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Optimization of a IR detector of Microcantilever with Carbon Nanometer Tube
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Abstract: The theoretical model of the composite microcantilever used in the IR radiation is
given based on the theoretical analyses, the infrared absorption characteristics of carbon nanometer
tube (CNT) is studied by experiment. A tri-layer microcantilever sensors with CNT film is
designed to detect the infrared radiation. The detector is based on the characteristics that the
resonance frequency of composite microcantilever shift with the temperature. So, the resonance
frequency of microcantilever can be used as sensitive parameter to measure the infrared thermal
radiation. The theoretical analysis and simulation results show that this new model can attain
power sensitivity of fW —— two orders of magnitude better than the sensitivity of traditional
statical ones. Furthermore, the micro-electro-mechanical system (MEMS) sensor could be
compatible with integrated circuit technology.

Key words: detectors; infrared; microcantilever; infrared absorption; carbon nanometer tube

1 5 7

AT 4R T ML AR T JEL O 7 AL A A
T R e 5 B A B TSR OR BB R AT
B, MHE BB ENGEE R L IMRN,
TR AR R AR B — FOBT R . IR U7 R R
EEE T REE AR AR AR 18] 5 B R & B

* R HRPEEE(60276037) ¥EBY IR .
E-mail: jintail1970@sina. com

Y5 B #.2003-12-29; U BB SRR B 38 : 2004-05-18

[7l » PO 77 1 “ XUy T 30 » 8 T8 3 T 7 A P R A
S 3 3 T PR BRI 2 o e A A R R 7 A AR Y
IR SR A F RN R AR 6
HMEE RN SIS ET AT AR T
— B =2 S R BOEE R AR 25

2 WEEREIRAERTR AR

EE A T IR TR SR B Y 6 R B A SCRR R
B HAL R TR R R B
B2 & R 2 A AR T R A AR A, T Bl R A T



1548 )t 2

TRAA NG HAERE S B 52, T 51 I 3R 40 R A
BR . R REEE W A B E R, b TR S5
SRS K R BOR 7, B2 /2 5 2R SR A J R
BL, IR T AR ARG RS, Tt FEF AT AR 8
PRLE R RO R IR AR . IR BIDT L R R O
5, FRAT B R TE R TR B — AR A 2R O
HAFHESAT T RIS R RSN SR .
2.1 WMBRBERE—HRERAE

TR TR A — B I R A R

. 2 E 1/2 . 2

L =4 8277151) %(1_2{) :(14i7j§?1) «/% D

FIR R MR, (DRSS R
FBH

h=hy+h,,
E = (Eihy + E;hy)/(hy + hy) s @
o= ({Olhl +p2hz)/(h1 +h2)9

m = 0. 24wl (prhy + p2hz)
KA ts 170 2 2 BAREZ MR R, [ R
SERNKEE by w,kym FHIRESE RN
IR, R, R, W, W8, &,
2.2 WRHEREZE-MERAENEBEERY
MBEREN E, o Mt BG\WEA XK, f1 (1) KT
B — g R AR IR E RN

S _lde M1 %_._
" w dT  2h, +2hE,/E, E, dT
_hy 1 dE;
2h, + 20 E,/E, E, dT
ok 1dp
2hy +2h2p2/p1 O1 dT
hz 1 ép—z“—al_azv (4)

Zhy + 2hipi /o2 pr AT
K o RARKEIKRE IR, IR WS EE RiE ik
BAERE T, FBRAR (T, MAERE T 5
BIAR o(T) M RMRRH
w(T) = w(TH[1+ S (T—Ty1, (5)
2.3 HMEBR-MEBERMENADERGE
MEERIE— NI BT, HiRE
HEMNERMRXRATRR A
T—T, = L=

X T HEE, T, AVIRE, P HRAHEIIER,« h
M SOE B 18] » ¢ S BE A, m S B o A B R SRR £ 41MR
ST, B R BIHR MR R MR ¢ FTSRRCH

) 6

Eiid 24 %
_ hlelcl +h2(L_72C2 7
¢ hlpl +th2 ’ ¢ )
B (6) X A] 15
dT _ gz
dP ~ cm’ (&

$e (8) AN (O AT B EE R RIARA IR
RYER

—do _ s T
~dp wSTcm’ 9

2.4 HEBBERS/NTHRNEHE
R FH A 228 1 19 O vk B R B AR AR 1 B AL,
T T 1) e /N T R AR A AT B
1/2
ey
K ks AR REEFE. T HRE,BAFRE.QH
IR SRR 0 B R B S, b AR
LA RRIE K0 KARA ) KA H7, BB R
B /N RG22
1/2
oP = %@k?) Seye’
F LA B 438 R A B T e X e e o A A% R
A R R IR AR R Q MR R R R H A

Sp

(10)

an

3 MR RISk vt

SIHT T R R IR TR AN R S R T R %
RJGTERCEERE b, X 0 SR £ AN I B8 AT f Ak
Wit Bk, A=A F RS RAR D XS
R RSH R AR 3B 3 5 2) S A R 5 2 R A R
HEE A3 553) X 658 55 W okt Bk AG
.

3.1 MEBBEERTHMRLIERE

TR B 2 RS B 36 45 p DA b 437 R0, R AR 5 78
TR TR | 1R O R, AR R v T R I A R AR AL, [
v /L J B 30 R 7 O B A B o R b, R 24
JE VLY IR T A A o AR SRR 11 AR 2 1Y o o R
BQEHKEARR, B> 30 pmbt, RASCEL11] 4
BRYMTITZ, A EE R ES R 10°, H QEFER
KA AR /N % 1 << 30 pm B, Q fHFERR K A8/ &
BN R&, 2% B SLhRAE L, BL L = 50 pm, X TR K 98
MR, 2B BN w= 10 pm,h = 1.5 pm,

3.2 WEERHHNRKIER

THRE b LR 2 AR ) B B % A M R

A FECSD AL EE (Si, N F —F AR (SIO,) . S5



114 REWSE . BIKEMEE RASMRI S0 Bt it 1549

MR A RA & (AW SEAD R (Co . BT DO,

QU ST A5 - o7 o FL 48 B -5 6 JEE A B RO BAIK R 4 L

PARZER AT RE RN 4R U, By 3R 1 W A5 B R ORE R
16 —SALRE (SO, ) , BB R 256 F 48 (AD

Table 1 Characteristic parameter of materials

Material Density Elastic modulus Thermal conductivity Expansion coefficient Heat capacity
o/(kg s m™?) E/0"+«N.m™?®) a/(Wem 'K a /(107° « K™ c/(J-kg'K™
Sis Ny 2400 1. 80 32 0.8 691
Si0O, 2200 0.70 1.3 0.4 840
Si 2328 1. 00 150 2.6 700
Au 19300 0.73 296 14.2 129
Cr 7100 0. 25 96.5 8.5 438
Al 2702 0.8 237 23.6 908
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Fig. 1 The minimum detectable radiant intensity vs n
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Fig. 2 Structure of silicon microresonator
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Table 2 The relationship between operation voltage of radiation source and temperature of samples

U/v 0.0 5.0 7.5 10.0 12.5 15.0 17.5 20.0
T:/C 16.5 17.1 17.9 20.3 21.7 24.0 29.4 35.6
Ty,/TC 16.5 18.9 19.9 24.9 27.4 33.1 42,7 51.9
Ts3/C 16.5 18. 8 20.1 24.8 27.6 33.0 42,8 51.8
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Fig. 3 Experimental set-up of carbon nanometer

tube absorption
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