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Thermal Process Effecis on Grain Size and Orientation
in (Bi,La)4TisO12 Thin Film Deposited by Spin—on Method
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Abstract

A 16 Mb 1TIC FeRAM device was integrated with BLT capacitors. But a lot of cells were failed
randomly during the measuring the bit-line signal distribution of each cell. The reason was revealed
that the grain size and orientation of the BLT thin film were severely non-uniform. And the grain size
and orientation were severely affected by the process conditions of post heat treatment, especially
nucleation step. The optimized annealing temperature at the nucleation step was 560 C. The
microstructure of the BLT thin film was also varied by the annealing time at the step. The longer
process time showed the finer grain size. Therefore, the uniformity of the grain size and orientation
could be improved by changing the process conditions of the nucleation step. The FeRAM device
without random bit-fail cell was successfully fabricated with the optimized BLT capacitor and the
sensing margin in bit-line signal distribution of it was about 340 mV.
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performed after depositing the BLT thin
film.

2. A H

16 Mb 1TIC (1-transistor/l-capacitor) 32
FeRAM 2%-E 025 pm tAkel 88 g8l 8
12 dejEdols ol Azt oHs]. wA TINW
FH 1 Yol PYIOx/Ir 82 AT L FAslx, 1
Hel BLT 9ehe FFatdnh 28 12 29 714
Heoz BLT (100 nm) 22hg mH3 Fo] 53
& dFAY Moty mEE BLT g
300 Colste] dtZ#e]E (hot-plate) 9ol A
o]F (baking) ¥4& ¥t 2 2 BLT
Ll ]"4 AAZE 9 44 G4 RTPDE 500~
600 T Alole] £xolx WalA A, I8 Azt
2 30&~360% Alolo A WA dxg B9
712 AAE 10 /minl® EHFE 5938 2A0
2 stk 94 43S 9% RTP2 (700 C
/120 sec/Oz)9F RTP3 (850 T/1 sec/Qz) AL =
E ARNA FYS AR FFagr}. o2 A
54 ® BLT ¥ehe] mjA) #x2& FAAA #nA
(SEM)< ol &3t #FAstgm, wete] 24
e X-4 FgA BA7) (XRD)E o438t E48)
AT

gxd ¥ BLT 299 94
(200 nm)& ~¥HEHH Yoz FII
(reactive ion etching) #H & o] &3} BLT

)
o

o

ol o,
e}

A
&
j

= —[0 rlr

_1

o

576

l
_[_, _l_l
|o mu
o?L

]_

\28

ol " FAH Fo= 650 T/30E/0,

= dAd (recovery annealing) T3
63]-95\5} - 7% A FHe AlS
o 2%t (metal-1, metal-2)2.2 33/“18}031:}
I $7de] ¢85 BLT AMAEY 2%
A 54 Hk 3A (RT6000SI Radlant
Technologies)& o|-&3le =434 T1N/W
B HE AT Y LJ-X] E“ ]
(HP4156A, Hewlett-Packard)& o] &3}¢ +
ATk T FeRAM 2449 BIE-#9 (bit-line) A
¢ FEFE UEY BH2E  (MS3440, MOSAID
Systems Inc )& ©]&-3}o Hrla st

3 =3
2 3 o
| e

2 L}J
oX v ofp —|¥

A
o o o

N

J[Nr ﬁm

ol Ix
ol

3.2 o am
A YAA 2 B] @A 1 4L 600
T/120 sec/O; ZA —’F?’E?} T oo g7 A
WA HE 473 Pﬁ XW]@ 54¢ 54 w4 ¥4

7R e Fol BrbsldTh 32000719 @y A
(AA: 068 um’)o] Mz HWaEz ddso] g o
dlo] ARAE (F AMAE W4 21,760 um*)oll A
5 FAAe wd bed B3 g (dP=P+-PY)
4 FTYUE (uniformity)= 3 V A A (applied
voltage) Z7A A 24zt °F 16 uC/em” 2 2.8 %5
Wl S48 A3 E B F 7

ol#f & g BLT AAANEHE ol&3std 16

Mb® FeRAM A4AE A#slz, 2 s2xe =7
7Hs g HUksk7l Aste] 9ol YA 2 kbl
Ag A g, RE-F AY AE (bit-line
voltage signal) EX & =43
3 FeRAM A=} w

°]
A

F2 AY A PIE HelFm grh o]y
07 NE} HolH 0" As A A= @il
TAFS B 5 T F g Ao 9 @y
o

1

20 ok 5 30 i o
o ofl X o % ro



999 .
89 1 "-._ Data ‘0" »‘ B
g5 | o 1 .
— h. / :
BE 80 F '} . ?‘ : 4
Z w0 . : r‘rData 1 : |
B8 | Mg [ : 1
s 4 /
E 20 |‘* L
o . \
1TF c A.l\{.
0.1 : " I
1.0 15 2.0 25 3.0 3.5 40
Bit-line signal voltage (\)
38 2. FeRAM £2F A& Fo] £4F 2+ &4

AR EES bit-line A #E.

The bit-line signal voltage distribution
of each cell measured in the 2 k-bit
BLT capacitors
FeRAM device.

Fig. 2.

after fabricating the

—_
399
é\ﬂ 12 600 'Eﬁ
o . |
£ . @ £
-5 _ g
@ 80 “ 84 o
= 2
i 60 E/ 5
= E 2
o &
o o= =3 @
B -
% s 7 o
= H ] b
= t
g ! : £
=
S r y : ; 04 T T =}
o 200 400 800 800 4000 0 1 2 2 o

Contact resistance {&2/plug) Driving voltage (V}

O™ 3. (a) 1024719 Zeja/aRds HE: AF
< 7t A9 dHAA A4S HE AY
o FAH ®Bx, (b AFESFH FHa A
Z BEAL yEdE AF-A9 F4.

Fig. 3. (a) Distribution of contact resistance at

the 1024-chain pattern and (b) current—
voltage relation between bottom electrode
and plug after full process integration.

oleid B Ao A WA 24 Aoz W

A3 TINW E7 Apol o] Aol
gFe 44T + vl B
Aelel 4% Age 27 2
I3 3a)e 102470¢ AR

=7

o,
=
e
o

m
o

b

2
=

ot
205

Ol

ol

o
-
e,

, 149

e

o7

A7 A 28 =EA, A208 AT, 20079 7€

a8 4. AAEHY
o " A T
e AL
Fig. 4. Microstructure of BLT films observed

after de-capping treatment: (a) good

cell, (b) fail cell.

a girh SRS el AlelelE &9 AH
(Ohmic contact)e] & EAHT, HFH EFL Ao
HAST YA FFSs F BOFIL AT o

e Aplo) B

A/ BLT wepe] w9 @
SEM Abgdot}, o 2lgh WA
BLT o 52d 94E (55
AEE)S Al AA (de-capping)st=
#3tsdch %3 oo BLT whutel
7} ZAa gYd BYXE Roluw e A

perel 4

N,
i ox, o
, i

Mo
rwém
o T TR A N SUR o Y - ¢ A}

2

o3

fru
e

= ol
o
4
lo

]

=

;..i

_]E
N/

?
%o B

& W
oo o

o ot

wBZ)

% fias
o= o

o 2T

N

o

[ul
ox.
to
x
huj
=
N

o fE I

21 Pb(Zr, T1)Osol
A ek FRAE
AAAE ol¢ dxFHoR -5
uC/em® AEE vl g B

2

o 2l o ond
b
‘0,
2
Ir
(@]
|

lo

,a-%9 Agde ~50 uC/em
N S S
So] &Asts Ae FF B3 gro] v

=
A
A7) W] HE-IA A%
al
=2



J. of KIEEME(in Korean), Vol. 20, No. 7, July 2007.

BLT

17 BLT

(200)

'/\\ /LWM 700°C
WWWMN !/(MMM 650°C
A e
Pttt emaspiperiin svaty 580°C
wmmw S0

Intensity (a. u.}

540°C

Lot A o st cumspporiiri] 520°C
ittt ottt s rmosgeeitie] 2007 C
I3 1 1

26 28 30 32 34 36
20 (degree)

a8 5. F& dAe A AdeA £4F BLT 9
\11]— 9] Q XRD p;]z—? 1:53

. High temperature XRD spectrum of the
as—deposited BLT thin film.

ol wEpd GAES 2N BRASA 94
g% 49e BLT #ehel $4 947 534004

A43E AT 4ol Al wtA BT IS

A B4R MEL Aol wTH269] wehA
BLT #ute] 24% 449 294€ F4477]
A% 49 #PAT WA, 29 5= B4
eEg FA57 A3l ote

ih IR

oxl o
=2
>

f ol of
ol oA
= o
BN

o

ol
o,
4
2L
2_‘
pacA
o
o
2
eu}
~
)
—
e
N
flo
¢
U
2 T
o
S
S

)
o,
ol
W X

28 A7Tr 120532 FU9% 2ho®m
oY 62 RTPl 257} BLT dhee

A FFE BoFE FAHX

o o

=}
=
-

<~

=2 ;

=)
ox
R
fo ™2
02 By
P £

&
[ez]
=

oH

- b
=3}
P
X

A
ol glvh dAdR0d A #Zo], & YAtse]
%— alul=

578

a8 6. RTP1 %7} BLT g2 mA Fzx9
HAE G (a) 540 T, (b) 560 T, (c)
580 C, (d) 600 C.

RTP1  temperature effects on the
microstructure of BLT thin film: (a) 540
T, (b) 560 T, (¢) 580 T, (d) 600 C.

Fig. 6.

2500
(% O (006)
- B B (7).
2000 L 7
I 1500 [
i
g '
‘Z 1000 [ |
o ’
=
=
500
O "No s00 520 540 560 600
Temperature (T)
O™ 7. RTP1 %7} BLT dtute] AA ukbga
of mlX= 4,
Fig. 7. RTP1 temperature effects on the

crystallographic orientation of BLT thin
film in XRD analysis.
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