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Abstract : The incubation layer with amorphous structure between the substrate and crystalline layer may obvioudy
affect the performance for a microcrystaline S thinfilm trandstor S TFT) ,especialy for the bottom gate TFT
(BGTFT). It isfound that decreasing the ratio of S Ha/ (H2 + SH.) isan efective way to decrease the incubation
layer thickness of U ¢ S directly deposited by VHF PECVD without any further thermal or laser treatment. Based on
thed ¢S with a thin incubation layer ,the BG TFT with Al/ SN,/M ¢ S/ n*4 c 9/ Al structure isfabricated. The ra
tio of on-state current to off-state current is up to 10° ,the mobility is around Q. 7cm?/ (V - s) ,and the threshold
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voltage is about 5V.
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1 Introduction

With the development of new panel display
technology ,such as AMOL ED ,thinfilm transistors
with good performance and low cost are required.
Recently ,intrinscd ¢S (microcrystalline slicon)
without any further treatment by thermal or laser
annealing is extremely appealing due to its higher
mobhility and better stability than amorphous gli-
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con (ax9) TFT and lower cost than polycrystalline
(poly-S) TFT™? . Compared with the mature a S
TFT technology M ¢S TFT could be used in high-
er-resolution displays,or it would allow the use of
smaller sze TFT to increase optical aperture. Fur-
thermore, the fabrication process of bottom-gate
(BGUCcS TFTsisamost compatible with that of
theaS TFTs,that isto say ,the same product line
with which today produce &S TFT could easily be
switched to BGU ¢S TFT production. Generally
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speaking ,technology of &S TFTsisrelatively ma
ture and the research for poly-S TFTs a0 has
been developed widely and much novel technolo-
gies’® have been applied. However ,research forp ¢
S TFTis still in the beginning steps,its perform-
anceisfar from perfect and the factors that affect
its characteristics are complex. One of them is that
an incubation layer with amorphous structure
clingson top of the substrate though the rest of the

4 ¢ Theincu-

film may exhibit a high crystallinity
bation layer may obvioudy affect the performance
for TFT ,especially for BGUcS TFT. In this pa
per ,the studies on the incubation layer are presen-
ted and the performance of aBGU ¢S TFT with a

thin incubation layer is shown.

2 Experimental details

McS thin films were deposited by VHF
PECVD with the active frequency of 60M Hz,the
slicon concentration diluted by hydrogen (& =
SHs/ (SHs + H2)) was varied from 0 67 % to
8 % film thickness changed from 10nm to 1000nm
and the pressure and substrate temperature were
fixed at 120Pa and 220 ,respectively. The same
excited power ,25W ,was applied for al samples.
The crystallinity of ycS is measured by Raman
scattering usng a 632 8nm He-Ne laser. Here ,the
crystalline volume fraction ( Xc) was used to de
scribe the crystalline degree of the films. As well
known ,the X. of the sample can be deduced from
its Raman scattering spectra by the ratio of Xc =
le/ (lc+ 1a) = (Is20 + Is10)/ (Is20 + Isi0 + laso) ,Where
lc is the crystalline intensity peak at 520 and 510,
and l.isthe amorphousintensity at 480cm™*. Con-
duction activation energy ( E) was measured utili-
zing the equipment designed by ourselves. The film
thicknessis measured by an AMBIOS Technology
Inc. XP-2™ Profilometer with an ability to measure
precison step heightsfrom under 10nm to as large
as 10 m and to measure micro-roughness, with
0. 1nm resolution over short distance,as well as
waviness.

For the fabrication of the BGMcS TFT,a
four-mask process with specially desgned layout
was used. First ,we thermally evaporated Al ,and
patterned it usng reactive ion etching to form the
gate electrode. Then ,deposted 200nm SNy as the
gate insulator. Next ,160nm of intrinsch ¢S asthe
channel layer and 50 100nm of n* pc9 as the
contact layer were grown on the SNy substrate or-
derly without breaking vacuum. Afterwards, the
channel was defined by photolithography and wet
etching ,then Al was thermally evaporated and pat-
terned by wet etching to form the source and drain
electrodes. The active channel was configurated by
conventional back-channel etching. Finally, we
opened the contact holes to the TFT gate elec
trode.

3 Resultsand discussion

3.1 Incubation layer

To achieve a goodp ¢S TFT ,crystallinity of
thep ¢ S filmis an essential factor. Figure 1 shows
the Raman spectra of the 1000nm thickp ¢S film
with increasing hydrogen dilution under other iden-
tical deposition conditions. It can be observed that
the Raman spectra peak gradually changesfrom an
amorphous band at 480cm™* to the crystal band at
520cm’ * above a certain threshold dilution ratio a
round the S of 6 %. However it is different when a
thinner (<0 22 m)UJcS isusedasthe TFT chan-
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Fig.1 Raman spectra of the 1000nmpu ¢ S film
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nel as shownin Fig. 2. For the thinnerp ¢S film,
the phase trandtion point isaround 4 % of . This
could be attributed to the effect of theinitial amor-
phous layer that is called the incubation layer ,ex-
isting between the substrate and the crystalline
layer. Apparently ,the thinner thep ¢S filmis,the
more obvious the &fect of the incubation layer is,
which will make thed ¢S TFT ,especially the bot-
tom gate TFT ,show characteristicsof anaS TFT
instead of the advantages of apcS TFT. Accord-
ing to our experiment results,decreasng S is an
effective way to thin the incubation layer.
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FHg.2 Raman spectra of the 160nmp c S film with
variable S

When S =4 % ,the thickness of the incubation
layer is above 200nm, which is thicker than the
channel thicknessof ¢S TFT ,whileit is down to
60 70nm for S =2 % and becomes thinner (about
20nm) for S =0. 67 % as shownin Figs.3 (a) and
(b) , respectively. From Fig. 4 ,it is important to
note that ford ¢S film deposited at S =0 67 %,
the X. of its 20nm incubation layer is nearly 50 %,
which can be seen in Fig. 5. Increasng the film
thickness, X tends to rise dowly. X. of thepc S
film deposted at S =2 % with 60nm incubation-
layer is nearly 20 % and shows the same trendency.

Thusfar ,we have effectively thinned the ini-
tial amorphousincubation layer in thep ¢ S film by
smply usng high H dilution of S H.. However ,the
drawback of too high an H dilution is that it re-
sultsin alower depostion rate and lower activation
energy (E). The deposition rate of ad ¢ 3 film de-
posted at S = 0. 67 %, 25W ,and 120Pa is only
0. 968nm/ s and the E is about 0. 1eV. The film
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Fg.3 Raman spectraforp ¢S film deposited at S =
2% (a) and 0. 67 % (b) with variable film thickness
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Fig.4 Variation of Xc with the thicknessof uc S thin

film at different silicon concentration
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Fig.5 Anayssof Ramanfor 22nmat S. =0 67 %

with so low an E. can not be used to makea TFT.
The drastic decreasng of E. may be caused by the
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oxygen contamination. For the growth of ycS ,a
tomic hydrogen reaching the film-growing surface
breaks weak S —S bonds in the amorphous net-
work structure,leading to a removal of S atoms
weakly bonded to another S. This ste is replaced
with a new film precursor S Hs ,creating rigid and
strong S —8 bonds, giving rise to an ordered
structure'® . Under too high an H dilution condi-
tion ,the role of the atomic hydrogen etchingis too
great ,which leads to much void in thep ¢S film
between the columnar grains,and then oxygen pen-

etration into it!”

. Strong oxygen contamination
makes the threshold voltage of the TFT negative
and gives rise to a large leakage current as well as
the deterioration of gate modulation effect. In addi-
tion ,Schropp et al. hasfound that oxygen incorpo-
ration increases linearly with decreas ng deposition
rate'® . Therefore from the view of an oxygen con-
tamination point ,the S should not be too low.
Consdering the incubation layer thickness and
the oxygen contamination ,we try to choose the &
for thep ¢S film used asthe TFT channel as 2 %.
In this case,its B is O 45eV and the thickness of
the incubation layer is about 60nm ( Xc of theincu-
bation layer is about 30 %) ,which may be relative-
ly suitable for the BGUcS TFT. The optimum
structure has to be studied further in the future.

3.2 BGUcCS TFT

Bottom gate TFTs were fabricated with the
M c S deposdted at an S of 2%. The amost same
fabrication processes as thosefor makingaS TFT
were employed to fabricate apcS TFT. The
trander characteristic curve of the resulted TFT
without any other treatment and LDD structure is
shown in Fig. 6. The ratio of on-state current to the
off-state current (lon/ lor) is up to 10° ,the mobility
isaround 0. 7cm’/ (V - s) ,and the threshold volt-
ageisabout 5V. The TFT characteristics are com-
parable to those of theucS TFT reported by oth-
er research groups. Further optimization, such as
thepd ¢S grain sze,the film dendty ,and interface
treatment ,is still required to make the BGU ¢S

TFT show more obvious advantages than a S
TFT.
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Fig.6 Trander characteristicsofpcS TFT

4 Conclusion

Decreasng the dlicon concentration is an ef-
fective way to achieve ap ¢S film with an ultra
thin ( <20nm) incubation layer or much less by
V HFPECVD. However ,too high an H dilution
leads to too a low deposition rate and serious oxy-
gen contamination. From the view of the above two
points,ad ¢ S film deposited at S of 2% s suitable
for the application of the bottom gate TFT and this
TFT without any other treatment and LDD struc
ture shows relatively good performances. Neverthe-
less further optimization of thed c S film is still
required to achieve a better bottom gate Mc S
TFT.
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