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Abstract

The effects of silicon substrate thickness on the performance of thin film PZT IR detectors are
theoretically and experimentally investigated. Theoretical analyses show that the pyroelectric
current responsivity of a detector without a silicon substrate is about two orders higher than that
of a detector with a 450um thick silicon substrate. At a fixed chopping frequency of 100Hz, the
pyroelectric current responsivity decreases exponentially with increasing silicon substrate thickness
up to 50mm, and above 50im the decreasing rate become slow. The thinner the silicon substrate is,
the less the thermal loss by conduction is , and thus the higher responsivity is resulted. To verify
the theoretical analyses, micromachined PZT thin film IR detectors with different silicon substrate
thicknesses are fabricated and characterized. The theoretical and experimental results show the
similar tendencies for all silicon substrates with varying thickness.
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i ’Ihermal Density [Specific heat[Thickness
Material | conductivity 3 -
WK kg/m’) | (JkeK | 10°m)
PZT30/70| 1457 7300 495 ° 055
Pt 695 9 21450 ¢ 134 ¢ 01
Ti 205 9 4500 ¢ 527 ¢ 006
SigNy 280 ¢ 3000 4 712 ¢ 02
SiOz 08° 2180 © 780 © 05
Silicon 1480 ° 2330 72 f -
Air 0.026 °© 1184 © 106 © -

a. S. B. Lang, ISAF98, pp. 195.(PLZT&/35/65 data)

b. B. Jaffe et al., J. Research of the National Bureau
of Standards, pp. 239(1955).

c. B. M. Kulwicki et al, ISAF92, pp. 1.(PZT54/46
data)

d. A. J. Meses, Handbook of Electronic Materials
(1971).

e. N. A. Lange, Handbook of Chemistry(1961).

f. A. F. Mills, Heat Transfer, pp. 810.



20014 118 EFLBew

AgjZe] gl 719, 10m FAL AE 7] (013} 10
wm AEE 7)), S0m FAS] AelE ZlgHe]s} S0um
AE 7|9, a3 480m FA ARE 7]He)s)
450pm AlE 7]l e sijAE Fefsialen, A
< 98] AT e elq]l Matlab 538 AR&sigich

22 34 Az

I 3ok A aze Aeld J1% FAE 7}
A Ao AAzAe - ST whE AR
=9 - oAl AERE ehiict 2] Ze]
e Ao z|aAte] Agele, 4 Aol H%
TR ARl ke vrroiAley. B8 7kellA
€ FE deldArt ARyt eeE AlRE
ZIge R Fs] AEFe] ARt s Ale]
of A4 FYFNE o) FAIL, Akl FHexE o)
3 o] FE3] o] FAA] et T} Eot
AR 718 B ALE 6E wE S22 A3
Hol, o ¥ Foiielas Aol 7o) FA A
gl 2E A4 ANEAE] AfFsHrt AR
°] Sle 719 Hed zHAlaAte] AF-EhtEel A%}
A et

Ae|Ze A7} sholdaE 25 APt AAEE
FEFIGTE B FolRlE o § oled|, o] =3 A
HEL BT dAx A7 FAPE gk a”d) A4
A TRl PR TRl 2] Fagel] vy
AF-SHETE 2] whitel]l &Ale] AgAde] o
AA ek

£ =

peir}

10°

10°

E Nosilicon substrate
5 0 00T D
o ©

F Silicon Substrate 50um
o © PeYelelemsarscciucn: o]

o
Silicon Substrate 450um

o oooocccmme

— theoretical
O experimental

Current Responsivity ( nA/W)

10«‘ 1 1 1
10° 10°

Frequency (Hz)

08 3. REFG GE AFLHES oA #A
Az} 2 244

Fig. 3. Measured and calculated current respon-
sivities as a function of chopping frequency
of detectors with respect to silicon substrate
thickness.

=+
B

(785)

£38% SDE 11 % 21

a8 3elld FAFg 5 =], Al FA wet
=49 B e gk AR Xele: B
ek §9g FRelAE stdA bt Sl Ao
94 9y g olFz Jons UE T} ¢
EFE Mol R ARE VR o &
2zke Aol EolEA Hn, ol A& gtae
T AFSRHEY IR ehde AlzlEo] g Ao
A A A2k 460m ARE AL HAA 7Rz}
of vlal 100W) o]Ake] ¥ AF-SHES Mk

prd 3

60

40

30

20

Current responsivity4/W)

0 ! ! 1 T

25 50 75 100 125 160 175 200

Silicon substrate thickness (nm)

a3 4, 95 100HzA49) AlRE 73 Fq
2 AF-3Ywe] W3}
. 4. Current responsivity as a function of silicon
substrate thickness at 100Hz.

Fig

A 4= 100H8] REFIlpelxe] A= FA
g Ao AR LAl ARSHE WEE vehick
of FAL AE A AFIHE Al WA
g Hojfo AeE FAZE Omell A el S0mel
°|F W7 ARSHEE 7Sk o Fpasepl,
2 o] A e ARSHES FaFe] A &
ol & 5 otk

ol ~

M. =M ZXAX M o =X
31 24l 2Rl At |
ol2d AT AZe skl Al s Aol

7% FAE AR Ash AT Artakich A%

g A9 RHsAL ARlE FAE 27 Om, 5om,

ae)5 B0m olRes, A Fol A7 4 e 24

942 Hxsel) $lsle] I3 BAMAY & 9]

3 ol (3D, 50m(FA ), 450m(FAI) A

9 AT J1Be AN Aol BALAE BA A

Ahsisic,

=
o



22

B==n o=

J

B0 O=00=p
1

I3 5. Aol AT FAE B AX Ay A
Fig. 5. Batch of the detectors with different silicon
substrate conditions.

Pt i
T SiyN/SIO,
,»;I
= Si0,/S1,N,

?7/ / 100) s/
7777

@)

)

Ni
PZT

©)

(D

)

ZHA bJM )2}
) Hwel Al
A1ZE (c)
(& Au/Ti 9}01011“‘ e A
zh ey Ni/PZT =, () 23F A=) $ Az
Fabrication process of the IR detector with
no-silicon substrate : (a) Pt/Ti  bottom
electrode patterning, (b) backside etch-
window patterning and first silicon etching,
(C)NV/PZT  deposition, {(d) AwTi  wire
bonding pad formation, (e) NVPZT
patterning, (f) second silicon etching.

Z 2l
5,

Fig. 6.

AoA Ax ez Azke ¢l & 4be) virzsl

A& 7lgt FA ohE pZT o A4

{786)

A a4 W B It
s At A o sl A9e o

W F2374E a3 6ol BATh B, 34 2

1

of4 ofurEE 450um FAY nd (100) BAuFeke)
AulZgolsdel  opdel) aaddbt  SiOB00m)st

LPCVD SipNi(200nmy& 23k}, zala $iwe) A9
g v o2 TiG0m)et PH100nmE 235 %, ol

AFE T 2L AN PUTIE AR,
Pt A7t 98 958 AHgSlE, 444 SR

B ol H=o] = Pt S B35l Y8, A2k vha

g Jgsigde]  FHehd  zhshEAl(photoresist)el
AZI518E F W Z8 o AElsie] a1gsigdch 24 b

oAM= 18 69 JAMES ALgt <2 13} 0} 5
2} SisNgZ RlE(reactive ion etching)s o}83}ed Alz}
g F, 4919} SiO2E BOE(buffered oxide etchant)
E olgsle] Merog A} zju ¥, 18w
t%9] TMAH(tetramethyl ammonium  hydroxide,
(CH)ANOH) 8-ellAd o [ o] AzlEg Byum ZHol2
12} Al 3 cfMls S e R 550m SAL
PZT30/70 2h2he 123] a8 2 zaxsle] At
Ao 5 ¥ dxFeo R A 10m T N
3¢ FAgeh 3% 79 TEM(transmission electron
microscopy) SHRAMRCZEE, AEF pzT30/70 whet
ol FAFEE Bz AT QP 4 ) o]o], T4 d
oA olelie] sl Aaby flal, BlEe 2 Z(lifi-off)
Z14g olEslo] Ti(I0m9} Au(400nm)S- Q< Z3ks)
o} B4 eddrlE= Nig} PZTE Aoz 2z
Ni Az 2 IROH202HF=2011:1%, PZT Al7)
2 HOH20OHF=50:501-8 ARg-sllen] Alzb virzm
2 vjsleide] weldt AZI518%- *}%ﬁl"iiﬁk o]
2 34 folid= 101 HF $8% olgsted 9Ny
HAHe SIOE A7 F 50 ZolR 13} Alz)Ee]
= 289 [} 37 30wi%2} KOH 4944 o]gsjed 2
2AE A2s 3k

2Zh& ol 1 9] Aulgo] 9
o] Igke wf F:Hch ofu
S0t A =, SiNgZ FodlE ddme Al
2)Zbo] o] Foxlx] okglr] wiRel] U ALY 450
me) AelEe] WA =™ Ni, PZT, Tit KOH 49
off Wizt A&tde] A2l glem] KOH Gofe] wjiako]
2t PZT 71dA7paetel] RS Afolls - K+ o]
2ol PZT Whehileld AR-212 &g sy gt -
PZT ubahg o] ofif AREE 5 glA Eof 3eg 2

o])J

’Lo“ [e]
SRS

2o
EMAS

EO

Alg1E A

2

1

Azkle}, SENYSIO;
dojnel AeiEe

(>4

e

o
Ai8

A



20014 11A EFIZLew

23 7. A=k PZT30/70 ko] ksl TEM AR
Fig. 7. Cross sectional TEM image of the PZT30/70
thin film.

iR detecting element

/

Si:N,/8I0; membrane

(a) Top view

(b) Bottom view

a8 8. Atet Al ARk i) ofeid Alxl
Fig. 8. Top and bottom views of a par of a
fabricated IR detector.

Er g
B

(787)

#384% SDi % 11 % 23
2} AlZbAlolle KOH go2de] $me uss 2
7} ek )& $lsled 2 elFeild= Z1AIMel A
AR o, Ae]Z ol Al o) A A=
A RES B9 A=F A AE 3kl AR
shdck

22} AelE A4S o3 HA AR axle] At
ofelie] sufalxle 2% 8ol Vehliglth AR &
A4e] 2B R =718 02x030r ©19, SisNy/SiCr WE#)
gl Z7]= 15x15m ofeh 24 25 =kl A9i A
AR S9)azp R 22 5 7)1 A}

tu ko

32 4% 34

AR Ao APA2Ake) ARSRES S
Aste]  #lo)A], Fsfelz whdv)el dFE¥ @&
(chopper), AFZFE7], AlZHA7|E AMgslo] 27 9
¢} Z+& Chynoweth A 2R 4AF 24 A2

TAsIAcE. 632m 3142 He-Ne #ljo]#)%
3t ®le] wkgo] yoA, dE1E S A
ZAo]l A A Ak A Foh ARl 23R axjol
dalElE o)A W wAT )= 92X103W/
olgict &k, A2HE A4 A axls ZAHA RE
FE] Folew Wolv Axpr|ge] 2¥t 35 Folr]
Aale] dFelFoE AARE HAA|F ARt Sl
=sA "ok wgzalR HolABs vk PIT 71
Az|abte) = SepMA| HI, white] 2mwistE
Ztdzi7pabt ey EF3ate] A, olzlg £
FEA ol oJsl| rraAs|abke] ofgtel] wlAigh sl
FHpyroelectric current)7} 715tk o]zg #lAEE 71

Shielding Box

IR detector

Chopper

=N

‘A\ nnn
\/

Chopper
controller

0 QOJ l Preamplifier ,

e BmWm
mEaE BB
H ee
e
Computer aDr{gETeh: signal
a7 9. 24 Aad THE
Fig. 9. Measurement set-up for device characteri-

zation.



24

x 2. AR Ao ARk AR 1 e
0%~%0% -S=A1%k
Table 2. Measured current and 10% to 90%

of fabricated IR
with different

response
detectors

AelZ 7|

time

conditions.

T & PZT wtet A oA A Ak A4

substrate

Current

109t090%

< W3

V. E

(RMS)

response time (ms)

Ao f= 78] A,

S THold dolRl AFTRE 27 100142
orl, 1 v ST ATU 10% to 0% SHAZ
& 3 201 A5l

9|

ABAA} ol 2Ae o

No-silicon
substrate
50¢m silicon
substrate
450¢m silicon
substrate

11.59 na 0.76

7728 phA 83

38.64 pA 12.21

154 (a)

Current (nA}
)

v ¥ T
0.0 0.1 0.2 0.3 0.4 0.5
Time (sec)

1000 4 (b)

Current (pA)

0.0 0 02 03 04 05
Time (sec)

Current (pA)
o
)

0.0 X 02 0’3 04 05
Time (sec)

Aol ARE A BE A4 A4
EREEUEL

Fig. 10. Current responses as a function of time
with different silicon substrate thickness:
(a) no silicon substrate; (b) 50um silicon
substrate; (¢) 450im silicon substrate.

BAFE AFZIN ) 2FH, vhalshez A

e E47)eh d27]E FE 15 2 siMsich
a8 3& olEHeR AR AF-SHEe} AAtw
A R aAtelA AT APATgE Bejec

4 A AT As & ¢ ek AR oliR
olEAl cliwt AdAe] A= SiNgSIO H3h
o oleie] AleiEo) sbd AZEA) o3 delglEe s
A AeAAA "k 2% 3¢ Soym 2 450im A E
FAE 7R A RzAe] eleldE o S Y%
°], o1’} o]&Alek AFA el AL Ao 2}
AxAE At e A 7lwe] FAL ke
TF AXA ek A2l2o) Sl s8] 9, PZT 7
Al 2R dellviAlE SiaNgSIO, e R
AR, 00k FEZ ¢Re Frg ¥ ddre
el PZTE4e 2% do] SiNgSIOp hee} &
HE e whE SRR wpurbR] Zdc " A,
Al g2 SiNYSIO, AHAZe] A= % 3
FoRe] difel o3 s e, o3 A
AR pANEReRe) 12 dAd 2dRel ofF
AT Aolet.

Rl ARE sl A, RIS Sioel vis o
Awwrh of 20000 74 %71 witell, PZTellA LA
gol W SE= A2EL T3 mAvich o] o A
2 T2 5 9k PZT ARl AelE 71ge
B 3Ee pAppekoRe] dARw PRt opdEl Al
718e] S9E g s2e pgwekere] dAE &
& A 5 U ARE F Aee 44 o)y
FE SAE, 28 36K AE 7199 AV FA
ETF 0l AR AR Alele) A0l AR
= 5 T 3t

&, o2l Age] AV ARSH=AL %
& FE Al ojel, a7l $REEAE & 9%
Tk & 20049} Re), AlEe] Sle 7% Al 3t
AaAbe 4H0m A2lE 719 Aol Zx|aatel s
168] W2 SHEEE Bolck MMl A axle} gt
ARRE &R A4obedt Falgdlel] AAAal 3%
< TR, Jheshd wE SR Ze 7 &
23tk

19 3eiE, Fug F7l o dleld $Ee

Lo

&

;



20014 117 BEFIZ2eH

73] ol2Aql ozt APAF Alolol] A} Uz
< o otk 2 3 A=, 460m A 71Ee] A
Qg TRk AR e Aoz Fulgr)
3] 100Hz T9-02A A2 dAghch= ek
A2]EL B3 puuieko 7o) A=Al uffof 1]
I wdgle AE FAL glllSsE A4 A9
A A A dAE " vS 2EE 4 4 9l
ok AlRRE A oA A AR =717} 200X 300
ek o, A=l sl FAZE 4 o]z v
Ae7) B9 APIA Fouske 20) A xs) Ay

©
oz AT B e FAT 46U At 9
ZOL
v.d &

Aol AE 71 FAZ 1 AejAl 7R aAte
olgd e Sasidon AR AZe 98}
o] Ale)Eo] gl slwe] Aol 7RI AAIe} Soym, 450
me] AE FAS AR A FREAE Az
T A% Ak Aol e slwe] Al
A 450m AR T Aol 7k 2o
sl 1008] ol4ke] E& AF-LHwo} 1609 wE 2
SAZRe Bolr) o]zt MB-eRtwel SbAzke] A
ol 7l ol 3 Aezog wAY R o
&l 7)elRt, SRAZRE aate] M eobsd Fut
So] AA Agke Foz pFuddeld A}
23 Aol g aAlel Aol Ao 7] aAE
W SehAzke Zhe Tz Ak Bast glk &
A, A T OmellAl ¥ 50mel ©)1E @i
AFSHEr} ZBlgrden el o o4de]
EAdde AFLHES) FaZe] 2A FejEr) 2
Hog iAl FzAdoR qhdsehd, shdas|ebet
ool gl A=lEe Wrlglo] Alzkeke Aol $els)
o], o2l ojmlelx ErirlAZFEHe] A% 2 Ao
A2} ARSI B Futo] S,

Z=0.
-

o

t2 g s

{11 R D. Hudson, Infrared system engineering,
John Wiley & Sons, 1969.

9%, i ZIA-AA JHAA e &3 A

A @7 AR, AW, A23, 583~603%,

[2]

=4

>

(789)

$£38% SDiEm £ 11K

(3]

(4]

[5]

(6]

(7]

[8]

(9]

(10]

(111

25

1992

R. Takayama, Y. Tomita, J. Asayama, K
Nomura, and H Ogawa, “Pyroelectric infrared
array sensors made c-axis-oriented La-
modified PbTiO3 thin films,” Sensors and
Actuators A, Vol. 21-23, pp. 508~512, 1990.
D-H. Lee, J. S. Lee, S. M. Cho, H. ]J. Nam, J.
H Lee, J. R Choi, K-Y. Kim, S.-T. Kim, and
M. Okuyama, “Microstructures and electrical
properties of (pb, La)TiOs thin films grown on
the Pt electrode with a percolating network
structure,” Jpn. J. Appl. Phys, Vol. 34, pp.
2453~2458, 199%5.

D. L Pollaa C Ye,
“Surface-micromachined PbTiGs  pyroelectric
detectors,” Appl. Phys. Lett, Vol. 59, pp. 353
9~31, 1991.

B. E. Cole, C. ]J. Han, R. E. Higashi, ]J. Ridley,
and J. Holmen, “Monolithic 512X512 CMOS-
arrays infrared
projection,” Tansducers’95, Stockholm, Sweden,
pp. 628~631, June 1995.

S~Y. Wu, “Effects of the substrate on the
response of pyroelectric detectors,” IEEE Trans.
Elec. Dev.,, Vol. 27, No. 1, pp. 8~91, 1980.

B. Zigon and B. B. Lavrencic, “Pyroelectric
thin—film detector performance,” Sensors and
Actuators A, Vol. 36, pp. 167~171, 1993

D. H Chang, S. J. Kang, and Y. S. Yoon,
“Response of thin film pyroelectric sensors,”
Proc. 11th IEEE ISAF 1998  Montreux,
Switzerland, pp. 213~216, 1998,

M. Kohli, Y. Huang, T. Maeder, C. Wuethrich,
A. Bell, P. Muralt, N. Setter, P. Ryser, and M.
Forster, “Processing and properties of thin film
pyroelectric devices,” Microelectronic Enginee-
ring, Vol. 29, pp. 93~96, 1995.

J. S. Ko, G H. Kim, Y.-H. Cho, K. lee, B. ML
Kwak, and K Park, “A self-diagnostic airbag
accelerometer with skew-symmetric  proof-
MEMS 05, Amsterdam, the
Netherlands, pp. 163~167, January 1995.

and T. Tamagawa,

microbridge for scene

”
mass,



4

26

5 R HOEFR)

19919 29« AbEta oAt
&kl 19949 29 KAIST 7]
Age=t AAL 20009 8Y:
KAIST 71AIg3tat wbal 19984
119 ~2000d 2¢ : A7}HE Nany-
ang Technological University <1
T4, 20008 9¥~A) : AAFAATY A E
A4 AT <FFARoE> MEMS Sensors &
Actuators

Weiguang Zhu
BSc and MSc Shanghai Jiao
Tong University, China, PhD

Purdue University, USA, Presen
t : Associate Professor, School of
EEE, Nanyang Technological

University, Singapore. <Research
Interests> Electronic and smart materials, thin and

thick films, sensors and actuators, ferroelectrics.

2] & 713 FAC w2 PZT bt AeA x| aApe] A4

RN

{790

5

I
Rl
ey

Weiguo Liu

BSc 1985 : Xidian University,
MEng. 1988 : Xidian University,
PhD. 19% : Xi'an Jiaotong Uni-
versity, China. 1996~1999 : Assoc

iate Professor, Department of
Instrument  Engineering, Xi'an
Institute of Technology, China. 1999~present :
Assistant Professor, School of EEE, Nanyang

Technological University, Singapore, <Research Inte—
rests> Ferroelectric thin films & their applications to

sensors & actuators.



