ‘C. The sample was fixed on the heated stage and its emissivity was recorded every 25 C. It was
found that the infrared emissivity increases with the increase of temperature during the heating process, and

decreases during the cooling process. After the whole process, the infrared emissivity of the AZO film increases.
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Introduction

Energy saving and emission reduction has become a hot
topic which human concerned, due to the decrease of global
oil resources and environmental deterioration. Significantly,
building energy consumption accounts for about 30% of the
total energy consumption. More significantly, heat loss
through glass occupies a large proportion in building energy
consumption. Therefore, it is very necessary to improve the
thermal insulation performance of glass. The The simplest
and most effective method is plating low-emissivity coatings
on the surface of glass™!. That glass is called as low-emissivi-
ty (Low-E) glass. There are two main categories of low-em-
issivity coatings: metal films and transparent conductive oxide
(TCO) films'**), The emissivity of metal films is low, but its

transmittance is also low'".

Compared with metal films, the
transmittance of TCO films is higher. Among all kinds of
TCO films, Al doped ZnO (AZO) films become the research
focus due to nontoxicity, rich raw materials and low cost"*!,
In this study, AZO films were deposited by DC magnetron
sputtering. Effects of temperature on the emissivity were re-

searched in detail.

1  Experimental detail

The AZO films were deposited on glass substrates by DC
magnetron sputtering. AZO target (2 Wt% AlLO;) was
used. The thickness was kept around 500 nm. After deposi-
tion, the AZO films were put in muffle furnace for heat treat-
ment. Films were kept at 100 ~400 “C respectively for 1 h
and then cooled to room temperature in the furnace.

The film thickness was examined using a surface profiler
(Ambios, XP2). The phase was examined by X-ray powder
diffraction (Philips X’ Pert diffractometer). The surface mor-
phology was observed with a scanning electron microscope
(SEM) (JSM-6360, Japan). The resistivity was obtained by
four-point probe method. The transmission was measured by
UV-Vis spectrophotomtery (Shimadzu uv3150, Japan). The
mean emissivity in 8 ~14 pm wavebands was measured with
an infrared emissivity measurement instrument (ISTP IR-2,

China) by adopting the reflection method"’’.
2 Results and discussion

Fig. 1 shows X-ray diffraction (XRD) spectra of AZO
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films. All AZO films show hexagonal wurtzite structure and
obvious (002) preferred orientation, which is a typical texture
for AZO film'®*). With the annealing temperature rising to
300 C, the intensity of (002) diffraction peak increases, and
the full width of half maximum (FWHM) narrows down.
Whereas the intensity of (002) peak greatly decreases and the
intensity of (102) diffraction peak obviously increases with
the temperature further rising to 400 ‘C. An appropriate in-
crease of annealing temperature is beneficial to improve the
crystalline quality. But if the annealing temperature is too
high, the random thermal motion of atoms enhances greatly,
which is not beneficial to the preferred orientation of the

films.
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Fig. 1 XRD results of AZO films before and after annealed

Fig. 2 shows the surface morphologies of the AZO films.
After annealed, the grain size becomes larger. During the
process of annealing, film atoms will get more energy at high-
er temperature to migrate, leading to the growth of grains.

Fig. 3 shows the resistivity of AZO film. The resistivity
firstly decreases and then increases with the increasing tem-
perature, which is consistent with previous report’*!*/, The
resistivity of the AZO film annealed at 200 ‘C is the lowest as
0.9X107* O+ cm. The decrease of resistivity is attributed to
the growth of grains. In addition, the film annealed in air will
absorb oxygen, resulting in the reduction of oxygen vacancies

and carrier concentration-'?.

Therefore, the resistivity in-
creases, when the annealing temperature is further increased.

Fig. 4 shows the mean emissivity of AZO film. The in-
frared emissivity decreases and then increases with the in-
creasing temperature. It possesses the minimum value of 0. 48
at 200 ‘C. According to the results of XRD and SEM, the
grains grow up after air annealing, which leads to the de-

crease of the scatter of infrared photons. Therefore, the in-

teraction between the film and the infrared photon decreases,
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and the infrared emissivity decreases. When the annealing

temperature increases further, the free electron concentration

decreases. Reflection of electrons to infrared light decreases

and the infrared emissivity increases.

Fig. 2 SEM micrographs of the AZO films after annealing (a) as-deposited, (b) 200 C, (¢) 300 C
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Fig. 3 Resistivity of the AZO film before

and after annealed
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Fig. 4 Mean infrared emissivity of the

film before and after annealed

Fig. 5 shows the emissivity of AZO film during the
process of heating and cooling from room temperature to 350
C. The emissivity increases with the increasing measuring
temperature. For the same film, its emissivity increases, af-
ter the whole process, of heating and cooling. With the in-
crease of measuring temperature, relative vibration between

different ions becomes stronger. It will cause a stronger

production and absorption in the films for infrared photons.
Therefore, the infrared emissivity increases during the heating
process. The whole process of heating and cooling is equal to
the annealing process. So the emissivity of the film after the

whole process increases.
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Fig. 5 Infrared emissivity of AZO film as

a function of measuring temperature
(a): As-deposited; (b): Annealed at 200 C

Fig. 6 shows the transmittance spectra of AZO films and
average transmittance in 400~800 nm wavebands. The aver-
age transmittance firstly decreases and then increases, with
the lowest as 82% at 200 °C. The decrease of transmittance
of the films after annealed at 100 and 200 “C is conducive to
more Al element substituting Zn-site. The increase of carrier
concentration leads to the increase of photons scattering, re-
sulting in the reduction of transmission. The scattering mech-
anism in AZO film is mainly ionic hybrid scattering. When
the ion hybrid scattering is dominant, the increase of the car-
rier concentration will lead to the decrease of the transmission
of light. When the annealing temperature is more than 200
C, the crystallinity of the film is greatly improved, the scat-
tering of the photon is reduced, so the transmission of the

film increases.
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Fig. 6 Transmittance spectra of the AZO films (a) and the average transmittance (b)

3  Conclusions

(1) The AZO films deposited at room temperature and
annealed in air show hexagonal wurtzite structure and (002)
preferred orientation. The air annealing can promote grain
growth and improve the crystallinity of the films.

(2) With the increase of annealing temperature, the re-

sistivity and infrared emissivity of the AZO film decrease
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ST EE IR BT S B . AR R I R UL R AR BB A R ik R R T IR B IR AR S R R . R R R
SHPEREL . AT OB T R E SR G ALB L ZoO (AZO) 0 fie BB AR GRS R 2 . R T
IREEXT AZO W ELL AN PR RE Y R e . 0 AT T ARE LI, EOEE R T — IR T R g — B )5 .
AZO R LLAM LU AR 5F A B AR AR I DL o AR5 DS T 778 i 3R BT vp 2040 L 5 5 25 ) A8 A0 1 00 o R T U i 42
TSt 32 A 30 T BERE AL B IR 500 nm JREY AZO . Ry I F) B o b AT SR B, 7E 100~400 °C
AT L h, B R X R AT SO AZO WERE AT YAH 234 SR FH A4 o 7 AL KT
52 2 T AR A A8 A o R R I ek I i AZO R AR PR BEL AR, SR T A LR S 25 A3 M o R 2T b L A
S AT LA EOE BTN AR AT OB T o MR &5 R R, R AL AT S 39 N AR 2 BT A5 R (002) AR
B, 300 “C R LT HALH 1 h J5 . (002) A7 SF o, kw5882 . foRi RO RO, BE& AL BIR BE /Y T 5
VL 4 HL BEL 3 S /N S HE K 200 °C i B B IR BT B/ B HL L (0. 9 X100 Q- em) o BAAL R E T
TR st R R R A5 P L AR G . R Ak B B A R s P IR LB RR B MR 20 AR 1
TR AR S A B B AR A — L, 7E 200 CHRAL FR 2RAG J/AME (0. 48) o B 1 B T X ZLAME 1A B Y R
SEER . M FEARAR. Bl TR R R . SE S ML TR . LLAME S S5 . 2040 BUHR SR
T 4 T DL ' i e A A A Ak R 0 T R N S S G 200 °C i BB B A9 R L DI S R e/ H
imik 8200 XA R T A i PR ARG E R . A i X Al WG A AR R B SR AR T . IO
b BRAN 200 °Chb PG B AE G EAT 7 IR LA Lo A S A A B L OB RE SR RTIRE AR B B L B EE . 1
R F) 350 C i T A Rl AR TR AR IR 25 O — IR ADAh LR A L S5OR R, AR E 350 CHYRET
A AZO BB B9 2150 P 3R S A 7E TR AR P B IR R B RIS O FERE IR AR e . 2B AT B
RS, W LLAN L SR ST R K.
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