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(haracteristics of the Pyroel ectric IR
Sensor with (Pb,La)TiQ
ferroelectric thin film

Du- Hyun Lee

Department d Electronic Engineering, Graduate School.
Pukyong National University

Abstract

The crystallinity of (Pb, La)TiQ thin film deposited using RF
nmagnetron sputtering nethod for pyroelectric infrared sensor was
investigated. The Pt/MQS:N/SQ/S:sN/S was used as substrate for
c-axis preferred orientation (Pb, La)TiQ. MO, Pt and N-Q thin filns
which were used buffer layers, bottom el ectrode and top el ectrode were
deposited by RF nagnetron sputtering nethod on SisN/SQ/S:N/S
substrate. The (Pb, La)TiQ thin film deposited at R power of 50W
substrate tenperature of 600 , in pressure of 10mforr, gas atnosphere
of A/\:Q = 9:1, filmthickness of 1 and anneal ed at tenperature of

630 for 20 seconds exhibited a good c-axis preferred orientation.



As a result, the characteristics of (Pb, La)TiQ thin filns are as
fol | ows.
1)Di el ectric constant was 220, dielectric loss was 0.024, pyroel ectric

coefficient was 3.21x10° Qcm - K at 55 of neasurenent tenperature.

2)F : 0.46x10°C-cnJ, B : 3.48x10°C-cniJ



1-2)

3-12)

PbTiO:(PT), Pb(Zr, Ti)Os(PZT), (Pb,
La)(Zr, Ti)Os(PLZT), (Pb, Ca)TiOs(PCT), (Pb, La)TiOs(PLT), BaTiO:,

LaTiOs , PLT
11-1422-33)
c
, MgO
, MgO
c ,
Si SiO:/ Si
MgO ,
HP RF Si MgO (100)



Ni-Cr
LTO

Si

, N/O/N/Si
MgO ,

Pt

Si

RF

PLT



21

4T

4T

Fig. 1

4T



4T

| #aT

84—

[
[

Fig. 1. The basic operation of the pyroelectric sensor.

22

Polarization (P)

A\

Temparature (T) Te

Fig. 2. Temperature dependent of polarization of ferroelectric.
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Fig. 2

Pi=p; - 4T (1)

i,= A -p-dT/dt )

, dT/dt

Detector Element
(Thermal Capacity=H)

=

Thermal Conductance

=Gr

o]
Heat Sink

Thermal Structure Electrical Structure —

Fig. 3. Thermal and electrical structure of a pyroelectric detector.
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Fig. 3
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Fig. 4. Equivalent circuit of simple detector.
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Fi=p/Cy (7)

Fv=p/Cyes (8)

, AC Johnson noise

Fo=p/ Cyes, - tand) ? 9)
Fi.s=F /K (10)
K
24
( Vt)1
( Vd)1 ( Vr)1 ( Vi1 Ve)
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microphony noise,

. microphony noise
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SisN4(150 nm)/ Si0O:(300 nm)/ SisN4 (150
nm)(N/O/N) , MgO N/ O/ N/ Si
MgO PLT LTO o
. MgO, Pt, PLT LTO

RF ,
, RTA . MgO
Pt Pt PLT
LTO RF
(1)
(2) MgO
MgO 300 1 , 40qg
2
950 10 , 2
, 1000 kg/cm?
1000 10 2 6
mm . Fig. 5 MgO
(3) PLT target
MgO , PbixLaTixa0s(x=0.1) : PbO
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= 4:1 PLT
12- 13)
PbO
Pbi«LaTis«O0s(x=0.1) PLT

Raw material

Weighing

Mixing

Calcining

Grinding

Pressng

Sntering

PLT

2 hrs.

950 , 10 hrs.

2 hrs.

1000 kg / cm?®, 2"

1000 , 10 hrs.

Fig. 5. Target preparation procedure.
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(4) MgO
SizN4/ SiO:/ SizsN4/ Si M gO RF

. MgO Table. 1

Table 1. Sputtering conditions for MgO thin film.

RF power 140 180 W (20 W )
Qbdgrae SisN4/SO./SisN4/S
Subdrate temp. 400 600 (50 )
Base vacuum 1x 10° Torr

10 40 mTorr (10 mTorr )
Gas pressure

(Ar: 0. =1:0,9:1)
Film thickness 02, 05, 0.8 11 14
Cooling natural

(5) MgO
MgO , ,

RTA (rapid thermal annealing)
: 750 , 80 , 950 , 1050
:5 ,10 ,20 , 30

- 18 -



(6) MgO (100)

@® MgO

RF Power

MgO
MgO
(7) Pt
Cc
. Pt c
, Pt 400 c

", , MO/ SisNu/ SiOz/ SisNJ/ Si (100) Pt
Pt RF

Pt 100 200 500

, . Pt Table. 2
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Table 2. Sputtering conditions for Pt bottom electrode.

RF power 20 60W (10W )
Qubgrae MgO/SisN4+/S O:/SisN4/S
Subdrate temp. 400 600 (50 )
Base vacuum 1x 10° Torr
Gas presaure 10 mTorr (Ar)
Film thickness 200 500 (100 )
Cooling natural
(8) PLT )
PbixLax T iz x40 (x =0.1) RF
Pt Pbi.xLaxTi1-x40s
(x=0.1) C
. PLT Table. 3

T able 3. Sputtering conditions for PLT thin film

RF power
Sbdgrae
Subdrae temp.
Sbdrae Target

Base vacuum

Gas pressure

Film thickness
Cooling

40 8OW (OW )

P/MgO/ S3N4/S O/ SaN./S
550 650 (25 )
4 6cm

1x 10° Torr

7, 10, 20 mTorr
(Ar:0.=10:0,9: 1 8 : 2,

7:3 6:4
05 2 (05 )
natura
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(9) PLT

PLT ,
RTA
1610 , 630 , 650 , 670
5 ,10 ,15 , 20
(10) PLT c
(€)) PLT
RF Power
(b) PLT
(c) PLT
(1) LTO
LiT a0 RF

LTO c
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PBN CA 590
670 20 , 3 6
LTO . LTO
Table. 4

Table 4. Sputtering conditions for LT O thin film.

RF power 60 100 W (10 W )
Subdrae P/MgO/SisN4/S O/ SaN4/S
Subdrate temp. 590 670 (20 )
Sbdrate Target 4 6 cm
Base vacuum 1x 10° Torr
4 12 mTorr (2 mTorr )
Gas pressure
Ar:0:=10:0,9:1,8:2,7:3
Film thickness 0.8 16 (0.2 )
Cooling naural
(12) LTO
LTO , '
RTA
630 , 650 ,670 ,690 , 710
5,10 ,15 ,20
(13) LTO c

- 22 -



(@)

RF Power

(b)

(c) LTO

(14) Ni-Cr

LTO

LTO

PLT (LT O)Y Pt/ MgO/ N/ O/ N/ Si

Ni-Cr

RF
. Table. 5 Ni-Cr

T able 5. Sputtering conditions for Ni-Cr top electrode.

RF power
Sbdgrae

Subdrae temp.
Sbdrae Target
Base vacuum

Gas presaure
Film thickness
Cooling

60 80W
PLT(LTO)/PYMgO/SisN+/SiO:

/SsN4/S
450

4 6 cm

1x 10° Torr

10 mTorr(Ar)

300, 350, 400, 450, 500
natural
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(15) Wire
Al

(16) XRD
XRD
,PLT LTO

(17) Ni-Cr/PLT (LT O)Y Pt/ MgO/ SisN+/ SiOz/ SisNa/ Si

€ tand HP4192

€, tand ,

- 24 -
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1. Mgo X -

(1) RF power MgO X-

Fig. 6 RF power N/ O/ N/ Si

MgO X- . RF power

M gO(200) 160W :
pow er . 20 =43°

(200) . power

, RF power

. RF power

15- 16)

) C ) MgO X-
Fig. 7 N/O/N/Si MgO X-
Fig. 7
(100) , (100)
Mg Mg
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42-45)

MgO(200) . 500
M gO(200) ,
17-20)
)]
— H_ a2
= a ) 18 0w (200
2
. by 1 7 0 W
&
.c e R
= "
e ]
! 6} 1 &8 0 W
& . - T
£
= d } 1 685 0 W
=
a j 1 4 0 W
30 3§ A0 W

ITT h ¢+ 1a[d ¢ 8 .]

Fig. 6. Comparison on XRD paterns of the MgO thin films deposited on
N/OIN/S subdrates @ 500 as a function of RF power, regectively.
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= e ] 4 0 0 T

30 a 5 4 0 R

= w
2T hetal[deg.]

Fig. 7. Comparison on XRD paterns of the MgO thin films deposited on
N/O/N/S subdraes as a function of depostion temperaure, regectively.

21)

3 MgO X-
Fig. 8 MgO X-
. Ar ,
. MgO (200)
30 mTorr
Ar

- 27 -



30 mTorr

M gQ

oy r200m
- @3 40m T ¢ 1
=
= =i R SEENY S S -
o
i3
o
o B) 30m Torr
-
-
w
z
ww
z ) 20m T orr

d i 0m T r

30 25 4.0 L 5 0

2Thetaldeg |

Fig. 8. Comparison on XRD paterns of the MgO thin films deposited on
N/O/N/S subdrates as a function of outtering amosphere, regectively.

4 MgO X-
MgO X-
91
MgO
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MgO:
()

pow er

02 05

Fig. 9.

M gO(200) , MgO

Mg MgO ,
22-23)
MgO X-
MgO X- RF
160W, 500 , Ar 30 mTorr
X-
MgO 08
a1 b i
14
< 4 P et
[
:_I. dga
1] .2
30 35 ) N 0
2T w la [d - |

XRD paterns of the MgO thin films deposted as a function of film

thickness.
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(6) MgO X-

a RF power 160W, 500
, Ar 30 mTorr 08 MgO 1050
X- Fig. 10
20 MgO
, 20
Mgo
12 0/0}
@) 30s
;;
z
=l
m |
= | by 203
gz ]
= |
= ]
; e} 1ds
d] &
30 L BT T an Y

2Theta[deg . ]

Fig. 10. XRD paterns of the MgO thin films annealed as a function of

annealing time.
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(7 MgO X-

MgO 20
X - Fig. 11 . 1050 MgO
, 1000 MgO
, 950
MgO
Mog O
| {200)
| |
= 1
=
&@ by B450%C
1o
=
e
2
; c) 850T
d} 760 C
30 35 40 45 50

2T heta[deg. ]

Fig. 11. XRD paterns of the PLT thin films annealed as a function of

annealing temperature.
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2. Pt

(1) RF power Pt X-
RF power MgO Pt X-
. MgO/N/OIN/Si 500 Ar
mT orr 40W  RF power RF power Pt
Fig. 12 . 40W Pt
Bl B OW
o
= — R
=
1 b)) S0W
= :
o
N :
i ] 40 W
o=
I: +
" d R
-
= .

2 Theton[deg.]

Fig. 12. XRD péterns of the Pt thin films deposted a 500
MgO/N/OIN/S subdrae as a function of RF power.

- 32 -

10

on the



) Pt X -

Fig. 13 Pt X-
power  40W Pt ,
500 Pt

a) GO0 C

Fi
i (xong
ERER]
1
1
B) 5501
Ll
l_
= ]
=
: &) 500
i
i
<L |
4 !
[ )
e d) 450 X
z ] = L
i ¢
= |
=
2] 400 T
|
inp a5 40 T a5 50

2T heta[deg.]

Fig. 13. XRD paterns of the Pt thin films deposted a 40W on the
MgO/N/O/N/S subdrate as a function of depostion temperature.
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(3) Pt X -
RF power 40w, 500 , Ar
10 mT orr

Mgo
[(200)

Al
10m Tarr Pt

(200

INTENSITY(ARB.UNITS)

30 33 40 45 =0
IThetaldeg.]

Fig. 14. XRD patens of the Pt thin films deposited as a function of

amospheric presaure.

4) Pt X-
c
. bt c
Pt 400 c
14)
MgO/ N/ O/N/ Si (100) Pt Pt
RF Pt 100 200
500 , 300
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Mg
(200}
al 500 A .
S (z00)
141 I
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U
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E
= b) 400 A
>
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ru g e I — o L
W
=
[EH]
- &) 300 A
=
|
[ ||||
d) 200 A
I
|l I
_ T S
30 as 40 45 50

2T heta[deg.]

Fig. 15. XRD patterns of the PLT thin films deposted as a function of
film thickness.

) Pt X -

RTA Pt 800
10 Pt
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3. PLT X-

PLT
) , Ar O
XRD
PLT RTA
c PLT
c PLT
(1) RF power PLT
600 ,
PLT 1
X- Fig. 16
(100)
c
pow er (101)
c
pow er
24-25)
2) PLT

rf power 50w,
PLT 1

Pt rf
rf power,

PLT

a Pt

12,14,22)

X -
10mT orr, Ar O: 9:1,
pow er
.40 W pow er (001)
50 W (001)
. 60 W

FWHM (Full Width at Half Maximum)

X-

10mT orr, Ar O 9:1,

- 36 -



Fig. 17 . PLT La  10mol%

600 12,30,53) , 600
(o PLT ,
pyrochlore
Mg
{00
a) 8O | m
i (200
| |
JELT PLT [
| 00} [101)
] # I |
e L I T %
| byTOW
i | ! 4
E 1 .
=2 ) BOW ;
g .
< | !
E ] §
I T ==
= |
] ]
£ dysow
=1 ;
| 1 |
It |
= T, S——
&) 40V .'
|
] | |
_,.:' _| L
20 30 40 50 B0
2Thetafdeg ]

Fig. 16. XRD pétens of the PLT thin films deposted as a function of
RF power.
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Fig. 17. XRD paterns of the PLT thin films deposted as a function of

subdrae temperaure.

3 PLT X-
rf power 50W, 600 , Ar O 9:1, PLT
1 X-
Fig. 18 . PLT c
FWHM . 10mT orr
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26-30)
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Fig. 18. XRD pdaterns of the PLT thin films deposted as a function of

aimospheric presaure.
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1 X- Fig.
19 . Ar Ar O 9:1
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Fig. 19. XRD paterns of the PLT thin films deposted as a function of gas

compostion rée.

5) PLT X-
rf power 50W, 600 10mTorr, Ar O
9:1 X-
Fig. 20 . 05 (001) (100)
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INTEMSITY{ARB.UNITE)

2Theta[deg.]

Fig. 20. XRD paterns of the PLT thin films deposted as a function of

film thickness.

6) PLT X-
c 50W  rf power, 600
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Fig. 21. XRD paterns of the PLT thin films anneadled as a function

annealing time.
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Fig. 22. XRD paterns of the PLT thin films annealed as a function of

annealing temperature.
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XRD
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XRD Fig. 23 .LTO MgO Si
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Fig. 23. XRD patterns of the LTO thin films deposted as a function of
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Fig. 24. XRD pdterns of the LTO thin films deposited as a function of
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Fig. 25. XRD péaterns of the LTO thin films deposited as a function of

aimospheric presaure.
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Fig. 26. XRD patterns of the LTO thin films deposted as a function of gas

compostion réae.
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Fig. 27. XRD patens of the LTO thin films annealed as a function of
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Fig. 28. XRD paterns of the LTO thin films annealed as a function of

annealing temperature.
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5. Ni-Cr/PLT (LT O)/ Pt/ M gO/ N/ O/ N/ Si

5.1 Ni-Cr/PLT (LT O)/ Pt/MgO/N/O/N/ Si

Fig. 29 PLT Cc- (o)
(€ 1) (tand ) . PLT
2 um , 0.35x 06 mm?
10 mVv . C- (a) 1 , 1 kHz
220 , 0.024 . C- (a)
, PLT , PLT
c (@)
PLT
83, PLT
35,36)
5
3004 L
1 =
o— fand
2501
- 3 —_
@ B
260 |2 2=
2404 . L4
220 . : 0
0.8 0.7 0.8 0.9 1.0

X

Fig. 29. dielectric congant and disspation factor of
the PLT/P/MgO/N/O/N/S thin films versus a
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Fig. 30. dielectric congant and disspation factor of
the LTO/P/MgO/N/O/N/S thin films versus a

52 NiCr/PLT (LT O)Pt/MgO/N/O/N/Si
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aPLT 06 1
-20 60
60 .a

321x 10°C/ecm® K ) c
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