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ABSTRACT

This thesis present the effect of polysilicon diaphragm thickness to the sensitivity of surface
micromachinning piezoresistive pressure sensors. The polysilicon diaphragm had an area of
100 x 100 pm2 with varying diaphragm thickness of 0.4, 0.8 and 1.5 pm and the cavity depth 1.4
um. The testing conditions were under pressure from 1 mbar to 15 bar at temperature ranging
from -20 °C to 150 °C . From the result, polysilicon diaphragm thickness of 1.5 um had higher
sensitivity than diaphragm thickness of 0.8 pm and 0.4 pm with value of 1.432 x 10° V/V/Bar ,
0.742 x 10° V/V/Bar and 0.174 x 10° V/V/Bar respectively. The pressure sensors had the
maximum linearity of 99.9 %FSO and the minimum of 99.5 %FSO, with only their difference in
Temperature Coefficient of Resistance (TCR) of less than 16 ppm / °C. In addition, the testing at
higher temperature found that the Temperature Coefficient of Offset (TCO) increased with
respect to the thickness of polysilicon diaphragm with the maximum value of 2.229 %/ °C FSO
and the minimum of 0.436 % /°C FSO. This is because a free standing polysilicon diaphragm will
have higher expansion compared with the the ones sticking to the bottom of cavity , this followed
in accordance with the analysis of result. Furthermore. the Temperature Coefficient of Sensitivity
(TCS) was higher as the temperature increased, with the maximum equal to -2.164% /C FSO and
the minimum equal to -0.067 % /°C FSO. Therefore, the resulting pressure sensitivity will be

lower at higher temperature.
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2.2.1 sziamveaginssinsreduanuduvinagamn

@ A 1

Taoa lginssinsredummauswingannidonlFnuluilpiuiisguinuionai

¥

» »
~

wilaualuanIfoiinanondnmsiauegfioiu 3 viia Aoviiadildndansiugiuvoily
TS @0 (Piezoresistive ) Iavowondnmm/Goundasmanugmisasiiinsusuda
u-aavedlnozunsuifie 183 un1udu ‘vﬁﬂ‘v’;ﬁaﬂ%’uﬁ'nmsi"{umwmmﬂﬁfﬁﬂ (Capacitive)
Tavorfiondnmsnldounasvosinfivisegvasiiimsusuives laozunsuiio 45uanudu
wazsiiaieuldndnnsvounimin i (Electromagnetic) %a*ﬁyamwﬁﬂﬁﬁnymzﬂmﬂnﬁﬁﬁ

UANANAUUTAIAIATISIN 2.1 [18]

19199 2.1 guauiadefuazdaidvvosginsoinstedunnudunuy Ao laiFadil anhFadiy

uaziiman Wi
Piezoresistive Capacitive Electromagnetic
Simple fabrication Simple mechanical structure Structural complexity varies
Low cost Low cost Complex packaging
Voltage or current driver Voltage driver Current driver
Simple measurement circuit Requires electronic circuit Simple control circuits
Low-output impedance Susceptible to EMI Susceptible to EMI
High — temperature dependence | Low— temperature dependence Low- temperature dependence
Small sensitivity Large dynamic range Sensitivity & magnetic field
Insensitive to parasitic resistance | Sensitive to parasitic capacitance | Insensitive to parasitic inductance
Open loop Open or closed loop Open or closed loop
Medium power consumption Low power consumption Medium power consumption

Y. o [V (v
2.2.2 iﬂi\ifﬁ]sﬁ‘uﬂdq‘ﬂﬂ‘imﬂi'Jﬁ]i]Uﬂ'J]Nﬂ‘H‘U‘lﬂﬂi!ﬁinﬂ

pﬂ' < = 1Y 4 1Y) o ar A 'Y v a
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-~ 9 o o é [ [ ) . « 9 @ ]
Ao lasaadrauuutian ( bulk )[19-200  Fwrumstalates Cavity USUAIUNGIVEIAY
§I4383  ( Substrate ) #I835MsinuUVITIN ( Wet etching ) A10m151All KOH uag TMAH uag
Taseard 1 uumFRI ( Surface ) [21-22] 92 1¥35msdaitlazos Cavity inthunulaverdomsea

o v g A o Sy & s & 4 qw s %
Waguasihmsfadwmsnindmniuadieduan 9 Junuieldifiuesdsznouvoginsel
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ATIVVANNANAIIUN 2.2 tag 23 FIMINN 2.2 udmguanaves Iassadaniaessila
9 ar aw ‘: 9eg s o o o n; 1 4 <t Ao A gd
dmiuluanited ladnyiglnsaasssduanusummendnmstugiunsd o as FafiUn

Blasserdrayudiritenniinszuiumsadunioazasandssfuma luladves TMEC

MmN 2.2 mufSouihisuna lulagmsaHauudiuazuuutasvesglnsaiasisiuany

ALYUIAYANIA [23)

Parameter Surface Bulk
Mechanical properties Good Superior
Cost : Low volume Fair Good
Cost : High volume Good Fair
Dimensional control Better Good
CMOS integration Good Fair
Packaging Fair Fair
Size Smaller small

Metal contact

|

Piezoresistors Cavity Polysilicon diaphragm

317 2.2 gunsainsedumududlolaS Fafiund Inseadrauuusand

Metal Iontact Piezoresistors Cavity Polysilicon diaphragm

3N 2.3 gunsalasesunwduilolad Fafiiiilnssaraunseia
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2.3 dudseansielasFandmuenuazdudssansamea [24)

Wetiussla o winssihduagudnih i Samiuliaruduiiadiu wuhaunih (£)

= v o do t 14 [ &
WUADNUTUNUSNUADBHUMIUUNTSUT (J) Laznnuau (G) MaUNITH 2.1

E = pJ +npJo 2.1

A A Ao 9
) P a0 AAANILUAIUNIY
4
7T o dudszansitloles anndmuses

o LY & a 3 o 2 A a a
dmsuau dihiineduludiemala 9 Tulaswdn Wenssannnaumsi 2.1

»
Yo A

s ooy 1daall

E=pyJtn,pyJ,0) (2.2)

s 2 s =
o p, fo  AdeanuduMuSHAue: 7 Ao duiszAndidluleSFvin
. . . .. . o ] o o o
AU (Longitudinal Piezoresitive Coefficient) uaxmnnmaﬂann au Ivhaglianuduius

AUAAINANUATUNIULALAIU AU NIUUVINS SUARITUMITN 2.3

E=pJ (2.3)

Weunuaaumsh 2.3 adluaumsn 2.2 22141

py = pody + 7, po 0, 2.4)
n3o

P = Py + 7, py0, (2.5)

P — P
lpo =70, (2.6)
A

(_p) =70, 2.7
pO !

= o

g [-] o’ 3 -] o A(d =
Tuhwesdnduiiedmuald 7, fio dulszdnsilolaSEwRia1uea1s (Transverse

v .
Piezoresistive Coefficient) AQUUDINTAUMSIN 2.2 B9 2.7 32 141
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A
(—pj =70, (2.8)
po ),

4 ta( =4
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x

Distributed Force

A\ 4
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M,= [z0d:, M,= [z0,d, M= [z0d:
~hi2 -h/2 -h/2
hi2 ht2 h/2
M, = [z0,d: . T_= [z0.dz,T, = [o.d (2.16)
~h/2 ~hi2 -hi2

1 >
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> Ox 0, T x 0. Ox Oy
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o, 1 v 0 0’ u / ox?
o, =1_Y-—V2v 10 0’uldy’ (2.22)
o, 0 0 (1-v)jo*u/oxdy
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3
DM =—Y—h——2— (2.26)
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(1-vD)a h h



20

d' %3 =1 L4 -7 A «Q ’ o 3‘ 1]
Iﬂﬂﬂ a lﬂuiﬁuﬂaq"lﬂﬂzllwin u l:ﬂumiuauﬂ’mmvlﬂﬂleﬂMQ'ﬂiﬂﬂmiuﬂuﬂ’mu-m'i)mq
a a s = 2 a 2 o = = a w
l‘]Nﬂﬁ%:llﬂ“J‘]ﬂﬂqﬂ leﬂu‘USl?mﬂ\iﬂa'nellﬂqvlﬂazllwiUllﬁﬂ\]ﬂqaﬂﬂ 2.8 TﬂUlJﬂ'n;Jlﬂul‘INlﬁu

0.3 % 1u 1 menusuvosnnuvu laezunsy [27-28]
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Uy = V) (2.28)
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2.857Pa"
Upgy = (2.29)
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L—’ Displacement Mep.. 0.0EQ0 9 LE02 10604 260601 3EN
COVENTOR

3111 2.8 Aumtiamsusudanwves laezusuiiie 185uanudu [26)
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R=R [# (2.32)
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P. =P, + yh+oh’ (3.34)
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Tavh y fle ﬂ'1ﬂaﬁ‘umﬂmﬁuﬁﬁmiMﬁﬂmjwaﬁﬁ@
Taofi o o anuduvedlnezumsy

2.7 Haulnadaneu [24]
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Grain boundary
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M319 2.3 manfSeuiivuguanidvesilay Indgaaeusvmssiiaouq

Jun
AUANIA why | Iwd | sdn | wosiu unaiden
u INY3 , ,
Fanowu | Fanou e 91519 lua
Density, Pm (kg/m’) 2320 2330 | 5350 3510 5316
Melting point, T, (°C) - 1410 937 3827 1238
Boiling point, T, °c) - 2355 2830 4827 N/A
Electrical conductivity, & (10* S/em) - 4x10° | 3x10° ~10"7 ~10"
Energy band gap, £ (eV) 1.1 1.1 0.67 5.4 135
Thermal conductivity, K (W/m/K) 34 168 60 1000-2600 | 370
Specific heat capacity, c, (J/K/kg) 678 678 310 523 -
Temperature expansivity, X, | (10-6/K) 2-2.8 2.6 5.7 ] 57
Dielectric constant, €, - - 11.7 16.3 5.1 12
Yong's modulus, E_ (GPa) 161 190 - 542 -
Yield strength,Y (GPa) - 6.9 - - -
Breakdown field (MV/cm) - 0.3 0.1 - 05

2.7.3 nszuIumsadeilanindssnou 124

lumsmsadraldninddanson  luaudSoilisnlanseos  LPCVD 9 unuuuluey
A r "
(horizental hot wall furnace) maﬁanymzti‘luwaﬂmwf (quartz tube) n3anssuenI18 lutuIusY
dousoudiinines 3Tau Tnseadavesssuy LPCVD uaaadagilii 2.21 uaz 2.22

msadefldu InaFaneu faildfe Silane (SiH,) Hgunaii 600-700 sasisaFve

SiH, (g) —XTC 5 Si (s)+2H, (g) (2.35)
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2.10 2993 Inalauusad [32-33]

a o aHa » Y s [
2995 TAuD5AT( Wheatstone Bridge ) 11393 niion 145 uiuirmaesn ldudnmsves
A = a o o 9 d‘ d' J 8 i ] @ 4'1
MATWNY  F305a Iauuiateziuiniddonmanumuniuveglugdusdunaon
o a o 5 ) (A g
i Taoldanusunnionsesinalauusaduvunszuansy Falurneszliunastiousauniou
nsziaasansouaadunulunes Wenszuai lvamudidmumuimusonsivsuauduga
e 3 A <4 hord d.
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q a a J v H 3 . .
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. . o o do a 24 = a o
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a o a 3
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Y o a’ d' [ c; d' ) ’ 9) d' d'
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Tunifiannanuauazgungl  Fefisudninnilddeaunsi 2.38 Tavilisnufanaranny
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a 9 Y o o [ d a Id‘ ° b4 o L4 [
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2.11 a3 hnenisaeuaned [34]

P a 4 4 v o ma & oA e .
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S(x, )= Dy (2.41)
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Malauusasnomsulasunasnnuau

AR AV (2.42)
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2.12 msmaana bithusadu [35]
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Typical hysteresis
curve: As the input
changes up or down
in a straight ine, the
output changes with
en offset depending
on the direction of
change.
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TCR=q=—2>1-"2_ (2.47)
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c; P=) ar o A" by o
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a y 4 ay
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A ¥ = a
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T, Ao quuglilaq

A Q [-] 13 o %4 s = os
Tunsdiasfadnihmmaudumuszlinnuduiug - duguugiissauns 2.48 [24]

E
R(T))= R, exp(ﬁ] (2.48)
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R(T)) = R,(1+aT, + AT") (2.49)
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