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New microhumidity field-effect transistor sensor in ppm , level
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An integrated humidity sensor able to detect and measure a very low humidity concentration and
higher relative humiditfRH) levels as well with the possibility of industrial application has been
designed and fabricated using very large scale integration technology where thin poOydilAi

acts as humidity sensing material. The porous structure ¢DAhas been obtained by anodic
oxidation of a thin film of Al in sulfuric acid. During anodic oxidation, a few top atomic layers of

Ta are also oxidized into &5 whose properties affect the normal sensing properties gDAand

a better quality of sensor with higher sensitivity and speed is obtained. The gate insulator structure
of the field-effect transistor is SidSizN,/Ta/TgO5/Al,05. The device is basically an
enhancement mode metal—oxide—semiconductor field-effect transistor. The drain tyroéihe

device is measured at constant gate and drain voltages at 25 °C and found to be sensitive up to less
than~1 ppm, moisture concentration. The response time of the sensor ir) fgwal is less than 1

s. The device is also found to be very sensitive at higher RH levels and shows a linear dependency
on RH. The response and recovery times of the sensor are 2 and 6 s, respectivel999©
American Institute of PhysicS0034-67489)05202-9

I. INTRODUCTION II. EXPERIMENTAL TECHNIQUES

Anodically oxidized thin porous AD, films have been Figure 1 shows a cross-sectional view of the humidity
used as dielectric material in the fabrication of humidity sen-sensing device. This is basically a normally ofichannel
sors, which are widely used in the measurement and contrdlOSFET. SiQ and SiN, layers are acted as gate insulators.
of relative humidity*~ Normally, it is difficult to design and The channel length and width of the FET are 10 and 8300
fabricate a humidity sensor which is very stable and sensitivetM, respectively. The §N, layer covers the whole surface
in extremely low humidity level. In order to detect a very area except contact windows to keep FET properties constant
small amount of water vapdless than 10 ppp), the device N ambient condition. Thin films of goldAu) deposited on

must have to be very sensitive and the porosity ofjlhas ~ SisN4 act as sourcéS) and drain(D) electrodes. A thin film
to be controlled:® An attempt has been made to design a°f Ta (thickness=20 A) is deposited on $N, layer which
humidity sensor in ppplevel® covers the channel area of the FET and another thin film of

In this article, an attempt is made to design and fabricaté" (thickness=2000 A is deposited on Ta. These films are
a humidity sensing field-effect transistéfET) which will be ~ 97OWN USing dc magnetron sputtering system with the sub-

able to measure a moisture concentration as low as in, pprnsgfu_e h;'g at Iroct)m themper?ture.djl'hi porofuzIO%'llfllmllz M
level. A n-channel metal—oxide—semiconductor field-effect®” cned DY €lectrochemical anodization o m. L.

transistor MOSFET) has been fabricated with SjCand HZS.O4 ac_ld and a_currgnt glensny of ZOOOA_'% are u_sed for
) . . 7 min during anodic oxidation of Al at 25 °C to get its porous
SizN,4 as gate insulators. Thin layers of Ta and Al are respec-

tively deposited on SN, and Al is later anodically oxidized structure which proves to be an important step in the fabri-

. cation to get a highly sensitive humidity sensing device. Dur-
to get the porous s_trl_Jctur(_a Of ADs. A fev_v top a_tom_|c layers ing anodic oxidation, a few top atomic layers of Ta are also
of Ta are also oxidized into &5 during oxidation. The

device is found to b e 1 level. The drai oxidized into TaOs. Finally, a gold film,~200 A thick, is
evice 1s found 1o be sensitive fpﬁ m, level. The drain geposited on AlO; as gate electrodéG) by electron beam
current (p) and response time of the device are measure vaporation system. The device is tilted at 57° with respect

with humidity concentrations. These sensor parameters arg evaporated Au atom coming out during deposition to get
also measured at different relative humid(®H) levels and its semitransparent nature.

the response time of the sensor is found out. A closed humidity chamber of known volume is de-
signed. A humidity level up to 1 pppris attained by inject-

3Electronic mail: supratic@Kklyuniv.ernet.in ing known volume of saturated water vapor into the cham-

0034-6748/99/70(2)/1565/3/$15.00 1565 © 1999 American Institute of Physics

Downloaded 09 May 2007 to 147.8.143.135. Redistribution subject to AIP license or copyright, see http://rsi.aip.org/rsi/copyright.jsp



1566 Rev. Sci. Instrum., Vol. 70, No. 2, February 1999 Chakraborty, Hara, and Lai

1500
S G D ] T= 25°C
< 1 V=34V
3 ] 9
a ] \/DD:45\/
- 1000 1
a i
[ i
Nt | Nt » N
| 3 E
O u
C: .
8 500 1
| 4
_ ]
P-Substrate 0_\\||||||\\|||\\||||
0 25 50 75 100

Relative humidity (%)

FIG. 3. Variation of drain currentlf) of the FET sensor with relative
humidity at constant gate and drain voltages.
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FIG. 1. Cross-sectional view of the FET sensor.

‘ Al,O layer ture of this structure at low humidity concentration, particu-
larly at ppm level. It is a completely new structure having
much higher sensitivity and faster response time than con-

ventionally anodized AlO;. The reason may be due to par-

ber. Constant humidity environment is created using som&@l @nodization of a few atomic layers of Ta film, the layers
closed chambers containing saturated water solutions of dift!St Pelow ALOs layer, into TaOs. Rutherford backscatter-
ferent salts to achieve different RH leveksg., 11%, 33%, N9 spectrometry(RBS) also confirms the _development of
44%, .. ). Silica gel and pure water solution are used to get! %Os layer. The response and recovery times of the sensor
0% and 100% RH levels. A special arrangement is made t§"€ less tha 1 s when moisture concentration changes from
make electrical contacts with the sensor head placed insidk® PPm level to 1000 ppmlevel and back to 10 ppyrievel,

the chamber. respectively.
Figure 3 shows the variation &f with relative humidity

(RH). The variation is linear with RH up to 93% RH level.

. ) The sensor has got a very small hysteresis loop at higher RH
Figure 2 shows the dependencel gf, the drain current |gyg| (beyond 84% RH levgl

of the designed FET on moisture concentration. The re-  The response and recovery times of the sensor are shown
sponse characteristics of the sensor is measured at 25 °C iAtFig. 4 which come out to be 2 and 6 s, respectively, when
constant gate voltage/;=3.4 V) and constant drain voltage gpservations are carried out between 0% and 93% RH levels.
(Vop=4.5V). An ac signal of 1 kHz is superimposed¥p  The recovery time of the sensor will bel0 s when obser-

at the gate. It is found that the variation kf is consistent  yations are carried out between 0% and 100% RH levels.
with moisture concentration which indicates the special fea-

Ill. RESULTS
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FIG. 2. Plot of drain current with absolute humidity.
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FIG. 4. Transient response of the FET sensor.
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The higher recovery time in the later case is due to porde produced commercially at the same time which reduces
condensation which takes place at 100% RH level. its cost.
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