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Flexible SRAM by TFT on plastic
by EPSON(2005/9/29)
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Table 1. Approximate amount of energy for
manufacturing substrates (thickness: 0.7 mm).

Substrate material Energy (kWhm'i}
Single-crystal silicon 1000
Fused quartz 700

~Glass 2

Table 2. Typical amount of energy needed for
major fabrication steps (substrate thickness: 0.7
mim).

Process step Energy (kWhm'E}
Amorphous Si thin-film 5-10
deposition using LPCVD
Solid-state crystallization
of silicon thin film (600 C, ~10
15 h)

Excimer laser annealing ~2
Sputter thin-film 5~10
deposition .




CMOS % %

Scaling
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Drain current 7, (A)

Subthreshold charasteristics of a MOS transistor

2.0

107 —
V,=25V
10~
Vp=0.1V
107 S value (= mVv/degade)
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Gate voltage V; (V)



Structure of MOS Transistor

1. Bulk MOS 2. SOl MOS 2. TFT MOS
(Si On Insulator)
Gate Gate
Gate S [Si0O2| D S Si02 D
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Mobility of Si film

1. c-Si 2.a-Si1 3.poly-Si
(crystalline, HT ’ﬁ’i,) (amorphous, ? Eﬁﬁ’i,) (polycrystalline, %ﬁ’ll)

o ECyLJL/\_/L ® i N

‘\ Gfrain boundary
Evy JL//\\J\_/L NN

> 500 cm2/vs Mobility: < Icm?/vs 10~500 cm?/vs
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lon™ *% . -> mobility ™ *z
- 1. polycrystalline structure
2. SI02/Si interface trap
loff + & : = Field emission current - Polycrystalline structure
Vi it . = Si0O2 charge, SiO2/Si interface trap
S+ 2:-> SiO2/Siinterface trap
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SOP (System on panel)
High mobility & uniformity TFT is demanded

) Single grain TFT or lateral grain TFT

S S

Following technics are demanded in ELC process

1. Grain location control
Grains can be located at the positions for TFTs
2. Grain size enlargement

« Grain can surpass the channel dimension
« Better crystallinity (equilibrium grain growth)



H-diluted PECVD, cat-CVD:--
©<100cm?/vs, (111) faced

— Low cost, but low performance

MILC+ELA (CGS)
«~ 300cm?/vs, (110) faced

— Applicable to 2nd generation TFT,
but difficult for 3rd generation

(.~ 500cm?/vs, random faced

Applicable to 1st to 3rd generation TFT
S1 film on plastic 1s also applicable

—
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Wave length:

ArF: 193nm, KrF : 248nm, XeCl: 308nm, XeF: 351nm
Pulse duration: 20ns ~ 50ns
Energy density: 100 ~ 1000mdJ/cm2
Absorption depth : ~ 10nm

TFTzZ 7 %k & 550 ~ 200nm
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Lateral growth (¥ + & %)
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Grain size enlargement

—> elongating the melt duration

1) Increasing the substrate temperature

Tum/RT - 1.5um/500°C (100nm, SLG disc grain)
X1.5

2) Thickening the Si film thickness
2.5um/90nm -2 3.8um/181nm (RT, micro-Cz)
X1.52
3) Elongating the pulse duration

2.5um/56ns - 3.5um/200ns (RT, 90~100nm, micro-Cz)
X1.4

Effects in above methods are limited!



Our previous works

Photosensitive (PHRL) as
underlayer with laser from rear side
W. Yeh, AMLCD 2002

_7 S1
S102
EE——————— PHRL

substrate

BB

Excimer laser

A part of laser energy was absorbed by the PHRL
to rise its temperature during laser exposure



Contents of this presentation:

1. PHRL underlayer enhanced grain growth

2. Melt duration measurement of Si film
by time resolved optical measurement (TROM)

3. Novel grain location control method



1. PHRL underlayer enhanced grain growth

Sample structure & preparation

Substrate
@ Corning glass, or quartz for KrF laser

S10xNy PHRL
800nm, ¢ =12K cm-1

SiH4 or Si(CH3)4 based PECVD @350 °C

Buffer S102 film

100nm, PECVD the same as PHRL
a-S1 film

90nm, DC sputtering @200°C
ELA condition

KrF or XeF, FWHM 25ns, 1pulse, RT




Laser intensity (J/cm2)

Critical laser intensity and grain size vs. ¢

1 12
09 | Completely melt
0.8 | 110
0.7 Ablation 1 g
0.6
0.5 16
0.4
0.3 14
02 Under completely’'melt |,
0.1 I

0 0

0 5000 10000 15000

Absorption coefficient (cm-1)

Diameters of disc grain




permissive optical microscopy image




Disc grain (SEM image after Secco-etch ) W. Yeh, AMLCD 2002

100nm Si, RT
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2. Time resolved optical measurement (TROM) system
SR S, SETT AEC BB B ED AL (rR
. B

Time-resolved optical system

XeF excimer laser
FWHM: 25ns

He-Ne laser
633nm

. 90nm a-Si film

Filter

Photo detector



XeF excimer laser
FWHM: 25ns

Probe

Intensity (arb. unit)
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Intensity (arb. linear unit)

%Reﬂectivity

a =0, Fully melt

i R

mJ/cm2

550
450

Conlanbyby

2 W
Z 60 ol
= tdulration o IllS' e Ww
é o ,«.‘M}‘a-v‘ A WA
av] —
; tduration =650ns

[ I \\\\\\\\\\\\\:\lww\\\\\\\\\\

-200 0) 200 400 600 800 1000 1200

Time (ns)

L qumm

Laser intensi%

Complete me

G—l

Partially melt



HRECH -4 24 ¢ fo 2 &7 Wiep 1 PR P 5 B e g 577 52 108
T R 10% 2 324




HRECH -S4/ i @ g5 a W2 B 28 we 4
Hed & 247 ¢ 20 2 5w k3 FWHMe? Raman shift

9 521
Im: % > & it 3 55 &

1 519 o
=70 <
: 5
§ 518 2
> 1 517 =
o5 | =
1 516 ¢

40 1515

3 514

125 225 325 4235 525 625
ﬁfiii% ¥ (mJ/cm2)



A AT g D s
FWHM: 6.9 - 4.3 cm-1

Raman shift /3 +:4.7 2 5.2 cm-1
Zoor BRI E IR T, Y R4 4
2 FENRFHEFE -



<& ALTPS
Lateral growth
Bl b o8

EX. ;28 T8tk ip BA G, W E B A F--

Laser Int.
Laser Int.

»
>

v

Lateral growth Lateral growth



Super lateral growth (1996 by J.Im, Columbia Univ.

Si02 (d: 1/4 M)

i Si film
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SLS (Sequential lateral solidification)



Phase-modulated excimer-laser annealing (PMELA)
(C.Oh et. al.,1998)

‘
-

Laser intensity

0 \J C

Lateral-growth region \/

Energy gradient can be modulated by
adjusting the mask-sample distance d




Energy Density (mJ/cm 2)

Distance x (1 m)

-20
1500

1000

500

. 1 yne
d=1.2mm, g =180°, I,= 800mJ/cm?, 1shot

Fig. 1.10 SEM photograph of the film crystalllinzed
by the linear phase-shift mask with q = 180°




Micro-CZ3y# (Ishihara et al,. 2000, Delft Univ.)

Excimer-Laser

ARRR:

iy
¥
na ]
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it s Si
Al J\‘/' i
Mef

!il Si02

-
Solid

Figure 1: Schematic viewgraph of u-Czochralski
(grain-filter) process

Figurel.
10 WIL=42um/!30pm
VeER 210
Si 0.1um - 10
I | 0.8um Si02 E
I 1um Si02 B g
Glass 2um o
R

10 . ' ' "
0 10 0 0
Cate woltags (V)
Frgure 2. Transfer characteristics of ¢-51 THT's

2D locating of grain had achieved for the first time
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Si island | gl !
- 810, pal LN
substrate
Gate
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3. Location control of lateral grain with PHRL

W. Yeh et. al. AMLCDZ2003

Uniform intensity | ‘E ]
excimer laser AW/% ! inj s
— Sl
P O |
gy B =5
50nm Si island - @ || |][ &
PHRL O HH
“-sio, | ‘ }i
substrate m - |
Gate
(a) Cross sectional (b) Overlook view (c) Proposed
view of Si island TFT structure

Nucleation take place spontaneously
from the edge of 1sland



Comparison of laser-induced lateral growth methods

New laser Alinment. Addition.
system to X'tal photolitho.
SLS V \Vj processes
PMELA V V
Micro-Cz V V

HREC
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e 7 4F (cm-2)

MOS = &4 4.2 IV, CVi 12 £ 7l

1 ¥F 3T Ex. SiO2
Ellipsometers : & & ¥ # nie
FTIR : 5@ 424 Si-O, Si-H, -OH, Si-C---
XPS: mh3+ 434 kw Si-0, Si-02, Si-03, Si-O4

AES : 3+t & Si:O:N:C:H = ?, etc.
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PECVD

N. Ibaraki, SID 99 Digest, pp.172-175, 1999.



Remote PECVD (NEC)
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Fig. 1 Current process and proposed process of gate

insulator formation.
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Boys be ambitious!

Be ambitious not for money or for selfish aggrandizement

— M L AT
not for that evanescent thing which men call fame.
— —

Be ambitious for the attainment of all that a man ought to be.

s

Clark, William Smith
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Excimer laser annealing system
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