2019 4 114
WAL 56

Journal of Zhengzhou University ( Engineering Science)

M K 2 F W CT % W) Nov. 2019

Vol.40 No. 6

XEHS:1671-6833(2019) 06-0047-06

FRBERXENEBEHBEHHR

BEA&, K

B, KRR

(LR Z AR R AR B 5ot TR B, Jb 5t 100191)

W EAEABERIXENERERT T —HAABEHMH ARG HRT, T BRTHFTTEZEIH
EHBAGAE,BFTHEIENE KL THRTFTOLEHNEARS I REGH o EZAEEREAN, 25
B E AT RREGE e Ak A AR K REWNE mm B EH; 5t —FNBT 224
& HBBREIWE 2B HAMAETRFBR TR LE.
KR o B, HRE; MALMH; W TE; ARLE

FESES: TN629. 1 XHktRERM: A

0 5

2004 4, e [ 2 ) W kE K22 1Y Andre Geim FlI
Konstantin Novoselov F FH 1% BH 58 &7 5 Ih 30 0% A4
W AT SR R R G R R Al
0.34 nm"* [y L bERE, A7 BRI BB R
125 GPa, 1 [R B & g 1 TPa ™| 1L H i C 0 9
e KB BRE [A B, 00 5 9 HIL AR M i 5 H 2
B AL H 2R B A 1 R R

2007 4F, Z& [F B2 K K 2% Bunch #AH 4 15 1R
W 7 SRS IS FH TS R 0, I A R s R A
AT I B A1 432010 4F, Zande 257 F 4k 2
AARTUBUE B E 802 0 SR T IR 2%, & PR
A 23 o e P AN AR P R G A Ak, S5 R 5 R
H F R 7E 10 K A5 R AT LA E] 9 000. 2016
4F , Habibi 45" 41 1 —Fh 2 T 77 885 M I8 5 80k
SR IMEIEAR T2 5 V IR B R TS84 21,9
A/ Pa W K R B 25 L iR, A B0 AE 0 i 4k
AT R A 4R X 7 R S B s R AU
T A Ay B IR A% SR R A B 9T i Ak T e
Sy HT AVEUE A ELIY BE B XM ) T AL g 45 # iy
it DA R 2 0 SE B A 5T 318 ik 2 8 T SCHkHE

EE I — B A B EHE B IR T R
I IRES 7 %8 - 18 i ANSYS A5 FR ot 23 #r #14:
Xl R B S B T IR 58 98 R 0 RS R R R
(10 225 46 2 B0 T 1 6 i P B A B2 ), R4 X e [

i1

75 B #9:2019-01-10;1&1T H #§ :2019-06-06

doi:10. 13705/j.issn.1671-6833. 2019.06. 011

FRO0 T g A S g TN e 52 S0PE A 5 o R, AT A
SEAR AT H M I AR 3T T A8 I A 45 R B A PR T
T i i % VAR 1 1) ) A R 0 A T R

1 SRERIET

10 BRI IR 2R ) 15 RS R EE M 1 FT
TR SR P BEAE 9 L bR, B AL B0 7 ER 07 B —
UL 20 4 2 R LIS T 5 20l H g R A Ry —
U AR T | B3 IS I R 7, 5 D T Ak
R T AEACRE R R B B ) 5 R 7E T L 4
2 2 2 o TR o 7 B R R B VIR LA N
TURBURTC I, B2 TR RE B 1 R S, B )
R B I I 7 TR 3 7 Al S B R T B Sk
W 3 ok A 7 Al DTt 372 4 [0 A 90 2 B o TS
() 75 A TG 78 Al . 308 2o 0 7 R S AR AR,
AR T 7 K
2 EHERBRSH

B SNt T A ST AT R TR 5 ) A I
AT IR 43 BT A6 D7 T B8 H ob 0 8 57 AR A A
Z L, 2 FioR 20y E 505 WA E A
i) b AR AT p BB AR R R

wumzmqﬁ—qwﬁ—q:(n
TS

ESTH:HRA AP ARGV (61773045) 5 1< 1127 ANATHT AT A % fe 31 %) B¢ By (IRT_16R02)
BEIER B A (1962— ), B, NBEH RN At zs L R R 80U4%, 1 1, 32 2N S5 A2 J R \MEMS % &

#HF5E , E-mail ; fsc@ buaa.edu.cn.



48 B K FF M (T %R 2019 4
A R PERUEILS _MZ)N; (8)
EH®
N=(-L"-3X+3X,L +A%), (9)
Xp R ELE R, kg/m’; £y fa(p) 518
pp— XL i [ 52 G2 AE T ¥ A1 27 AU 349 A B far 4% &0
A R ) — By [ A 5%, Ha.
SiOl\EE Au%” I lfﬁﬁ _
‘ — 3 HREHNBERTHE
SEEL A4 4 5% F1Jil ANSYS Workbench18. 0 X 77 2 4
(b) HiI B R AT A R ool B.A R ooy ik ml LR A

Bl AEKERXENERZLEUTEE
Fig.1 Graphene resonant pressure sensor structure
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Fig.2 Diagram of square membrane
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Fig.3 Resonator simulation parameter diagram
3.1 EiRFBAFZSNW

IR i (11l 52 e 2 4 A AT B A R
PEFIBE JE 7] LA 200, 1 i S B E T i ik 74k
T 1V AIR Sy Uy B R e ) [ G AR L X A
R R I TR it o [0 % 2R, oh T 25 SR AR, oA X
TR 05 . (5] i 2 Ay J] 3 e K T AR T
FI AR A4, s i B0 T AT L] A R 2 e R AT
VA I R W BB N (B B B N AP F AN VA 3
PrECanPE 4 185 Fros. il AL i IR B
IO 728 3 A7 [ BREAE 53 Ay — B T I8 i B A B4R sz
BN T B 40 s g e A S 5 R #) 0  5 EA
A S50 AR R U TR I R B
E V-2 PN IR I 4 ga R o

R TSR )R B Ik A B9 PR RE B L XS
10 kPa LUT 0985 1 2804 £ 47 A BROT 07 K, (i HL 45
FANEL 6 JIr7s A 25 M 1 31k 2 9 38 IR 01 R i 2 A



5 6 1]

B A S A BRI IR 2R A% A UGS BT Y 49

B:Static Structural

Equivalent Stress

Type:Equivalent(von-Mises) Stress-Top/Bottom
Unit:MPa

Time:1
2018/10/27 17:26
B 1.713 3 Max
1.5229
—13326
—1.1422
.O.95I 84
0.761 47
= 057111
0.380 74
I0.190 37
5.018 5e-6 Min 0.00 50.00  100.00(um)
— —
25.00 75.00

B4 BRFEILASH

Fig.4 Resonator equivalent stress distribution
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Fig.5 Resonator equivalent strain distribution
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Fig.6 Graphene resonance frequency changes

with pressure
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Fig.7 Effects of silicon membrane length on resonant

frequency of beam
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Fig.8 Effects of silicon membrane thickness on
resonant frequency of beam

JI 7 A L B 2 23 S BUE R 50,75 ,100 pum,
B T FE R RIS K MR B B, 1K 50 wm
I 28 0 G2 00 9 IR TR e e s AR M TS pum B A7
B A IR IRUR R A AL LT, 8 Pk T
A R AU (il 2 30 3 AT U e 28 TR R Ty
T, 76 P 455 ik BRI 2 1A =50 wm, MAETREE D =
5 wm A AR B0 T, R R R 23 10,15,
20 wmiE 47 A BRI 5 B, X R B 35,41
17.8611. 95 Hz/Pas; # 5L i 28 P LA AR JEE R® Ny
0.997 8.0.998 6.0. 998 8.4% JL F 0 : % i ik
5 VB2 R 98 T T AR, 2 P R S TR 9 o g
.

FLUCHR IS MURE (9 25 09 2 B0 T 3 IR 4 09 52
M % TR T B B ST 25 R AN 1 9 it s B 111 A
M B B v, SR IR R G0 AR A A R 8
(2Rt R) 42 @m0 T MM IR Z D R R 5T, 1 ik
B BE H =20 pm 5 50T, 20 %8 D =510,
1S pmBEAT 5 B, 25 AN 10 Bz 45 2R 3R W] ol
IR A R B B 1R %2 A 1 i s, A [
A AT T, RS R BT, 2 B 3 IR A AR {H
[e Bsf Al 2 PR A JEE TR

I J W58 A 28 0 R A 07 B R SR Y 25 40 2 80



50 ERIPNEE E NG 2019 4
6330 T K S R AL P 12 R 4

6| ico0 b RF WK AR, KT8 H s Y A A R

e SRR A LR LT T A L U 56 X TS R T R
£l R SRR /N 5 8 RS | KB LB AR T

£ “/ R 2 1 LA A , T 2 N 2 47 S

4 K i 5 9 i VR A B R A U g JEE i 3

W FHOTEL, S5 R 13 R 25 R 2 SR 2

52000 6000 7000 8000 9000 10000

BT RAT/Pa
9 HE A X R R 5T 2 R0

Fig.9 Effects of groove length on resonant

frequency of beam
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Fig.10 Effects of groove depth on resonant

frequency of beam
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Fig.11 Effects of beam position on resonant

frequency of beam
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Fig.13 Effects of beam thickness on resonant

frequency of beam
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Study on Sensitive Structure of Graphene Resonant Pressure Sensor

FAN Shangchun, ZHANG Jin, ZHU Liming

(School of Instrumentation and Optoelectronic Engineering, Beihang University, Beijing 100191, China)

Abstract: In this paper, a harmonic oscillator with a graphene material as a beam was designed with reference
to a silicon resonant pressure sensor. The theoretical analysis and finite element simulation of the harmonic os-
cillator were carried out and the working mechanism was revealed. Moreover, the influence of the structural pa-
rameters of the resonator on the sensitivity was explored. The simulation results showed that the sensitivity not
only decreased with the thickness of the silicon film and the length of the beam, but increased with the in-
crease of the length and depth of the groove. Further, the preparation of graphene, the transfer and adsorption
of graphene, the graphene High-precision cutting, and other harmonic oscillator processing technology were
studied.

Key words: graphene; resonator; sensitive structure; processing technology finite; element method
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Electronic Nose and Diagnosis Model for the Detection of Human Gastrointestinal
Diseases Based on Hydrogen and Methane Breath Test

GAO Fan'?, ZHANG Xusheng', WANG Min', ZHANG Junyu', WANG Ping'

(1.College of Biomedical Engineering and Instrument Science, Zhejiang University, Hangzhou 310027, China; 2.College of Au-

tomation Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract; Hydrogen and methane breath test has been widely used in the diagnosis of sugar intolerance, small
intestinal bacterial overgrowth (SIBO) and other gastrointestinal diseases. The gold standard for clinical diag-
nosis of SIBO is small intestinal fluid culture, while the sampling is invasive and the sample location is limited
and easy to be contaminated. Therefore, clinical experience is often used for the diagnosis of SIBO with poor
accuracy and risk of abusing the antibiotics. In this paper, hydrogen and methane in breath were selected as
the markers and a novel electronic nose was developed which can detect the volume fraction of hydrogen and
methane in breath with the detection range is 1x10™°~200x107°, the resolution is 1x107°, and the precision
is less than 10%. The results were corrected by the carbon dioxide volume fraction to eliminate the effect of the
dilution of outside gas, the patient breathing mode and other factors on the alveolar gas. The 47 cases of
healthy people and patients were collected by the breath detection electronic nose, and the types of volume
fraction curve were judged accurately, and the SIBO diagnostic model was established. This method has the
advantages of high specificity, non-invasive and simplicity of operation, so that can be used for the detection of
increasing volume of clinical and domestic patients.

Key words: hydrogen and methane breath test; gastrointestinal diseases; electronic nose; SIBO diagnosis model



