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ABSTRACT

Polysilicon thin films are widely used in MEMS devices and 1Cs, which are important constituents of such
micromechanical elements. The thermal parameters of the polysilicon thin films, such as thermal
conductivity, thermal diffusivity, and temperature coefficient of resistance, depend strongly on the fabrication
process, production environment, the concentration and type of dopant atoms and so on, which are dramatic
difference from the bulk material since its heat-transfer mechanism differ substantially from those of bulk
silicon. Static or dynamic thermoelectrical response of these MEMS devices can be estimated if the thermal
parameters can be measured. Therefore, it is extremely important that on-line testing for the thermal
parameters of the polysilicon thin films for these MEMS devices.

In practical applications, the thermoelectrical parameters of the MEMS devices can not be measure
directly. To meet on-line monitoring, a so-called “accompanying element” fabricated with the MEMS
devices must be placed on the same chip, that is the thermoelectrical characteristics of the “accompanying
element” are same as the MEMS devices, and the thermoelectrical parameters of the MEMS devices can be
obtained by testing the “accompanying element”. Therefore, a simple on-line monitoring structure element
for measuring the thermoelectrical parameters has be designed, the measurement should be simple, and a
detailed numerical analytic solution must be given.

Steady-state and transient state methods are also be used to measure the thermal parameters of polysilicon
thin films. However, the previous methods are not suited for the characterization of the surface-
micromachined polysilicon thin films since most measurements must be carried out in vacuum environment.
The measurments and the analytic process are complicated, and require special micromachined structures or
special test fixtures, which makes them difficult to use in routine wafer-level measurements.

We proposed, fabricated and tested novel characterization structures and measurement method for on-line
testing the thermat conductivity of surface-rmicromachined polysilicon thin films in this paper. The features of
the measurement structure are analyzed, the analytical model and measurement method are also given, The
effects of all heat exchange by convection, radiation and the heat transfer through the air pap and into the
substrate are considered in our electrothermal model, and all measurements can be carried out in free. The
temperature coefficient of resistance must be known before extracting the thermal conductivity, and so the
microbeams, arranged on the same on-line test chip, were designed, and using parameter fitting analysis of
the experiment J-¥ curves of the beam and its transient state cooling characteristics, the linear temperature
coefficient and the quadratic temperature coefficient can be obtained.

The thermal diffusivity of surface-micromachined polysilicon thin films is proposed also, Using two
polysilicon microbeams, with same width and thickness but variant length, the thermal diffusivity can be
extracted from the time dependence of the two thermal resistances cooling in free air.

All our measurements can be carried out in free air while vacuum testing circumstance are not required.
The on-line test structures, fabricated with surface-micromached devices and no additional mask is required,
are implemented as a MEMS test chip, called “M-Test”, and so it can meet the on-line monitoring for the
MEMS devices design and its processing, so that it can be widely used in MEMS process testing and
material property extraction.

Keywords: Polysilicon thin films, surface-micromachining process, thermal conductivity, temperature
coefficient of resistance, thermal diffusivity, on-line testing, MEMS
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medi L W(TT _ TB )

AF: DRABENFE: LEBRSILAMER, W REERAEY.

AT HMAREMBANE, $ENERSHFEERAEN SEM RS Jali, EHR
SHMMERERRER TEEIINHERE. SRR IC TR ERER DIP (T HE
RAM b, ANTRERNAEESER, REERSE, MR, A8, AEERY.

Top Aluminum Bridge
(Heating and Thermometry) Overlap

R (2-13

(2-2)

Aluminum Bridges Silicon nitride layer
Teg

Bottom Aluminum Bridge
(Thermometry only)

(a) #IMLA (b) &M FTHHLE
Top electrode Buur;urn électrode
f = Si0;

. ..'I:.'_TI_'CI'" =

W

(o) PRRORTBES: xz T (d) SR B2, yoz ot
2.1 Sio,MEANASEARRANIEHTER

g



BoF FRATENREA

EEFAES, BT LHREE LR R R A d b AR R E EhE T EARAR
XA R BRI E S LS AT ERHAEE, MHNMERTTLY SERHE. R iites s
FIRRER L. A TRRRMRE, WAL RS B ER %, S a BRI REL 20um
B, R 2% HRBEMEES 100pm B, RERADN 43%; SEEBPRER 400um
B, RERADE 1.0% .

» Brotzen FRAZATE 1992 G421 T 5 —FEaA Si0, MM AT 2 ML, i 2.2
. BMRTEETERSREEET:

(1) £ /8 B MH R s ik,

(2) #HEREEE AR,

(3) FFI 4 FE T I 5 S B

(@) TN ERE SRR, T e apal.

T1

Tz S0,

\Qa /f

(a) FralElma (b #ﬂmﬂlﬂ
B22 HemER

Hih S g,
k=2 pgd (2:3)

° pT -8 dw'h

Ak QWA £=5.028x107°C7 RABBHERYE, p, AINHEMIHEHE, d R Si0;

HIEEE, wRINAENRE, hmAENEE.
il T =M A REBA IS RN KRG, XEPRRT R EMEERL, T LAHE %
HeagiRARAIENE.

212 3o EBHSEPAFTE

1989 4E Cahill D.G. £ —HERBEHMSHRMEFE, W30 7Y, SHEREHTWER
I [T A B R AR R A BRI, 5 SIS R Ty SR R T I ) TR R RS R
R RMEDY. 3o TR ENE SO, MBARKSRNFIE, —, HUARTMORH NREE K
WMESIEARE, MENENAE, SHEEGHE, IR EmEE rfTuE. vER
TR RS A% I T R SO, Wil G E R,

3w FEMUNRG B 23 . HARGHEARE: ERABEHE SHEERK—BRE
K d RSN EEG Sio2 M), @R LEREWE 23 IRERNEREE, EREAbL HifE
b>>d, KEHN. 2RARREMFBEMNEER.,
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Fy
B
Metal bridge U, l—
l Insulation film
U
Substratei- I_I——
Sl B
(a) TME b} In#gmARRIERRBEARNHE

Bl23 3o hEMRENE

f L W LS o ERRACA [ = LCosot Y, SAEMEN 20 (AR, SEH
FAREEEFt. i TSm0 R E MR A BT, B RRERR(V VO A af o
30 B AURIERE, TR 3 o iUEMREGE S, B3ERE L MTHR L.

4y,

AT =—2 (2-4)
aV

K$:a=%§?%ﬁﬁ%%@@ﬁ§%ﬁ,R%ﬁﬁ%%?ﬂ%m,Vm%ﬁﬁ%E%EWﬁﬁ

{ﬁr V3u§‘]m?‘%‘% 3 W %E%ﬁ%{ﬁa
B 23 30 WRITED, LHEEEJEDTNASBRERRED &, RimaREE N L

AL — R S, AR S R LB R AT, T 7 F R SO,

P 1 k 1
AT, = —1 f G+ ——In(2 (2-5)
Slﬂ;%“ b, 7o
Cs (5)

Kbk, o, AW RBHEAFENRE, PANMARIR, nAEHMHEEXHEY ST

Si A4 1.05,
BT $i0, MEM SR/ TREMNENHMSE, TN HEMSE, B SRR R I

S AT, Sin— > SRR AT,

_Pd

Kb
iz (2-4), (2-5) F (2.6) BIWT{BH SiO, MEEMARMHAIRK .,
A RMERARK 3o FERNBH AN SEERNAEL —, SHAEE ST oum &, 3
w RN R E A BRI, BB N 1004 3R GR35 2 th B PRI R 7 Tkl 32

EARE R, EAETERFNASERIASETD D THAENHSE,

(2-6)

2,13 ERHBSREARNNEE

e R RSP RUGA B, TH — PRI ND:YAG $0b B B In#hig s R s,
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BoE MENRSENREAR
B 2.4 REBHAHSEAFRSARNSIEE B 24 () ENREW, K24 (b) ZABEER
RN [EAR L 2.

High-energy pulses ~ ]
from Nd. YAG laser(50UJ, 6ng) /; b Nnrr‘n_‘a_lllzgdlten'}.p?r?t?re . -
T ;’f EJ;’f 11 Temperature decay curvefor
p g ok thin filrm on siicon subsirate
06f Experiment fit curve
He-Me Laser
(1mw) ;m 1rq4erGE 0.4¢ RN +20% curve ;
10-200nm 2 R ]
0 i Expetiment 6ns heat pulse
si 2b. . W velveredatto
-5 0 L] 10 15
Time, ps
(a) ke (b) PR T i0 5 B B A il 28

B 24 FEBRAEKPERYBRSHREMRTTIE

BEE, FAMNERET-RERAARASENER GEWNXASRE) RERZR. A v =6ns,
E=50m] WM ESRRESE - T REEEHRR, RONEERBDLREERGE. BEWN
B [H) SR T R T RREAT R RS, AT TR0 — R S L TR BB UL B K AR

T() =T, + AT -exp(~tG / hC) (27
Reh: T, 6P BMAMRRE, AT MRESSINREHET, G=1/R) hEANTER LARS, h

hEBENER, ChaRBNELAE . il HTT LIS BIE R FORe B 5 (hC/G) ,

MR RLRIB R ERNRI G, ETHSI0ZENHGE,
BRI T B T PR RRE, FOETIRHREE, AT RRA R
THEEEAN, REEL5REZ AMNXELRRE.

2.2 EREEE S RAECR

£ i) Z R H TR RAMEMS)FISE BB RHACS) T . FEMEEgttm. %
RIERNE. /RS, SERE. Briadiris)., IC WM AThF |8 M TR &1,
MR T EREEENIES. BRI E mRR N AS R L SRS E,

MR REEHEORSRAH LR AS R 200", ERAHENRSEL T EEE
HRFREHEAENASE, R MR SERNRE N ERE L RE R TSR RS 200
B, S AEREARENIRMAEEY, SREATTFSHTHNEEE: BERERES
BRI, S SR e R A R, R A HRARREDY, MALHRENRE, *
EAFIRED, URHEMRGAFMATES., LREMENASELTERE E 0
%ESS‘]o

A p A SRR MR, BNESA AT B — £ A SR,
HMEHFER. LE, M7k, BT HFHATREN A, DES THREBmATWELAE
P o
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FEAFME LEie
221 BERERARRNRLEN

BRI EE R 2 RHEREA SRR 2.5 BiaP, ZE 2.5 @RIbHIRRE T,
AR AR RN ERER: 4825 OFOmMiRg B, KEHSRERNERE. X
Fh &£ REEM M PR IR MRFH CMOS T EHI1ER, TE 5 AR (o U (e rk R e sl 2 ),
B BRREREmtE,

AVTEANAR25 @), (b) PEMRONREREEE MG RER,

(a) BAMMENBERMREH (b) BUERTBERAREN

| Thin fikiy-..,

Thernare sigors
arial = |

! 1

Ihin films heater~

(c) BAFHNE M BB RRREH d) SEHBH
Kl 2.5 CMOSMEMS TZBER2RREHNLAFNREY

M 25 @FHNRGHRAFUTRE: BLBRER® TEMI#R. WEERE RrWMing
%, BT HER AL REEE WO T AR B SRR, SRR LSREMMME R
B A& 2 [ROAERE: & REEMMRAE T REMASHARE, B CVD SR E RS, RIEhmR
AARIFHEMAERIER, A TR AKSER, RS, IEFNSEMAREKNURLSH, X8
SRIEEIOHE PAND SEEHIR KA SRR, ZRH RIS ERESERE —4
RS AR, D TR ST, Mg L2, EElR ke, o
BATHAET TRIELE,

2.6 RAKGENOARE. WHEELRATHREE. ENREHS. THTFHLR:

N=G,(T -T)+G.(T,-T,)+G,(T, - T,) (2.8

Ah: T #RGHINNERGZ00E, G FRTORIER B, G, Frm#ig LH5 L8R
G, 45 T #0484 53 Bk,

fEWNRRT, TEEIW TR, -T, )/ T, <<1, MWL EH ST, BI4F

SRR LR R G, (T, -T)) .
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Polysilicon

Maasuring |
slripe
Alurminum l Faéﬁwalmn
-

o s Sampl
’__(\ [ — ] Field oxide/ SarpDIErA Sample B

CVD owde D

N :
/ Field oxdes CWD oxide on silicon |

~ Silicon waler

(a) WRLHEIEE (b) BikEEHTEIE

Heat sink (T

G (T =To)] [ (oo

| 1

() WAAHHRTFHAER
26 WAGHTREEREATFERER

FRHMREEHD, £ amREASENRTE.
N, N, /

- 1- (29>
T.-1) T-1) bdp

k,=[

A N, N ORIForthdh A B8 B IM#ATIE, T, T, 23ETHR A, 5B Hillg

RMELE, T, A EEE, [, b, d, SHERBRBERTEZREMBATRKE. $ES5EE.
EIMRES R Volkein F.5 Balis 1L 1996 SEE BRI HE IC TEREM, RN T HE
SRS A, BB SRR SR 300K BHE29W m- K).

222 XUREAXREEHIFEIREN
B 2.7a) R LR S0 e B RE B AT F R A A7, 20 i 5 4 T LR 0 AR

B B 2.7 (0 (dyRSUALE ST SiC WM PR, BRRALGH G H i 1B SR M B LR
B
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Alurminum bridge
(2umwide, 0 2umthick )
%,

Polyimida
Mechanical stability

,’/EIB(:IHWI insulation
L

-—— Palysilicon
™ Thermal oxide

400um
. ]
S00um

) P =
i

Tmm

* Silicon

4

1 1
]

i

(2) ZHEMEARRURSHTINE (R, S8R
SiC filmn

V-

Heater

Thermocoupla

Themocouple
*

-

(b) SiCHRATHEARGHNAE (o SICHRATERIRGEETRAUMREL 0
B 27 SRS

B 2.7 (a) PRI SRNE S R R R NS TR R, W S0, fF RFILETER, &RWH
ERAFRERE FERERSENMRPEFEEME REEANEN. Saifld b omnas
m#AgRET, T —4REE 400um FIEHHEARBERERMEH, BAOBICE 13mm, b T80 T 4EE R
o, (OB TP A BR 1mm FMIRRIE; 782 BRI, MM R S
RGP NEE, WREEE20K ~ 320K : BTEMNASHEERERTZED, TRA
ZBXABHEN, AIZIRSHOAERRAFESBESSN, TURHEEEINEST
RRKRPEREMEOATE, BEY,

k = (Q / 2) : (X thermometer X hearer)

(2-10)
g Ac '(Thea _Tth

ter ermaomerer )

R T s Tnomomoer ARG R RA R, 4, hEHEERMARCENRE: 08

IR A T

AEHRREHT, ARETHERNE, FEL: O SHERTHIERFIES REMEET
HEEE: @ MIBRNEIFAE SO, EREBEKE TR @ FHESRERMMHETE RN
W T R R R ).

A2 L R R AR N L BRI RN, BE AR, WAk LAY
#. FARESOBHEARERMSHE P Y, 1L B5IRASI0 R, £RIEZ AR
EREBRETHRNBERAR, FERERBERNAET RN TENMARARE 15%. ZiF
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BB MBEATEARBA
b, figsre R RENERRFRESER, BHSREAFRNEREEN T2, hTRE

PR A R, L R A b AR 2 BV IRE B X ey — X srermomene » VLT A SR KT 0

B, ERUGREW P IR AR 25mm, N TR RIS 2 [RIKETE 400pm.
MR AEE I A R EEARRONE. THTRMATENEERAZE.

223 HEEBRA SRR

B 2.8 RAKIMBHB AL REEEBERSROMALSHREEY, ZMRLGHOTELRE ©
LPCVD ¥E7E 4 <FhER B K2 3um /& PSG, PSG BLIEMRRYER AR NBEF IRl @ iR—
JZ 40nm #5 LPCVD SiN 2. JtZl, EAMIEABY B, & XL REFTPEAEBRAEK. @ R
1.5um FEIO% BEHABE. Je%l: @ 76 1000°C MR FRED L L /AT, iR IR FRIRIE KINR £
REEEMNT: ® BELSER. XZ: © RRFMAEUH HF REARRSAERINLERE.

Al z/i Lightly doped polysilicon

I' | faL

o en o SO

C Ton TLRAlT g.h.. + .
L_thcurtsubﬂM l e | e | —]

(2) WAL S IR o L (b) AW R MRy TR
B 2.8 B EIEHRAIRALH

— i—-y Heavily doped polysilicon
I
|

B TP RS R KL R RER S BT A T P BB A REE A FPE A, 73 A R B A A AT LA
AN, B E AR B b AR B R K K SEk A, [ R e A AR A A
R, B 2.9 RINH 2 SEEMERSENILEEREE.

Closed chamber

Bonding wires

Thermal compound pasts
poundp lSi!icon oil

B4-pin DIP

Hot chuck
Therrmocouple Silicon chip

B 29 WiFBREHEERASRNINEE

W R RAM R R, RIS R.

L ak 211
P 4w dT, ]



FEAEE 2R
Kt PRARREHEIIE, T, BRI ERKERERE, 1. w. (S5#RERERNKE, %

FLEE. ML —RFIMERB 4P/ dT, (M, ETLENES KD RERENAS 4.

EIRGWIOHE T 2R TR R EAS ML 18w, BEE CEPRAREY
SBARUD R RS S MR AT B, FUCHRIE T 25 K eV E 23 b
TITZARF. ERUHTHTE, BEBRRESBRKMENRL AR, IABABHREHT
R,

224 JEAHBEHG R RAL

RS RS RS T R A AR R Y, ARG K 2.10 BiR. £ 210 (a)

B &R AIRASREWREGH T, EMERKE EREMRAINAE, FEARE, RBERGE:

BEBRELL, WERNMERARKNAELOF BRI TR, BETHARSMRETERHL T
SHARBRLEH, BMNRRETE A RERE PR THE.
Membrance area

( Silicon removed by
anisolropic etching)

. Thin film heater
Heater Thin filrm fM-S‘\ egin,

Th 5 rna19r|a| o
B rmore I‘Stlflr o) 4:':;; Themmoresistors

o
aﬁ##%ﬂ_-

(a) ERART R RERATIALH () HERARSEMALH
210 BARSEIAGH

B 2,10 (a) Bl R IR S R AT K

__QIn(r, /r)

- (212)
* 2md(T,-T,)

Ketr O RIABWITIE, 7. r, 5P AFGRNERIIER, T, T, 3 5EN. 457

FERE LN REREE, d 2R, ZI U Rl T X0 A SR MR 2 R A
SRR RS FERRGMEE T Z SRR 5 2 XK.

225 HESEWRREBEASENR T
!. Vander Pauw RS R LH

e AR 201 ORI, B RE TSRO E M T RIS, W8
R, ATeminENE.
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Polysilicon healing resistors
temperalura sensors

Aluminum lina \ Dislectnc sandwich
ey, | R .
\. =3 !.;I' 4 | - : i
B
\ ".I e «
v ~
A5 K’
o= hm;m}xh“n_
,,ﬁ.,,-("\\}x\: S AR

. ' Contact oxide
Intermetal disleciric
Passivation

(a) TEEEREMBEAPFRLEH SEM B (b) MR- FHO
B 211 Eed AW e R Al -
PP RN RS )RR TR R N B #E RIS, RRERA, O AR
BT, WRERE j, RUARAER j,, HIRo ULV RIEE, WHEEIRME, AEN

FAFF R T RARRARR Y, RBRGE L REABUERE.
Her R BN RGPS AR M 2.12 iR, HBHIE P AHO L EAANR D 2 file,

W/EO 3. WO 4 ZRMBREEAT, =T, -T,, FH, AHEP RO 1 HAMED 4 FHH,
AT,

34 R!h _
’ 14,32 —
o

AT,
e

WA 2, O3 ZRMBEAT, =T, -T,, WABHHKMERY, =

—ATu=T-Ta

(a) ()
B 212 RFFEEERIASMKEE R

WA REEWARERRLXR, THRER],,« R, SHETHHE RS %R K.
exp(— R}y 1, /RS )+ exp(— nR, 1, [ RE) = 1 (2-13)
W A RY MR AR R ST e, WH:
RY = (kty™! (2-14)
WREEEGEMBLEH, WM R RY K.

R;'h—mu!lflrzyer = (Z klti)_l (2'15)

VNG =3 TSRkt SR
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Zi kt,

K g =—Z f.- :(Réhzf,-)"' (2-16)
M2, EMEEMHSFEETLBER (2-16) KEN.

mitsE i, EWR TS M ISR S AEEAN AR, ARFEEETIE
TRtT, AR ASEBAN T B A b A NE TR SRR . SEMEIHE T2 ASIC
CMOS TE, BEFCHEAREEM.

2. RPITHEHEL R WAL H

Bl 213 AT B Si0; MR TRMRL ), FRREHNEE T B, TR E W
YUK I T T2 W i LER R ok T 281, HAE T 2R myUas sl L 2 e
R HATRIMARTT LR SiO, MR T LU A S . RS HIT F AR B Sio, B (4
HESAZHEE) LHOTHER-ESEHE, ZRERREAINRET.

KRR E: ATEREERAED SR, Wi ERR I RS RZINEE. AT KELESE
RIBRCE K, EREAEE R EE im0l B R B T () R A BAY, (E T L

T ARR 2 L P RS R A SR R B) Si0, MBS R L, .

Heating layear

() APITEAR SR REN=HRE (b) AT A PRRAR LB E
B 213 HBPUTHRR L HEHEASRENRESH

BT ZIREMEERERETNEN, EEZENREARANEOESSH, RAtdTH
SHECHIR/D, RS RCRR R tEaT LUBBRR . AITAT:

(Q—R+}Q{wﬂ%ﬂ+ﬂ—mﬂhLm

T(x)= (2-17)
ﬁMKI}ﬂMkﬂ+nm}é
KEEE TR TO)=TI)=T, =T, LRERNEK.
® (2117 F
1:\[ T Wauhay Py € (2-18)
KouWanhouwtKugnWanaPugu

E. R
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HoE HEATEMRER

S FIRA R
1 e
AT:(Z~L T(x)dx)-T, (2-19)
R LR EE T URT Y.
& =a, yAT (2-20)

A a, REBEARMOFUHWKRL, y RRERL:

a b ¢

2¢a, b, ¢

a, b, ¢
y= ; 3 3 73 T (2-21)
C [#] C a
LLE'S'Z 2_L_2 ‘L _2 2 2 2
qujc.s(‘Az)aS o b

s LAL, AR KEBAERGKE, RESRER S RERILAMRH X, AXEF—— FU.

R, HUNHLEROMEESILAR T, @R EROHS %,

ETE AP, EMRIAMT AT S AMEARENNE. BERUME, HBREGHA
HIGREAFGER TEZHE, KNRENBRNESH BRI FEEAREOWE. MAT
Wik, LHE AR TSRS RASEERA SO, FEIIRERES], 87
HEHEER, ZBREHEFRIL.

* B, 3o AR RS SRR G T ERAHE,

23 KB

REFANRT FRHRATEINRER, SHTEHRBERRSWREL. SIELE. A8
FHEA, WR G ERETENE.

H 818 S EE sl AR B 2 MR B A T R AR B ER SR &M, Bk
BERAE T R A AR B AR A AR A AE RN, TOIR g R
BREAMBN A EN, W Paul O.FATFH] van der Pauw BRI k. ARREH )L
LENE, HAMNSHEEASRMAEHEE LR CMOS LEsk CMOS MEMS $li R FH#
FrabEARER T, BREZEEHGEEH. B, TEENEERT LS HENMBEN S EHTHR.
PR FAAMFTEATREMRITLEET IR RANE, THRTATEEASRGELRI.

HT&AEEEESFETSENEENG, Bk, ATHRENERME MRS, Tl
REFMAREWEFTE, WItEES B M MEMS FM#HREHELIER 2R/ FNEHEE., MR
ERR, AIGRREERER . WERERERSOERERAS MR H TSRO ELEX.
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FRKERLFidY

B=F ZRERRASEESMASEH

TEXWRMEEN LT SEEFRA S RAEENR, RS R RS G rrhfE e
EBE R IR EUE TEMTEUE, FARAWNTE, HRERE SRR TITI, B
RO ER AT, FEA T NERRH I I0ARKE, A TAHERE T HOMS R &R
BT BEAIFRUIESTRECRUSE, OFAREHLEHERENSHME, St
Fidheh Sio; M. SN, MEUEFUVRHHRSEURSSHEAMRAL. RN RHES.
BRLH H Ar R 8 R B B W S i, BRI A LA R, R KR  REEE R
HRE, BHEINRHE RS HEERNRER.

B T7ELRIA, ERAEE BRAN FMIERNS SEEEAASE, ROML RS,
HF B AT A FRTER LR R A A R B A PR A R R PB4 1 BRI R R Y
W, AR R R R R A RN, S B AR A SR B AR

ARRE T WA FRREMN T2 REEREASELRURSY. RN T RS, #E
HACEBAL, Sl TR, JEH ANSYS™ BT MG T 3 S 3R 0 TR MERBR
SFHRITMAEN. TERSHNLYEGE ERTREHETEFERINIRSHR R, L8X
FEFENRIZWEHFREAL . WHZMRTERIAREN L REERASENERRN,
HAHE T HRNA.

T, SRENAAEBH=FMEFTR, BES. XRNEH.

31 HEbE e

1. B

YA RS LB R A N, KRS T. ETFRAEETFERIN 7RSS~
AREEFE M (EERRES). Bw, BEENIREAREE NS R 2R RERES,
LA R B R O B R S B R4S o B R R S — B AR B RIE . AR RE,
fEE AR, BREEESREWNHIRS, DERTF. HFEEPENEHTNERS RIS, SR
A (SR RRIEMESHMERESHSE, B—RpEel. FREMEHMNSREETRE.
EpfE R --FpbR, HEERLHBESEETX. SHUHARERAEHESAE R e —EEM T
Al

g===-k— ' G-
R g BARIEWES A ERORERFNBRSE, BUEW/m®: O R SANE S
%#%EﬁﬁAmﬁwmﬁ,ﬁﬁﬁW;ggﬁﬁﬂEmeﬁﬁmﬁwi;k%%%%ﬁ,%%

1S, XYM ERTHENHHSE, ATHRREYUAREME, HBEREW/(m-K).
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B=% SAEHEERLEERMRLHE

2. i

TR RBRANERLS), MITRER A AR, WiREH LSRRI
iz, Wirknnd — MR A ARE BT TR XTSRRI 4.2 18 AT A2
TTH P00 5 P 32 sk b o Bk sk, R R A 40 s

g=h(T-1,) (3-2)
Kefe T T, SR 4R M S TRFAMEE, BTR K, LIRS RARDNAEREL

BAEW m?® - K) . BRI RBIARES ARSI SRR, B, ZREWERAMNSS HR/Y
WAL,
3. RN

YA ARRETR BRI PIRE, PESRTUERLSIEREE, WiERRY
Bt 11 SR . AR O0E R B M AR R— R B RRA R AR, MRERA 4 RERENT .

BEHENe H— M EEAEERE AT, RIS, SR RS- H R 2 e iR,
0 Fixmr e rsmy snl?, 7.
O=gdo(T* -T,)) (3-3)

Rep e BRRHEER (BT 09), o=567x10°W/(m* K'Y RESE-HEZBEE.

207 TAEEOR ) B xR LR BB R A . XA IR SR AN TR E AT R A E &
Bt MTEGHRS, TEAHENE FEENTESRART RSB TE, ¥
BHERREFAHARNERL, M.

Q= Ah AT (3-4)
AP h RS HRREREARE (IR ERAEERRRED. FEENE, YERXE 10K &

O, AT T (BRRGESME, ERHERRY A B T RAS PR OB RERRE. X
R R LA LRI, ROFTESHAIERE.

3.2 TR E R ERN SR LR

321 AR SRy Ik

1. FHHA:

B 3. AR RN T % R MRS R R T MELUN R = E0E, K 32 2R
A AR . HESHAT R R T

BOIRIFRWAEHE =N EFS A RIRES . —DPRAE L RESERNS LY,
e 3 @B R BARTHKREAR. SR LSRR AR 2 SRS RO, W 3.1 (b),
(©) Brom. fEBNRGEH 1 A BLEA 2 o, Hoig &, iR B RSIERES 53T,
R R T S MR, AMea = aim RIS —2.
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Rl AR¥EBLEMET

Paolysilicon thin film Al pad Sigha
| A '/f S0y
3 Measured vollage( myv )

Applied voltage(y)
Measured cumrent [ mA )

E=E
Si substrate A thin film

(a) BHLH

Polysiliconthin film
|

Canfilavar hua __ : /

Applied voltage(y)
Measured curant [ mA )

= / =
51 substr ate ) A thin filrm

(b kLM 1

Polysilicon thin fiim At s,
| A __rf! Si0;
Cantileverbeam2 g - :
A
c Measured voltage( m' )

Applied voltage ()
Measured cumant { mA )

Si subsirate Al thin film

(c) BL2EH 2
B 31 ZREMRAGET WALIAGHNET ZE0E

Polysilicon Al

K32 FAREEMRASRIARESIL HH A
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1. MikEHBEHRa R
EE 31 () BHEERPHREBIR:

P, =G,AT, (3-5)
Kb P EFBEEUNMANE, G, BTBELEHUNRIEARY, AT, =T, -T, REXLEHS

mMEMRERLE, T, BARESNSXEMNASFORE, T, RVIKEE.
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Bk, WRALEH | PH SRR E IR,
£, =GuAT, + G, AT, (3-6)

b P RIALH | MIMATIE, G, BTG TREROERESR, AT, =T, - T, %7H

REEM Pt ERREELE, T, RIGAGH | FMREMRE.
P, =G,AT, +G,AT, 37
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() WA EKE,

dr
0, =k, wh[=-], (3-8)

Kb &k, R T REMEAASE, w. AR EEEROTRALE.
(2) HHBTARE.

QO = —'kah [%:lxq-dx (39
(3} BOTHAMER_L R B TR A RE:
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IO AERR AR, B

QI=Q0+QR+QC+QV ' (3-13)
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4 dxl
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2
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HEE Eaf g

dr
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EHG R MR | PR AR E R,
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G, = -
=G, T, R,

A Gy RUREH 2 PPREBROEARY, AT, =T, T, RIAEH 2 PIAK MR
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R 3-1 FREHRAREHN A2

HH Mg B
Air 0.026 WimK | 1,201 3pm
StN, [ 225W/mK | 0.6um
Si0; | 1.4 W/mK 1.0 pm

£32 MAEERANFRERAEHRE (wm'k)

BHRE (BEHEE: 2um)
ZEH fERR Sum 10um 15um
Ip 2.23434x10° 1.54685%10* 1.31769x10*
2u 2.82399x10* 2.05381+10* 1,79708x10°*
n 4.56361x10* 3.54947x10° 3.21143x10*

3.5 B ANSYS™ =8 B B AT 27 1 0 I R R 23 R R A B 3.6 RSN 3pm.

MM E R 5V NS E g ERE 5.

K 3.6 MEtneHs sy SHE R4 5 S 3um
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BRI RER), EBU T IREUE SHEBRRE GRESCRERNREERE MiREA

34



BZE LREERRSEERRRGN
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B, HESHE A, DIRHMEE. WRMARKR, EEHUHB. CRMENRE i LER.
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E322 WRSHEHRE
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RGNS, BEROER S MBEREDIMEF, AT RBEREHARNR
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B8 L REWRASRARRRLN
o LR ER AR R B R AR R A H S HERRE, B G, 308 MR W B AAREG 5

G, W%, ERMRAGHTSERNENRNG, ERIHFRTIO.
(2) BitmRAM R E SRS R R R, FR2EEHT MRS ILGAT BERATH
FIIF AR, AG &on, eBE T, RFRAMEIK KSR, M LUEE 2 4tE#

g AR, KRG RBERNFUBRREG, -
o FHHRE M RERI BN TopIfE LESRISCHE, AR ER.
4. MAKESHR
Wisket b H B R WAL SN EE R R = BB RE & L, AT E A RFRSE T HEIT 8
B, BERMONEES: Ensk. by, sk bERRFURSRAILAR . RE#E
R % R B R R R AT TN KX A, (EHOR T R B A SRISOR R . e BT
O #he L aiEaEARE RS, Wi n] DA 8 B E A RNk L iR RS
@ ASEEHMALSILK A, D RaAmEE, A8NEHTERENA. BTNk

F51RPHNGMARR, EINES B. C ARNASEERT AR LR, Bd—A5
TP R R N 2P T IR R AR LA ERLG N¥CLRORIEX R, W
Vmeasured — Lmeasurea PR B1ER, MM SN R IRIRHERER, BV, = Danres R R HRER, I 3E
‘ﬁﬁiﬁﬂjfmmm$5)}n%ﬁfﬁ)§§ﬂtﬂzI‘EJE#HE?;, ELEIn#as B SRS A KD RLE
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Bt 2540 1 M FE 5 A LRI 5 T s BV g — Do SEIEE R LR EOOI IR I

SRR R, BV, ~ e FHEXR, ABERREHT BERERG, .
AT AR, T AR IR £ BRI SR,

332 HAESHSHRSRERY

HESHLEMT, BERTRE:

Py =G,AT, (3-23)
&SP BARRBATDRFA:
P
G, =—=* -
R’ AT, (3-24)

A Py & BEHEHENATIE, MENEESRRNREL G, #RSE4ANBEREY.
0 THRRE A, BobREE RS LA RT 525 EMEE 8, FbRens52%
SRR EARBE S ZHARNE: AT, =T, -T,, T ESHEHMAKORE, T -RH
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B L P o R AN R
TEMRE WD, BIRESER A UERN:
P =P+ Py = G AT, + G AT, (3-25)
TG B MR B RHME R R R
P

G, =G -G, =——-@C (3-26)
B 1 R AT R

A P RIRG AL E, WHMGEE S EERNRIRA, P RNRSHPRADEEER
fE, P RGP INAFRILTIENURE EHHEORE, G RAURLHOLEREY

. Gy RrIREHT BB RNEMRY, AT =T, ~T,, T, REREWFNAZORE.

1 MG PRRREENEAIHT

Kl 3.23 RMIAL T BB RNAAERRERE., B T B KR m AT R Y 5 AR
TEME R EREE T W A DR TEERERE, FETUMAE - SREMEn SR ERkE iy
#H Y, X SRSCBMMEARY .
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Heating current
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[
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| Si04 LR
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Bl 3.23 RRE B R AR ETR AN

FLESCHR, SRR TR @A MARERE (8, £88R ERAARMT

B A I HOE DD
(1) FATCAR .

0, =k, wh [%L (3:27)
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B FREMRASRLCRNREH
RAF: &k, R ZHEFROKFE; w. hIHETRBERNTALIEL.
(2) WHBUTER#RE:

Q, =—k,wh [Zx_T]“"" (3-28)
(3)  ShontEER b2 i TARa Bk AR
Qp = Qh+weo (T - T, ydx (3-29)

A s REHRATE, 6 =567x10"W/(m® K*) RERE-WHEREY. T, RHERE.
() TR R RS K

0 =S W ~T, i G0

T

ﬁ¢:S=%é%+U+L%%%%%ﬁﬁﬁ.Rrr%+%qéfﬂéﬁg\ﬁkﬁﬁﬂ:ﬁwﬁ

ERIHREEN, L1, Rk ks K, SRRTESE. BEARERNCSNERNETAAS

=,
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