Effects of chemical composition on humidity sensitivity of Al/BaTiO 3/Si
structure

G.Q.Li
Department of Applied Physics, South China University of Technology, People’s Republic of China

P. T. Lai®
Department of Electrical & Electronic Engineering, University of Hong Kong, Hong Kong

S. H. Zeng, M. Q. Huang, and B. Y. Liu
Department of Applied Physics, South China University of Technology, People's Republic of China

(Received 21 November 1994; accepted for publication 14 February) 1995

Argon-ion-beam sputtering technique has been applied to deposit barium ti{Badies) films on

silicon wafers at room temperature under vacuum, and then Al/B&SiGtructures were fabricated.
Results show that the current and capacitance of these devices are sensitive to the change of relative
humidity at room temperature, and saturation absorpti@sponsg time as well as humidity
sensitivity of the devices depend on the chemical composition of the Bdfilis. For higher
annealing temperature and longer annealing time, the oxygen composition increases while fixed
charge density decreases. These changes result in lower humidity sensitivity and longer response
time.© 1995 American Institute of Physics.

In recent years, the humidity sensitivity of metal oxide of the wafers to form an ohmic contact, and after installed in
ceramic$™ has been extensively investigated. With the de-an oven, the samples were annealed at 400 °C for 20 min in
velopment of automation technique, the integration of sensnitrogen. The chemical composition of the films were exam-
ing elements has become an important issue. Based dned by Auger electron spectroscof4ES), and their fixed
integrated-circuit fabrication technique, Chetal® have charge density and capacitance—voltdGeV) characteris-
used radio-frequency sputtering technique to depositics were measured with a high-frequer@yV instrument at
BaTiO; films on silicon wafers at 300-500 °C and then1 MHz, while their current—voltage characteristics were
formed metal-insulator-semiconductor structures. Their remeasured with positive voltage applied to the Al electrode,
sults showed that the current and capacitance of these dgpth at room temperature. The RH of measurement environ-
vices are very sensitive to the change of relative humidityment was offered by the vapors of five standard saturation
(RH). In our work, an argon-ion-beam sputtering techniqueggt solutions.
was used instead to deposit BaZifims on silicon wafers at The maximum capacitance of the A/BaTjSi structure

room temperature under vacuum, and then annealing Wagas found to increase by about 51% when RH increases
performed in nitrogen ambient for various temperatures and

times. Al/BaTiQy/Si structures thus fabricated were charac-

terized at various relative humidity. The effects of chemical T ——
composition and fixed charge density on the saturation ab- S 4
sorption time and the humidity sensitivity of the devices 20 T - RH: 92% ) 7
were investigated. The effect of the hydrogen ion on the B __ gy 75.8% l,’ -
barrier height is used to explain the dependence of the device - 5 /! 1
current on RH. <« 16 77T RHIS3% J 7
(100 n-type silicon wafers with 5—74) cm resistivity S our RH: 33% s 4
were used in this experiment. The wafers were cleaned by 2 4, T RHr12x% / / N
the standard RCA proceséNH,OH+H,0,, then HCI % L /! /-/ 4
+H,0,) and their native oxide was removed by HF dip ¢ 10} / s —
(H,O:HF=10:1). Barium titanate film was deposited on the Cj— 8l YAV N
wafer surface in an argon-ion-beam sputtering equipment un- O - S s/ -
der a vacuum of 1.33 mPa at room temperature. The purity 6~ / 7 7 ]
of the BaTiQ target is 99.9%. The deposition rate is about - f//// i
0.195 um/min, and the resulted film thickness is 2.gn. r s .
The samples were annealed at 400 to 900 °C for 15 to 60 min 2 R ]
in nitrogen. Aluminum was evaporated onto the films, and 0 TRNOUN S S IS S S S
then Al/BaTiQySi structures were formed by photolitho- 0 ! 2 3 4 5
graphic and etching techniques to give a top electrode area of Applied Voltage (V)

1.96x10 2 cn?. Gold was evaporated onto the back surface

FIG. 1. Dependence of current of Al/BaTi3i structure on relative humid-
3Electronic mail: laip@hkueee.hku.hk ity (room-temperature, samples annealed at 400 °C for 15 min.
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FIG. 2. Dependence of current change of Al/BaJ® structure on anneal-

ing condition(applied voltage= 2.5V, RH change from 12% to 92P6 FIG. 4. Influence of annealing condition on fixed charge density of

Al/BaTiO4/Si structure.

from 12% to 92%. The change is smaller than othersich

may be due to the differences in fabrication method. On th@bsorption time for water vapor increases with increasing
other hand, the current of the devices is shown in Fig. 1. A&nnealing temperature and time.

a test voltage of 2.5 V, the current increases by 420% as RH In order to understand these dependences of the current
increases from 12% to 92%. The effect of the annealing con@nd saturation absorption time of the devices on annealing
dition on such a current change of the devices is shown igondition, the chemical composition of the Baifdms and

Fig. 2. The results indicate that the current change inducetflated fixed charge densi@y; were investigated under a dry

by the same RH increase gets smaller for higher annealin§nvironmentQ; was calculated from the flatband voltage of
temperature and longer annealing time. Besides, Fig. 3 d&/arious samples, and the values are plotted in Fig. 4. It is

picts that as RH increases from 12% to 92%, the saturatiofCted thatQ; decreases with increasing annealing tempera-
ture and time. AES shows that the atomic ratio of oxygen in

BaTiO; target is 62%, while it is only 39% in the deposited
films before the samples were annealed. Fig. 5 shows the

0 190 T — —— oxygen composition of the samples after different annealing
conditions. The oxygen content in the films is higher for
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FIG. 3. Influence of annealing condition on saturation absorption time of
Al/BaTiO4/Si structure(RH from 12% to 92% FIG. 5. Oxygen content in BaTiCfilms after various annealing conditions.
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higher annealing temperature and longer annealing time. Fdo the decomposition of water molecules. As a note, the crys-
example, when the samples have been annealed at 900 °C fat structure of the films should have little effect on the hu-
60 min, the oxygen composition increases from 39% to 60%rmidity sensitivity of our devices because the as-grown films
This results in a corresponding decrease of the device curreate porous and amorphous, and the annealing temperatures
from 8.2 to 4.2uA (RH = 92%), or from 1.6 to 1.1uA (RH  say 400 to 600 °C are too low to cause significant recrystal-
= 12%). lization in the material.

In this investigation, the increase of oxygen content in  In conclusion, the electrical characteristics of
this films after annealing is due to the incorporation of theAl/BaTiO4/Si structures fabricated by argon-ion-beam sput-
trace oxygen in nitrogen with the dangling bonds in thetering technique are highly sensitive to relative humidity.
films, and soQ; decreases. The longer absorption time forThe oxygen composition in the BaTi@ilms increases with
water vapor after annealing at higher temperature or fohigher annealing temperature and longer annealing time.
longer time may be due to the low€;. Since the absorp- With higher oxygen composition in the films, the devices
tion of water molecules involves both chemisorption andexhibit lower fixed charge density, longer saturation absorp-
physioroption, and the former is performed by hydroxyl ionstion (responsgtime and lower humidity sensitivity.
reacting with BaTiQ films, the Q; decrease in the films is This work is partially supported by CRCG of the Uni-
not helpful to the formation of chemisorption layer. versity of Hong Kong. The help of Professor B. L. Yang is

The capacitance increase with RH is due to higher effecgreatly appreciated.
tive dielectric constant of the porous BaTifims after ab-
sorption of water vapor. The RH dependence of device cur-
rent may be explained as follows: at higher RH, the ;L ?{:%Zr;ge Né;ngizZi&%n% 7Hg.(Al\geitgi.GSensors Aefs85 (1983.
Coer.:emratlonS of lZ_D and.HF .m the films mcr.ease’ and. the 3Y.- Yokomizol, S. Uno, M. H,arata, and .H. Hiraki, Sensors Acets.599
H™ ions cause an electric field and potential drops in the (19g3.
films and lead to barrier-height decrease and current in#z. zhi-Gang, Z. Gang, W. Ming, and Z. Zhong-Tai, Sensors At€.71
crease. The smaller current change after annealing at highef1989. _ , _
temperature or for longer time may be related to the lower gi??irg;szs;]' M. Shimabukuro, H. Arai, and T. Selyama, Chem. LG
H™ concentration in the films. This decrease of lins may ey chen, E. S. Ramakrishnan, R. S. Huang, and W. W. Grannemann, IEEE
be due to the fact that the low€x; in the films is not helpful Electron Device LettEDL-5, 452 (1984.
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