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Integration of amorphous and polycrystalline silicon thin-film
transistors through selective crystallization of amorphous silicon
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Selective exposure of a hydrogenated amorphous siliee8i:H) film to a room-temperature
hydrogen plasma using a patterned masking layer and a subsequent anneal at 600 °C, results in
patterned polycrystalline and amorphous silicon regions. However, most of the hydrogen in the
amorphous silicon is lost, leading to severe degradation in its properties. In this letter, we report the
rehydrogenation of amorphous silicon films following this anneal to gi8:H thin-film transistors

with a mobility as high as 1.2 cffV s and ON/OFF current ratios of 10°. This process was used

to integrate amorphous and polycrystalline silicon transistors on a single substrate with only one
more lithography and processing step than that required for a single type of transista@9%
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For large-area electronics, there has been considerab&eSi:H to 15 at. %, which facilitates the subsequent selective
interest in integrating polycrystallingolysilicor) and amor-  crystallization?°
phous silicon(a-Si:H) thin-film transistorg TFTs). This can Exposing a-Si:H to a room-temperature hydrogen
be done by selective laser crystallization@8i:H,* or by  plasma before a 600 °C anneal reduces the time taken to
using two layers of silicon: one polycrystalline and the othercrystallize the amorphous filne# h from~20 h by creating
amorphoug, both with the goal of integrating theeSi:H and ~ Silicon crystal nuclei, which acts as seeds for grain growth
the poly-Si TFTs on the same substrate. In active-matrix flafluring subsequent annealifig. The principle of area-
panel displaysa-Si:H TFTs then can provide low leakage in Selective crystallization is to protect selected areas of the
the OFF state, and poly-Si TFTs can provide high drive cur&Si:H precursor film from the plasma exposure by
rents. Integration 0&-Si:H and poly-Si TFTs is difficult for Masking!’~°so that subsequent 600 °C anneal converts only
three reasons. First, the conventioaai:H TFT fabrication ~ the seeded areas to polycrystaliine silicon. A 120 nm thick

process is a low temperature procés®50 °0,2 while the SiN, mask film was deposited by PECVD and patterned by

poly-Si TFT fabrication requires a 500—600 °C anneal toWet etching. Then the sample was exposed to the hydrogen
plasma for seed nucleation in a parallel plate reactive ion

form the polycrystalline layer, if laser processing is not used

Second, one would like to deposit only a single Si layerecher at room temperature at 0.8 Wiers0 mTorr, for 69 ,
instead of two(a-Si:H and poly-Sj to save cost, and third min. The crystallization anneal was then QOne at 60_0 Cin
the structure and fabrication sequence of conventias&itH NZ' Atter ~4 h of anneal at 600 °C the portion of theSi-H
TETs and poly-Si TFTs are very differeftiottom gate ver- film that had been exposed to the hydrogen plasma was com-

sus top gate processso that few process steps can bepletely cryﬁstalllz_ed (confirmed by . wv reflegtance
shared. measuremef), while the unexposed regions were still amor-

In this letter we demonstrate a method for integratingphous' The Sihicapping layer was then removed by etching

. . : . . ..~in dilute HF. Thus both amorphous and polycrystalline sili-
such transistors together starting with a single Si layer, W|th-Con were obtained in a single silicon layer.

out laser processing. The work is based on the selective crys- A critical issue for the fabrication od-Si-H devices in

tallization .Of selectively—mas!(ed-s_i:H to polysilicon by lo- such a process is the loss of hydrogen from the amorphous
cally seeding the crystallization with a rf hydrogen plasma atregions during the~600 °C anneal. To measure the hydro-
room temperature, followed by a crystallization anneal aben content, 250 nra-Si:H was deposited on Si0Si sub-

600 °C. All fabrication steps for the two transistors arégyateq(Sj to allow infrared transmission spectroscopy mea-
shared in a common top-gate process. The critical proces§,rement and thin 200 nm SiOto prevent substrate
described in this letter, which enables this result, is the rehyinteraction during the annealThe atomic hydrogen content
drogenation of the amorphous silicon after th600 °C an- i, the films was deduced from the integrated absorption near

neal. 630 cm %, which is due to the Si—H and Si-Hvagging
Hydrogenated amorphous silicda-Si:H) films of 150 modes!® using*

nm thickness were deposited by plasma-enhanced chemical
vapor deposition(PECVD) using pure silane, on Corning 2.1x10"° cm 2 [ a(w)
1737 glass substrates at a substrate temperature of 150 °C Cylat. %= 72 om @ f

and rf power of~0.02 W/cni. We used 150 °C instead of 5x10% cm

the usual 250 °€to raise the higher hydrogen content of the The atomic hydrogen content in the as-groessi:H was

~15 at. %, which after annealing at 600 °Crfé h had
¥Electronic mail: kpangal@ee.princeton.edu dropped to about-0.3 at. %. A similar loss of hydrogen is

.
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FIG. 1. Infrared absorption spectrum of tai:H films around 2000 cni-  Of the film. It is-expected to improve its Stab_i"ty as the hy-
(Si—H stretch vibration The spectrum of the as-grown film only is decom- drogen predominantly bonds in the form of Si—H, in contrast
posed into the Si—H and SiHtomponents. The total H contents of the {g the as-growr-Si:H film deposited at 150 °C, which had a
as-deposited film is-15 at. %, of the annealed filtwith SiN, cap ~0.3 . . - -
at. %. and of the rehydrogenated film.4 at. %, considerable Sl—blcontent(Fllg. 1. The Tayc optical gaps
Eopt Calculated from the optical transmission spectra above
. _ . _ _ the band gap show that tl&,; drops to 1.6 eV from 1.8 eV
EVlgfnt in the Si—H stretching mode absorption-&000  during annealing, and that rehydrogenation raggto 1.7
cm  (Fig. 1).7The m|d-gag deiesct state density increaseday/, Dark conductivityoy measurement shows thay of the
from <6x10'" to ~4x10'® cm * after the anneal, as de- a.Sj:H film increases after the anneal and thgthas a low
duced from the absorption coefficient at 1.3 eV m(lazasured b¥hermal activation energy, indicating conduction through de-
photothermal deflection spectrosco¥DS (Fig. 2).”" The  fect states. Rehydrogenation brings the activation energy of
dangling bond densities as measured by PDS are rather higRe fiim closer toE4/2, indicating a reduced defect density.

in this case as the films used were only 300 nm thick and theyyerall the data are consistent with a largely amorphous sili-
measurement is sensitive to the presence of surface statggy film after the anneal and rehydrogenation.

Thea-Si:H top-gate transistors made with this film had elec-
tron mobilities of only 0.01 criiV s with an ON/OFF current  rameters including deposition temperature of the precursor

ratio of only ~10". a-Si:H film and crystallization anneal temperature, which are

Rehydrogenation was thus necessary to reduce the defegiscssed elsewhefeFollowing the rehydrogenation step,
state density in both the amorphous and polycrystalline sili-_5q nm of n* microcrystalline c-Si:H) silicon for

con. This was done after stripping the patterned,SM8P oy rce/drain contacts, was deposited by PECVD. Device is-
layer with dilute HF and exposing the sample to a low i0n-|5n4s were then defined by dry etching in agBECLF,

energy hydrogen plgsma. The conditions were a S#?bStraﬁasma, and future channel regions were defined by dry etch-
temperature of 350 °C, a rf power density 60.2 W/CN, o iyst then™ wc-Si:H layer in a separate etching step.
and a pressure of 1 Torr. Rehydrogenation for 75 min in- = 1o gate dielectric-180 nm of SiQ, was then depos-

creased the hydrogen content of the film+@.4 at. % as iy by PECVD at a substrate temperature of about 250 °C
measured by the IR absorpfmon at 630 Ffm'l’_he increase in using SiH, and NO. Etching in dilute HF opened contact
h)_/drogen content resulf;ned |E13the passivation of the Si d‘"’mﬁoles to the source/drain regions. Aluminum was then evapo-
gling bqnds tt)o~6><b101 cm and tht:arefore I_edFt_o :;de- rated and patterned to form the gate and source and drain
crease in subgap a sqrptlon_ as can be seen In Fg. 2. contacts(Fig. 3). The samples were then annealed at 200 °C
Rehydrogenation, in addition to increasing the hydrogeqn forming gas. The same top-gate process was simulta-

neously applied to both the amorphous and the polycrystal-

The TFT fabrication required optimization of several pa-

5 ] - s ] line silicon regions, with the only difference between the two
10°] T e[ sglons, . ;
3 P ] types of devices being the mask which determines the pattern
“ 10 s N ] of the SN, layer f king the hyd | di
. s 3 yer for masking the hydrogen plasma seeding
£ After 600°C anneal s & ] L . i
s s o process. Note this is not a self-aligned process; the source/
£ 1073 .\-‘-\~After anneal and } drain contact process is similar to that for standard inverted-
8 2] _{ re-hydrogenation staggerech-Si:H TFTs.
5 10 -\-;ﬁ-".'l"\'_ i As grown a-Si:H on g,asé The properties of tha-Si:H TFTs were critically depen-
‘g. 10" - \ at 150°C ] dent on the rehydrogenation conditiohFhe besta-Si:H
2 al= -~ ] TFT performance was achieved for a crystallization anneal at
< 1004 = E 625 °C and rehydrogenation time of 75 min at rf power den-
1.0 15 2.0 2.5 sity of 0.2 W/cnf, resulting in a field-effect mobility of-1.2
Energy (eV) cn?/V s and ON/OFF current ratio of 10° [Fig. 4a)].

G 2. Photothermal deflecti the ontical absoroii i Integration constraints the processing parameters, so that
FIG. 2. Photothermal deflection spectra of the optical absorption coefficien ; : Qi T

of a-Si:H films in the as-deposited, annealed with Sddp layer at 600 °C, {he mtegratl(_)n of botla: SI'H. and ponS|I|con TFTs tn%gether

and rehydrogenated states. The inset shows the relevant transitions at diﬁJteSUIted in field-effect mobilities 0f-0.7 and~15 cnf/V's

ent energies in a band diagram. for the a-Si:H and poly-Si TFTs, respectively. Thgge was
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12 AAMIPSACARRRL T ™ sulted in a-Si TFTs with f_ield_—effect mobility _ of ~0.9
10 '_re_hyd <45 W, 75 min cn?/V s and poly-Si TFTs W!th field-effect mob|!|ty of-20
40,2130 nm cm?/V st Note that conventional bottom-gageSi:H TFTs
g |wi=210um/30um | have field-effect mobility of~1 cn?/V s and the typical
< result for top-gatea-Si:H TFT with SiN, as the gate dielec-
T 8T tric, is a field-effect mobility of~0.4 cnf/V s and ON/OFF
4 current ratio of~10°.*3 We know of no other comparable
] results ofa-Si:H TFTs after such a high temperaty@00—
2 625 °Q anneal step.
0 J — : : In summary, we have successfully integrate8i:H and
0 2 4 6 8 10 12 14 polysilicon TFTs on the same substrate in a single silicon
Vi (V) layer without laser processing. Only a single extra mask step
beyond that for a single type of TFT is required. The critical
@) process steps are the selective crystallizatiora-&i:H by
Integrated a-Si and poly-Si TFTs on patterned plasma exposure and the rehydrogenation of the
10— 1737 glass a-Si:H.
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