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We have studied a novel SAW gas sensor for odors from patients or in sickrooms and
hydrogen-gas leakage from future fuel-cell cars. The developed sensor will be installed in
sensor network. The use in a garage as sensor nodes must guarantee large temperature
range from -40 to 80 °C, which requires the self-temperature-compensation characteristics
as an essential feature. Moreover, the sensor nodes must operate over couples of years
under a single battery, which requires very low-power consumption and very low-loss
characteristics for SAW sensors. In this study, (1) we achieved the
self-temperature-compensation characteristics which removed the limitation for
piezoelectric crystal substrates such as a Quartz substrate; (2) we developed a new
lattice-circuit type low-loss sensor consisting of SAW resonators which could make it
possible to be included in sensor nodes; (3) in order to increase the sensing sensitivity we
proposed a double-reflection type SAW resonators which had effectively expanded the
interaction areas reactive to sensing gas. Experimental and simulation results are
presented.

AAH IR E R
(BEHHAL - )
[ERESEN LiEESES & &t
2010 FJ 1, 500, 000 450, 000 1,950, 000
2011 4 1,000, 000 300, 000 1, 300, 000
2012 L 1,000, 000 300, 000 1, 300, 000
FIE
I
ik 3, 500, 000 1,050, 000 4,550, 000




WFFEsy 8« T4
BHFE D48 - fHE

ERES LY

BT A A - BT

F—U— FEERmE, SAW, E o xy hU—7 R Y o SAW & | ZigBee

1. WFFEBRAE 4TS 5t

Rk, mE e EREE A KB D IR
RENHEE OFERBETORNWCHRE, DR
e, Fioo a OB A b I E I B Bh
DKFBIRESMERREGEWESEO®
VU TNBETH D, WERmE Y,
W CMERDFSEE2 v T HEKD
RBRERH Y| Fix OAENLIFEII TN S,
PERDE Y EEEIT, IG5 2 HEiE LA T
MA~FRERT D Z LIk 0 RIREBEZHERT 5,
PSR I K SR AR O R H IS, ESY L
FeRCHE G T 2B 2 BEIRICERT 5,
v TG L AEAT D L
PRI OEIESEGPZE L, 2RISR
DORBEA IO L 72D, kD& ik
BT, B 7T AMES T DORELS;
TiX, BIRBEEHOEITFF S e, JEE
e R P 00 BRI R B, IR
BEEHO T SNz, B Sz
MERFFE(ONC T, H SRS T o B 52 A ik
YUV OREARERE L, BT HE
FERR D-1 DOAMT  FEHERTFH HIEAERR D-2, D-3
AT %5, D-2. D-3 34K HE S
TEY ., EHREEEICE /8 DEWNH D Z &
T, HAMARIZ A VICEAZ(90°7) T 5, 2
FORGHDZ AT D-1 O IME R & HuEE
JERR D-2, D-3 O AOEEIRAT 5, T/
b, D1 OHEIEFD D-2, D-3 ~DHE
Ry ERD D, IBEICT HEEL 3 SO
SERE L B[R — D7D HWIIT B LEWEH
ERDIITE Y, Zhicky, By
T DD I X HAAADOEALN K E
Do ZOMEIZIVIEE L ITERERICE Y
VTN EIRE 7R A IR EE B RS RE O T REME &
AL, —FH, IhEOE iRy
NI —2 D) — FRNIZEES N TEINMET S
VERD D, /— Fix, B 18T 2~3 4
BET 2 i 2 KVEE BN ER S b,
AIEHRE R OEE TIX, N TV AT 2—Fn D
O REMEF RIS X A A DB LR K
%<, 10 #~20dB ICET AR AN H T,
I NEOBRRE BRI L, o) —
R~DEANEZ BRI T HMENH - T,

2. WHEOHEHM
FESCHTRESDT — X 2 Yic &
VERY UL, TR N B
Fv b= &N LTENTDH, it
FEESCE VN OERESE 2 HEHT 28R
NI TWD, Zuder¥xry hU—72
LRI, EERET & B IR O L
TfRRICHEFICEE SND VAT LA TH

%o AW LEUT Ry NT—7 BEHE LT
VXAV SE7= 70y, — RIS, KRy hU—2 T
1%.0.9~2.4GHz # > ZigBee % #EHMEIA L L
THWS, Xy FNU—7 0% — i,
TCXOGE M ER L HEREIRIC e v 7 LT
0.9~2.4GHz # ® VCO(E EHIHFE IR % T
KRk S, RIEEBOER L ZIEESDOER
N bbb, AT, () -40~80°C Tk
BEPREEN M B2 N L —TUNA~D ) — R &
EEFEEL, SRR T LI Y TH
H IR MEMSEZ B9 5, (1) M7k
HEEBENEREIND T ) — RIZE
N ATRE 72 81 UV MIRHE S i 2 1w e 2 o 3k
EOREEZ BT, GDEr v ZRE D
Lot H ALy & O A AR A LR
ARE e A Rt o o Y BIERRIZH 7212
fHm+sz % BHRT,

3. WD ik

WD BT L7=G). G, GiDIZBLF
OMABIMRREBIC LY EHEXD, TR
Fa—VOmAc S V=T 4 VI E DK
FEZERT D &, EA~ESTZ SAW
IV IREN—oDHIREE & 72 5 (LT R
A 7 TETD), KA BROMMAN TIZ= R LX
—IA TR R, Fe, HIRE RS
T VAT 2 —H LR OMEP TIRE S
. BEDT EREET 2RSS Z X
kT %, O E+ M & L, EiLHEE P
L P-ho/d OIEYEER 71 & 72, [FERIZ P+ho/16
& P+ho/16-ho/4 DIARER 721 & 72, P-Aho/16
& P-ho/16-1o/4 O IARERT 217 & 7227 % TRk
%, INEOEMRE T F AROEEE DL T
— A& L THWERBLRREREZIRE LT,
Z1. 72 XV s T F A REE LD-1 1. A
HANTEEBE TH LN, —DDORIEMR L 72D,
FEIERR ORI, S O S ki —
B L., ZOHATITEERmKEO = L X
— IR 2N N 72 oD B HE R O AR R O 1R
T/hENWZ ERTFHEEIND, (R
P TEE %, AilalFE Al o (O TR
L7-iBIE#E D-1 & REROEZ H 528, #
LIRS, F72, 2P 3 D-1 Ol
FEBEICIFIFEE LV, [RAERIC TR O L HENLFE
DOFIERR D-2, D-3 (%, Z1', Z2 LV k57
F2BEE LD-2, 217, Z2°L VD T F R
A LD-3 BNEnEnitind 5, 21, 722
21 Z2EHWC F T AT 2 —H L RO
w2 DEIBRIZ+A0/16 DZENDH D, SAW (X5
TV KT - DEMEOZET 2 fFLRkY |
Z 5T D-2. D-3 ®+hol8 IZ—FHT 5, =
AT X0 [RRRIC DT ELAZ(90°75) 4 5 KL



NHRE LD, TR —JFRN =D
iR D TR R A FrtE 3 7 b HIKIH & E 1k
PNA[HE T & D (Fri i),

EERR LD-1 13 & L, LD-2, LD-3
AN B3 % BIERE LD-1 OAZFEIE,
WESFEOMAIC LV EBL L, 2 bEITE
ElZlpl+ 5, $o, BEREIZL-THE
b4 %, UL, IEIC XL DE(IT 3 B
2 TTH—THV, gilbl &R, o VRE
# LD-1 o 3o LD-2, LD-3 O 1 ~D &
AT AW BIE LEWERR R, 1%
BOFICE BB B RKEY, ZOHCE
FERIERSREIC L 0 FE S ORI X B BT
2 BT (),

T TEDN EDT ., H AN TR
& O AAF RS A S MR T 5, #rL
WHERE &2 SR EF TR VAT Z & 2 RETT 5,
Bl zix, MR E E T 2Bk E L, FT v
AT 2 —H & KT OB T RE2 Nz
bo ZHUT LY . EOKEERD D ORIE SAW
ETORSERNSORE SAW (X 1 B H DK
FTIEA WIS KIS LT HIE LE WV H
JNZIEFBNR N, 2 B H O TIEAEWIZIHE
FERYD P T AT a—P N ELTH
No, 20O 2B PR OBIERIL ST AT
o—H & RO R A A 2 f5IZIER LT
TS L, Fy YA REEEZTICH
HAEREAYER Ly v v Z R E o L
DX % (R (iil),

4. WFIEEE:
(1) fEkettfi R & BHJE A A=

Tablel |2, #E3K DM H I (SAW) & o
ZNERE CHOWS R Uk ERM
oYL TRUY - Xy U= ~NEHAT
L6 OB, BXOKRIFIEOH SAW &
YOEEZE LD, RO SAW &% 7T
ITIRERHEDO BVKEZ AW D, JEIL=R
(25°C)TITH LENRH VY | IREENDOH D5
BeoH L — U Tl kv, ABFSE T
WL, RIS B IR EEAHE
HREZ B L, ZOREE, EEHROE M
BEOEEERABRHAFRICT S Z &% BiE
L,

WEE L., GEkt o OKEFEWR CITE
ENEDGI N DB NE L &
TN IERITRE W, BB P H AR
DO 7 v bi-d, FOE=H—
IS & LB CEIVEE NN L=, SAW 1t
R E2RETHZ & TR
EREZBEARUER T 52 L 2 HEEE LT,

v TRREL. SAW MMl B s
P O R ST 5, TERITASIREE 2 580
T 5L TRIEDA EZK > TV, Gk
BRLEMNT 5, A X0 X 0 itk
FHAREOMEN D - 7=, ARWFZETIL, 3L
RN THME N T v AF =2 —H & K2R

%, SAW % LB &85 2 L TEMMIC
IS FEE 2N S8 2 Hii s o &2 B i
E L7,

Tablel. 7kt > Y OFE & B % H R

fEkSawWt Y5 #HmSAwtL 4
ORE DET
BESH -BERFEOBRIVKERIR - BCIRERERE
-EB5°0)THIE -EEQESEFEA
HEEN [-SAWERRICHSIEEAKR | -SAWHIRSRR L
ARBE=S—F0OFA | YGFREB)IC
ERTEEE KYBKER
YLy | SAWEBBEHREGE | -2ERsTRSAW
JBE |[8EHM - GIRAEM, | stigs o misE
KEAXIE | g mmIEm

(2) B CiRFERIEMRE D SEHL

X 1ICAHFZECIRE L, Ml L CkizAC
IRJERERRE 2 Hi > SAW H 2 & o P ok
R, SAW X, JEBIERO R DT -
TRl T 2B RIESHEcCHL . XK
100MHz F2JE = 8 T2 O # 80 & 1 (5
NIz a7y id CT/hEn, D—
1-1~D—1-n Tt v 7 SAW BILHE T
WL/ H ARy AT 5 7= ol LT
%o BNTRT X 9T, FFEDTE/ T A 5511
RPN RO T DIIEEAH I h Z v AT
2 — W) TR T B & WAy D- &
AR EIZ L 0 . SAW DR 3ME N
BT 5, Zhidtr v 7 SAW IR
DDA EALE 7o TEN D, ZDOZEIL,
SR U7 S EE AN 2 AR T D
SAW ZIE#R(D-2. D-3)DH AR & b4
HZLETRDDBZ KDL, K1 OAMNZ
A O FERAMR 27, ISR LTk, &
YENTFA & & o 5 H AL AR o [ C AR X BE AR 1
RETHD, o T, FEAENFHENI ST 54
HOORERSERODZE T, By
WEOWBOLZ BT D ENRHKD, T
bbb, WEICK LTI A CIRE R ERRE
AT %,

AR @H100MH2) O REREB SAW) @O (1) (1-n)
( Tyl ()
HERRAE N
BREAER D i
SAWEIEH .
EBEHOM D HHE
o (RERERRASAWEE
#HiN(2), B)I<HL,
VYT RAWBE
#HA(1-1)~(1-n)D

PR
S@é&? EHARISREITNL

| TR

L

X1 20 IREMEMREZA T 5 SAW
H 2 WO FEAKESE



0 200

i

[
S

g 7 53
! D=1
Zw e\jw wﬁp :.- [
AN I\ ftf A g = -eo—w 30 050_60
Ay T

8 100 w "M

Frequency [ MHz ] Temperature [ °C ]

2 & YRR SAW BAERR DR « 2
BERFIE. A ACARRRE, CCAHRRPE ISR (6
LT3 L bR CRtEZ R T)

X 2 IZEBICHAIEL =B 7 H SAW
FEFERR O Rt & 7R3 (] U 7= R SN
128° LiNbO3), AL & Ehs e <. FiE
FEHITH 100MHz, $#H5013 15dB 2 DR E
BB L Tz, K 2 OFANZHE SAW I AEHR
(D-1, D-2, D-3) ® .0 &3 T OALAH DI
W9 2B AT, IS LT D-2, D-3
O HINCFITHEIZ 90° B L TR Y EiLo
TR EEAERERE IR U C AR Z AT D s 5
NELNTZ,

(3) SAW -z > FH B IERR D ARAE L (KT B
I D FEHL

X 2 OFERENG, X 1 OFRIERROE RITHK
15dB T®H 5 (=R /¥ —DIEELIRIT 3~4%
BAE), RU—arHrFaroERNS
AT LY, BFRIZF T AT 2 —305
FEA~EESND SAW O —J5 LFIH L7
WEIZH B, EREO A OB ERE R T HERr
LR YRy hU— 7 HIZRH
AIREZR 3dB FE A His 9 (= V¥ —DiRiE
BhE1% 50%LL 1),

0
/ﬂ%}f%f%ﬁ/ = o—Io
| g (Z)

3 AN B e & R SAW JHiRE:

3 FT VAT 2 —H DA SAW D
TVr— 4 v TR ER BN LTz SAW iR
FRERT, ERICIESND SAW % K2R
T VRS-0, FERIC o R —HB LI
N, X 4(a), WIC 1 #L> SAW 24 R
T, @I R T v AT 2 —H & KA RO BIRE A
P TCEOALE—F 2% Z1. OIXERERS
P+1o/4(o 1L SAW O E)TEDA B —X
VAR Z2 LT D, RS Z1, 722 Z VT,
IEHE S SAW BIERR 2 EH 4 5 FE L LK
5 1RSI F AMDEIRMER EZTRRE LT, A
TNV, -VI2 DIEEENZD E. 1
MNZ+Vo/2, —Vo/2 DIE BN B b, ARk
NEIEIBATE Uizt o A AR & R U R
BEZETLITHAIZ LiE. UTOEENS
LAY

”]]HHTH@J«—P»H]]]]]F ]t WL@JAI]]HH&—H]H

P+Ao/d” | P+ho/4 (z2)

(a) )
B 4 SAW R85, (@) AX—2NR P D Z1,
(b) A~X—2Z73 P+ho/d D Z2

5 B D SAW HfEes 4 FHV 7o AKHE 58
ik A I [A] )

%
G
Ny

(a) ©)
X 6 EMEAEGE. () E513IF
Tiins, (b) HAOCBT D 2155

i

S p

I L
fFIHH

- - 72, 2% t
Y &7, o G A
— S— I Y
(a) (b)

7 Jih#R SAW Z 4 L TR, (a) 551X
SAW IiRZEO T 2 5. (ISR T
F2EFIEERIND

X 3 OIIEFRICELEEZEINT 5 &, 551X
2 ONATBET D, T VAT 2 —HWIIH
D WK BN NI > TWDH T8, B
DOEENKEZ, 150821 K 6@IZ7T
RErilo CEHERET LS XA ThDH, L
L. ZOEEIZ. Kbk HizTF 2Alm
B OME D & H D D& TR A O 215
FOM(TRbbE) RO hIcERN
20, 2 D H O A EK TR — H SAW
WAL S, MBS T LEORE-TL 3
BEDODNRATHD, ZO%E. 21 OhiRER%s
WAHEFIZ. M4@ITT LI T 2T
2—H LRI P O SAW & LT
2120 2P (il 5, Z2 DILIER AW HIE R
X, X 4MITRT L DI PHhold D 2 15,
T 7205 2P+ho/2 72T Rk 2 05, Bk 7=
ro/2 12X W HAE B NEET B, K| 7(b)IToR
T X ICH I OFSE TR O 2550
ey 2o hnEsR5, LEXD
AN ~F%E D SAW # LT L
i SN2, mIEIBEFE O SAW I IERR
R CHSREDS Bk B, 7272 L, BRI
OT/INSIWNWZ ERTFHEIND,



(4) RERBIERR DT I 2 L— g Ve e
FEERT L DR
FRRROEELEERDO T I 2 L—
3 VEREERAK 8 ITRT, X2 & EEEE
FMRIE 128°Y-X LINbO3 Z W\ /-, ¥ I =2 L
— g VCHEDS W ERAE R Z X 9 IZRT,
1T 4dB THAEIZIZD TR RETH D
D, AR IRUGE D FTREME 2 MR L T2,
ABIESHIE. K1 DO YO—>DEER.
Bl ZI1ED-2 £/ D-3 TN T D, T
AT a—W L EERAE 4 & 13+ho/16,
—1o/16 B2 % 2 #LD SAW H:IEER % [FERIZ T
F ARIEPRICHLTe = & T, X 1 OTREAE
FEVENTFHAE R SAW FIEAR I 57~ 5 TR FERR
B K S (SAW SRR OE AL, F T v
AT a—H L KR %, SAW (X1 T 2
BRI 5 72 D+h0/8 Tid7a < £h0/16 DOFHE
BEAT D), BIHEKImD T/hEW, [k
(A DEERRE, D—1-1~D—1-n 2T 5
ZElicky, K1 EFEEEO A IR HEERE
AL, B S BRI/ S0k AT
HEThHirIEERLE, FTVvATa—H L
SO FIBR P IS 2 T 5 2 & T
TIHT ARG DR FTRE T H D,

=]

N
D)
™
%

Loss (dB)
~N
|
N

158 160 162 164 166

1]
v
’/

<
7
T
A
L
LA
’/
LA
’/
"

L

LA

8 SAW H:Hligr 4 7 F A RUEFRITHE A 724K
HIBIER DY X 2 b— 3 VR

S VAR VAR
S0l Y | \\

-
n
®
-
=)
=]

162 164 166
Freq. (MHz)

)
-
I
=]

=
/
-
/
/|
A
=
|~
/
-

Phase (

-
®
)

Delay (us)
S -
e 0 o

4 9 SAW J:fR#h & 7 F A MR I KL A 721K
TR I AE R D SR R

(B) BrHotr sy ZEREN o
Tablel ® 3D HEEH & V0 H CIRE
MHIEHERE & SAW o PR IERR DR AL D
2 EIXIRIEER L=, LL, BV Y Ry b
J—7 TlEerHixd b 5500 F T
&5, 20dtr o w ZREEITHRS
RO @AW ENERIND, ek SAW &
VY TR, NIRRT a— Y RNCIFEET DR
I LR A o )| R A e/ A v I Sl = AT
SR o> ¥H BLAE eIk &2 YK 3 5 = & CRKE
m ExEX o7z, Fv TV A XOBEN, aiE
KOWREOHREN D D, AL TIE, HL
WS D SAW LIRSS & Mt L, ZAlin 12 &
JEREE A BN S H D B AT o7, K 10
(RS SAW LIRS 2 Rd, HIRERN T
FgnaE BT 28I L, HWMZho/d 7 b EE
TW5D, T LD LIEFRNT SAW % k7
VAT a—Y L KGaRME 2EKFSES 2
EDRFEETH D, 11 [ZHEFEZRTR, (2)
Ko 1EHORKTIE, ETORRERNOK
F4% SAW 13 AT (o/4)x2 (Gl /3 5 /g
L7720, WNARETRYD N T AT a—PITIE
FEIEENZZY, OO 2 [EH O T,
T SAW (ZHEWICEIZMAHERKEL., K
T VAT 2 — IR ELE DS RN TAS
THEDEFELTEHND, T7hbb, SAW
LR T AT 2 —V & AR A 2 EICIEE
T 5720, HHERERE A RS, &
VUV TREOR EEFERT D I LK
b, 72, 7FAAMEEKITIK 10(a), (b)Dik
Rea X 5 L FERRICHTe Y, Z1, 72 Z il
THEFIE. SAW DN F T AT a—H LK
SR 2 2 EAEE L7251 TRNLH & 72
DVENRDHD, T ZID N TV AT 2 —
Y& SRR PSR LT, Z2 1% P+Ao/8 IZFR
H15, M1212X 10 D Z1, 72 %7 F A%
FIEIZALA 7S SAW SBIERR DOV I = b —1 3
URERERT,PIEX 8.9 D 1 EEER SAW
RO E L FREIZ, P=50ko & L7-, 1
EEER SAW HIESROBAI1TIX 9 L v Bk
REEIEA 1us TH Y . T Sk EEEE C #a
T2 &) 14000 THDHP D 2 512 KGR,
T VAT 2 — Y ~DIRFEL & N Z T,
B 12 DI 2 b— g VHERMDEHRED
ARSI E W2 T F ATRIERR Cld, BAERF
MK 2us TH D, THIT MBI
29000 IZXf I L, X 9 o 1 EEE SAW 4t
IRasZ W86 0 2 £ T, LIRS T SAW
N2EFEEL TS ENEMT BN, ¥
Sal—valfERTHLN, BEBEL
BIRER OB A L0 | S &
HINHRE 2 mTREME N B D Z & AR L=,



N’Wj;ﬂcﬂ%ﬂ\\\““ﬂﬂt NIMMj“i@EJNNM

(a) )
10 HrHEE D SAW HREF(ET 2 B &t
HNol4 7 FLTWAD), (a) A~X—ABP
D71, (b) A~2— AN P+hol/8 D 72

I=I=0 =R

(a) (o)
11 #HrHe % SAW HRERH T SAW O &k,
() 1 [ETH O, (b) 2 BB O

0
//""\
2 20
H Y Vil
2
S 40 /Y
(1 I\l
eo N1 | T NN
158 160 162 164 166
Freq. (MHZz)
& 180y VN R A R
= o UMV NIV IS NN I TR NV
2 o AR RN R
=-180 EEEENE NN RPN

12 #Hries SAW R4 7 F ARIAEK I
WA, By EERR ESE YA
SAW BIED T I =2 L—3 3 UiER

5. ERRERLE
(RFFEAREEE . WFSE 003 M ONHLEERFZE 3 12
=)

GEEamc) (B 10 1)
(1) M. Hikita, J. Hosaka, “New SAW odor
and gas sensor for sensor network installed
in smart house,” Proc. of Progress in
Electromagnetics Research Symposium (%
FE47), pp. 255-260, 2013,
(2) N. Tobita, M. Hikita, “Study on low-loss
SAW gas sensor consisting of resonators
with large spaces between IDTs and
reflectors,” Proc. of Symposium on
Ultrasonic Electronics (#£#:4), Vol. 33, pp.
65-66, 2012.
(3) M. Hikita, J. Hosaka, “Low-loss gas
sensor for sensor network consisting of
SAW resonators with large spaces between
IDTs and reflectors,” IEEE International
Ultrasonics Symposium Proceeding (% #i
), pp. 739-742, 2012.

(4) M. Hikita, N. Tobita, “A study of new
ultrasonic sensing method installed in
sensor network (2nd Report),” Research
Report of Kogakuin University, No. 113, pp.
1-4, 2012.

(5) J. Hosaka, M. Hikita, “Low-loss SAW
gas sensor with
self-temperature-compensation
characteristics for sensor network,” IEEE
International  Ultrasonics  Symposium
Proceeding (##i47), pp. 2285-2288, 2011.
(6) EH, “HEERHEEINES X 0@ X K
HY AT A (B Rry hU—7EA~DJR
FH) 7 TR 2 FE(TAMA) #5% D K238 0T B AT i
&L pp. 49-53, 2011.

(7) M. Hikita, Y. Kato, J. Hosaka, “Sensor
network installing SAW sensors for living
and care environments,” Proc. of
Asia-Pacific Microwave Conference (# i
4), pp. 2180-2183, 2010.

(8) Y. Kato, J. Hosaka, T. Shimizu, M.
Hikita, “SAW gas sensor with
self-temperature-compensation
characteristics at 1st- and 3rd-harmonic
frequencies, and investigation of its
loss-reduction  technique for sensor
network,” Proc. of Symposium on
Ultrasonic Electronics (#£#:4), Vol. 31, pp.
347-348, 2010.

(9) M. Hikita, T. Watanabe, A. Nakano, N.
Tobita, “A study of new ultrasonic sensing
method installed in sensor network (Ist
Report),” Research Report of Kogakuin
University, No. 109, pp. 13-18, 2010.

(10) Y. Kato, J. Hoska, M. Hikita,
“Loss-reduction technique for SAW gas
sensor with
self-temperature-compensation
characteristics used in sensor network,”
IEEE International Ultrasonics
Symposium Proceeding ( % #t A ), pp.
1435-1438, 2010.

(FasE) (B8 )

(1) M. Hikita, J. Hosaka, “New SAW odor
and gas sensor for sensor network installed
in smart house,” Progress in
Electromagnetics Research Symposium
(Taipei, Taiwan), 2013.

(2) N. Tobita, M. Hikita, “Study on low-loss
SAW gas sensor consisting of resonators
with large spaces between IDTs and
reflectors,” Symposium on Ultrasonic
Electronics (Chiba, Japan), 2012.

(3) M. Hikita, J. Hosaka, “Low-loss gas
sensor for sensor network consisting of
SAW resonators with large spaces between



IDTs and reflectors,” IEEE International
Ultrasonics Symposium (Dresden,
Germany), 2012.

(4) J. Hosaka, M. Hikita, “Low-loss SAW
gas sensor with
self-temperature-compensation
characteristics for sensor network,” IEEE
International  Ultrasonics  Symposium
(Miami, Florida), pp. 2285-2288, 2011.

(5) EH, “HEKERHEEHINERS X 0@ X K
MY AT N (B xy hT—7EF~DIR
)7 IR 2 BE(TAMA) Hiik o K 2258 Jr Lt
Bz (ORnD), 2011.

(6) M. Hikita, Y. Kato, J. Hosaka, “Sensor
network installing SAW sensors for living
and care environments,” Asia-Pacific
Microwave Conference (Yokohama, Japan),
2010.

(7) Y. Kato, J. Hosaka, T. Shimizu, M.
Hikita, “SAW gas sensor with
self-temperature-compensation
characteristics at 1st- and 3rd-harmonic
frequencies, and investigation of its

loss-reduction  technique for sensor
network,” Symposium on Ultrasonic
Electronics (Tokyo, Japan), 2010.

(8 Y. Kato, J. Hoska, M. Hikita,
“Loss-reduction technique for SAW gas
sensor with

self-temperature-compensation
characteristics used in sensor network,”
IEEE International Ultrasonics
Symposium (San Diego, USA), 2010.

(X&) GHofh)

(PE &R EEAE)
Ok Gt 2 1)

AR EBEWE AT A
FRHE - EHEEZE

FERIFE © TP R

TEEE © RyFE

&5 : 2010-269436

HFESEA B 20104 12 A 2 A
EINAA DR - [EN

LW BEEREIE T R - B EE
FHHE - EHEEZE

FERIFE © TP R

TEEE © RyRE

&5 : 2007-280020

HFESE A B ¢ 2007 42 10 A 29 A
EINAA DR - [EHN

ORI (G0 )

(£ Dfth)
R— A= U5
http://www. ns. kogakuin. ac. jp/ wwal022

6. AFFERHRE
(D) WFgEfFRE
EH t2E (HIKITA MITSUTAKA)
BREERE e Sa—r =T Y v
D - AR

WFgeE 35« 00407157
(2) Wrge sz
(3) HEHEMF I E



