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Measuring the mechanical properties of micro-cantilever sensors

ZHANG Tian-lin' ; GUO Zhe-ying', ZHANG Qing-chuan', ZHANG Tai-hua®, HE Shi-ping'

(1. Department of the Modern Mechanics, USTC, Hefet 230027, China;
2. State Key Laboratory of Nonlinear Mechanics , Institute of Mechanics ,CAS, Beijing 100080 ,China)

Abstract : The elastic modulus of infrared detective micro-cantilever sensors was measured by three different

methods—one static and two dynamic measurements. The modulus of the sensor was measured directly by

nano-indenter in the static measurement, In the dynamic measurement, the nature frequency of the sensor
was measured firstly by optical filtering in the plane of wave spectrum and Doppler scanning vibrometer. In

combination with the numerical simulation method, the equivalent elastic modulus of the sensor was calcu-

lated. More precise value was obtained in comparison with the other measurement methods tested, thus

providing reliable data for the optimal design and evaluation of micro-cantilever sensors.

Key words: micro-cantilever sensor; infrared detector; elastic modulus; wave filtering in spectrum plane;

Doppler vibrometer;nanoindenter
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Fig. 1 Sketch map of the principle of the NHT
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Fig. 2 Cutaway view of the sample in indentation
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Tab.1 The elastic modulus of silicon nitride

by nano-indentation

R =)

Esx, 'GPa FH{E /GPa

206. 423 2
206.785 6
207.9216
208. 420 8
213.286 1

208. 567 22

T W Ny

2 EHEwaE

2.1 FHEHNFRE
SRR B R M SR S EdE T
BB G RAERT 5 W 2D SR — 0 R SC B A I
T B i A T S [ A R s A P M R BB T
BHEITERMN FARREEE EMRS B
TR EABE . SRR REY S HITEE
ST IO B A R TR R TSR B SRR R
2.2 THRHES
BB F RS AR, I B R A
SR REIE RS XERA R T —ME
RECE R I ) E A T SR B, A 4
(a) .(b) Fi7R.

(@) PR V8 2 B ) S I 1T 4 PRI

AuliH£40.65 um)

SiN_LHEYL. 35 pm)

SiZk (4500 pm)

(DYLR B 2B 41 s 1
M4 HAZBRHSE

Fig. 4 Sample for dynamic measurement
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Fig. 8 The sketch map of optical filtering method

R B 2 RHR /N, o T T8 S AR Y
B R, TE Y B B R B UK RO 1R, 3R
IEFE— MR/ R 1~2 mm®) B FLLR . % 3
FERIFIAS UK X L. TESR R RAB KN
532 nm MY RBOEIEIRMEE BRI, 3 B Hl et R
I e A i B SR RN AT UK.

R A AR i e E A TE R LR R R PR
FHETINRR IO B) BB 5 5 SR A , O B AR I 28 1T LA SE
st A 0 81 %o 17 B O R 1R S R L I ERAE 5 4
W ARAE S IR B ARG BT LA AR T A it
1T B 7.

2.3.2 RFREEEEFBALER

JAhEE X EE R 0~20 kHz E#%{ES
PEATII B A LA SR B RSB R R R S5


http://www.cqvip.com

000 http://www.cqvip.com|

570 TEMFHRARFFR % 36 &
012 30 ¢
1
.40 +
0.08 |
L SOt
Z o
= 004 F 3
= f; 60 |
° "M ol
LT YR
-0.04 . . . . . + . . . .
0.6 03 0 03 0.6 6.0 6.5 7.0 75 8.0 8.5 9.0
I fH)/ms 4% /kHz

e HAAFRHASEANHLEEYAE

Fig. 6 The response waveshape of the micro-cantilever
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Fig. 7 The response spectrum of the micro-cantilever
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Fig. 9 The response spectrum measured

by Doppler vibrometer
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Fig 10 Calculation model of the cantilever
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