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Abstract

A new method to form the gate oxide and recrystallize the polycrystalline silicon{poly-Si) active
layer simultaneously is proposed and fabricated successfully. During the irradiation of excimer laser,
the poly-Si film is recrystallized ,while the oxygen ion impurities injected into the amorphous
silicon(a-Si) film are activated by laser energy and react with silicon atoms to form SiQ2. We
investigated the characteristics of the sample fabricated by proposed method using AES, TEM, AFM.
The electrical performance of oxide was verified by ramp up voltage method. Our experimental results
show that a high quality oxide, a poly-Si film with fine grain, and a smooth and clean interface
between oxide and poly-Si film have been successfully obtained by the proposed fabrication method.
The interface roughness of oxide/poly-Si fabricated by new method is superior to film by conventional
fabrication so that the proposed method may improve the performance of poly-Si TFTs.
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Fig. 1. The schematic process flow of proposed

method.
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Fig. 2. The Oxygen and Silicon atomic concen-
tration of the oxygen ion implanted
amorphous silicon film.(Auger)
(a) before excimer laser irradiation
(b) after excimer laser irradiation
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Fig. 3. TEM Image of the virgin sample which
was not irradiate by laser. The defects
due to the oxygen implantation is ob-
served.
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TEM Image of fabricated LI°Ox and
poly-Si. The sample irradiated with
laser energy density of 254 m_[/cmz.
Micro twin and a-Si which was not
recrystallized are observed. The sum-
mit of poly-Si grain invades silicon
wafer. The thickness of fabricated
LI"Ox is 500A.

Fig. 4.
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TEM Image of fabricated LIOx and

poly-Si. The sample irradiated with

laser energy density of 371 m ]/Cmg.

The LIFOx, fully recrystallized poly-5i,

and clean interface of LI°Ox and

poly-Si is observed. The thickness of
fabricated LT'OX is 500A.

Fig. b.

oA AefE abet shte] o R AREl A
71g 3} obAA AejEste] Aoz e el 94
g LIOx Z3e] A7tz 48] A A- 37} o) Fo
Z ohAA Aeld dbd 9] gl & 5 gleh a9
2(b)ellA dl& ule} zho] oflg]slm ZRRRE AHe]
0hA Aeld whest LFOx Alelel]l 3A4=9e =i
27 5ol o1F El & 4 slch oA HE 234
mJ/em’ 2] dAn] o)A 5 3w AR AlHe] o
AL (23] 4) M= wlad o2igk LIPOx/poly-Si
ARS A 4 ok 3] 4eMe oEA Ad=lE
a9l W3R A3kl micro twinse] ¥ =i, A
A3} H83E] o]FoiAlA] RalM AFIA R w]AA
Ag]E Zo| ®olchk AR A= e AR
Alztel vl Aeld mhe] FobtEAE ARMEgC
= A2 Helw ohEA Al 19’9 " sum-
mit)7F T FHoh obEA AgE 2/le] 9F



1974 1R EFIEeH

(summit)& 7|1 HoE M A& rjgez 353

E0i7t B5S Roli glvh ¥ 4elxl BIFYRe) B

Aol 254 mJ/em’2 aﬂom oyx] "wr}

LLOx oo} viAld Azjfs 2% opdy g
Zer Halt

= ARk 15

(b)

a2 6. Ak el oF AxtE opAY AE
3 Abstehe) AFM ol 2%t Al 24

) ZAbE #HelxY] oA 283 m)/
o, Aol & AAY)(rms  surface
roughness) 23A. (b) dulAql wpog
Ho| Ao o8 MAASL o] FoiAl cbAA
Ae]Z uiute] I AAy) ARl 24 A
oM 9 oA 283 mJj /. Ae &
)& 7)(rms surface roughness) 111A.
The AFM image of interface between
poly—-Si and LI°Ox fabricated by new
method. ,
(a) Laser energy density is 283 mJ/cmZ.
The rms surface roughness of the
interface is 23A. (b) The AFM image of
surface morphology of poly-Si recry-
stallized from a-Si by conventional me-
thod Laser energy density is 283 mj/
cm’. The tms surface roughness of
poly-Si is 111A.

Fig. 6.

a8 6 AR LIOxst oy Al=lE A1 4 A
Mg AFM (Atomic Force Microscope) 2.2 #4]
g z¥olck 1% 6(a)e] AR AlqkE APHo R A

Erg
T

£33 4% D £ 1R 39

A oA Al whest AlelE Ak (LPOx) 9
AW AFM B4 zk80|7 19 6(b)= dubzql vy
22 HolAF o|gaAM ANAAMIH fHA Ale]E vt
o gwe] AFM ARlelch 5 7i#] Al 2% FARg
A o] oz WE 283 mJ/em’ oli 3
WY FAL =it

120 |- it
100 |~
= wol
2
2
g 60 |
& ol
8 R
<
R —
3 *f
%40 zelo 230 ;o 3;: 3;0 3elo 33‘071 CONV
Excimer Laser Energy Density [mdicr? ]
a7 7. A RS Gide e £9 7
A71% Bl
Fig. 7. The rms value of interface between poly
~Si and oxide(LI20x) by new fabrication
method.
A2 wpied Azke AHel oAy Aejd ubt

7 Ale]2 At (LIFOx)9 Al AFM ¥4 #}ge]
4] $& (Root Mean Square, RMS) A 73]
(oughness) A ¥ 23408 ZalElg]u) wimel] out
Aol wpgo R AAEAs} o] FeHl b AlejE %
e ARr] FEE 111ALE A2 wioez At
71 Br} 4u) olake] AA A EE Hgdch 919 A8
Bl 2 el ojsiM ARk ubeke] Al
Sl A AL o 5 slch

&l
=
=

yei} 45

10’

10* r e
10' r Dry Oxide [

a 9T - New Oxide (LI*Ox)

£ 10=[ (320 mJ/em®) (

P 223{ APCVD Oxide |

T otf <

£ | L

5 10° -

S wy B

& 10° 4 T

5 w* ¥ v

O e . P -

10 0 2 4 8 8 10
Electric Field, E [MV/cm]

T2 8. A= AMPHLIZOX)F APCVD Absiel
o oEA Aoz ie A o
Asjete) A ww) WA ¥l

Fig. 8. The oxide breakdown electric field in

LI20x, APCVD oxide, and thermal dry
oxide grown from poly-Si.



40

A2kl Al aksbate] A71Ael BAS 24} 3]
glaia " sl AAE s 23] 8ol
= 3z gyl 2ol= APCVD Aeld A, opddy
AelgozRe A Azl o AP aEla A=
wpew AxkE LIOxe] o] SAS vl ©A] s
oleh Az LIFOx Aodwhe] Exjo] o Aksulolu}
APCVD Azl Aodute) vl 453] A A&
oF 4= gl AZo] AlgkEl Ale]E Aksite] Fowler-
Nordheim tunneling %39-& 3] =& A cb2A
Al bt e} AMEI 3l APCVD AR
olv} & FAeIM AHgElE obEA AzElstE
A A7 A AP Sl wlaiA vl - AA
A @ )2 glek (28 8). o] AL obEA AeEw)
ARk alole) Al AMZErF 2L AU FA A
A2 AA AF Zt AdstE= %
4= olck Aol stz AAle] JEH= T AR UEE
71%02 10-6 A/em’ 4% #on] LFOx 74l
g "l g2 AAZ} 7T MV/eomE Qe HAosE 247
g3 o] el Ale] #Holxe] efuix] W= 320
mJ/ent’ o]tk

P=4

7o

7E:l

Iv. 2

B AT e AelE ASEHLE0NT Tha
g Aele ubehe Astshe e A selw At

AA e ol g o] fste] FAlo FH A2 Abstetst opAdA A2

uluo}
S B |

FHEER 5t

HLIPOx)9] A 3] BA4S Ak B9He o dod
gtz A 7 MV/em 7F 2RI o] We #elA o
UR] ME= 320 m)/em’ ©l%ich

]

= fal

Mo

J. Im, H. J. Kim, and M. O. Thomplson,
Appl. Phys. Lett., 63, p. 1969, 1993

T. Noguchi, H. Tsukamoto, T. Suzuki, and
H. Masuya, Extended Abstract of SSDM,
p. 620, 1991

A. Mimura, T. Suzuki, N. Konishi, T.
Suzuki, and K. Mivata, IEEE Elec. Dev.
Lett., 9, p. 290, 1988

K. Sera, F. Okumura, H. Uchida, S. Itoh, S.
Kaneko, and K. Hotta, IEEE Trans. Elec.
Dev., 36, 1989

K. shimizu, K. Nakamura, M. Higashimoto,

(4]

S. Suguira and M. Matsumura, Jpn. J.
Appl. Phys., 32, p. 452, 1993

K. Takechi, H. Uchida, and S. Kaneko,
Proc. : Mat. Res. Soc. Symp., 258, p. 955
1992

Y. Nishi, T. Funai, H. Izawa, T. Fujimoto,
H. Morimoto, and M. Ishii, Jpn. J. Appl
Phys., 31, p. 4570, 1992

(6]

[7]

[8] M. C. Jun, Y. S. Kim, M. K. Han, J. W.
she ol Ae sidck o ARl dleidd AlRle] Kim, and K. B. Kim, Appl. Phys. Lett., 66,
LIOxe}t obdd AR bt apold] HAEAUES p. 2206, 1995
TEM 223} AES A8 H4g Esi4 Faldd 5= 3] [9] D. Meakin, J. Stoemenos, P. Migliorato,
ojc} opdA] Alg]E vpuke] Ui SLze] ZHile] glo) and N. A. Economou, J. Appl. Phys., 61, p.
At A wg Hlsigck AFME o] §% oA 5031, 1987
Aels west delutmlel Am Ads|ws} emmel (101 A Berman, 1981 IEEE Proc. Int. Rel. Phys.
el WA B3] Eideh AR gl e Sym., . 204, 1981

X XA 7K

&% R(E&B) % 338 AR 73 31

2 5 SLEER)

19727 790 122070, 199540 A& 471234 24, @
A 5 e 1B A A

5L $B(IEEA) 5 338 A 6% 2

B A M(E&R) & 3348 A% 7?:%‘_ 2R

W # $B(EER)

1971 949 2144, 19953 Ao 3 Ar|gat=
Zq). #A) ¥ dizkd Ar)eeta) A A

% R AWE&R) % 338 A TR B8R



