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$EVWUDFW

‘H SURSRVHG D VXUIDFH DFREPVWIHQXMRYVHEBSHGARQ QLWUI
GLDPRQG OLNH&FDIUPRQ 7H& 1L OPUHSDUH G IXAMLRZDIY H
HOHFWURQ F\FORWURQ UHVRQDQFH SODWBR&®9I'FKHPLFDO
PHWKRG JKRUR X8 KDQIGIDDIQOE FKHPLFDO O Y M VWIFRQ K HDIRD R D
JURXSV RQ LWV VXUIDFH ZKLFK FDID VY H®ROMEXOHY\ T EWR
IHDWXUHV RI WK HK LMHQYHDRAWERNKH DQG H[FHOOHQW V'
VHQVRU 7KH VHQVRU FDQ DREKLARDLWRILBDQODWLHV R
FRQFHQWUDWLRQ UDQJH IURP SSEaWR DQGSSPHERWKUD
a V DW URRP WHPSHUMOXWULEJ HAKBDWMWBLEXWHG WR
GHFUHDVHG SR-URVILWPRAIDXKHGA E\ PRURBEEBBVIRQ LWV S|
JURXSV ZKLFK OHDGV DQ LQFUHDVH Rl WKH HODVWLF PR
.H\ZRUGV 1 GRSHG '/& VXUIDFH DFRXWWHRQZRYHHO®VW

PRGXOXV



1. QWURGXFWLRQ

$PPRQLD 1BV LV WR[LF DQG LWV PD[LPXP DOORZHG FI
DQG OLYLQJ HQYLURQPHQWY GHILQHG E\ 2FEXSDWLRQDO
86% LV SSP >-W@®UPRRK[BRVXIWDH \ZRWIKHQWARIMFELRQ KLJIKF
WKDQ SSP FDQ OHDG WR GDPDJH WR UHVSLUDWRU\ DC
1+ JDV ZLWK D FRQFHQWUDWLRQ KLJKHU WKDQ SSP
GHDWK RI D SHUVRQ > @V %IDARIHEO H DTRASBRWERRQVH D C
LI LWV OHDNDJ® KYRIBSHQIVPSOH DQ H[SORVLRQ FDXVHG
NLOOHG PRUH WKDQ SHRSOH LQ -LOLQ &KLQD LQ
KXPDQ SHUFHSWLRQ E\ VPHOO I@& BMRRQGROIBSWLRQ L)\
XQUHOLDEOHGHRWHFWH RFRQOBQWUDWLRQ IDU EHORZ WKL)\
NQRZQ RPOBRIOLHU LQ PDQ\ REFDVLRQV > @ L'MWILWWHOLW V
XVHG LQ PRGHUQ FKHPLFDO DQG -VHPLFREOGNKFRURU 1D
VHQVRUV ZAKYERREOOD@WRULQJ WKH ORZ FRIQUFHH @ WILVDMFLOR® | R
D VDIH ZRUMNLYQLIQDHRYLURQPHQWY DQG VDYLQJ OLYHV

Q WKH OD\DWRXHIFBGWK WKH GHYHEBRSPWEWRDRLFMDKH PL
VIVWHPYV O HE6EKQRORUDFH DFRXVW\ A FAIMBIVX B$H F R P H
ZLGHOAHGL+ QHQVLQJ EKBDDXFAHH DFRXVWHLE\ 2DHYQHV LW LKIH W
SK\WLFDO DQG FKHPLFDO FKDQJHV RI WKH VHQVLQJ OD\F
>- @6HPLFRQGXFWLQJ R[DGH VX HPGGSR\G\® DWVVHQVLQJ O
RI 6$: EDVHBGHDVRHUAD XVH WKH\ FDQ HIIHFWLWHKOLM+DEVRUE

PROHPEX-OM)RU H[DPSOH &HRQ \DWZHRWNMIBDESL XL &/ HQ VR U



XVLDBR2&R EIOD\HU VHQYDWEKHDMHIEY SRQVH Rl a N+] WR:

SSP 1 @RZHYHU WKHVH VHPLFRQGXFWLQJ R[LGHV D¢
DSRRU VWDELOLW\ ZKLFK OHDGV WR WKH UDSLG GHJUDG
JDV VHOVR@KHUHIRUH LW LV FUXFLDO WR H[SORUH QHZ
ERWK VWDEOH DQGDWHQVLWLYH WR 1+

ILWURJHQ GRSHG IL®PY KDYH DWWUDFWHG JUHDW LQ\
DSSOLFDWLRQV PDLQO\ EHFDXVH RI WKHLU KLJK KDUGQ}
ZDWHU UHVLVWLYLW\ ZHDY DQ@tARUGRYV L RXHAHKD V W XK
DFWLYRODU WHUP LD WRQ JWKRQGVY X@ IDFHWL R XV VWX G L H
UHYHDOH GS\R KVDMU RIKHIVWLQJ ERQGY FDQ DFW DV WKH DFV
JDV PROHFEXOHV > VEBWKXW AHDGLQJ WR FKDQJHV RI PDVV
DQGFMQHFDO FRQGEFIWOPVWY@RDBGGLWLRQ WKH\ RIWHQ K
VWUXFWXUHV ZKLFK DUH EHQHILFLDO@RKH 1 D VH PFRA-MRAMSQW
SURSHUWLHY SURYLGH D JUHDW SRWHQWLDO WR EH H[SO
IRU 13V VHQVRUV 1HYHUWKHOHVV DV IDU DV ZH KDYH
IRFXVHG RQWHIQH/ILWD1HDOSSOLFDWLRQV

,Q WKLV ZRUN ZH IDEULFDWHG D 6%$: JDVSRHRXRU ZLW
1-'/& ILOP DQG LQYHVWLJDWHE® AL \D QMG PHLFKD G HWR RIR U
SHVXOMR ZWEWWWHQV¥RQ EH RSHUDWHG DW URRP WHPSHL
VHQVLWLYLW\ JRRG OLQHDULW\ VHOHFWLYLW\ IDVW U}

IRU VHQVLQ WK FRQFHQWUDWLRQ 8BRJH IURP SSE WF



2. ODWHULDOV DQG PHWKRGYV
&RPPHUGFASDW TXDUW] VXEVWUDWH ZDV XVHG IRU WKH
GHYLEHXPLQXP LQWHDGVYGXMWEOSDLUY DQG UHIOHFWLQJ
SDLUMBKWKLFNQHVV RI Q P V¥ WK IE \GHN\BIRWIH W\ B QFED U G
SKRWR O LD IQEIRM SKAR MHD E H WF BB HU HV R QIORMDEW L FDW H G
6$: UHVRQBWREQ )LJ D DQG E DQG WKH WUDQVPL
SDUDPPMDMMEIHIG QHWZRUN DQDO\]JHUV FLIYGIHQMQ ()LI& F
ZKLFK LQGLFDWHY WKH LQVHUW LRGH OGO ® Q@G WKH TXI
UHVSHFWLYHO\ 7KH FHQWVRO@DWRT KWIQFR HR WIWK B Q G
UHIOHFWLQJ IUBWRGILYLWPYRNV VKRZ® LK) DQBDQG
WKH DERXVWLF ZIFXHW VISHHGNV R QK67 F H®RHQUNHU GLVWDQF

EHWZHHQVWKHZDYHOHQJWKYV
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)LJ D7KH RSWLFDO PLFUR%ERISNVRQBMRIHWMKPODUJIHG LPD
RI WKH DUHD LQ WHKH K & ERQ \LPL VDV LSO DHPBHWHWH RE W K|
6$: UHVRQDMKREINHBDW LFRADL BSU VMYV RPYSHULPHQWDO VHW
IRU JDV VHQVLQJ PHDVXUHPHQW

1-'/& ILOPV ZHUH GHSRVUWWRBQR BRKW BRZQYH HOHFWUF
F\FORWURQ UHVRQDQFH SODVPD FRH®ILFORHWREBRU DBHSF
UHSRUWHS @Q 7%H PLFURZDY+OH QUWW\ S BDYRD ZHUH JHC
IURP WKH XSSHU VLGH Rl WRHJ®MSRN\HL WX B QHFXRPBHDU H$Z
RQ WKH VXEVWUDWH WR FRQWURO WKH HQHUJ\ RI LRQV
ZDV HYDFXDIWHGDNVRQG WKHQ DUJRQ $U JDV ZDV LQWURC

WR JHQHUDWH WKH SODVP ) HGK WHKKH WSXBENRW IR IDRVEDDYRIG F O



SRZHU 9 SXOVH ELDVHG ZINWKDQBTEKWFWUPMLR 7KHQ

D JDV PL[WXUHDRIG&U ZHUH LQWURGXFHG LQWR WKH FKD
RI WKH&1ULOPV ,Q WKLV VWXG\ UW IEH DRVLHG RRRIDWHDSR Z IR S |
SUHVVXUH DQG SURFHVV WLPH ZHUH PDLQWDLQHG WR E}t
WKH & JDV IORZ UDWLRV ZHUH YDULHG 7KH GHWDLOHG C
LQ 7DEOH

7TDEOH ([SHULPHQWDO RINVUWRRWBHRIVAPRU WKH GHS

)LO 1 IOF $UIOF &+ I|OF OLFURZL %LDVI 2SHUDW 3URFF
1R UDWH UDWH UDWHBI SRZHU YROW SUHVVX WLPH
VFFP VFFP 9 SD PLQ

7KH 6%: UHVRQDWR-UAN ZAM1HNK LMDKwEGEDAdAeded to a
cascaded amplifier with two BFT25A transistors (Philips) and pbhase circuits
with two LC resonant networks to build the WAsensorasshownin Fig. 1(d). The
sensing performance of the SAW gas sensor was characterized using a specially
designed testing setup, aBownin Fig. 1(e) [19]. The sensor was put in a sealed
testing chamber with a volume of 20 LKH WHPSHUDWXUH DQG WKH KXPL
URRP ZHUH FRQWUROOHG DW - DQG XQOHVV RWHK
FRQGLWLRQHU DQG D KXPLGLW\ FRQWUROOHU WR PLQ
YDULDWLRQV 7KH WHPSHUDWXUH DQG KXPLGLW\ LQ WKH
LQ WKH DPELRQQW HOQIGURMKH VHQVRU ZDV RSHUDWHG D
SUHFLVLRQ JDV WLJKWHWHHGWERO Y FWDWKOWRQVWLQJ JD\

VDPSOLQJ EDJV 7KH JDV LQ VDPSOLQJ EDJV ZDV FROOHF



WKH VWDYa@a®B WG &212 12 +6 & 2+GLOXWHG WR YRO LQ G
SXUFKDVHG IURP WKH 1DWLRQDO ,QVWLWXWH RI OHDV?
&KLQMR PHDV XU HV/ISNRQ WK H WMHIQOY RBOOHFWHG JDV LQ WK
ZDV LQNMEMRHEBYKPKOPEHU D R QFKHH) WI\WKIHR &ZKOD/P E H U
FRQWUROOHG E\ DGMXVWLQJ WIKFbr lexampterwith QU mY RO XP H

NHz gas injected, the concentration of the test gas in the chamber is estimated to be 1

ppm. The response of the SAVnsor was defined VI I ZKHWWH WKH
RVFLOODWLQJ IUHTXHQF\ RI WKH VHQVRU EZKHQKH[SRVH
RVFLOODHNIXGRF\ Rl WKH VHQVRU LQ UMK HFRELLHHOON H®& Y
RVFLOODWLQJ IUHTXHQF\ RHFRKB HE: XWHQV RV MW XHQ F\
$ILOHQW $ $IWHU WKH UHVSRQVHV ZHUH UHFRUGH
DQG SXUH DLUWAH AKDRHMMNOKZ WKH IXOO UHFRYHU\ RI W

An optical microscope (MV3000) was used to take the imadethe SAW

resonator.Electrical conductivity of the sensing layers was measured based on a

four-probe method using a digital source meter (Keithley 248Mjface morphology

and thickness of the IDTs andDLC films were characterized usingald-emission

scanning electron microscope (SEM, FEI Inspect F). Chemical composition and

bonding structures of the films were analyzed using amayX photoelectron

spectroscopy (XPS, Quantum 2000 Scanning ESCA Microprobe instrument) with a

monochromatic O .. VRXUFH H9 DQG D 5DROAPMMSHFWURVI

300R, 532 nm) respectively. The bonding of the films was studied using a vacuum



Fourier transform infrared (FTIR) spectrometet L F R O H With a wavelength

range of 1258750 cm'.



3. Resultsand discussion
3.1. Characterization of N-doped DLC films
The SEM images of NDLC films are shown in Figs. 2({2(d), which show the
particulate features. Compared with those of other films, more pores can be found for
the film #3, indicating that more N elements incorporated into the DLC film will lead
to a moreporous structure. This porous structureEHQHILFLDO IRU JDV DGVRU
GLIIXVLRQ LQ WKH DSSOLFDWheRiIgetRn FigD 2(d)\sHg:&/th€ J PDW H |
crosssectional image of films, indicating the thickness of th®INC films is ~500
nm. Asthe thickness of individual film does not vary apparently, we present here only

the result for the reference sample.

€ '
10 um
(c)




Fig. 2 SEM images of IDTs (a) and-DILC films #1 (b), #2 (c), #3 (d) deposited on
the quartz substrates. The inset in (d) is the esessonal image of the film #3,

indicating the thickness is ~500 nm.

5DPDQ VSHFWUD RI WKH DERYH WKUHH ILOPV DUH SUH
UDQJLQJ IURP FP WRSLFDOO\ IRU '/& WKLQ ILOPV DSSHD!
5DPDQ VFDWWHULQJ RI '/& FDQ EH GHFRQYROXWHG LQW
EDQGY DW DSSURPLPQ® HER UHVSHFWILYHRWK SHDNV LQ V
VSHEFWUD DUH EURDP® WSKR XW FLIFDEOR R VVDUWXKFHN X D WY R 7RKIH
LQWHJUDO DUHD XQGHU ' DQG VY SVSQBWLRW GARUAOYKIHO
YDOXHV DUH DQG SUMHRSRYHRHUIY IDREVUDWH RI
DQGWFP7KH:s LQWHQVLWLHY DUH GHFUHDVHG ZLWK WKH
VXJIJHVWLQJ WKDW WKH FDUERQ VXEVWLWXWHG E\ D VPL

WRIUDWLR RI WKH ILOP



Fig. 3 Raman spectra of tipgepared films #1 (a), #2 (b) and #3 (c).

Fig. 4(a) shows the XPS spectra of theDNC films. The intensity of N1s
spectrum increases significantly with the increasedd\W rate indicating that more
N atoms are incorporated in the DLC fil@xygen isaso observed in the films,
mainly due to exposure of the samples in ambient air before XPS measurement. Figs.
4(a) and 4(b) show the deconvoluted C1ls and N1s specthe diim #2. The Cls
peak can be fitted with three spkaks: the main peak at 284V corresponds to the
C-C sgF structure The other peaks centered at 285.7 and 28V.8orrespond t€-C
sp’ and GN bonds, respectivel{81,32]. The N1s spectra show two peaks at 399.6
and 400.2V which can be attributed to ¥B-N and sPpC-N bonds,

respectively[31,33.



Fig. 4 (a) XPS spectra of prepareeDUC films. Deconvoluted C1s (b) and N1s (c)

spectra of the filn#2. (d) FTIR spectra of the films #1 and #3 on quartz substrates.

Fig. 4d shows the FTIR spectra of the films #1 and #3 on quarstratés in the
range 1258750 cm. In this figure, a few peaks belonged to the FTIR characteristics
of N-DLC films are observed. Peaks in the range of 2B080cm™ are assigned to
the GH bonds[32]. With the increase of Nflow rate from 5 to 30 sccman
obviously broad band between 3200 and 3600 appears, revealing the formation
of NHx (x=1,2) bondg[33]. Peaks between 1300 and 170! are associated with
the stretching vibration of both double and single camitnogen and carbeoarbon
bonds.The peaks between 1600 and 168%' are assigned to the S@=N bonds

[34@ ORUHRYHU QR VLJQLILFDQW SHDN DVVLJQHG WR &/



around 220@m in Fig. 4(d). The results from both XPS and FTIR spectra indicate
that thecarbon and nitrogen atoms in the nitrogkped DLC film are mainly existed

as single @N and double C=N bonds

3.2. Gassensingperformance and sensing mechanism

%HIRUH WKH JDV VHQVLQJ WHVW WKH 6%$: VHQVRU ZD
ZLWK D FWRVBHDWOQMNWV XUH e DQG KXPLGLW\ 5+ WR
OHYHO )LJ D VKRZV WKDW WKH IUHTXHQFDWVHJQDOV |
IOXFWXDWHG @HVWVHNKD@SSP LQ D SHULRG RI V LQC
QRLVH IHDWYXH® VRIUW K

7KH W\SHNB&RQVKIY: VHQWRW-K/& ILOPV WRZDUG SSP 1+
JDV DUH VKRZQ LQ )LJ E $00 WKH VHQVRUV VKRZ SR\
ZLWK WKH ILOP KDV WKH KLIKHVW UHVSRQVH ZKLFK LYV
WLPHV DQG UHFRYNUQWRBEMVLRIL /KW HM PIQBG UM
UHVSHFWLYHO\ 3UHYLRXV VWXGLHV > @ UHSRUWHG W
WKH VHQVLQJ ILOPV DIWHU DGVRUSWLRQ RI WKH JDVHV
'W DUGIDGHQWALW\QG HODVWLF FRIBXRXVZKLRPKRZMWXMH OHDC

UHVSRQVH RI D 6%$: EDVHG JDV VHQVRU



)LJ D 7KH IUHTXHQF\ VLJQDOV RI WKH VHQVRU LQ D FI
V. E "\QDPLF IUHTXHQF\ UHVSRQVHV RI 6%: VHQVRUV ZLW
SSP 1+ F '\QDPLF FKDOHMHWURFDO FRQGXFWLYLW\ RI W
HISRVHG WR SSPURSRWHRYEQJ PHFK®RSWE® R& ILOP
SRUHV LQ WKH ILOPPRDG® AMXOHY WKKIXV+UHVXOWLQJ WKH G
WKH ILOP
7KH FKIRQ JFHRQ G X'FWV IDY LMMAW Y WKH RHDSGRQVBY VHQVRU

ZKLFK FDQ EH GHVFULEHG XV£QJ WKH IROORZLQJ HTXDWL

- A a 5
ABL FB H— HAm——— 1
3 HG HAm ®
ZKHUH 0+] DQG PV DUH WKH XQSHUWXUEHG IUHT)>

YHORFLW\ RI WKH VHQRRU LV WKH HOHFWURPHFKDQ



FRHIILFLHEWWRTEVWWEBNHQ IURR®&HI >S) FP LV WKH
FDSDFLWDQFH PHDVWOQLMG (BN @QIWKWZRUN DQDRM®U $JLO
H[SRVHG WR \BEMDIGXH RI WIKHLQOBHDVHG E\ a DV VKI
)L  F %DVHG RQ VWKHSRIED/HWMKX®EY FWRAXODWHG WR E|
WKDQ +] ZKLEK LV IDU OHVV WAKDR+WRKHRHDRXHHGW |
FDQ EH DVVXPHG WKDW WKH FKDQJH RI VKHHW FRQGXF\
PHDVXUHG UHVSRQVHV Rl WKBID8&: VHQVRUV WRZDUG 1+
)7,5FE B UDFWH K DMHAY IHIX W@/ HDWHR OD U JIMR XB® WKH
1-'/& ILOPV 3UHYLRXV VWXGLHV KDYH UHSRUWHG WKDW
DFWLYH VLWHV IRU WKRROBWROBIKIR @ QI RUEMNG 1+
PROHFXOHV FDQ OWRG BARRV KQF WHINING GHRIOG.AK V&R | W K H
ILOPV E\ ILOOLQJ WH®VSRUME®L Q WIKGOXVWUDWHG LQ )L.
DUHDO GH@WGHODVWEBXRRIGW®MVUHRIS RVEWH&S$: VHQVRU

ZKLFK IRO OIRDMWWRE& EH@R Z

: HUDQ®UH WKH VKHDU DQG EXON PRGXAXWLERH HIODPAW L
DQ& DUH WKH VHQVLWLYLW\ FRHIILFLHQW\IRM WRBVWLFI
WKLFNQHVV RI WKH ILOP

(TXDWLRQ FDQ DOVR EKXQXRXWHEO R@XY KNEGE R
PDVOP RI WKH VH@GXHVWRHDIG DR USW LR R I

3)



: KHSBQTDUIRVLARQYWWDQWY LQFRUSRUDWL%D VIH@GO RQKH R
WKAXDWLRWKH WHBYIRRGAK®ATDVIP RI ILEBPXVHG E\ WKH
DGVRUEHGVLPROHFEXOH VSRMLOVQGHHII O GMHTHRMN Q E N |
6$: VHQVRUV UB@SHWWH YAHHDVXUHG UHVSRQVHYV DUH WKH
SRVLWLYH DIQUG DHIQW LWREL \W-IV LW FDQ BHHIFQ HDKIW DOO
WKH PHDVXUHG UHVSFOQVNBAVWKREDIUBUHQW FRQFHQWUDW
ZKLFK LQGLEFDWHYV WKDW WKH SRVLWLYH IUHTXHQF\ VKL
( DUH VWURQJHU WKDQ WKH QHJDWRQ¥H HDNHRBHBEBV WK L |
LQ DOG FD@HV

$OWKRXJK6 H:0O\DH QNTRHWMKK H /& ILOPY DUH EDVHG RQ WKt
VHQVLQJ PHRKBQYWRVVHG DERYH )LJ E UHYHDOV WKD
WKH ILOP KDV VKRZQ WKH BH WKL MHREIMANM QWL
SHUIR UMM Q \FIRXWD G EH DWWH LEXWHGI@W PLFURVWUXF
VHIQYJ OD\HU PRM/ HTU,5D0NVXOWY UHYHDOHG WKDW WKH |
1+4JURXSV RQ LWV VXUIDFH |IRROHAX DBV R WG B QWRIR:
FRQWHQW LQ WKH ILOP ZRXOG OHOGLOMR ONVIKRQISRBRGLE
WKH 6(0 UHVXOWV VKRBRVLD YHMMXOAWKH ILOP ZLWK D KLJ
FR@QWHZDV H[SRVREBUMPIRO@HFXOHYV ZHUH DGVRUEHG WR |
WKH ILOP WKXV OHDGLQJ WR PXFK PRUH VLJQLILFDQW G
WKH PRGXOXV ZDV VLJQLILFDQWO\ LQFUHDVHG 7KLV U
DGMXWWHQIHQVLWLYLW\ RI D 6$: JDV VHQVRU E\ WXQLQJ "

VLIMWKH VHQVLQJ ILOP



JRWKH | R CPOHFDALDQUIH 2 H QAL OMCK MO WHH QW R H ZILOWK  WR VW X C
LWV VHQVLQJIGHWRBH FIHWFBLO/KRZV WKMSRQ@DH LR WHK H
VHQVRU WRDWUGLWK WKH FRQFHQWUDWLRQ UDQJHG IURP
EH REVHUYHG WKDW WKH VHQVRU KDVL-D JDNWV DRIBY W IRH a
UHVSRQVH FDQaEH DIV ]CAKHP \BRAFHQWUDWHBQWMR/ LQFUH|
SSP ,Q DGGLWLRQ LW DVJZRWKOIK MOKH VOR JDRMWKPLF R
ORJ LV OLQHDU UHODWHG WR WKH ORJDDUW&RUF RI WK
ZKLFKDQ EH XVHG IRU GHWHUPLQH WKH UHVSRQVHV |
FRQFHQWUDWLRQV RI 1+ JD\83WRWEKSPAKIHQVYH QURB KDV
VKRUW UHVSRQVH DQG UHFRYHU\ WLPHV ZKLFK DUH a
UHPDLQ QHDUO\ FRPFKWRQMW RIDWKIKHR QFHQWUDWLRQ 7KHVHI
DQG UHFRYHU\ WLPHV DUH PXFK VKRUWHU WKDWQ WKRVH
VHQVRUW® >ZKLFK ZHUH XVXDOO\ PRUH WKDQ V DV OLV\
VHQVLWLYLW\ OLQHDIDLGS SHRWMIE HRVWKHHVYSRQVH UHFER)

WKLV VHQVRU PRUH DSSURSULDWH IRU WKH SUDFWLFDO |

7TDEOBRPSDULVRQV RI VHQVLQJ SHHRURD M- RG RQ IyiD U

VHQVLQJ PDWHULDOYV

: RUNL BHQVPQWHULD 1+ 5HVSR 5HVSRQVH £ 5HI
IUHT X FRQFHQ N+] WLPH V
0+] sSSP

$XSRO\ YLQ\O - 1RW .QRZ > @

6Q26L2 > @




*UDSKHQH RJ[L > @

6L27L2 > @
SRQ\YLQ\OS\UI - > @
1-'/& 3UH\
ZRUD
)LJ D '"\QDPLF UHVSRQVHV RI WKH 6%: VHEQWKRU ZLWK

GLIIHUHQW FRQFHQWUDWLRQV E 7KH\ORIDNQMKPRE RI
ORJDULWKPLF Rl WKH FRQFEIRWUDWLRQ RI 1+

7KH VHQVRUYTV G\QDPERUHESR@2HVIEVRG &1L2 ZHUH
IXUWKHU PHDVXUHG WRVLQYMY W LMK WHIQN RAH OFHV X O W
VHQVRU KDV QR QRWLFHDE OH&QHYBRGVIHV JWRAD U GN+K DV
UHVSRQVH WRZDDBMV&DQG WKLV UHVSRQVH FDQ EH DWW
RI WK#H2& PROHFXOHYV RQ WK H+REMYLNEY SIRFOMBR YV W HW P X
ZHDNHU WKD:QQ D'WD\WWREZR LQQGLEWRH H [ FHHGDGHRAM. Y L W\
WKH VIWRYBRYUGDV

JRU D SUDFWLERORKVERQRMBRWWA SURGXFLELOLWYPDQG OF
VWDELGIM WD WKH VWDELOLW\ RI D 6%$: VHQVRU LV K

VWDELOLW\ RI WKH VHQVWHUPLOPASUREXFLIEH OLKARURM WK



LQYHVWLIJDWHG E\ FRQGXFWLQJVIRX)U FRRYX\WXWLYDH & H
REWDLQHG UHVXOWVY DUH VKRZQ LQ )LJ -WHUPKH UHYV
UHSURGXFLELOLW\ RI WKH VHQVRU VLQFH WKH UHVSRQYV
LQGLYLGXDO WHVWYV ZKURBKVHRYILQP VLA DK BB D E O H
TKHORQ/HVRDELOLWN QRIRWKIKUWKHU LQYHVWLJIJDWHG E\ F
VHQVLQJ WHVWZHWHRU\GDSGIALRG DQG WHKKH IGNMIQOWY DU
F KH VHQVRU VKRZV WKH VEBPOBSPUBY SBQAWHV WR
UHVSHFWLYRZAL Il DWHEMWKLQ L@ DT\\VACKWRRG - O/RIQP
VWDERIOWWH VKB VIRRG BRPJIDOMEHYRRUWDELOLW\ PD\ EH ¢
IURP WKH H[FHOOHQW SK\VLFDO-'D&Q GLORHPLFDO VWDELOL

W IHOEDRZQ W HRIDWMWR MREY/SMK/KE 1LOP FDQ DOVR EH WKH
VLWHV IRU WKH DGVRPBWHRQORN SROQPH+ WKH UHODWLY
PD\ LQIOXHQFH WKH VHQVLQJ SHUIRUPINQFR RHWIKMN W KO\
LQIOXHQFH ZH KDYH LQYHVWLJDWHG WKH VHQVLQJ SHUI
5+V $V VKRZQ LQ )LJ G WKH EDVHOLQH®G WKH VHQV
N+] ZKHQ WKH 5+ LV LQFUHDVHG IURP HOWR7KHVBQG
QHJDWLYH VKLIWV FRQILUP RRKDME X\OKHW B COOWRU PIRG HR @ W
KLIKHU ZZHLW K OHDBYFWHRDVHG ZNHIXW QI WRR 7KH VHQ\
UHVSRQVHV WRZDDGE X EEHPULS+ DQG DUH

N+] UHVSHFWLYHO\ ,QWHUHVWLQJ®Q @WRGH UDKTKHQF
GAUHZYWK WKH LQFUHDVHG 5+ YDOXH ZKQFKHDMHK® Et

DPRXQW2 PIROHFXOHV RBFWI\Y I JS VABIWKIJIWRXKSWHVXOW L



EH FRQIL W W& IWKWDHQV R UL F DEHWHPWHRBQIRW GLITHUHQW F

ZLVWKIITHYH QDO XH

)LJ D 7&MQDRIHVSWQWAKH VHQ\KRIUIZDER K SSP&2

12 12 +6 & 2+ DQG JDVHV7KIG\QD RIHV S\WRQ WAKH WRQVRU
SSP 1HRU IRRQVHFXWLFH7 KHF OHVRSIRWGKH VHQVRU WR

DQG SSA+ ZLWKLGD\VG\QDPLF UHVSRQVHWRIS®XKH VHQVF

1+ XQGHU HQYLURQPHQWYV ZLWK GLIIHUHQW 5+



4. &RQFOXVLRQ

In this paper, the Nklgas sensing performance of quartz SAW sensors with the
N-DLC films as sensing layers were investigated. The porous structure and the active
polar groups orthe N-DLC film were beneficial for the N¥igas sensing application.
The sensor was &bto L-0 LAHWHFMRQFHQWUDWLRQV LQ D UDQJH IL

SSP ZLWK IDVW UHYV STReyddd phygiGal bnd ElfeMieBUihertness

of the films ensure the excellent reproducibility and stability of the sensor. The
sensing mechanism of the sensor AW WULEXWHG WR WKH GHFUHDVHG
FDXVHG E\ DGYROHHWHF&OHYV ZBRRFKQEHBOWARRI WKH HODVW
RI WKH VHQVLWLYH ILOP 7KH KLJK VHQVLWLYLW\ H[FHOC
UHFRYHU\ DQG H[FHOOHQW VWDELOLW\ RI WKH VHQVRU

DSSOLFDWLRQV
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