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Abstract: To meet the demand of the in-situ pressure measurement in combustion chambers of heavy gas
turbines and aero-engine 4H-SiC based and LC resonant wireless passive pressure sensitive chips were
designed. To improve the () value and couple coefficient geometric parameters of chip’s primary struc—
tures such as the capacitance inductance vacuum cavity and diaphragm were optimized by numerical
analysis with TCAD and multi-physic field coupled-simulation softwares. Inductor’ s relative position out
of or inside the vacuum cavity was discussed based on which a dual-cavity chip design was proposed re—
ducing the bulk capacitance to 179. 66 pF. () value of sensitve chips fabricated with optimized structure
paramters was 13. 66 and 3. 65 at 20 °C and 1 000 °C  respectively. The variation of the resonance fre—
quency under full scale 100 kPa was 158. 62 kHz at 20 °C  which reduced to 55. 53 kHz when the tem—
perature rose to 1 000 °C. These optimized chips could be applied to prepare pressure sensors for harsh

environment applications which would support the independent development of aero-engines hypersonic
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engines and heavy gas turbines.

Keywords: pressure under high-temperature; 4H-SiC; LC resonance; simulation design

( 800 C) 2 000 C
14
14
G.H
15% ~
20%
C0O,.C0O.S0,.NO,
356
MEMS 500
C
7
MEMS . SiC B-
SiC 1200 C
840" NASA Glenn
20 90 SiC
2007 6H-SiC
600 °C " ; Li
. 3C-SiC
574 C; Pisano
SiC.AIN
600 °C "
8
N 5 13
16 . SiC
SiC 800 °C
. LC
? . Fonseca 17
(LTCC) 400 ¢ LC
Radosavljevic * Xiong "
LTCC 600 °C.

Zhang

20 21
- Sturesson

( HTCC) 800 C+1 000 C
; Cheng 7 SiAICN
1 050 C. N
N . SiC-MEMS
SiC LC
4H-SiC LC
SiC Sil-
vaco  Comsol Multiphysics
4H-SiC LG 0
1
1.1 LC
LC 1(a)
LC LC
Js-Js Ly
Ly LC
LC 1('b)
1('b)
. 1
ZReud = RR + szfLR + m + Zequ ( 1)
A4’k Ly L
Z, = SR L (2)
“ o R2afls + Ry +1/(2mfCy)
Zw LG Ry LC
s Ry K
o f . LC
fs0Q
fo=1/(2m JICY) (3)
Q=(1/Ry) «/Ls/cs (4)




2017 3 : 4H-SiC LC * 81
P 1 ;w
v h P A
.Pt 20 MHz 36. 67 pm
20 pm
23
2 24
Comsol
Multiphysics
SiC SiC
. LS80, .
MISIS( - -
- - ) . MISIS
1 LC
Fig.1 Schematic diagram of wireless pressure measure— 2
ment based on LC resonance
ZHead ( 5)
s
Re{ Z,...} =Ry +2mfL .k’ ‘
ef Redtl} R mfLgk”Q 1+ Qz(f/fs — £/ 2
(5)
( 5) fR(‘, max Q
/s
2
ch max = ? fS ( 6)
NVAQT =2
(6) 40°>2 2 MISIS
LC Fig.2 MISIS structure and its equivalent circuit
f=1s
Re{ ZRez)d} max = RR + Lsz 1 ( 7) MISIS C
RsCs RS U N N S (10)
Wheeler c C, C, G, o2 3
C()xl N C()xZ ' Cs] N CsZ N Cs?
n'd,(d,. +d,)
b= Ko g, v Ky - 1) (8)
n ; KI\KZ VC :lr[[oxl +¢0x2 +l!/sl _wsz +(!/s3 ( 11)
Ki=2.23 K, =3.45:d,, Qi +Qn +Qp + 05 =0 (12)
; dom ; din Qfl = 8SEO - Coxll!/()xl ( 13)
Ry Qp = Coothoo — £.Eq (14)
RS C()lepon + QS3 :0 ( 15)
RS = pl ~ h ( 9) Cnxllpoxl - QG :0 ( 16)
W)\ ( 1 - eXp(T)) VC ’ l![()xl ‘lpon SIOZ



15 2

e 82
ata
NET/n 2.1
PN SiC-LC
; Q¢ \
04 L Ey .
.C,~C., 3 . 3(a)
€ ~CnC . .
TCAD Silvaco N \SiC MISIS ;
. 3( ) .
.2 SiC
Cree n  4H-SiC
d, 0.02 Q/cm 3x10"em ™
2 4
T (17) \
fa VP ; 4H-SiC SiC
E v E =475 x 10° Pa
v=0.22; NY,
2
7o =0 (18)
(17) .(18)
SiC4.C
MEMS 3
10 Fig.3 Sketch drawings of two alternative designs
mm SiC
1 TCAD Silvaco 2010 Atlas
10 3D v
. 0 . . 13
0 P-C 0.5 mm
1
1
Tab.1 Values of geometric parameters of two alternative designs
/ sic Si0, Si0,
/mm /pm | ((mm x mm) /mm /mm /pm /mm /pm /pm /um
10 20 10 x 10 2 4.5 350 8 350 3
10 20 12 x12 2 5.5 350 8 350 3

1V -1~1V 0.2V 10
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Tab.2 Electrical properties of sensitive chips with inductance

of different turns

d,/ / Re{ Zpoua}
k Q
wm wH 1Q Q)
2 9 800 0.316 0. 141 1. 582 23. 645 26. 487
4 8 600 0. 586 0.270 2.929 83.947 19. 478
6 7 400 0. 821 0.370 4.103 156.277 | 16.459
8 6 200 1. 023 0. 448 5.114 228.162 | 14.741
10 5 000 1. 191 0. 502 5.955 285.983 | 13. 661
12 3 800 1.325 0.535 6. 627 324.582 | 12.948
14 2 600 1. 426 0. 550 7.131 343.195 | 12.482
16 | 1400 | 1.494 | 0.550 7.472 | 343.515 | 12.194
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Tab.3 Optimized structure parameters
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Fig.7 Fabrication process of sensitive chips
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