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ABSTRACT 

Instilule of Physics, Silesian Technical UniversilY, 

ul.Krzywouslego 2, 44- ] 00 Gliwice, Poland 

Rcsul ts conceming a hydrogen sensor based on a two-layered Slruclure in a Surface 
Acouslic Wave dual-delay line system are presented. The sensor material eonsislS of IWO 

layers pcrformed in twa different "apor deposition processes. The !irsl one is a 720 nm CuPc 
(or 110 nm H2Pe) layer, lhe other one - a 20 nm lhin palladium film . This slructurc was 
fonned in a one of fhe dual - delay line syslem on a LiNb03 y -eut Z-propagation subslrale. 
In sueh a multiJayer struclure ean deleet hydrogen in a medium coneenlration range (from 
0,25 % lO 3 % in nitrogen), even al room tempcrature. The sensor has a very good sensitivny, 
stability and is entirely reversible. The response and rccovery times are very short (-2CX) s -
800 s). which is very important from the practieal poim of view. 
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J. INTRODUCTION 

Thcre are many methods for hydrogen dClcction and a comprehensive revicw can be found In 

literature [I l. Since the early MOS fieltllransiSlors and Schotlky diodes sensors through Ihe fir~t SA W 

dev\ees made by O'Amieo [2] we have now many different fiber OptlC hydrogen scnsors [3J , 

Hydrogen gas has been used as a reducing agent and as a carrier gas in semiconductor manufacluring 

process and II is has been increasingly noted as a clean energy reSOUTce or a fuel gas [4]. A hydrogen 

teak 11'1 targe quanlities shol.lld be avoided because if mixed wjlh aiT in a rano of 4.65 - 93.9 vot. % 

hydrogcn is cxplosive [I]. Thus Ihe fast and prccisc detection of hydrogen near the cxplosi"e 

conccl'llralion and at room temperaltlre is slI11 a greal problem. 

Atmost all Ihe sensors refcrred ahavc usc thin palladium films as sensor malen31 beeause of 

their welt.known absorption propenies rt'lative to hydrogen [1-3 J. 

According to O'Amieo [2J we ha"c tricd to use thin (-20 nm) palladium layers in a SAW 

system \O detcc! hydrogen. Unfonunalely, the interaction was very weak, even al a relalive1y high 

(3%) hydrogen concenlrulion. When we used oo ly a thin CuPc film (-720 nm), the inlerlction was 

much bcttcr. bUl only at higher lemperalures of abom 70 oC. We decided 10 form a muhilayer SlnlCIUre 

consisting of a copper phthalocyanine (CuPc) layer 720 nm and a 20 nm thin palladium 12yer in IWO 

differenl vacuum deposition processes - Fig.l. 
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Fig.l. The sensor material consists oftwo layers produced in IWO different vapor deposition processes. 
The firsl one i5 a 720nm CuPc Jayer the second one - a 20 nm thin palladium film. The thickncss of 

[he sensor material, h, is ~onsiderably less than the wavelength A of Ihe SA W. 

The addition of a thin palladium Jayer to the CuPc film greatly enhanced [he 

sensitivity to gaseQus hydrogen in a medium concentratioll range (from 0,25 % to 3 % in 

nitrogen), cyen at room temperature. Besides that, the sensor has a good slability, a short 

response. short recovery limes and i5 entirely reversible. 

2. EXPERIMENTAL 

The expcrimental set-up is based on frequcncy changes in a surface aeoustic wave dual 

delay line system, which is nowadays well known [5-71- Fig2. 

7 
/ 

M =1-10 

Fig.2 The SAW dual delay line system based on frequency changes 
The abbreviations: MPc - multilayer structure, 4>Ą ,4>" - phase shift introduced by amplifier and 

transducer respectively, A - ampJifier; v, Vo - velocity a f the SA W in a measuring and reference paths 

On a piezoelectric LiNb03 substrate two identical aeoustic paths were fonncd using 

interdigital transducers. Next a multilayer active structure is fonned in the measuring line by 

twa different vacuum deposition processes. The second palh serves as a refercnce and cnn 
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compensate smali variations of temperature and pressure. Both deJay lines are placed in the 

feedhack loop of oscillator circuilS and the response to the particular gas of che aClive 

muJlilaycr is dctected as a change in Ihe differentiaJ frequency M, i.e. Ihe differcncc betwecn 

the two oscillator frequencies f and fo. 

PrincipaJ1y, any change in the physical properties of a thin active multilayer (MPc), 

upon an interaction with gas molecules, placed on a piezoclectric surface can affcel SAW 

propagatlon. However, from Ihe practieal poinl or view only the two following effecls have a 

potentiaJ meaning. Namdy, a change in the mass density or the multilayer. and a ehange in its 

electrical conductivity cause signjficant changes in the veloeity and aUenuallOn of the SA W 

and eonsequentJy Ihe changes in Ihe frcquency f and M [8]. 

3. RESULTS 
3.1 Results for Pd and CuPc film,.; 

At first, accordingly to D'Amieo [2], we used a palladium (Pd) layer as a sensitive 

material in cxperimental results. A palladium film absorbs easily hydrogen molecules and is 

well known material for detection of hydrogen. Hydrogen absorplion and desorption cause 

ehange~ in the densilY, ela.~tic properties and Ihe eonductivity nf Ihc Pd film [91 Thc proces;; 

is comp1ctely reversible. The obtained resu!! was unfortunalely very weak - Fig.3. The 

changes of the frequency M are not more Ihan 50 Hz for 0.5 % and / % for hydrogen in 

nitrogen at 30 Oc and Ihis is almost the detection limit of the equipment. At higher 

temperaTures there were no better resu/ts. 
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Fig.3. Changes of the differential frequency versus time fOf two concenlrations of hydroge:l for 20 nm 
of palladium al 30 Oc 
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Whcn a 720nm CuPc layer was used [he sensor response was about 6(X) Hz, but only 

al highcr tcmper<ltures -70 Oc. Thc resull is shown in Fig.4. 11 is also a weJl - known fact, Ihat 

phthalocyanine films have to be thermally activlIted for gas dt!tection. 
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Flg.4 Changes of the M frequency for 720 om CUPt film for 3 % of hydrogen In nitrogen at 70 Oc 

The invesllgated CuPc [ayer with a thickncss or about 720 11m was made by mcans of 

the vacuum sublima!lon mcthod, using a speciał aluminIUm mask. The source temperalurc 

was about 600 Oc and the thickness was measured by the in teńerence method. Bcfore the 

spec1fic process of subhmation. the CuPc powder (Aldrich) was initial ly out-gasscd at 200 Oc 
for 15 to 20 min in vacuurn (10-4 Torr). The CuPc vapour source consisted or a cruciblc 

placed in a propcrly fomled tungsten spiral. A coppcr-constantan thennocouple was uscd to 

control the tcmpcrature 1101. 

3.2 ResuHs fOT 8 Iwo-Iayered slructure 

For the multiłaycr structurc the obtained preliminary resuhs are very promising. We can 

obscrvc rco.:urrelll .. hauges or [he differential rrcquency of the measurements system m [he 

funcuon ofthe medium hydrogen concenlration in nilrogen at 30 Oc and 50 Oc ar interaction -

Figs.5 and 6. 
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Fig,5. Changes or Ihe differcnlial frcqucncy 6.f versus \jnle for a two-!aycr sensor slruclurc at 50 LiC 
al) % cO;Jccntrations of hydrogen in nitrogcll 

2126 

212 4 

212.2 

'" 
~ 211,e 

";ej 211,6 

2114 

2112 

, 
210,e 

. 

V- I I 
". I \"J .., ", , ", 1.5% H, 

t-- 0,72 iJm CuPc +20 nmPd 

T=30
Q
C 

Q_,ooo mi/min 

,,"'" 0000 

Tlme [s] 

....... 
· • 

• __ o 

• • • 
I -

• • • • 
• I • · • • • • • i • • • • • 
• • • • • I • 

" • 
",", 

~ ,-,- • 
Io"~'-

'0000 """" """" , ""'" 

l 

'"00 

Fig.6. Changes of the differclltia! frequency 6.f versus time for a two-Iaycrcd sensor structurc al 30 IlC 
al six differcnt concentrations or hydrogen in nltrogcn 

The inclioatioo ar Ihe diagram io Fig.5 is connected with the therma! drift of Ihe 

experimcntal sel-up. This is especial1y possible to see at higher temperature~ Ihao 50 Oc. 
Al\hough Ihe thennal drift from the subSlrate is compensated, the drifl from the sensor 

material is not eompensaled. The change of Ihe l<r.f frequcncy for 3 % of hydrogen in nitrogen 

a\50 Uc is aboul 1.9 kHz. 

Al 30 Oc we can see the rcsul\s for six different concentrations (from 0.5 to 3 %) of 

hydrogen in nilrogen. The saturation Icve!, i,e. the equilibrium bclweeo adsorption and 

desorption. is reached very quickly especially at lower hydrogen conccntrations. l3esides, il i~ 
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interesting to nOle the great change in the interaction bctween 1.5 % and 2 % concentrations, 

This interesting interaction "jump" is complctely reversible and is probably connecled wilh 

surface and Yolumc. interactions and (he phase transitions for the palladium film [3]. 

We have beco use hydrogen phthalocyanine (H2Pc) covered by palladium Ihin film 

100. Jnteraction results Wilh hydrogen gas are showo on Fig 7. In this figure we show 

changing in differential frequency from start valuc Mo (before interactJOn wilh .'las). 
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Fig.7. Changes or the differcntial frequency M vcrsus lime for a Iwo-laycred sensor slruclure at 23 Oc 
at four differel1 concenlration~ of hydrogen in nitrogen 

his very intercsling phenomcnon observed for low concenlration of the hydrogen (1 %) - the 

change in differential frcquency is positivc. In higher concentralion change in differenlial 

frcqucncy is negativc. We think Ihat this phenomcnon is connected with changing in 

concentration of the current charge in region of the semiconducting phtalocyanine layer and a 

palladium layer. Probably we observe depletion and nexl inversion phenomenon. To explain 

Ihis we inlend 10 provide simultaneous rneasuring resiSlance of the phlalocyanine layer. 
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3.3 Responsc and rccovery tlmes for a multilaycr structure 

In Fig. 8 we show lhe response and recovery limes for smali eoneentrations. i.e. between 

0.5 % and 1.5 % eoneenlralions and in Fig. 8 • for higher coneenlrations. The rcsponse time. 

defined al most as a U)() % of the saluralion level, increases from -200 s to 800 5, whcreas Ihe 

recovery unie is almost conSlant, equallo 200 s. 
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Fig.S. Response and recovcry limes for lower (0.5% 10 1.5%) hydrogen concenlralions. where 
Tu. T Re denola responsc and recovcry umes respecllvcly 

For a higher hydrogen eoncentration the rcsponse can be cven longer -15()(k - Fig.9. 

Thc recovery lImes arc, howcvcr, still the same -200s, whieh is very imponam from the 

practieal point ar view. 
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4. DlSCUSSIQN 

Such II good wark af the sensor may be explained as follows. As already mentioncd 

above, it is well known, that the palladium film easily absorbs hydrogen molecules f2,3]. 

However. when we use only a metal (palladium) layer on a piezoelectric subslralc (which was 

LiNb03 y -Z), the metal layer shortens the electr;c field associated with Ihe suńace wavc. 

Conscqucntly, thc sensor can delcc! only the mass loading. When only a Cu Pc layt] i~ u~t:d. 

the sensi tivity af this compound is \00 weak to delecl hydrogen molecules, besictcs, the 

conductivity or Ihe layer at room temperature is too high and this sensor musi be tempcrature

activated [7,IOJ. Nowadays it is well establishcd, that in the case of phthalocyanine 

compounds in a SAW system the electric effect is much greater than the mass loading [6,8] . 

So Ihat, lo take fuli advantage of the high sensitivity offered by the SA W sensor, the Ihin film 

conductivi ty musI be in same particular range [11]. The two-layer strucIure (CuPc 720 nm or 

H2Pc llOnm + 20 nm Pd) on a LiNb03 y -Z substrate has probably ils resultant electrical 

conduclivity well filled la Ihe high sensi tivily range of the SA W device and ean delect 

hydrogen molecuJes even al room temperature. This supposition will be more particularly 

invesligated in fUlure researches. 

5. CONCLUSION$ 

l.The preliminary investigations have shown that il is possible lO realize a SA W hydrogen 

sensor for a medium range of eoncentrations al room temperature, 

2. The sensor layer musI be prepared in a spccial way - two-layered slructures prepared in 

twa different vacuum deposition processes. 

3. The sensor has a very good sensitivity, stability and Is entirely reversible 

4. The response and recovery times are very shan (-2oo-1500s for response - depending on 

the eoncentration, and -200s for recovery), which is very important from the practical point 

of view. 
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