y-Al,03/Si(100)E: AR D Pb(Zr, Ti)O, HIEE BRI RN & o W
DEMBILICET IR

i LR E

A BF 22 X KE & BC 1 Pb(Zr,TiO)Os (PZT) # B R 4k # & > % & CMOS
(complementary metal oxide semiconductor) [A]#& % y-Al,03/Si &Mk L ~EE T
LTI bBREREIN AL T HZ L2 B E LTHRZIT > 7, v-AlL,03/Si
L CMOS [H L ER LI T2 Ve REAMEEZMAE L, - EERRI
B v s o~ T AR T R AN R U O MR E . y-AlLOs/Si ko~ PZT O
ATV, R E L ToOFMELIT > -,

A RBALFRIMEMEEEMOCYD XV ERE L Si B Eof i m
y-Al,03 R IZ DWW T, CMOS BISERL TR O 7 =— /L7 1a & A 247, y-Al,03
MBEOREMMEEZMA L, Mt sd K E AR, X BREH 2 v o
L7c, EMcE oG RE, REREBOL(LE XHIE oL, EAERE
T BB & VT~ 7o, y-ALOg ¥ I VRS b Bl ) PZT WL 4 Si JEbR b IC 54
T 27200 EELR THHMETHL, CMOSHER 7o R IcB T 5T =—
7ak ZDIREIT y-ALO; IR DRI EIZ A~ TE <. HFiidbbe <

WL FEISFIC L DR mtE, REOEREZOND, MAEELD . HO
vapor X B X2 B 1T 5 1000°C D 7 = — L {2 L U y-Al,04/Si T y-Al,04 3 i 12 Si0,
MBS NLEREDOEZHRTE T, TOBREREZEEZ T2 H,0 40+ %

S 720 SigNy/SiO, % y-Al,05 EORGER & L TIRE L. £ OA MM A il
L7z, ZLTCINODFREREND y-ALOS/SI DT =— i X 5 EEIZHONWT
EE & Uiz, 72 CMOS [E# & y-Al,04 # 5 2 #£ FH (L L 72 B2 CMOS [ % FF 1
W2 DWW THRE L 7=,

FEEREL I PZT EERAN R v Y & y-AlLOs/Si IR ~TE K+ 25 7 N4 2 D5 H



& LT PZT #EIC I & 3 2 AR BRI D 4 5 - B 51 - (R - BRA &2 17 - 72,
AR E HICHWD 8 um 2 5 14 um O % £ # THR IR I FME %2 © > CMOS
G bR & A8 X 72 Si0,/SIN A JE M A A% A AE IR L T PZT MRS R v D
bR LT, TOREER, FHR 86%E 70D K ) RIRIBMBIENE LT,
FRHEER LCm CHRREREEZAVZBERRMTICESE, v )
WEOBRIEIT oz, Kt v ORIBRIE M Z AT o 7245, 1.15 x 107
cmHZY2 /W DR HHEE D* BB O, T AL ZEAICH WL Z N TEHHETH
> 72,

B %02 y-Al,03/Si MK E~ PZT IR 4 & & CMOS [l O £ Fl (b % 1T
S, 2140 THE, ~ A7 20/ ZE L CT A ADEREZI T 72, 2 TEZOD
PZT i[5 > 58 % % I Fr M K& O CMOS [B] B Fe k2 B Al L 72 #5 B . W7 & b Ktk o
LAl ERS 5 2 LTS L AR PZT 3RS & o ¥ %2 CMOS [=] B
CERILT AT e RO ICERI LT,

AT LD, CMOS [Bl# & PZT MR MR & > % y-AlL,05/Si MK E~%
ibT 27200 7Fav A2 Lz, 2O DOHZEEE LY. y-AlL0s/Si ik
FoRERELE L PZTHIEZ VW25 2 & THRIARE > & CMOS [\ 1 0 £ 7151k

TNAAEBA~OREBELIELNT,



Study on Integration of Pb(Zr, Ti)O; Thin Films
Pyroelectric Infrared Detectors on
v-Al,O3/Si(100) substrate

Abstract

In this study, integration processes of crystalline orientated Pb(Zr,Ti)O;
(PZT) film infrared detectors and complementary-metal-oxide-semiconductor
(CMOS) circuits on a v-Al,03/Si substrate was investigated. The process
compatibility of vy-Al,03/Si and CMOS circuits was investigated. A
multilayer-stack infrared absorber was proposed, designed, fabricated, and
characterized in order to apply on a PZT film infrared detector on y-Al,03/Si
substrate. The infrared detectivity of the fabricated detector with the proposed
infrared absorber was characterized.

The crystallinities of the y-Al,O3 film grown by metal organic chemical
vapor deposition were investigated after anneal processes in CMOS fabrication.
The crystallinities were analyzed by rflection high energy electron diffraction and
x-ray diffraction. The chemical bonding state of the film surface was analyzed by
X-ray photoelectron spectroscopy. As a result, anneal of y-Al,03/Si at 1000°C in
H,O vapor atmosphere appeared to change condition of y-Al,O3 film. In order to
prevent the annealed effect, SisN4/SiO, passivation films which H,O molecules
are not able to penetrate through the films were proposed. The effect of the
annealing process on y-Al,03/Si substrate was proposed and considered based on
above experimental results. Circuit characteristics of fabricated transistors
integrated on y-Al,03/Si substrate were evaluated.

An infrared absorber for an application of crystalline PZT film infrared



detectors on vy-Al,05/Si substrate was proposed, designed, fabricated, and
characterized. SiO,/SiN multilayer-stack film based on CMOS compatible
materials which possess infrared absorption in the wavelength rage from 8 to 14
um was designed and fabricated on the PZT film infrared detectors. Average
infrared absorptance of 86% was obtained on the proposed multilayer-stack film
integrated PZT film detectors. Detector structures were also designed based on
transient heat analysis using finite element model in order to improve sensitivity
of the PZT film detectors. Specific detectivity of 1.15 x 10" cmHz®®/W, a useful
value for device applications for infrared detector, was achieved at 30 Hz on the
fabricated PZT pyroelectric detector.

At last, the integration of the PZT thin film infrared detectors and CMOS
circuits based ony-Al,03/Si substrate was carried out. 140 processes and 20 masks
were required to fabricate the device. The characterization on the polarization of
the PZT thin film and CMOS circuits after all fabrication processes were obtained
without inferior characteristics. The fabrication processes of PZT thin film
infrared detector integrated on CMOS circuits were successfully established.

In conclusion, integration processes of CMQOS circuits and PZT film
infrared detector on y-Al,03/Si substrate were established. The research results
suggest that realization of high performance infrared detector based on
integration of CMOS circuits and PZT film infrared detector using y-Al,03/Si

substrate.



