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Abstract : To solve the problems of small range and low sensitivity of metamaterial temperature sensors,an s-type metamaterial tempera-
ture sensor which is based on silicon carbide is designed. The simulation of the metamaterial temperature sensor is carreid out by using
the CST Studio Suite. The length,width, thickness, strip clearance of the metal strip and thickness of substrate are designed and opti-
mized when other structural parameters are determined. The optimal size of the sensor structure is determined. Meanwhile, the influence
of the resonant frequency on the temperature is analyzed. These show that the average sensitivity can reach 5.674 MHz/°C at 28 C ~
1 000 C. Tt is five times more sensitive than previously reported high temperature sensors. This high sensitivity temperature sensor can
provide a technical means for high temperature measurement in aero-engine ,weapon equipment and other systems.

Key words : temperature sensor ; electromagnetic metamaterial ;silicon carbon nitride ; S-Type ; high temperature sensor;high sensitivity

EEACC:7230;1300 doi:10.3969/].issn.1004-1699.2024.03.003

—METSEEEBMRNSREE

?{i%\"l 2,3.4 %%# 1,2,3,4% 33 7&%&1 2,3,4 jd}ﬁ«&l,z,3,4 '7133
(1.rpdbt ez Sk 5P aape  ILTE KR 030051 ;2. Fhdt RSF e A8 LR EIFZE b, L vE KR 030051 ;
3. db KA M ARG ERATFE 0, IPE KR 030051 ;4. b Kepias 58 Be Rk F AR 248, I KR 030051
5.3 KRR S0, IHPE K 030051)

BRI

ﬁ%&:zﬁ,ét,s

W EHAMEMEMNEEEREFENER DN LRI RMEA A, W7 — AR A EEN SASM AN g RER
B, ML CSTHAG ER YN EM R EEFEBRTENGFE ALUMENSH —E BRI T, HAL2BELANKE HE B
B AEREERBEEESHEHATT RIS RNA, T HERBEMNRER T, R 20T HRENBIRMENEZENY
W, HRKY AE28C~1000CTFHREETXS5674 MHZ/C, S REN G EEREML, REERS T 51, X
BRBEREARBETAMERIN RELELLERA TN T RN RERE A ERAFHL,

KB R E LR AR R A S B B IR R R E AR

RESES.0433 SCERFRIRAS A MEHRS :1004-1699(2024)03-0389-07

LR B L ( Electromagnetic Metamaterial ) & — BEA A ST ST AN AT, IR RS R G 1T

FHEAT HIRF R K BB B v A 1) 5 B
BEENY AR FERMANAR RUEE 135 R i B b e
AN BEL AT RHIT T IR B 1 etk bR
IR ] 45 2 (1 19 25 1) 17 PR A K — e o ST 1
BRI, IEoh, 2T AR A IS 2 UG

TRHSRA SR, T LG AR 15 B BN 20 9
TR SRR , HER TR TEHAS I B AR S 1T 5
FATRDGER T LU AR N FAE IR R )
JiE BRSO o R RO LR B

%IﬂkiFEPKT%{tE@éﬂ#F,Fﬁﬂﬁiﬁifﬂ@zaﬁ%
g W RHL A HERN & LT v R A0 AT B )
T IR R e A w s

2010 4F, Varadan VSRS T 3T LTCC JE
HLRE A RN AL RS A5 R S5 i 3 Ak
AHEE A LR B B I %%ﬁiﬂmﬁaﬁﬁl( i
84.03%) ;2012 4, Ekmekei 255 4R Z T LUK R 5
ST SRR I AL BRAPE 5 1 TG IR AR
£ 10 °C ~30 CHY-F-2K5 EEJE R 7.9 MHz/C 52014

SRR : (A W —RAA RIS H (11012315) 5 1 75 & W — 3 22 R 3 R R — FR A # et H (11013168) 5 1L PE 4
W— it 2F R H (11013351) 5 1 PH 48 W — it 2F R E R AR F AR 2= B e i H (11013169)

%5 A #8.2023-10-27 &2 B H9.2023-12-09



R

#HOA F R

390 chinatransducers.seu.edu.cn

% 37 %

A aRAR AN T KR ( Bay sSr, s TiO, , BST) 1
A H RS TR BE BB B, BT T TR AL J
B, A3 3] T HE 10 °C ~50 °C A4 Tl 28 10 Bl Py HG R A
2454 25 MHz/°C , [RIEHIIE B T EKBREN 44 fL 5 Kb
F TR (T H i U/ 2015 4F ) Karim 2507 353 1 M
i PRAS (CRR) FIEFP L FHE R ( LINDO, ) YT 3
WERES  IE L T BT H R R R AR R R
FEIRBETE 450 °C ~ 800 °C iR & 75 Bl 9 1 R hy
7.286 MHz/C ;2017 4, Karim 25" 3 — 5453+ 7
AZZHEA FHEACTH) CRR FEH, HRH 70% 14 F7
O3B F AL (BN) A1 30% 14 A1 43 K1) Bk R B0
(BaTiO; ) MR A W 1E A B3R, 15 27 23 C ~
200 °C I FEE Bl N Y R ABUEE Sy 0.462 MHz/ °C 1Y i &
L R BT 50 °C ~1 050 C H R %
k1 580 kHz/°C )il BE AL R4S 52016 48, b K 2= RE4k
FEAEPVHGE T — RO AR A 2.4 GHz AYFEIERER 14
FEIRERAE 27 °C ~800 °CHYRAHE A 190 kHz/C

SRIMT , R A 28 A0 35 T8 b e A T 5 e
TEIEFA R, B T R R, E AR R Tk
[vi) st 325 B8 B A B o) A S B v 4 17

ARSCHE T — R E AL RE LR S BUEB AR B
TAL A, AR T ik AL REAT AT R A B A S e,
ZMARERIR T A B SCER B R, SUAER
RIS L, B R i R R s br—
BESE R S BOGE BN RE ORI, 55 T A5 IR 1
FEGER RAT  Se RAS BB R R SR AR

1 EREFATSEREFEE

1.1 Z&Wigit

ARSI S B EREE G BES A 1 s,
M 1(a) FTLAE S RISEHRY L 3RTEHE y Bk i 1n]
NS e e B RS &1 1 (b) Sl bR B s 45 4
E, MR EA SRS TH = 2254, L2 R A
AT A B Y 4B AR AL, L ow g R A
JRAMREE SERE AR IIBR, & @ S5 IR BE N by H ]
JER RN by (iR EACREA B 2B A b,

Reflected
EM wave

Incident
EM wave

(a) SIS F 15

(b) HAICH5H
E1 BMHEEGRSFENTER

(1) 4 SR VIS , L 25 A T2 1 2 1T R BELEY F
Wrisgt, Hep, D2MEIRASIRIZ N 48 MY
4, AR H SN 4.561x107 S/m, ZEATCIIEEHE
JESA T HESAE a—y P, HRST U RS R P, =
P,=P=6.0 mm, R HITEH R IR LTS %00
F 1R,

£1 BTEHLASHE

e ]t /mm e RS/ mm
P 6.0 h, 0.065
! 2.8 h, 0.1
w 0.4 h, 0.035
g 2.0
1.2 [FE4SHR
AL AR I IRITR N .
1
(D)

on e
BV Y AN O Sy G B3 G S IRy 1
RSHE IS, SFEROB AR RN FERR AT RHIE
SEAipt S 2R W A AR B R ke A AL i SiCN
( Polymer-Derived Ceramic Silicon Carbon Nitride,
PDC-SICN) , i1 T FEH A7 Tt 8 oo i Ay 4>
e ot I T 5 T 2 A #si, 3K (2) J PDC-
SICN ) 5t P50 A ] B 3 38 PR AR AR S R

- [E] 2
“(D=rem| 2)

Koo () J& 5 TR AH C i Ak sth 3 B 1], 7 2
&, o AL E, ETEALRE, R 25, MK
(2) AT, B T4 Asf o] 55 90k B 2 £ R O G 3R T Bt 74 )
[6] 5 SiCN S L E A RN
&,-&,

_€a+7]+w2Xr(T)2 (3)
Ko, RSN RFE, e, I @R 1A X
IH R o BAIR, A AEE RS i R IR
JEE ) T R T 20 T 1 R 33K L A O il P R A
PURIZER . ASCHR [ 24 ] TN A6 SR IR R, 2
725 4[] ) ek R B AR A FL B BB R Y AR
WA R0 L 5l 2 R A B R I AR Ak, BRI = A K )
RS it AR IR AR IR AT B ) R U

2 ERFEHNTESRL

2.1 fHE

M =4t i w3907 B8 A ( CST Microwave Stu-
dio) X% 2% 1Y S AT 0 BB, WAl 1(a)
Fi7s A — AT y T A A R A S LRGN, i

!



%38

AT, FAEME . — AT S A b a0 5 5B A R B % 391

2 il ) TR B AL R O IR M RS R i R L
x J7 Iy D5 A1 BESE A SR M 10 BORES B 2 O 1) AR
WE PG AR o A% IR 04 P i w3 sk i v iy
2 1) [T e A RE R 0 T, 7 8 TR T A% B 1 T B A
KANE 2 iR,

Characteristic signal
30 F of sensor at room

/ temperature
-40 - N

’

s, /dB

~

~50 I --7 I |
18.00  18.25 18.50 18.75 19.00
Frequency/GHz

B2 HRTERSBNIERNE

& 2 W, ¥R T 7E 18.425 GHz b F — 41 i
FTREAIR , 2 PR A [ 8 351 FE R —46.03 dB.,

WE 3 feos , I CST £ B 7R 1 IR A3
R f=18.425 GHz T 1 HL 37 43 A7 F1 3 T8 19 HL 3 0 A
T, M 3(a) ITLAE 1, %D FRA K4
JE@ A% M4 & A5 0T R A I 4 R AR R A
B 3(b) W LAE H, = AT E 48 A& i
B X, K4 Ak L L BA U, X e R R
FEKV-4 8 55 0 22 A7 WA O ) b Tm) s = 2 T
L, T K P A T ) RO S A B R TR B

0F
—#—w=0.3 mm
10 ®* w=04mm
—A—=0.5 mm
—v-w=0.6 mm
m 201
E_ 18.6
5 =185 S
=30 7% 184 /4393\/)
g 2
2183
_40 £ 152
0.3 0.4 0.5 0.6
Width of the metal strip, w/mm
-50 ‘ ‘
17.5 18.0 18.5 19.0
Frequency/GHz
(a) BRI TEREw
0 I
-101-
20 [~¥—g=22mm
m
S
03: 30+ g 18.61
3 183
40 %18.0—
= 17.7F . . !
1.9 2.0 2.1 22
=50 Gap of the metal strip, g/mm
1 1
17.5 18.0 18.5 19.0
Frequency/GHz
(OFAEF S]]

E field/(V/m)
75.5

(a) L3750 Aii
S/ (A/m)
1297
1mo]l
1100
s 1000 -
. 900 -
800 =
700
600

500
400 —

300
mo]l
100
0
(b) 1T HL I A A

3 (EREETE f=18.425 GHz MBI R RERRSH

22 ik

R T R TR AL R 1 R AR 5 CST {5
BRI T AR &R AR SR w K 1 &84
B g JEEEE by X H R O A s, b 7805 LA
T 551 T AR RSB AR E AN AE LAARAS 5 B
RS ZEL, T RAR A 4 Fos

Or

—#— /=28 mm
-10 F—e— /=3.0mm

—A—[=32mm
| ¥ /=34 mm

s, /dB

=30 [  186F
ot L
<] 18.0
21741
2 4
40 | 5168} 5
g]é.Z*
=156

S
3
29,

L i.X 3.0 32 34
-50 Length of the metal strip, //mm
1 1 1 1

14 15 16 17 18 19
Frequency/GHz
(b) BJBARIKEL

—#— h,=0.02 mm
-10 [ —e— 7,=0.035 mm
—4— h,=0.05 mm

—¥— h,=0.065 mm

S, /dB

&
n

2 5
=

Frequency/GHz

&
i
.

0.02 0.03 0.04 0.05 0.06 0.07
=50 [ Thickness of the metal strip, &, /mm

1 1
17.5 18.0 18.5 19.0
Frequency/GHz
(d) BB AEIEE R,

B4 SRFEMSHORLUSHT



R

#HOA F R

392 chinatransducers.seu.edu.cn

% 37 %

NG R K g = g o £ N o - AN 1S
FRIE hy #2352 WAL A IR, Y w.l g
SEINE, 2 EERR AR, B 4(a) B2 S 2
RS ICEIEAKE 1=2.8 mm AP g=2.0 mm,
JERE hy=0.035 mm BFA9 S, 14, WEIFR AT LU
H T4 2% 1Y D E o 1 1S DA 3 4 43T 3 38 20 1]
X AL, 24 w=0.4 mm B}, S, HRKAZHR w
(RS IR 2 7%, 29 =50 dB, i T &L Q o2
HLPRAT A5 e KF T8 BE 0 LU, b iy Q THE
KK 921,25, Bk, w=0.4 mm A4 )@ 5% 0 et
TERE ;B 4(b) Fin S BLE R4S BT & W 45 00
w=0.4 mm [B] i g=2.0 mm JEE hy=0.035 mm H}
(S, Mg, NIRRT DL M o iR A0 32 TR 1 A 385 o
BT AL 3, L B (1) TR L B
A% SRS IR AT A8 . IR ARK [ 72 2.8 mm~
3.4 mm {5 BN A R BEORECAH ], 7 L =
2.8 mm I AR IELTERN, Q HECR 15 s BA
BUNGRRE R, 1=2.8 mm K48 MR KT,
Kl4a(c) i S AR T &8 R0 w=
0.4 mm K& [=2.8 mm JEE h,=0.035 mm IS,
MLk, 4 8 S5 R B g, I PR A3 [l (IR AT AL 8 5
MR LUE AR s s B g B0 3G i 3
K, Q HAE g=2.0 mm B, K, g=2.0 mm
R4 R AR AR B 4(d) Bk S BLE IR &8 R
TLEEATE w=0.4 mm K [=2.8 mm [A]F g=
2.0 mm Y S, 12k, BEAE by B3GR A0 3R 8
Y 161 T A RS B 3 HAE Ry =0.035 mm B35 B4k
) Q 18, HAT RAFAY Mg me 7, M AR 19 S, (H R 202
Hopth 4 )8 55T Y 2 £, I, hy=0.035 mm
& JE AR AR RE

Xf S BIGJE & S HOATIUL G , DRI & )8 2%
M FERE AR EE IR R RE 3L 4 NS SEORE Ak S
AR IR R EERE A&l 5 B

MK S ATH, Y w=0.4 mm.[=2.8 mm, g =
2.0 mm hy =0.035 mm  HABSEHGSEHOR IS 50
PR by, R 5 H 2 A OGO &R, &
Y Ie) g A5 T RS Bl X R KR by 3R (D) Ry
C, 2/ AR IR OIS IR AR A 2 1 R, A
il LIE 51 4 A R IR IR by X ARURS 52 i
K, AR IEE by, B 0.05 mm 3 i 5
0.15 mm (YA, A% JRRAES 1Y 1B J5¢ 40 6 S 8 K5 A2
INTE hy=0.10 mm B FER K, BLAL S, [E KRR
Hofth h, BUE R S, (61 5 5, HUbAbm Q i,

HITE 4 FNE S ATHL w0 1 g by Fl by 50 1 TR
arPERERY FEA SR E LA S iz iR

SER TR I SEL, B L 8 AR AR BRI Y R A 45
FIRGE , 1 froas, £ w=0.4 mm [=2.8 mm g=
2.0 mm h;=0.035 mm. A, =0.065 mm h,=0.10 mm
B, A% A% BA R4 0 18l e iz, H QAT 3k
921.25,

—#— /1,=0.05 mm
[~ 7,=0.075 mm

—A— /1,=0.10 mm
20+ -v h,=0.125 mm
h,=0.15 mm
30 . 190
= 188f s
Q 186¢ N V@*q'“

2184
U T

L S E———

50+ 0.04 006 0.08 0.10 0.12 0.14 0.16

Thichness of substrate, 4,/mm
1

1
17.5 18.0 18.5 19.0
Frequency/GHz

B5 #IKEE R, ORUEDH

3 am5itie

Gt ARSI AT IS B AR SR T H R T AT IR AT
A 18.425 GHz, QI 2 fis , &l (i 5adT T
28 °C ~1 000 °C Ik J& 35 Fil N AN [ it B2 T A 4 32
DA R ALRE AR RL, A 28 C TR E] 1000 °C R,
SRR FLE O 5.2 3ME) 1.0, AR T R4
HLH B B E R 5.2(@28 °C) .5.3(@200 °C) 5.4
(@300 C).5.8(@400 °C).6.4(@500 °C).7.0(@
600 °C) .8.2(@ 700 °C).9.3(@800 °C).10.0( @ 900
C) M 11.0(@1 000 °C) >, PRIH 5 1L 22 ol jof 14
KR, [R5 25 AR A5 B TS IR AT R, iy LA It 25 T
PR B RR A S R AR, T U B XA IR
%053 TEl 6 FrsryiiEE A 28 CF 1000 °C 11k
ABRIIUR 2

Kl 6 B T AN [F) I B  f Je e 1) 18 i A 32 iy
Lo FESEREY . M EREE N 28 C & 2
1 000 C B, 18 4 450 2 & A T R AIK, A N M AL
18.425 GHz (%% 12.910 GHz,

-10 [

=20

s, /dB

- —=— T=28 C T=600 °C

—A—T=200 C —»—T=700 C
- —e—T=300 °C —e— T=800 C
-40| —v— T=400 C 7=900 C

-30

= 7=500 C T=1 000 C
~50 I I I I I I
12 13 14 15 16 17 18 19
Frequency/GHz

B 6 M 28 CEl 1000 CHERESZHIEHRET 2 i 2k



%38

AT, RS — AT S A b A A 50808 AR R Bkt 393

it — L U R BE 5 LR AR I oG &R 153 T
K7 B R BOEIE A

Return loss
1 000 0
900 F -6.100
800 L ~12.20
£ 700
2 600 L ~18.30
£ 500 L -24.40
2
£ 400 L ~30.50
R
300 L -36.60
200

100

12 13 14 15 16 17 18 19
Frequency/GHz

7 mESERIGRES, HXER

P 7 AU TS IR AE A SE R, AR
WY A Rl — AR, 24 e St i 8 25—l B2 Y P
Wit 3t B ) T e IR R e R s/, ek [l
FURBAE T X0 L 1 ik B8 A A R A i 2B IR N L
A A R

T S AL R P RE O EE AR AR X
EHRAT A i B 85 PR 05 T RE A o 1) e B, 453 1 R
N -

i -42.70
-48.80

S=Af/AT (4)
K. S h R, AF AR i, AT AR E A5 1k
i, RS SECN RN LT R B 5 AR T T

Frequency/GHz

1 1 1
0 200 400 600 800 1000

12 :

Temperature/ C

B8 ERIAEMEET NS RE LA g

TE 28 °C ~300 °C .300 °C ~1 000 °C F i i
W, anEL 8 s  IEIRIREA AN E AR A AR5
XA EE T LML IS B RCR N
_{18.46-0.001 08x  0<x=<300 (5)

20.56-0.007x 300<x <1 000

&l 8 B H1, M 28 °C F] 300 °C i, 5 PRI % %
T £ 0.226 GHz; M 300 °C 2] 1 000 °C i, 14k 4
FREKT 29 5.29 GHz, 5381 J5 B IAL IRE 16 = il
TR SN RBE, SIREKT 300 CH, 5%
AEAREE /N 2SR I 300 °C B A AR ALK
ZAG SRR = i S PR P rhoa] 3145 i R, 4%
N (5) A%, 7E 28 °C ~300 °C I}, 15 Eas i1 7 4
J& >4 1.08 MHz/C 5 7E 300 °C ~1 000 °C I, H: 7 i
7.0 MHz/°C . 5% 2 SR T A 305 Hofth i 1R 4% %

y

A HT, gl 8 FiR A PERE AT LI
x2 AREEBHBIEEERSBNSEHLER

Temperature Operating Substrate Sensor Sensitivity/
Reference Sensing Range/C Frequency/GHz Material Structure Size/mm (MHz/C)
This paper 28~1 000 18.425 PDC-SiCN S-Type 6x6x0.1 5.674
Ref. [20] 50~1 050 5.07 Al O, Reflective patch 9.3%x8x%0.635 0.58

Resonator/ 22.86x5.93x
. ~ . Al,O .

Ref. [25] S0~1000 512 2 Antenna Integration 1.016 0.40
Ref. [26] 28~1 100 2.42 Al, O, SRR R=14,h=0.1 0.95
Ref. [27] 25~1 000 11.34 Si;N, CSRR-SICW R=7,h=1 0.29

H13% 2 R, AR ST A A2 Sl e 8
i P R B AL RE AR T A% i ) A2 G L, 2
fe AR R T ) SR A LT A B A R
JEE AL IR T 5, JFL SR AR A A D) A o i a2 0 5
Bl A RTA AR SE R 5 47 , £ i PR 5E T HAT R 1
A, il A R A T AR EoR FBe

4 HE

ARSCHEH T — PP 2 F ik A L BE SiCN ( PDC-
SiCN) [ S TR A4 Bl BE AR B, 49 iz b Rk ml fiff

TR IRESAE F IR PR TP A s i R, SR st
OYHT S BILER 4 TR AR I B R | Ak AT B
T 4 TR AT JEC 1 RS B 5K [ P R 118 5% 1), Ay
TSR AL 28, BJn A R
SRR REOC R G5 R R N 28 C TR #]
1 000 °C i, AL IRAS OIS PR TN 18.425 GHz T
%] 12.910 GHz, 1E 28 °C ~ 300 °C B R 8 K
1.08 MHz/°C, 300 C ~ 1 000 °C Yy & i & N
7.0 MHz/C, 28 °C ~ 1 000 °C YV ¥ 7 fi g
5.674 MHz/C , 5 HoAb AL & 25202 A e, B 5



394

R

#HOA F R

chinatransducers.seu.edu.cn

% 37 %

R R BUE A AL IR A HAT S5 TR B R
BUNGRR R TS R EHL IRE A O A T T

MR ERALAE R GE P I R R R T A IRLE I 2T T

HA—E MRS ME,
SR

(1]

[2]

[3]

(4]

(5]

(6]

(7]

[8]

[9]

[10]

[11]

[12]

Cui T,Smith D,Liu R. Metamaterials ; Theory, Design, and
Applications[ M ]. Berlin, Germany ; Springer Publishing
Company,2009:1-392.

Bhansali S, Rawat V, Jalal A, et al. Recent Advances in
Metamaterial Split-Ring-Resonator Circuits as Biosensors
and Therapeutic Agents[ J]. Biosensors and Bioelectronics,
2016,86(13) :595-608.

Zhang L,Sun X,Xu H,et al. Strain Sensitivity of Electric-
Magnetic Coupling in Flexible Terahertz Metamaterials
[J]. Plasmonics,2015,10(6) :1331-1335.

Hu X, Xu G, Wen L, et al. Metamaterial Absorber Inte-
grated Microfluidic Terahertz Sensors[ J]. Laser and Pho-
tonics Reviews,2016,10(6) :962-969.

Naqui J, Damm C, Wiens A, et al. Transmission Lines
Loaded With Pairs of Stepped Impedance Resonators:
Modeling and Application to Differential Permittivity
Measurements [ J |. TEEE Transactions on Microwave
Theory Techniques,2016,64(11) :3864-3877.

Su L, Martin F, Velez P, et al.
Microstrip Sections Loaded With Pairs of Complementary
( CSRRs ): Modeling
Optimization for Differential Sensing Applications [ J ].

Splitter/ Combiner

Split Ring Resonators and
IEEE Transactionon Microwave Theory And Techniques,
2016,64(12) :4362-4370.
Ozbey B, Unal E, Ertugrul H, et al. Wireless Displacement
Sensing Enabled by Metamaterial Probes for Remote
Structural Health Monitoring[ J ]. Sensors,2014,14(1) :
1691-1704.
Chen T, Li S, Sun H. Metamaterials Application in
Sensing[ J]. Sensors,2012,12(3) :2742-2765.
Bakir M, Karaaslan M, Akgol O, et al. Multifunctional
Metamaterial Sensor Applications Based on Chiral Nihility
[J]. Optical and Quantum Electronics, 2017,49 (11);
346.

HHC AN AR B S TS D]
He AL TR L R A2 2020.
Kairm H, Delfin D,Shuvo M, et al. Concept and Model of a
Metamaterial-Based Passive Wireless Temperature Sensor
for Harsh Environment Applications [ J]. IEEE Sensors
Journal ,2014,15(3) : 1445-1452.
Yan D, Yang Y, Liang T, et al. Low-Cost Wireless Tem-
perature Measurement : Design, Manufacture,, and Testing

of a PCB-Based Wireless Passive Temperature Sensor[ J ].

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Sensors ,2018,18(2) :532.

Childs P, Greenwood J, Long C. Review of Temperature
Measurement| J |. Review of Scientific Instruments 2000,
71(8) :2959-2978.

Varadan V V,Ji L M. Temperature Dependence of Reso-
nances in Metamaterials [ J |. IEEE Transactions on Mi-
crowave Theory and Techniques, 2010, 58 (10) : 2673 -
2681.

Ekmekei E, Turhan-Sayan G. Multi-Functional Metamaterial
Sensor Based on a Broad-Side Coupled SRR Topology with a
Multi-Layer Substrate[ J]. Applied Physics A :Materials Sci-
ence and Processing,2013,110(1) :189-197.

Zhang F,Chen L, Wang Y ,et al. Thermally Tunable Elec-
tric Mie Resonance of Dielectric Cut-Wire Type Metama-
terial[ J]. Optics Express,2014,22(21) :24608-24913.
Karim H, Shuvo M A I, Delfin D, et al. Development of
Metamaterial Based Low Cost Passive Wireless Temperature
Sensor[ J]. Proceedings of SPIE,2014,9061:90612K.

Karim H,Delfin D, Chavez L. A et al. Metamaterial Based
Passive Wireless Temperature Sensor[ J]. Advanced En-
gineering Materials,2017,19(5) :1600741.

Cheng H T, Ebadi S, Ren X H, et al. Wireless Passive
High-Temperature Sensor Based on Multifunctional Re-
flective Patch Antenna up to 1 050 Degrees Centigrade
[J]. Sensors And Actuators A ;Physical,2015,222(11) .
204-211.

Xiong J,Wu G,Tan Q,et al. Dielectrically Loaded Cylin-
drical Resonator-Based Wireless Passive High-Temperature
Sensor[ J]. Sensors,2016,16(12) ;2037.

Colombo P ,Mera G,Riedel R, et al. Polymer-Derived Ce-
ramics : 40 Years of Research and Innovation in Advanced
Ceramics[ J]. Journal of the American Ceramic Society,
2010,93(7) :1805-1837.

Riedel R, Mera G, Hauser R, et al. Silicon-Based
Polymer-Derived Ceramics: Synthesis Properties and Ap-
plications—A Review, Dedicated to Prof Dr Fritz Aldinger
on the Occasion of his 65th Birthday[ J]. Journal of the
Ceramic Society of Japan,2006,114(1330) .425-444.
Kroke E,Li Y,Konetschny C, et al. Silazane Derived Ce-
ramics and Related Materials[ J]. Materials Science and
Engineering: R : Reports ,2000,26(4) :97-199.

Xu C, Xu S, Daniel J, et al. Temperature and Pressure
Wireless Ceramic Sensor ( Distance = 0.5 Meter ) for Extreme
Environment Applications [ J]. Sensors, 2021, 21 (19) .
6648.

Cheng H, Ebadi S, Gong X. A Low-Profile Wireless
Passive Temperature Sensor Using Resonator/Antenna In-
tegration Up to 1 000 °C [ J]. IEEE Antennas and
Wireless Propagation Letters,2012,11(10) :369-372.



%38 AT, A . — AT S A bR 508 R Bk 395

[26] Tu F,Tan Q,Ji Y,et al. A Novel Metamaterial Inspired
High-Temperature Microwave Sensor in Harsh Environments

[J]. Sensors,2018,18(9) :2879.

SKEM (1993—) , &, v 5 7ALT
/WL L | AN 23 7 o ) A RN 7
(1 A AHE i T PR BE T 1 S A% g
W% ,321774242@ qq.com;;

[27] Su S,Ren T,Zhang L, et al. CSRR-SICW High Sensitivity
High Temperature Sensor Based on Si3N4 Ceramics|[ J].
Micromachines ,2021,12(4) :459.

REH(1988—) ,iEiMEH , &, ILTE A
RN, DU, TR g A4, P db K23
B2, NG A5 L el 20, r 1 )

AR, qiannanwoo@ nuc.edu.cn,




