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H,S gas interaction mechanisms of sputtered Sad SnQ-CuO bilayer sensors with a varying
distribution of the Cu catalyst on Sp@re studied using Pt interdigital electrodes within the sensing
film. Sensitivity to H,S gas is investigated in the range 20—1200 ppm. Changes induced on the
surface, the Sng-CuO interface, and the internal bulk region of the sensing,Sii® upon
exposure to HS have been analyzed to explain the increasing sensitivity of three different sensors
SnG,, SNG,—CuO, and Sn@with CuO islands. Snefilm covered with 0.6 mm diameter ultrathin
(~10 nm CuO dots is found to exhibit a high sensitivity of ¥30° at a low operating temperature

of 150 °C. Aresponse speed of 14 s for 20 ppm ¢EHand a fast recovery time of 118 s in flowing

air have been measured. The presence of ultrathin CuO dotted islands allow effective removal of
adsorbed oxygen from the uncovered Sredrface due to spillover of hydrogen dissociated from

the H,S—CuO interaction, and the spillover mechanism is sensed through the observed fast response
characteristics, and the high sensitivity of the $ArCQuUO-dot sensor. €002 American Institute

of Physics. [DOI: 10.1063/1.1490154

I. INTRODUCTION sol solutions exhibited a high sensitivity and lowered the
detection limit down to a few ppm, but the response speed
H,S detection is of great importance in many fields suchyas slow(in min).***2
as commercial gas and oil exploration, autoventilation units,  The high sensitivity of CuO doped SaGensors has
and the medical field of dentistfy: The threshold for human peen attributed primarily to the electronic interaction be-
tolerance is reported to be 20 ppb, and as such there is t@een thep-type CuO and thev-type polycrystalline Sng
continued interest for designing new sensing materials angraind® and the effect of KS gas in reducing the barrier
heterolayer structures with improved sensitivitemicon-  height'4 In mixed oxide structures the slow response speed
ducting tin oxide (Sng) with suitable metal additives shows has been identified with the statistical distribution mfn
better selectivity and sensitivity to various reducing gases. junctions throughout the bulk, and the limited penetration of
Maekawaet al* found that the sensitivity increases with de- H,S molecules to the interior regions of the bifk.
creasing electronegativity of doped cations in $nSurpris- Ultrathin bilayer structures are found more suitable for
ingly, the Cd" cation exhibited a high sensitivityS  achieving a fast response because the shorter diffusion paths
=35000 for 50 ppm KIS at 200°Q, and sintered pastes of the interacting gas molecule can be effectively utilized.
loaded with CuO showed a fast recovery, but the responsgsiliev et al,® prepared a planar CuO/SpGhin film het-
was slow! In the last decade sintered pasteick,’ and thin  erostructure by sputtering and contacted the layers separately
film structgre%g ,using mixed Sn@-CuO powders, \ith Au electrodes. The top CuO layer was found insensitive
Cu-SnQ bilayers! and CuO-Sn@ heterocontact’,have to H,S and yielded a low sensitivitgS=70 at 17 ppmand
been extensively investigated, and their performances arg gjow responséin min). In contrast, Jianpingt al,” mea-
compared in Table I. Wide variations in the reported teslgreq the resistance of Sp@ith underlying platinum elec-
conditions and the response characteristics are noted. Ifrpges, and reported a critical CuO over layer thickness of 7
stances where a high sensitivity is observed, the responsgy, for achieving a maximum sensitivigs=80 at 1 ppm),
time is often found to be slow3-175 min, and a fast re- ¢ the response speed was sfoMore recently Gadkari
sponse time&(15-180 $ is noticed mostly for higher k8 ot 5115 reported a degradation mechanism explaining de-

concentratiori:'® Processing conditions significantly influ- ¢ea6e in sensitivity associated with over and under usage of
ence the response characteristics. For example, Cuoz'sngvaporated CuO-Snilayers

sputtered bilayers’ subjected to different heat treatment ex- ~ ;i 16 proposed two mechanisms of catalyst control
h|hb|te(_j dln;f_ere-nt sefn(s:mg charactgnsh(:‘ﬁat()jle I)mquem:ntly, on gas sensorda) Fermi level energy control mechanism
chemical fixation of CuO onto spin coated Snfiims from and(b) spillover mechanism. In the Fermi-level energy con-

trol mechanism, the sensing gas converts CuO to CuS and

dAuthor to whom correspondence should be addressed; electronic maiVares th_e barrier hEIght at the 'r‘tergram'”ar bqunda”es after
arijitc123@rediffmail.com exchanging electrons. In the spillover mechanism the metal-
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TABLE I. Comparison of reported data on,8 gas sensors.

H,S gas Operating
concentration temperature Response
Sensor material Process (ppm) Sensitivity (°C) speed Reference
CuO-SnQ spray pyrolysis 75 200 3 min 22
CuO-SnQ coevaporation 10 130 200 10 min 3
CuO-SnQ calcined paste 50 35000 250 40 min 4
Zr0,—SnG sintered powder 10 500 190 50 min 5
CuO-SnQ sputtered bilayer 16 70 160 50 min 8
CuO-SnQ spray pyrolysis 100 2500 200 60 min 2
CuO-SnQ@ spin coating 0.3 2000 35 min 12
Pd/SnQ spray pyrolysis 2000/5000 300 175 min 23
Ag-SnG evaporation 200 35 110 15s 9
PdO-Sn@-Fg0O; PECVD 800 15 225 30s 10
Al,0;—SnG screen printing 40 100 300 60 s 6
CuO-SnQ sputtered bilayer 10 80 200 100 s 7
Ag-SnGQ sputtering 1 20 150 1000 s 24
CuO-SnQ sputtering 20 7341 150 14 s Present
work

lic catalyst dissociates the gas molecule, and reactive atonsputtering technique using a metallic tin targ€erac Inc.,
spill over the semiconductor surface and influence its con99.999% in Ar-+0O, ambient. There was no substrate heat-
ductivity. However the enhanced response expected from th@g during SnQ deposition and the film deposition condi-
spillover mechanism has not yet been demonstrated with affons are listed in Table 1. In all the structures a 120 nm
appropriate CuO—Sntbilayer structure. thick SnG film was deposited under identical conditions. A
In this work the electronic and chemical interactions onqg nm cu film was deposited uniformly on the Sn@irface
SnO, with ultrathin CuO dotted islands have been analyzedto obtain a Sn@-Cu bilayer structure, and Cu was evapo-
Response characteristics are cqmpared with Fho'se qfasimqjgted through a mesk0.6 mm pore sizeto obtain the
SnQ, sensor gnd a Sno CuO bilayer. The_d|str|but|on of SnO,—Cu-dot sensor. We expect the copper layer deposited
CuO on Sn@ is shown to promote a fast spillover of hydro- through the mask to be thinné<10 nm due to shadowing
gen for enhancing the sensitivity and the response speed. effects. After deposition, the ShOCU bilayer structures
were slowly heated in air at 300 °C for 20 min for achieving
Il EXPERIMENT a stable resistance. The annealing treatment was considered
Interdigital electrodes as shown in Figial were pre- sufficient to transform the ultrathin Cu layer to CuO in
pared on a borosilicate glass substrate by sputtering platinuggreement with earlier observatiot{sThe three different
films through a mask. The electrodes were covered with &inds of sensors are shown in Figgbit-1(d). The interdigi-
120 nm thick Sn@ layer deposited by a rf diode reactive tal electrodes(IDE) were intentionally located inside the

SnO;, film

Glass substrate

Pt inter-digital

2mm (
electrodes

(a) Inter-digital electrodes (b) SnO; sensor FIG. 1. Construction details of SpQ
SnO,—CuO, and Sng-CuO-dot sen-
sors with underlying Pt interdigital

0.6 mm dia. CuO dots
electrodes.

Ultra thin CuO film

SnO; film

Glass substrate
Pt inter-digital
electrodes

(¢) SnO,-CuO sensor (d) SnO,-CuO-dot sensor
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TABLE II.
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SnO, thin film deposition conditions.

Technique

Target

Gas

Sputtering pressure

Power

Substrate to target distance
Substrate

Substrate temperature

rf diode sputtering
Tin(99.999%
50% Ar50% O,
14 mTorr
150 W
7.5cm
borosilicate glass

10*

Chowdhuri et al.

a 20 ppm H,S

a SnO,-CuO-dot

A
a ™ a
. [] - a,
a SnO,-CuO®

A
a

25 {@o heating

Sensitivity ( Ra/ Rg )

L =
lOl_ at = .‘..o -.-

L o* SnO,

sensing film (Sng) to measure the actual change of resis-
tance of the Sn®layer, and offered a high sensitivity in
comparison to planar electrodes.

Sensitivity and response speed were measured as a func-
tion of temperaturg60-250 °Q at different concentration
levels of H,S gas. In view of the corrosive reaction of$l
gas with metallic surfaces, all contacts inside the test cham-
ber were sputter coated with platinum. The sensor was
placed on a temperature controlled heating block, and spring-
loaded platinized contacts were used to measure the sensor :| In H,S
response. At each temperature the sensor was first stabilized
in air to obtain a stable resistance value.SHat a specific
concentration level was injected into the chamber and re- , (b)
sponse characteristics were recorded using an automatic data U N
acquisition system. Prior to every new measurement the test 100 150 200 250 300
chamber was purged with atmospheric air for 10 min at the Temperature (°C)
sensor operating temperature to remove previous traces of

H,S gas. The sensitivity factor is defined as FIG. 2. (a) Temperature dependence of sensitivity of the three sensors, and
(b) temperature dependence of sensors resistéRgand Ry) before and
S=R,/ Rg (1)

after exposure to 20 ppm of,8.
whereR, is the resistance of the sensor in atmospheric air,
andRy is the resistance in the presence of reducing gas. The
gas concentration characteristics were examined in the rangétributed to the accelerating rate of irreversible chemisorp-
20-1200 ppm of KIS at the optimum operating temperature tion reaction due to interaction with the,8 gas, which tends
of the sensors where they exhibited a maximum in their sento reach equilibrium at the critical temperatufg,,). Figure
sitivity. The surface morphology of the three sensors beforé(b) shows the variation in resistance of all three sensors in
and after exposure to 4$ gas was examined using a Bur- air and in the presence of,8 gas. The resistandg, in air
leigh personal scanning probe microscq@®M), and im-  for all three sensors shows a continuous decrease with in-
ages were acquired over an arex 2um? in the contact creasing temperature. However, beyond the critical tempera-
mode using a microfabricated Si cantiley&mgth: 200um,  ture (T, the chemisorption phenomenon slows down and
width: 40 um). yields a higher value dR, with increasing temperatuf€ig.
2(b)], and therefore the sensitivitgE R, /R,) decreases be-
yond the critical temperature. A sensitivity &~ 7.3x 10°
for the SnQ—CuO-dot sensor at 20 ppm of,8H is found to
be high in comparison to some of the high values reported
earlier (Table ), and the operating temperatu(®s0 °Q is
also found to be low.

10° I

Sensor
SnO, O m
SnO,-CuQ Al a

Sn0,-CuO-dot] O | ®

In arr

Resistance (ohm)

[6)]
o

Ill. RESULTS AND DISCUSSION
A. Sensitivity

Figure 2a) shows the variation in the sensitivity at a
constant HS gas concentratiof0 ppn) as a function of
temperature for the three different sensors: gnO
SnO,—CuO, and Sng-CuO-dot. A maximum in the sensi-
tivity is found to occur at 150 °C for both the SREOCUO
bilayer sensors, and for the plain uncovered $Seénsor the
maximum occurred at a higher temperatyig0°Q. The  where they exhibited a maximum sensitivity. The response
sensitivity of the Sn@-CuO-dot sensor§~7.3x10°) is transients of the three sensors for 20 ppgSHgas are shown
found to be quite high in comparison to the uncovered SnOin Fig. 3. The Sn@-CuO-dot sensor exhibited a fast re-
(S~11) and the Sn®-CuO (S~ 170) bilayer sensors. The sponse time of 14 s, whereas the SARCUO sensor and the
variation in sensitivity with temperaturg=ig. 2@)] clearly  uncovered Sn@sensor showed a slow response of 33 and 65
exhibited a maximum at a certain temperatuiig,{) and s, respectively. The observed response time is found to be
thereafter it decreased. The increase in the sensitivity can lmite fast in comparison to earlier reported d@t@ble ). Liu

B. Response characteristics

The sensors were operated at the temperatiirg,,\
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FIG. 3. Response speed ofa) SnO,, (b) SnO,—CuO, and (c)
SnO,—CuO-dot sensors at their operating temperature.

Sn0--CuO

et al® observed a similar response spe@d 9 for the
SnO,—Ag bilayer, but the reported sensitivitg€ 35) at 20
ppm of H,S was quite low.

Figure 4 shows the response and the recovery character-
istics of the three sensors for 20 ppm of3 The recovery 10 |
was studied both under staticonstant air and dynamic '
(flowing air) conditions at the optimum operating tempera- ()
tures. In the static condition the SROCuUO-dot sensor ex-
hibited a fast recovery(481 9 in comparison to the
SnO,—CuO and the SnPsensors which showed a recovery
time of 550 and 615 s, respectively. However under the dy-
namic condition the Sng-CuO-dot sensor exhibited a sig-
nificant improvement with a recovery time of 118 s and its
profile is also included in Fig. 4.

The recovery characteristics showed some interesting
features marked as phase | and phase Il in Fig. 4. The, SnO
sensor in phase | showed a fast rise whereas the 10° <= H>S out
SnO,— CuO-dot sensdiFig. 4(c)] exhibited a very slow rise. e —
This is in contrast to the later stagphase I} where the 0 200 400 600 800
SnO,— CuO-dot sensor exhibits a rapid rise in comparison to Time (s)
other two sensors. The fast rise for Sn€ensor in phase | is FIG. 4. Response and recovery characteristid®)o6nG,, (b) SnG,—CuO,
attributed to the quick adsorption of oxygen on its entireand(c) SnO,—CuO-dot sensors for 20 ppm,H gas.
surface. However, for the SROGCUO-dot sensor the slow
rise in phase |, and a rapid rise in phase Il suggested that

fr:]:r;%?; g:%:‘r[::got\)/ztrz datsthe I?}g?\uh?n Ir(]ntr?;fr?tc ?Olind_l_ﬁg tion of the two Sn@—CuO sensor structures, their electrical
B@lay P ' equivalents, and the expected changes occurring at the

mechanisms relating to the changes that affect the respong%OZ_Cuo interface are shown schematically in Fig. 5
and recovery in phase Il have been discussed in the latter The resistance of the Spdayer (R,=Reno) i 'as.
1~ Rsno, -

part of the article. sumed to be the same in all three sensors because the SnO
film thickness and its deposition conditions were kept iden-
tical. R¢,o is the resistance of the CuO layer deposited on
As the preparation conditions were same for the twoSnG; either as a continuous layer, or dispersed in the form of
SnQ,—CuO structures, it was of interest to understand thelotted islandsFig. 5. ResistorsRsyo, andRcyo are in par-
sensing mechanisms that influenced the response charactatlel in both the arrangement®, and Rs represent the
istics of the Sn@—CuO-dot structure in relation to the other equivalent sensor resistance of the $AQuO, and the
sensor. Specifically the SBOCuUO-dot sensor exhibited a SnO,—CuO-dot structures, respectivélyigs. a) and 5b)].
fast response, a higher starting resistance prior8 idjec- It may be noted from Fig. 5 th&, andR; are not expected
tion (Fig. 3, and a very low resistance in the presence ofto be greater thaR;, because they are individually a paral-
H,S, and a high sensitivity. The differences in the construciel combination oiRSnoZ (or Ry) andR¢o. At the operating

10°

Resistance (ohm)

Resistance (ohm)

IS S S R S S S

C. Electrical equivalent circuits of the sensors
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AAMAAN R oo e
mAAS
o— —@ =R, =R;
——W RSnOz
(@) (b)
Depletion layer at Depletion layer at Space charge layer formed
Sn0,-CuO interface SnO,-CuQ interface by adsorbed O, on SnO,
) H
! :
Lyl oo v Cu0
Sl’l02
Pt | [ Pt

(©) @)

FIG. 5. Electrical equivalent circuits and cross-sectional view&pand (c) SnO,—CuO bilayer, andb) and (d) SnO,—CuO-dot sensors.

temperature T,,=150°C), the sensor resistandes, R,,  Of the depletion region due totype CuO andh-type SnQ
andR; of the three sensors are reduced correspondingly téends to reduce the effective thickness of the underlying
R], R, andRj due to their semiconducting behavior. Simi- SnG, layer through where the charge carriers can flow.
larly R, and R} ought to be less thaR; based on the same Moreover diffusion of some amount of copper into $nO
premise as discussed earlier. However, the measured startingd the formation of electronic barriers at the CuO-$nO
resistance of the three sensors before exposure$odre in  intergranular region in the bulk of the film cannot be pre-
the orderR;>R;>R; as seen from the response charactercluded. Copper is known to diffuse extensively and can draw
istics shown in Fig. 3. In the presence of$igas,R;, R;,  oxygen from Sn@to create intergranular (CuO—Sg)bar-
and R; are further decreased ®;, R;, andRY, respec- riers. The combined effect of the depletion layer at the inter-
tively, and it is noted that the final resistance values are in th¢ace, and the interdiffusion of copper are therefore expected
order R3<R5<R] at the sensor operating temperature. Theto yield a high value of the starting resistance for the
measured resistance values before and after exposurgsto HsnO,—CuO sensor R,). A measured value OofR;

for the three sensors are compared in Table lll. The sensitiv=2196 k) and R;=1596 K2, andR,>R] clearly support

ity defined asS,=R{/R;, wheren=1, 2 and 3 correspond the expected behavior. The measured value R

to the three sensors SpO SnQ-CuO, and the —2196K) could have been much higher, but for the ex-
SnO,—CuO-dot, respectively, and their sensitivity is found topected contribution arising due to the removal of oxygen

increase in the orde$;>S,> S, . from the SnQ bulk, during the interdiffusion of Cu into
_ ) o SnO, and the transformation of Cu to CuO. In the
D. Starting resistance of the sensors in air SnO,— CuO-dot structurdFig. 5(d)] besides the depletion

The observed increase in the starting resistance valugggion and the interdiffusion of Cu into SpOoxygen ad-
(R;>R,>R)) of the three sensors can be explained as fol-sorbs on the uncovered Sp®urface between the CuO dots
lows. The initial heat treatment of the as-deposited SnCu  and captures electrons from the conduction band to remain as
bilayer sensors at 300 °C in air leads to the formation of &0, and O ions until desorbed at a high temperature, or in
heterojunction at the CuO—Saanterface!® The formation the presence of a reducing gas. The oxygen adsorption in-

TABLE IlIl. Variation in the measured resistance values of sensors.

Resistance of Starting resistance

as-deposited at the operating Resistance after

(film/bilayers temperature exposure to KIS Sensitivity
Sensor type (kQY) (k) (k) S,=R//R;,
SnG, R,=3172 R;=1596 R1=141.8 11.25
SnQ,—Cuo R,=4392 R,=2196 Ry=12.92 170
SnO,—CuO-dot R3;=7356 R;=5550 R3=0.756 7341
Relationship R;>R,>R, R;>R,>R; R3<Rj<R]
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S0 is the most stable oxidation state at low temperatlifés.
10:F ) . P the presence of 6 and air CuO converts to CuS. Formation

10° ¢ tion of depletion region at the interface, due to diffused cop-
, El In vacuum (~107 Torr) per in the bulk of Sn® and the adsorbed oxygen at the

107 = uncovered Sn@surface.

E 10° E SnO,-CuO-dot

§ e $n0,-CuO E. Resistance in the presence of H ,S gas

§ £ 1. SnO,—CuO sensor

R 4 F

@ 10 K A processing temperature of 300 °C for the sensor ele-

o 10° \\_\ ment fabrication ensured the oxidation of Cu to CuO, which

of Cw,S in miniscule quantity cannot be ruled out due to the

0 300 _600 900 1200 slow reduction of CuS by hydrogeiirom H,S), and other
Time (s) compounds such CuSCand CySO, are not expected as
FIG. 6. Variation of starting resistance of the three sensors with time undefney demand either very high temperatL_J(es7].000 °Q, or
vacuum. the presence of GO initially for the reactiort:

The chemical reaction at the SROCUO surface with
H,S is given by
creases the extent of depletion region between the CuO dots CcuO+ H,S— CuS+H,O. 2)
as shown in Fig. &l). Thereby the measured starting resis-
tance R3) of the Sn@—CuO-dot sensor is expected to in-
crease further. The measured valudRgf=5550 K is found

The final sensor resistance at its operating temperature
(150°Q in H,S is influenced by a number of factors. First,

to be over and above the value Bf, obtained previously CuO converts to CuS, which is reported to be more

without the contribution from adsorbed oxygen, and clearlymmau'('2 than CuO. This tend§ to make the CuO. region less
supports the observed treRy>R,>R} . p type and allows the depletion region at the interface to
27 extend more into the-type CuO and less into the-type

SnQ,. Second, at 150 °C the intergrain CuO—Snigdund-
1. Role of adsorbed oxygen aries in the bulk of the SnOfilm may be influenced by the

penetrating HS through the grain boundaries. The penetra-

The role of adsorbed oxygen is examined by measuringioy depth of HS deep into Sn@may be speculative, but
the variation in sensor resistance at the operating tempergnin polycrystalline Sn@ layers that are porous can be ex-
tures under increasing vacuum, and the results are shown fucted to exhibit an enhanced effect. As a consequence the
Fig. 6. SnQ, SnQ~CuO, and Sng-CuO-dot sensors ex- measyred resistance of the sensor decreases and Rélds
hibited a decrease in their resistance values by 88%, 1.5%, R}, in the presence of 8, and leads to an increase in the
and _631%' respectively, within 15 min in vacuum gengitivity (S,=R}/R}=170) for the Sn@-CuO sensor in
(~10° Torr). _The observe_d decreasc_a in the reS|stanpe Oéomparison to Sn@sensor 6,=R}/R}=11). It is interest-
the three sensing elemerifsig. 6) was in accordance with g 5 note that the increase in sensitivity is not only due to
the free SnQ surface area available in each of the SeNsOkna increase in the starting resistance valR$>R}), but

configurations. , _ also due to the lowering of the final resistan@& <R,

In the case of pure SnOfilm the resistance R; values given in Table I)l
=Rsng,) is primarily determined by the amount of 0xygen — \ ay pe noted that the decreaseR with respect to
adsorbed on its surface, and the absence of adsorbed oxyggn is limited and thereby only a small increase in the sensi-
on the surface of Snf>-CuO sensor support the insignificant tjyity from 11 to 170 is observed. The incoming,$l con-
change in resistance valu®{). However, a change in the yerts the top CuO layer into CuS and increases the effective
resistance value by 61% in the case of $a0UO-dot sen-  thickness of the SnOlayer through which charge carriers
sor clearly indicates the dominant role played by the adcan traverse. Thereafter the$iis unable to penetrate deep
sorbed oxygen besides the depletion layer at the; SO  enough to reduce the barriers with the interdiffused Cu in the
interface and the grain boundaries due to Cu diffusion intayy|k and is therefore almost ineffective despite increasing the
SnG,. Earlier investigations have reported that the spacegensor temperature.
charge layer at the interface is dependent on many factors  after the removal of HS gas, CuS converts back to CuO

including; surface coverage of oxygen adsorbaiethe in-  in the presence of oxygen at the operating temperature
trinsic electron concentration in the bufkthe grain siz&’  (150°Q by the following reaction:

the presence of foreighmetal oxides in Sng, and the oxi-

dation state of the loaded metal on the SreDrface?? CuSt 3/20,—CuO+ S0, ©)
Thus equivalent resistance valuBs and R; are not a  where CuO formation regains the original state of depletion

simple parallel combination dRsng, andRcyo, but are in-  region at the Sn@-CuO interface. Consequently the resis-

fluenced by the distribution of CuO on the Spnfurface. In  tance of the sensor begins to increase to regain its initial high

the case of Sn@-CuO-dot sensor, the starting resistance isresistance valueRj3). However the recovery is found to be

therefore the summation of the contribution from the forma-relatively slow during phase | and fast during phase Il as
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10 g - 10°
F HoS in 20 ppm H,$
107 kv SnO,-CuO-dot
: 10* AAAAAA
T 0%k
S : o Sn0,-CuO
~ >
8 10°E = 10 oooao
g 2 goo oo
ju C [}
.g 104 L » SnOZ
@ 10°
e 1S out °
0 600 1200 1800 2400 3000 0 250 500 750 1000 1250
Time (s) Concentration (ppm)

FIG. 7. Repetitive response and recovery characteristics 05-S600-dot FIG. 8. Gas concentration characteristic§@fSnQ,, (b) SnQ,—CuO, and
sensor under static condition. (c) SnO,—CuO-dot sensors.

contrary to Sn@ sensor(Fig. 4) under the static condition. _ ) _ )
This is possible due to the slow rate of reactidy. (3)]  9en after spillover quickly interacts with the adsorbed oxy-
because under the static conditions the presence gfeg@s 9en and removes it from the uncovered $n€urface

to the competing effect preventing complete reconversion opetween the dispersed CuO islands. This removal of oxygen
CusS to CuO quickly at 150 °C. The modulation of depletion'eaVeS behind the excess free electrons that are available for

region due to the formation of mogetype CuO is respon- conduction. Furthermore, the presence of grain boundaries in

sible for the fast rise as compared to Sre@nsor in phase II.  the polycrystalline Snallow the penetration of & deep
inside the bulk and reduces the barrier height at intergranular

CuO-SnQ interface. This leads to a rapid decrease in the

2. SnO,~ CuO-dot sensor measured final resistance vallRsE 0.756 K2). It is nearly

In the case of SnE-CuO-dot sensor the CuO and the three orders of magnitude lower than the starting resistance
uncovered Sn@surfaces are exposed tgBisimultaneously. value (R;=5550K)) and yields a high sensitivity S
The conversion of CuO to metallic CuS shifts the extent of=R5/R3=7.3x10°) with a fast response time of 14 s
depletion region towards thgtype CuO and increases the (Fig. 3).
effective thickness of SnOlayer. Moreover, Cu present in After removal of HS the recovery under a static condi-
the form of CuO is known to initiate hydrogen spillover tion (Fig. 4) was initially slow in phase |, and was followed
because it chemisorbs hydrogen rather we&knd the hy- by a sudden rise in phase II. The adsorption of oxygen at the
drogen atoms on its surface are highly moBfi@he hydro-  uncovered Sn@surface(phase ) leads to the slow rise in

FIG. 9. AFM profiles of as-deposited

surfaces of(a) SnO,—CuO and (b)
(a) (b) SnO,—CuO-dot sensors(c) sensor
surface after heat treatment at 300 °C
in air, and(d) sensor surface after ex-
posure to 20 ppm 5.

. e Y:2.00pm o L
X:2.00pm sz * ~"¥:2.00pm

(© (d)
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the resistance initially. The rise in resistance in phase IV. CONCLUSIONS

seems to be governed at two different reiefg. 4(c)]. The The enhanced sensitivity and response speed of CuO

barrier h(_aights at the intergranu_lar boundaries_ begin to inaotted Sn@ sensors in comparison to the other two sensors
crease vylth the g'rgdu.al penetratlon of oxygen |'nto the bUIkSnQ, SnO,— CuO reveals the importance of the Cu catalyst
By the time modl_f|cat|ons in the bulk_are nearing Comple'Iayer distribution on the Sn{film. The increasing sensitiv-
tion, the top CusS islands are reconverting completely to CuCIJ,(y for the SNGQ, SNO—CuO, and Sn@-CuO-dot sensors
and thus give rise to a sudden jump in the recovery charagg (o, nq to depend primarily on the modulation of the deple-
teristics under static conditiofFig. 4(c)]. The recovery of o0 region at the Sn@-CuO interface. The modulation of
the sensor is much faster under the dynamic condition béye gjectronic barriers due to the interaction aSHyas with
cause the availability of the oxygen is more on the SeNsof 0 via grain boundaries, and the spillover effect gfibi
surfage. , " _ the case of Sn@-CuO-dot sensor are found to enhance the
Figure 7 represents the response in a repetitive run insensitivity significantly. A systematic variation of the starting
volving H,S gas sensing and the recovery alternately for the, fina| resistance of the sensors before and after exposure

SnQ,—CuO-dot sensor. The sensor exhibited good reproducy, he 1,5 is found to depend strongly on changes occurring
ibility and a fast response for about five runs successivelyy; the syrface and in the bulk. Ultrathin CuO film in the form
but for the sixth run the recovery was slow, and the sensitivys qotted islands on snofilm is found to exhibit a high

ity decreased slightly. However, heating in air for 90 min atsensitivity (S=7.3x10° at a low operating temperature

150°C the sensor regained its original starting resistance andsg e, and a fast respongé4 s in comparison to earlier
sensitivity, and could be used reproducibly. The onset of degreported results on #$ gas sensors. The enhanced sensitivity
radation of the sensor seems to occur due to the incomplelg,q response with ultrathin CuO dotted islands clearly point
reverse transformation of CuS to CuO at 150°C, and thg the vital role of the spillover mechanism besides the Fermi
ultimate poisoning of the sensor can be attributed to thgaye| type of interaction. Hydrogen from the dissociatesH
higher residence time of the adsorbaselphu). Figure 8  gas molecule is seen easily to “spillover” onto the Sréd
shows the variation in sensitivity with increasing concentrajincrease the sensitivity considerably. The formation of elon-

tion of H,S gas in the range 20 to 1200 ppm. The sensitivitygated grains providing a large surface area seems to enhance
of the SnQ—CuO-dot increases from 23L0° to ~10" and  the sensitivity in the Sn@-CuO-dot sensor.

is found to saturate at 200 ppm, whereas the Saénsor
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