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HUMIDITY SENSOR/MICROSENSOR/MEMS/POLYIMIDE SPUTTERING

This thesis presents design and fabrication of capacitive humidity sensors
based on three technologies, printed circuit board, integrated circuit and
microelectromechanical systems. For printed circuit board technology, the sensors
were fabricated by patterning copper layer into interdigital electrodes followed by
application of humidity sensitive materials such as 60 pm-thick commercially
available polyimide tape and 45 A-thick sputtered polyimide film. The fabricated
sensors were calibrated against various saturated salts and characterized for sensitivity
and response time. The results showed that sensors with sputtered polyimide has
higher sensitivity than those with polyimide tape. In comparison with an SMTHS10
commercial sensor, both configurations have less adsorption and desorption times.
This indicates that low cost humidity sensors can be realized using either polyimide
tape or sputtered polyimide. Since smaller electrodes can be obtained using IC
technology, two more versions of sensors were fabricated. For the first version,
aluminum electrodes were patterned on a glass slide followed by coating of a 45 A-
thick layer of sputtered polyimide. In case of second version a 45 A-thick polyimide
film was coated on an aluminum surface followed by deposition and patterning of
aluminum electrodes. In comparison with the commercial sensor, both versions are

less sensitive. However, the first version gives better response time. In order to



fabricate much smalier electrodes, the three-layer polysilicon MEMS technology was
used to obtain 3 micron-size c¢lectrodes. Three configurations of sensors were
fabricated including sputtered polyimide on polysilicon eclectrodes with on-top
aluminum ground plane, and sputtered polyimide on polysilicon electrodes with on-
top perforated aluminum ground plane. Characterizations indicated that al} versions of
sensors provide faster response compared with the commercial sensor. In addition, it
was found that thinner sputtered polyimide film gives faster response time. This
finding opens possibility of obtaining very fast humidity sensors, if smaller and
thinner electrodes were realized using better fabrication techniques. To demonstrate
utilization of the fabricated sensor in application that requires fast response time, a
MEMS based humidity sensor was incorporated with a microcontroller and used as a

respiration rate monitor. Good results were obtained from the demonstration.
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56@1/‘1’081&’056’ 1% WOAD hue (polyimide) (Boltshauser, et al., 1993; Qiu, et al., 2001; Laville, et
al,, 2001) Ta3a la Tasuuu e T Tasiauny (divinyl siloxane benzocyclobutene: DVS-BCB)
(Tetelin, et al., 2003) L“ﬁﬁgiﬁﬁﬂz@i@mﬁﬂﬁli@l (cellulose acetate butyrate: CAB) (Sakai, et al.,
1996) WoauTaINse a1an (polymethyl methacrylate: PMMA) (Sakai, et al., 1996) Woad by @

1nN15 711959 (Chomnawang, et al., 2005) 1AAFANOU LU FAADUWIU (porous silicon)
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(Furjes, et al., 2003) Fanouu luwla (nanophase Si) (Kalkan, et al., 2004) uax‘?asﬂmswﬁmsﬁu

WavuaunTuegiiienesnlad (Steele, et al., 2006) tuiSouiinesnlud (BaTio,) (Yuk, etal.,

3 9 o Y A 2 aw A A Y} v o Y &
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ard 9 3 =y [ di’ A 9 a d
ﬂizm‘nWaumawsaumswa:mammﬂllammcvum“l% ANVHUIVINAND N agszezIal

Y Y A 9 o 9 Yy a o Aaw 1
MIADDTUBIVIAINT IV IHTludeyadiedalumsinideas 11

[

A av A A Y v Y di’ ard
A1T19N 2.2 WAUIYNLNYIVDY Uﬁ?@]i]ﬁ]gﬂ?"lll‘]ﬂ!ﬂigLﬂ‘VW\IﬂﬂJ'LIN
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[RENRN

1) HANM3 a9 ANUNM | 1IN
Wau | eovaues
(pm) (s)
Shimizu, et al. 1988 | A2y lolvh Woao lua <1 15
Denton, et al. 1990 | A1y Tl woas lud 5.5 600
Sadaoka, et al. 1992 | arg NoaIDS 5 60
Boltzhauser, et al. 1993 ﬂ’J”IiJi]leﬁh waﬁ%”lmﬁ' 10 30
Kuroiwa, et al. 1993 | Ay lulih Woan lua 2-5 30
Miyazaki, et al. 1994 | ANWATUNIU MnO, 300 900
Story, et al. 1995 | A2y i Woad A 2 NA
Roman, et al. 1995 | A2my lalvh PMMA 5-10 60-120
Shibata, et al. 1996 | A2yl Woao lua 1.3 15
Schroth, et al. 1996 | A210d Woao lua 8 NA
Boisen, at al. 2000 | usagu Tl NOAINDS 10 NA
Kang, at al. 2000 | Ay Il Woan lua 2 |
Qu, etal. 2000 | anwdwmulii | wo, 0.2-0.5 NA
Dokmeci, et al. 2001 | Ayl Woad e | 0.03-0.12 NA
Qiu, et al. 2001 | usasululh WodD lud 3.8-4.2 <20
Laville, et al. 2001 | anuqlwih weoas lud | 0.65-2.5 <1
Chatzandroulis, et | 2002 | A2y lolvh Woao lua 3.7 NA
al.
Harry, et al. 2002 | A1y Il Woan lua 7.625 108-630
Harpster, et al. 2002 | A1wA Woad lua | 0.41-0.56 NA
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AT NN 2.2 HANUIVYNUNYIUDI ‘umama%gmm%uﬂszmwﬂauma (99)

81904 1) HANM3 a9 ANUNU | 1IN
Wou | aouaues
(pm) (s)
Laville, et al. 2002 | A vlih woas lud | 06525 | 04-0.75
,BCB
Fiirjes, et al. 2003 | A lvlth FanOUNTU 20 5-10
Laconte, et al. 2003 | A lvlih Woao lua 2-6 NA
Lee, et al. 2003 | A vlih Woao lua 72 1.1
Yuk, et al. 2003 | Ayl BaTiO, 0.75 30
Tételin, et al. 2003 | Ayl Woad A 1.62 0.4-0.65
BCB
Kalkan, et al. 2004 | nazua i FANOUUT 0.04-0.2 <0.2
Tuila
Steele, et al. 2006 | A vl ALO, 1.5-2 NA
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Usznniie T3 san (piesoresistive) (Garlach, et al., 1994; Rittersma, et al., 2002) N3 UG E]ic)
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a1l (field effect transistor: FET) (Lee, et al., 1996) HazIsai e (Ren, et al., 2001)
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VYDIANUAUNUU (concentration gradient) AITNUNITN (3-13)

d
concentration gradient = e (3-13)
x

Tagh  C Ao ANUTNTUVDINMTUNT (kg/m)

A
X A9 JTYLTNN (m)
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AC C,-C,

Xy~ Xp

concentration gradient = (3-14)

Tag  AC fio HAaA1IANNITUTUYBINITUNT (kg/m))

Ax 79 HARIVBITLEZN (m)

Cy 9 ANUTUTUUBIMTUNTAG MU A (ke/m”)

Cp 79 ANMTUTUUBIMITUNT AA MU B (kg/m)

X4 A9 FTELNNAUHMUL A (m)

xg A0 FLELNNAUHUL B (m)

d‘ [} 1 09/’ a 1 9 9 q' d' o w [
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J=-p% (3-15)

v 4
Tagh D a0 duilsz@nsmsuns (m’/sec)
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v '
J e Wansmsuns (kg/m’s)
A Yy 9 ' 3
C fio ANuANdUY0INITUNT (kg/m))
A
x flo 5503 (m)

' A ' o ~ T v a ' . . . A
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1 A 1 [ a A Y 9 [ Y 9 o ' qu’ ~
nafie Msunsszunsnnusnaundanududugelidinnudududininiues aumsh
g ' { ; S . . .
(3-15) DNAINGEENI NYUoNTHIVITNA (Fick’s first law of diffusion)
[ [l 1 % a wvAa 1 o Yy a Q‘/
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9 2 1 = [T o Ao [} 4
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3.5 Msunsluanz1inaia (nonsteady-state diffusion)
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% 1 { = 4 1 o a 1 ] 4 (Y

939091 nYVoNa09v0INNA (Fick’s second law) 81a1dNsz@nTn1suns luduegny
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[ 3’ (2 I 9 1 9 a Y @ Y 1 & aa
iy vourad ot wazuna iuduansounsiudiesniithvesiag 18 msunsviaia
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= a 9 d' 1 (% 1 = a z:( 1
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Aef ez 3.4 AorsanamSou lumsuns luaag luasda iWelimsunsidigamiiiag
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(x = 0) Tandudu C; MmiuiAmTAunseon (x = L) Ianududu C; aunszgnaiaal
AnudNdu Cp 1iune msunsiganzasialugieszezinaning samasvesaun1snig

1 a o a Y
unsvi1 laanIsarlarnsuanesunsedsmsuendials (Crank, 1975)
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X
0 L » X

TrQUANTEUIL

li' -4 1
gﬂ‘ﬂ 3.4 FQUAUTEHIUANNYU L

'
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o ' £ a ~ Y}
NAUNIT (3-17) ﬁm13’0%ﬂgﬂfmm'iﬁumﬂﬁuwmmuumﬂu X ‘IHWTNNW we D mm]x"lﬂ

_ x 23 (C2 cosn;z—Cl) . N7X —Dn’r’t
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a A ) ¢ o3 o A Ay v o y
NNAUNITN (3-18) 1D £ L U1FOUUA Wﬂul@ﬂ%IW!uumﬂﬂa5]31]?’]11!@81”?\ ﬂﬂuu’fﬁlﬂﬁﬂﬁ]ﬂzﬂ
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qunN1y (3-18) vy il3llﬂNﬂ3’JlI‘V]\11(?11ﬂelli’Nﬂ”liLLW5‘11!’.!?(@‘“[541!531!1‘”‘11!‘])’3\1&3611 N9 M; uag
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M,-M, e 2n+1) 72
=M, _ 8 exp _( ”*2)” Dt (3-19)
M V/2— 27’l+1 L

vnaums (3-19) awnsadagl vtz 18

(3-20)

M, . 8 & -D(2n+1) 7t
- ﬂ% 2n+1) P L

< |

Tagh M, #e waswvesmsunsiingiaauiuszuiulugiaa ¢

g1
M, o WIavpIvoIMsunI g3

H M, = {2(C +C, Co}
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8 & -D(2n+1) 7%
v =l-— ~ex (3-22)
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Tagf ¥, fe ussduoranainal 7 la q (v)

A [ 4 Y
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Viorm 09 UTIAUDIANAVIINATIY
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q
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Cwet - Cdry Moo
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Cnorm = 1 - —eX - 2 (3_24)
z’ Zo (2n+1) P r
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Cary A0 a2q Ilihaazomauis (<10%RH) (F)
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Cuorm 00 UINAUDIANAVITINAZIU
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=
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(isotropic substances) (Crank, 1975) A41na 191 1ANENMIT (3-15) Ao
J=-pM (3-25)

v 4
Tagh D a0 duilsz@nsmsuns (m’/sec)
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M A9 ANUTNTUVIMITUNT (kg/m)
J fe dndmsung kg/m’s)

A
X A9 JTYLTNN (m)
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< «— | ——
d D — 57—
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gﬂ‘w 3.6 gﬂmmmaElwummummwmmmmmm«vu ANV UUYUAINUTUNININUNY

Mrualiae Mg
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Wosanlsuasuedinlugilvesegnss@masunumdaiudnvuuiunuen UL ay
o 1 [ P 4 [
Ao 2dx, 2dy, 2dz Tiyagudnasuesdiudesodh P(xy.2) Tashanududunisunslu
9

o A Y [~ a 09; o o ~ A [ 4 1 1
1T9ND M Glfl"i ABCD 182 ABCD 11UAI09R1nN LAY X ﬂ\izﬂcﬂ 3.7 liJf]V\lﬁﬂ%ﬂ’li!LWilelﬂq

USuasunediuaasand ABCD Tuunuszuny x-dx a2 1dmsnasuuilasveaniansnal
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X

{ v 1 % @ 1 ] @
Taoh Jx ﬁ@ﬂﬁﬂ“ﬁﬂ1i&LWiﬂ1N&Lu3&Lﬂu X @Qﬂ@ﬂﬂéjﬂiﬂﬂlmuﬁgu1ﬂ P lagnaoa 15UIAEINY
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- ' oJ
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X

v

l:' a 1 a QQJ’
719 3.7 5masveaiuvealsinasianua

wuReInuInA lutwIuny y uae z 9218

—8dxdydz
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maimmmmawﬂuumamu Xy Uag z V138N i]%vlﬂ

&h@dﬁﬁi
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waz@eu v azld
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=
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(3-27)

oM o°M O'M oO’M
=D r t o2t
ot ox oy 0z

%1ﬂﬁllﬂ1iﬁ (3-27) ffﬂll13ﬂLLf91}ﬁllfﬂijﬂﬂﬂWiﬁWﬁuﬂﬁﬂWﬂgﬂlﬂ'ﬂﬁlﬂL!ﬁ$ﬁﬂ1’3$§ﬂ$§ljuﬁ1ﬁgﬂ
Yy 9 49!’ a gy Y 1 [~ Qle ad ) o 1 1 o ~
ANULVVUU Wummuuuuaxmuamﬂummaﬂimﬂﬁmiumummmq"l“vxlﬁwmgﬂﬂ 3.6

A YA a ¢ v v v & y A a7 v
Lllf’]]'I,lllllﬂﬁlﬂflu@]m@ﬂﬂ?”mﬁlumu@”muuulﬂu Z ﬂﬂuuﬂ1ﬂﬂ§]eﬂﬂ1ﬂ 1 sllﬂ\‘ﬁ/\lﬂﬂ %x”lﬂ

(3-28)

oM oO’M o*M
=D > T
ot ox oy

ad R T T I S 4 g y v J  dq o g A v
AVUANANIIT VAW UAIAIN (D NI UTUAU mmLmumu”lau1ﬂﬂw1u%uﬂiaﬂg) 1TUAU
c?/‘ Y 1 dy 9 v A o o = Y a
i]1ﬂ%uﬁiﬁ%gtﬂﬂﬂﬂﬂ@ﬂﬂWW%ﬁﬂWmﬂamm‘Lmwuclmuﬂizm'lﬂmﬁmazmm aAUUAN

v A A Y v v dy [T L a Y . [ c?/‘
g ahori,
GIfViNﬂuvlﬂlﬂlﬂﬂlﬂlﬁﬂﬂﬂﬁ@ﬂﬂaﬂﬂﬂﬂaﬂ‘Hﬂ!”ﬂﬁWN‘BuﬁNWﬂ‘ﬁﬁluﬁ\‘llwﬂﬁﬂN (Jah 2003) ANUU

9 a v J Y 1 Y o A
ﬂﬁllﬂ‘cﬂiyﬂqﬁuﬂﬁl‘]ﬁﬂlgWH‘ﬁﬁﬁJTﬁﬂL!ﬂﬂ@@ﬂqﬂlﬂuﬁﬂﬂﬁﬁuﬂﬁ]ﬁlﬂuﬂ@
M =M, +M, (3-29)

A < 09.: Yo A g
Iﬂﬁlﬂ M, wag M, L‘ﬂuwamaElmﬂm’dmﬁumimﬂalﬁaﬂymzﬁum&lﬁmwmmzﬁm’wLiu@lu

: : 0)=M
M, _p|9 Afl LIM A/zll fmuali M, (x. y.0) =M, (3-30)
ot ox oy M,(x,y,t)=0
2 2 M 0)=0
M, _p| 2 A/212 0 A/zlz fruald 2(x2.0) (3-31)
ot ox oy Mz(x,y,t):MS
HAIRALVBITUNST (3-30) 1Ay (3-31) Ap
(_ 1m+n )eXp(— am,nt)
M, (eoyit)= 11,2 16 ii (2n+1)2m+1) (332)

| L L OS[ (2m +1)mx JCOS[(an)zzyj

2a 2b
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(-1)"" expl-a,,t)

M, (v y)= M 16 ii 2;E+1)(2;)n+1) - (333)
W m=0n=0 2m+1 2n+1)ny
( * j[ u j

(-] -2 l:'
AuaAL Iaeh

2 2
a b

2 2 2
. _Dx {(Zm—#l) +(2n+1)} (334)

HAMAYVOIANNITN (3-35) Vlé{mﬂﬂﬁi?uﬁ/u“ll@ﬂﬁuﬂﬁﬁ (3-32) uae (3-33) Hufo

(~1)"" exp(-a,,1)

16 0 [
M(x,p.t) = MS+(M02_ MS)— »3 2n+1)2m+1) (335)
ol iy ((2m+1) j ((2n+1)7zyj
COS| ———— |COS| —————
2a 2b

1 ~ ad a ~ a 9 A =< dy [ 3 9
ﬂ1ﬂ\11/lulﬂﬂlﬁﬂ‘ﬂﬁﬂ & nJaEJumememmumaamummwmuui]z”lﬂ
g,(x, y,t)= K,M(x, y,t)+ K, (3-36)

1 I J 1 [ g’ ] I
Tagh K; vaz K Wuanannldonndnsazmnizvodlorinieldnisarumiu 19 Ccilu

Ay Tfhvesgunsedmdouiui o218
b a
EnE t
C= J‘J‘dedy (3-37)
b—a d

Tagh  a A9 ANMUEIIATIAIU (m)
A 9 £
Ao AUNINIATIAIU (m)
v
] 1 v ad
d 79 5291193199910 INTA (m)

&0 Ao mamneey luganna (8. 854x10" F/m)

90 9
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g Ao MamweouueIida ladannin

Tagmsunuiaunsi (3-36) asluaumsi (3-37) wazdaaumsez laanug luihde
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d

C= IJM X, Yt )dxdy (3-38)

—b-a

Co 4¢,K,ab N &K,

d d
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£.6,A(N-1)
d

C (3-43)

{ o in
Tagh N fe wudoaninia
fhmma;"lvmﬁwdnuw'uﬁaﬁmumm (capacitance between horizontal flat conductor)
1 v ] @ o A A A 9 ~ @ L]
mmmsg"lw171ﬁz‘mwuwummgﬂmmmaEmwumufuuim (Walker, 1990) 1’1’31\1?5]’3@%11]1!
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1 1 1 v v o ' s .
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