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ABSTRACT

Effects of CMP Pressure on Electrical Properties
of BLT Capacitors

Jung, Pan - Gum
Advisor : Prof. Lee, Woo-Sun , Ph. D.
Department of Electrical Engineering,

Graduate School of Chosun University

BLT thin films have many advantages such as highly fatigue
resistance, low processing temperature, and large remanent
polarization for high-density ferroelectric memories. However, the
problems by plasma etching in patterning process of BLT thin films
such as the angled sidewall preventing the densification of
ferroelectric memory and being apt to receive the plasma damage were
reported.

Chemical mechanical polishing process was proposed to fabricate
the ferroelectric capacitor instead of plasma etching process for
the vertical profile without plasma damage.

CMP characteristics such as the removal rate and WIWNU% were
improved by the increase of CMP pressure; however, the electrical
properties including polarization-voltage (P-V) characteristics of

BLT capacitor fabricated by CMP process with the high CMP pressure



condition were degraded.

The relative Bi content of BLT thin film increased and the relative
La content of BLT thin film decreased as the increase of CMP pressure
in damascene process by the X-ray photoelectron spectroscopy (XPS)
analysis. This means that La was easily removed in high CMP pressure
by physical (mechanical) mechanism.

X-ray diffraction (XRD) analysis confirmed that the structural
change was observed in the sample polished by the high CMP pressure.

The excellent polarization-voltage (P-V) characteristics with the
high remanent polarization and low coercive voltage could be obtained
in the metal-ferroelectric(BLT)-metal capacitor polished by the low
CMP pressure in CMP damascene process; the good l|eakage current
characteristic was obtained in this condition.

Therefore, the lower CMP pressure must be selected in CMP damascene
process for BLT thin film capacitor although the removal rate of BLT

thin film was lower.
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Fig. 3 Polarization states in a ferroelectric ABOs perovskite structure.
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Fig. 9 Fabrication process of BLT thin film.

5 step



Table. 1 CMP Process conditions.

6" BLT/Pt/Ti/Si

IC- 1400(Rohm & Hass Electric Materials Co.)

Silica slurry pH(10.3)

90 ml/min

50 rpm

4.9, 29.4kPa

60 rpm

30sec(4.9kPa), 10sec(29.4kPa)
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Fig.12 XRD equipment.

Fig.13 XPS equipment.
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Fig.15 Standard ferroelectric test RT66A system.
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Fig. 16 FE-SEM images of BLT thin film by CMP process pressure.
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Fig. 20 XRay diffraction of BLT thin film by CMP process pressure.



r
I

Ar

0
uir

4. BLT &totol |

ol

v
—

FRIO BLT
FOd shadow maskE AFEZot0d 0.5x0.5mm 3JIE 2= Au

Il

Pt/Ti/Si

o+t=
=H =

_I

PS
[

5.57 uc/cnt,

LIEFLH D QUOM 29.4kPalilAls Prate 1.77uc/cm’, Vet

LEEFLH D RACEH.

o

[—

Prat

—

—

P-V OlESH &2 -20v ~ +20vItAXl
. 4.9kPalil A

b

BLT =f=r2f P-V Ol

C

=2
A

[e—
o

A

Ooff [t

=2

—/

Ooted
[usl

=
slo| &t

TkHz 0il A

=

=

PtE S&06t0 MFM capacitor -

o
j—

=
=

=

=

&
FAIZHOHH
Vegte 2.96V

o
=
-
3

BLTSl CMP S &
£ 18 210lA

7.12V

9
i

00
KJ

ol

ol
ol

4.9%kPall AHJI0I5=&2 BLT

fin
50
J
5
<

nd

ddU 29.4kPall Ol =462 CMP =

UCE.

)

0
OFXIZH A XRD

=
-

fin

180

ol
X
Ar

Al

ol
Rr

Ju
i
Rr
K

ol
832

o)

o

S =80 =

~
o

o)

0
pal
nd

td P-V 01540l

elo

o2

4 .9kPalil A CMP
29.4kPag ==

il

O} —
AN

s

20l XI2t
of

o

=

Lot K]

close—shape
OlH

o
[—
L e |
= 1

P-v E4
open-shape

o

[—

| PV S

ANZ 2

=iy

SsHS



Polirization [p C/crf

CMP with 4.9 kPa
15F +  CMP with 29.4 kPa

10

-10}+

Applied Voltage [V]

Fig. 21 P-V characteristics analysis.



r
I

0
uir

I3
4]

5. BLT 2oto| -4

2oz FoHH, =&Y

8=

ur

KJ

o)

~

F X1 GHCF.

n0

gt

M

o
Rr
Ju
IS
Kl
JA.E

JF

KA

A

ol
ol
]

4.9kPa

Ct.
| SHAXM2= 1x10°

ol
AN

MFM 22X AKFS| current-voltage SA&S LIEILHD

st

M=

ol

O

IJFS 2F +3v 0l A

O
i)

00
K
OF
U

ol

o
o

-10v ~ +10v
10 ~ 10 A/em® &

Ju

AUt (dielectric breakdown)
HOLAl EULH, =HEHR WHUHA

o

A/cm’Ol ACH.
S OolA

[
28R E

—
.

tél—/\

M2= 5x107 A/cmfOIA2Lt, ol

.

g% Q82 +3vilA 2

29.4kPaZ
I HvEH

Jto

=
S

Off 2t negative biasOlAl2l
Alcm® 20l USLE, positive biasOilAl

0

A

10° ~ 10™ A/em® ol U

S
[

\l

Rr
ol
]

U
U



Current Density [A/cr%]

= = = = =
=} (=] (=) (=] (]
~ ) @ IS [

=
=)
@

= CMP with 4.9 kPa
4 CMP with 29.4 kPa

Fig.

-10

22

Applied Voltage [V]

|-V characteristics analysis.




HO{ &

A0l OIXl=
)

O 2 Z2UE =2

U= BLT-CMP &0l CH

=

=

| &I

O

=
—

ol JI

=2
=

FJF BLT capacitor

S|
Ol Al

=
[—

=2
=]

TotRLH,
S|

0} damagedt 810|

=
[—

ULk,

V.

o
i

Ol REZIOE AKXl CMP B &

=
[

Pl 2ot T

[9]

Xt
&

N

=

=

HA A KF

0

==
S

=

=

Cmp

fall
H

-

180

HH

B0} O
| P-V,

—/

SHAIZIE A BLT

F 2 HI&=E MFME capacitor

il

CMP

AL0A=

=
[—

O

KIO

il

e}

o

o
KO

H

of et J1AE(S2A) MA ol

s
Ol BluH

o

te

=<

A HHE K= 0l=0

A
=

—
S

of

Ju
U

=i

Al CMP

=4

0l

ICt.

&
[

oF gt

al

2
A

2= Z2A0M HSAIL0I

ol

0
Kq
Rr
ol
)

Ol (tekA BLT

+

o

=

0l &3t

-/

or 24
=

Olet &0l CMP &

UL,

t

[

o
[y

33
ic
~
oll

o
o0

o1
sl

Rr
K1

Rl
ol
)

BLT &f

&
[

&1 ZA0A M

o T

Ho

capacitor 2

192 KMZfet

(o)X=
= 4

~
=

[0

OtLlct

[

&0}

shape

I.

_

&S

<
uid

=
=

O

o)

2

0l

capacitor 2

gEo2 MAE

LI DX
T oo

BHHOI 4.9kPal



ioll
H
o

ol
ur
o)

o
I

ur
s
o
T
JF
ol
It

1
oF

R0

&t capacitor?

29.4kPaZ NIt

Lt, 4.9kPaz HI%

o &t

T UALE.

ul

JF

ol
Rr
&0

|.

(0]
[

e

0=

capacitorg

st

t

= 3

| AKX HIZA AL

%
M AKX HZEO

S|

Ol CMP damascene

Ooted
=]

F

S

0l0

A O
T BA

b

N=sS
o a2

—
—

(et A

HAIZ 0l

F

g
=2

omn
o0
fal
Rr
Kq

Rr
ol

180

oHM ZEc2tX0l damage 12 =

==
S

i

&l
il

0
ur

Uk
Kl
Rl

JF

oJ
Rr
K0
ol
B

-

JK

B
83
e}
H
o

ol
70
ur

K
00

ak

nr
I
nE
>4
o
<k

oll
iig|
o

o
Y
KA

R
[0

St
=

MIA

=2
=

JIXIH, CMP =& damage

=
=



[1] Y.J. Song, H.J. J0O, S.K. Kang, H.H. Kim, J.H. Park, Y.M. Kang, E.Y.Kang, S.Y.lLee,
K. Kim, Microelectron. Reliab. 45, pp.1150-1153 (2005).

[2] D.Bondurant, F. Gnadinger, IEEE Spectrum 26, 30 (1989).
[3] J.F Soott and C. A. Paz de Araujo, "Ferro-electric memories", Scienoe 246, 1400 (1989).

[4] C. A. Araujo, L. D. MMillan, B. M. Melnick, J. D. Cuchjaro and J. F. Scott, Ferroelect
rics 104, 241(1990).

(5] 0. Wu, A. Li, T. Zu, Z. Liu, and N. Ming, Effect of Processing on The Characteristics of
SrBi2Ta209 Fillms Prepared by Metalorganic Decomosition, J. Awol. Prys., 88, 5941 (2000).

(6] Zdollol, 8837, BN, “LSEH Bi3.25La0.75Ti3012 &rato| == O
t o Hek"' J.Korean Ind. Eng. Chem., Vol. 14, No. 3, pp.
287-290. (2003).

-

ro
0H
0

A
=

0x
tol

[7] Di Wu, Aidong Li, and Tao Zhu "Ferroe-lectric properties of Bi3.25La0.7
5Ti3012 thin films prepared by chemical solution depo-sition", J. Appl.
Phys., Vol. 88, pp. 5941, (2001).

[8] K. Amanuma, T. Hase, and Y. Miyasaka, "Preparation and ferroelectric properties
of SrBi2Ta209 thin films", Appl. Phys. Lett., Vol. 66, pp. 221, (1995).



Jon

(9] OIHE, 2E2, 1SS, #42, PO JIHol st ZREH SBT/YBO/LaAIO3 GilE
= ' E4" | MIIHMEsel=2Xl, 123, 2§, pp. 165, (1999).

Jja
[m]

10

oto| &t

bl

[10] B. H. Park, S. J. Hyun, C. R. Moon, B, D. Choe, J. Lee, C. Y. Kim, W. Jo,
and T. W. Noh, "Imprint failures and asymmetric electrical properties ind
uced by thermal processes in epitaxial Bi4Ti3012 thin films", J. Appl. Ph
ys., Vol. 84, pp. 4428, (1998).

0y
o
o
0y
0F
fon
0

AE, W0 o2 MAs AFHL BT LANA olFE=0] FHR

HIIRELN 0IXl= S, IIMMMES ==X, 182, 85, pp. 694, (2000).

[12] S. E. Yun, S. G. Lee, S. M. Pank, Y. H. Lee, "Structural properties of
PZT multilayer thick films of improved densification" Proceeding of the
37th the KIEE Summer Annual Conference, Vol. pp. 1705-17061(2006) .

[13] M. Node, H. Sugiyama and M. Okuyama, Jpn. Phys. 38, 5432(1999).

[14] N. H. Kim, Y. J. Seo, P. J. Ko, W. S. Lee, "Polishing Mechanism of TEOS- CMP
with High-temperatuer Slurry by Surface Analysis" Transactions on Electrical
and Electronic Materials, Vol. 6, No. 4, August (2005).

[15] S. H. Shin, P. J. Ko, N. H. Kim, W. S. Lee, “A Study on CMP Mechanism
of Bi3.25La0.75Ti3012(BLT) Thin Films" Proceeding of the 37th the KIEE

Summer Annual Conference, Vol. pp. 1450-1451 (2006).

[16] C.J. Brinker and G.W. Scherer, "Sol-gel Science," Wiley, New-York, (1990).



[17] 1.1. Hench and D.R. Ulrich, "Science of Ceramic Chemical Processing,"
Wiley, New-York, pp. 52-64 (1990).

[18] Y. lgarashi, K. Tani, M. Kasai, K. Ashikaga, T. Ito, Jpn.J.App!l.Phys.3
9. 2083 (2000).

[19] N.H. Kim, P.J. Ko, Y.J. Soo, W.S. Lee, Thin Solid Films 504. 261(2006).

[20] Nam-Hoon Kim, Pil-Ju Ko, Gwon-Woo Choi, Yong-Jin Seo, "Chemical Mechani
cal Polishing (CMP) Mechanisms of Thermal Si02 Film after High-Tempera
ture Pad Conditioning" Thin Solid Films , Vol. 1, pp 166-169 (2006).

[21] P. Singer, Seimiconductor International, Vol. 6, pp. 90, (1998).

[22] 8|8, et 2T, HolE, “CiEa2C0 Z&s 0iXle IHE EHEA
O &8t AR" Journal of the Korea Institute of Electrical and Electronic Mat

erial Engineers, Vol. 19, No. 4, pp.309, (2006).

[23] S. H. Li, "Chemical Mechanical Polishing in Silicon Processing", Academic P
ress, pp. 186, (2000).

[24] Yong-Jin Seo, Woo-Sun Lee, Sang-Yong Kim, Jin-Sung Park, Eui-Goo
Chang, J. Mater. Sci.-Mater. EI. 12, 411 (2001).

[25] Y. J. Seo, W. S. Lee, J. S. Park and S. Y. Kim, Jpn. J. Appl. Phys.
42, 6396 (2002).



[26] Chul-Bok Kim, Sang-Youg Kim, So-Young Jeong and Yong-Jin Seo,
"Global Planarization of Direct STI-CMP Process using High Selecti
vity Slurry",2001 Proceedings 18th International VLS| Multilevel Interco
nnection Conference(WIC), September 24-27, 2001, Santa Clara, CA,
USA. pp. 230224, (2001).

[27] K Kikuta et al, "Aluminum—Germanium—-copper Multi level Damascene
Process using Low Temperature Reflow sputtering and Chemical Mec

hanical Polishing," |EDM, pp.101, (1994).

[28] S, Kishii, R. Suzuki, A. Ohishi and Y. Arimoto : |EDM Technical
Digest, pp.465, (1995).

[29] P. Singer, Semiconductor International 17, 48 (1994).

[30] I. Kim, K. Murella, and J. Schlueter, Proceedings of the 2nd Internat
ional CMP-MIC Conference, 335 (1997).

[31] I. All, and S. R. Roy, Solid State Technology 40, 185 (1997).

[32] M. E. Gross, C. Lingk, W. L. Brom, R. Drese, Solid State Tech., 42, 8, 47(199).

[33] M. M. Chow, J. E. Cronin, W. L. Guthrie, W. Kaanta, B. Luther,
W. J. Patrick, K. A. Perry, and C. L. Standley, US Patent, No.4,

789, 648 (6 Dec.1988).

[34] C. K. Hu and J. M. E. Harper, Mater. Chem. Phys., 52, 5 (1998).



[35] HeY, 25X, &

oo, o

e

= "UARAEX 22" (2000)

[36] N. Setter and E. L. Colla, Ferroelectrics Ceramics, Berlin, Bi
rkhauser, 53, 189 (1993).

[37] M. E. Lines and A. M. Glass, "Principle and Application of Ferroelec
trics and Related Materials" Oxford University Press, 28, (1982).

[38] B. Easterp, J. MacWilliams-Brooks, J. Humes and S. Mitra,
" A demonstration of low voltage performance, from scaled P
LZT films on a fully integrated 64k FRAM," Integrated Ferroel
ectrics, 27, pp. 315-324 (1999).

[39] R. E.Jones, JR P. Zurcher, P. Chu, D. J. Taylor, S. Zafar, B. Jiang
and S. J. Gillespie, "Performance of SrBi2Ta209 thinfor low-voltage,

non-volatile memory application," Integrated Ferroelectrics, 15, pp.
199-210 (1997).

[40] K. Amanuma, T. Kunio and Joe Cuchiaro, "SrBi2Ta209 Capacitors
for Mega—bit Ferroelectric Non-volatile Memory," Mat. Res. Soc.
Symp. Proc., 433, pp. 85-89 (1996).

[41] K. N. Kim, "Technology perspective for 1T/1C FRAM," Integrated
Ferroelectrics, 25, pp. 149-167 (1999).

[42] C. D. Gutleben, "The Evaluation of SrBi2Ta209Films for Ferroelectr
ic Memories," Mat. Res. Soc. Symp. Proc., 433, pp. 109-118 (1996).



[43] B. Aurivillius, Arkiv Kemi., 1, pp. 499 (1949).

[44] R. E. Newnham, R. W. Wolfe and J. F. Dorrian, “Structural bas
is of ferroelectricity in the bismuth titanate family,” Mater.
Res. Bull., 6(10), pp. 1029 (1971).

[45] D. Dimos, P. Claudhari, J. Mannhart and F. K. Legoues, “Orientatio
n dependence of grain-boundary critical currents in YBa2Cu307-8&
bicrystals,” Phys. Rev. Lett., 61, pp. 219 (1988).

[46] H. Buhay. S. Sinharoy, W. H. Kasner and M. H. Francombe "Pulsed
laser deposition and ferroelectric characterization of bismuth
titanate films", Appl. Phys. Lett., 58, pp.1470 (1991)

[47] R. W. Wolfe and R. E. Newnham, “Lanthanum doped calcium titan
ates: synthesis, crystal structure, thermal expansion and trans

port properties,” J. Electrochem. Soc., 116, pp. 832 (1969).

[48] T. Takenaka and K. Sakata, Inte. Ferroelec., 38, pp. 769-771 (1981).

[49] B. H. Park, S. J. Hyun, S. D. Bu and T. W. Noh, “Effect of L
a doping on structural and electrical properties of ferroele
ctric BisxLaxTis02 thin films prepared by chemical solution
deposition,” Appl. Phys. Lett., 74, pp. 1907-1909 (1999).

[50] B. S. Kang, B. H. Park, S. D. Bu, S. H. Kang and T. W. Noh,
“Dielectric and ferroelectric properties of in-plane lead lantha
num titanate thin films,” Appl. Phys. Lett. 75, pp. 2644 (1999).



[51] B. H. Park, B. S. Kang, S. D. Bu, T. W. Noh, J. Lee and W. Jo,
"Lanthanum-substituted bismuth titanate for use in non-volatile
memor ies," Nature, 401, pp. 682 (1999).

ome ‘s ol sk (1998)

[52] =4, 22L&

o

M



i
ol

ke

n0

=l

3

HF=ASLILCH

HE2 MOA SHOIL &

&

ol

S

~J
nJ

-

oJ
A

-

J

0

—_

40
Ju
i
un

<0

ild
H

~
5
o
RO
<+

e
3l

ol
il
H

-

al

.

al

tAI ELICEH.

A =
—‘—_\O

2 A2

= I =2

ol

=
=4l

ol

HOA KNAHAELD K=

)l
ul

ol
30
all

N

eSS

oled

=PN

ot
s

OBIIKI

et 2y

DIDJION

M

oo
- =

—
el
—

f& 0

00

D

A
o

bl

KF

[[)

<+
5
oF
un

N ZALEELITH

T
)

ol
<
00
<N
X0

]

KF

-
1o

ol
al
K1

0l

ol

H

ION

I

=
.

0l

X
&

|.

e

I &

¢}

22 0=l

—
[—

H

= MBI 2ALE 210,

E=

L=

SAFEH ZAt=CIM,

| &

Kl

2
o0
<0

KJ
ol
KJ

b0

ol

ZPAFEE LI,

A

=0

H

D
1oF
ok

30

H==AlLD XL Z2OFAIH AL

0l XI&5o

At
Ol A

F SERAIL

M2 OloFI%E

2HAbotCHLd

ni

P

C

o

=4
(=

I.

t

A

X
s

t

0

30
0
-

<l

Kk

==
1o

O =4l 2= =M Z A=

Sl
=

ol
=

STAILE

3
{ID
&2

-

<N

10

<0
3l

-

o]
of



MN&E=2 08 EA

& 1t AP E== i)y Sl 20067070 o3 S
84 8 | g=2:-&8 84 2 B A & = 1 JUNG, PAN-GUM

g
IS
o

FEIYA S5 2Xs 1032-7HH X

Het E-MAIL : my_jung@naver .com

gt=2 : CMP & B3t 28 BLT capacitorl dI|& £4
=2HS | 90 : Effects of CMP Pressure on Electrical Properties
of BLT capacitors
2010l M&ES 2 S0 ot Gt 22 240t =& HE Wt
HEZ22 0|2 = U= S{&otl SoELIC.
- C = -
L HAE2Q BRE Y QHYE ZEs FESAANS SHE /s M=
SH, JdEXAe HE, ¥5 S sige
. Flo SN2 ot Z2est Hel UM HE - FAMo HAS e
Ciob, &2 UsHE2 2XE
DHHE - MEE HEE29 deld SAg s sH, ME, 835 S2 SXE.
. MES0l st ol20|12t2 5892 5t1, JI2HEE 30HE OILHOI X2 oAt
HAIDb glg 320l MEE9 018722 Hs dXE
oY MESQ MERAZ ERNA LEotHU E= EEHE S ot¥2S
Z20= 12 OlLHol Tistoll OIE SEE&.
L XEUEDE MNE29 0|26 0lF Y MES2 Qoo LMet= EFRIO
o|st Hel ZoHol ot 2Xe gX M2 XX 22
CASES EEDI2U MEES MES 2 HY S F2SHUS 0|8E

MNEZC M&E - EEE SIS
sooe : 82(0) gl )
20072 2@ 25¢

M & B d (M8 &

rr

el)

Zd0stn & Aot




	Ⅰ. 서 론
	Ⅱ. 이론적 배경
	A. CMP 공정의 원리
	B. 강유전체의 특성
	C. 강유전체 BL

	Ⅲ. 실 험
	A. 제작과정
	B. 박막 및 전기특성 측정방법
	C. 실험결과
	1. BLT 박막의 FE-SEM 표면형상 및 EDS 분석
	2. BLT 박막의 XPS를 이용한 표면분석
	3. BLT 박막의 XRD 분석
	4. BLT 박막의 이력특성 곡선 분석
	5. BLT 박막의 누설전류 특성 분석


	Ⅳ. 결론

