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1. Introductlon
Recently, po lysl licon (poly-S t)

thin-film transistors (TFTs) have
recelved much attentlon for use ln
actlve-matrix llquid-crystal dlsplays
(AMLCDs)., with on-chip peripheral
clrcultsrJ.

Excimer laser annealing has the
advantage not only of low-temperature
process, but also of Iocal
crystaLllzation process that can
restrlct the crystallized region by
selectively irradlating the film. Thus,
it ls the most sultab le crystal llzatlon
method for fully lntegrated AMLCDs with
on-chip amorphous silicon (a- Si) TFTs
for matrlces and poly-Sl TFTs for
perlpheral clrcults. We have prevlously
reported on the on-chip bottom-gate
poly-Sl and a-Sl TFTs fabrlcated by
exclmer laser crystallization of CVD
a-St f tlrns2). This resu lt lndicated
that the performance will be lmproved
drastlcally when the HRA and laser-
crystalllzation conditions are
optimi zed.

2. Experlmental
Bottom-gate poly-Sl TFTs were

f ab rlcated by ArF excimer laser-
crystallTzatlon of CVD a-Si filrns
deposlted at 450 og from dtstlane.
Hydrogen content of the origlnal a-Si
fllrn was as low as 3%3). Fisuie 1 shows
a schematic cross sectional view of the
TFT. Source and draln electrodes of
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aluminum were formed just on the active
Sl fllm to achieve both n-channel and
p-channel operatlons by only changing
gate voltage polarity. The gate
insul ato r was 140nm-thi ck the rmal
oxlde. The devlce has been annealed in
photogenerated hydrogen-radical ambient
(HRA) to reduce grain boundary traps.
HRA systpm has been described
elsewhere4).
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Hlgh-performance bottom-gate thin-fiIm transistors have
been realized for the first tlme with excimer Iaser-
crystal I lzed polysillcon f llms. The f ield-ef f eet mobllities
exceeded 220cn2/Ys for electrons and 140crn21Vs for holes,
respectlvely. Thls drastlc lmprovement ls based on
optlmization of photogenerated hydrogen-radical annealing
(HRA) and laser-crystallization condltions.
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3. Results and Discussions

3.1 Optinization of Iaser-
crystallization conditions

The electron mobility has been
shown in FiS.2 by open marks as a
functlon of irradiated Iaser energy
density f or several Sl f llm
thicknesses. The devlce has been post-
hydrogenated Just bef ore the
measurement as described later. Field-
ef fect mobil ities were estimated f rom
IO-Va characterlstics under low drain
voltage condltlons. Threshold energy
density for crystallization was
160rnJ/cm2, independent of f iIm
thickness. Fo r thin f ilms vlz 20nrn-
thick and 50nm-thick flIms, electron
mobilities lncreased ln p ropo rtlon to
the lncrease ln energy density. This
result implys that grain size was
enlarged at the interface as well as at
the surface by applylng hlgher energy
density. However, the amorphization 4)
occured at 300mJ/cm2 for 20nm-thick
film and at 370mJ /em2 for 50nm-thick
film, respectlvely. These amorphlzed Si
films were crystallized again by re-
lrradiating Just less than boundary
value for amorphization. This
recrystallized poly-Si TFT
characteristics are also shown in the
figure by closed narks. The nobilities
were as htgh as g0cm2/Vs. In the case
of 80nm-thick f iIm, however,
amorphTzation did not occur and
mobilities were saturated at energy of
more than 300mJ/cm2. From these
results, the optimum laser-
crystalllzatlon condltlons have been
determlned as tabulated ln Table 1.

Table 1. The optimum conditions of
laser crystal I ization.

Si film thickness
Laser energy denslty

less than 50nm
360mJ/cm2
for 50nn-thick Si
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3.2 Optlmization of HRA conditions
F igure t of

HRA. There is no f ield-effect before
HRA slnce hydrogen atoms ln theoriglnal a-Si films are no t suf f icentto termlnate graln boundary traps.After HRA at 200oC for 30mln, leakage
current near VE=O ls reduced, and bothelectron curr-ent f or Vrt0 and ho lecurrent for VE.0 are lncleased. After
HRA at 400 cC, TFTs showed good
characteristlcs wlth onlof f cu rrentratio of more than 106. At S00 oc, theperformance of TFTs became worse, butgood characteristlcs revived after once
more anneallng at 400 og. This result
means that the degradation of
characteristlcs was not occured by theSi network change, but by onlydesorption of hydrogen from the SifiIm.
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F igure 4 shows the moblli ties of
poly-Si TFTs as a function of HRA
temperature. It was found that HIIA with
decreaslng temperature from 400oC or
5000C to 2000C (ramp-mode annealins) is
much more effectlve than that with
constant temperature. We believe that
hydrogen desorption will occur after
HRA with constant temperature, due to
keep in g the f ilns high temp erature
after flnlshlng Ilsht lrradlatlon. By
furnace-anneallng in nitrogen ambient,
hydrogen desorptlon began to occur from
350oC. However, ramp-mode annealing can
finish at as low as 200oC, so hydrogen
desorptlon is neglected. The optimum
HRA conditlons have been tabulated ln
Table 2. It should be noted that
optimum total pressure ls more than 100
Torr, which ls dtfficult to reallze
using hydrogen plasna.
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Fig.4 Electron and hole mobilities of
poly-Sl TFTs as a funcilon of HRA
temFerature.

Figure 5 shows Id-Va
characteristics of poly-Si TFT formed
under the optimum conditlons. The sotid
curves are the results measured by
conventlonal two-polnt probe method and
dashed curves are those by four-point
probe method which can eliminate the
parasitic reslstances forned near in
the source and drain. The mobllities of
TFTs estimated from results by four-
polnt probe method were ZZIem2/Ys for
electrorls and 143cm2/Vs for holes,
respec ti ve ly.

TabIe 2. The optinun
obtained from

HRA conditions
this study.

Hg partial pressure
Total pressure
Temperature
Cooling rate
UVlight power density

more than 0.05mTorr
80- 180Torr
4000C-* 200oC
less than 8oC/min
2O0mW / cn2
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Fig.5 Id-Va characterlstics of poly-Si
TFT under the optimun HRA
cond it ion.

4. Conclusions
High-mobility (22Lcm2 /Ys) bottom-gate TFTs were real lzed with exclmerlaser-crystall lzed poly-St fillms bythe optlmizatlon of both

crystallization and post-hydrogenation
condi tions. This good resul t wil I becaused partly by the faet that theoriginal CVD a-Si film has high packlng
density with only a small amount of
hydrogen atons.
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