AlP | e ™

The effect of surface nucleation on the evolution of crystalline microstructure during
solid phase crystallization of amorphous Si films on SiO 2
Myung-Kwan Ryu, Seok-Min Hwang, Tae-Hoon Kim, Ki-Bum Kim, and Seok-Hong Min

&

Citation: Applied Physics Letters 71, 3063 (1997); doi: 10.1063/1.119437

View online: http://dx.doi.org/10.1063/1.119437

View Table of Contents: http://scitation.aip.org/content/aip/journal/apl/71/21?ver=pdfcov
Published by the AIP Publishing

Articles you may be interested in
Medium range order engineering in amorphous silicon thin films for solid phase crystallization
J. Appl. Phys. 113, 193511 (2013); 10.1063/1.4807166

Impact of solid-phase crystallization of amorphous silicon on the chemical structure of the buried Si/ZnO thin film
solar cell interface
Appl. Phys. Lett. 97, 072105 (2010); 10.1063/1.3462316

Solid-phase crystallization behaviors of in situ phosphorous-doped amorphous silicon films deposited using Si 2
H 6 and PH 3
J. Appl. Phys. 94, 770 (2003); 10.1063/1.1582234

Large-grain polycrystalline silicon films with low intragranular defect density by low-temperature solid-phase
crystallization without underlying oxide
J. Appl. Phys. 91, 2910 (2002); 10.1063/1.1448395

Nucleation site location and its influence on the microstructure of solid-phase crystallized SiGe films
J. Appl. Phys. 90, 2544 (2001); 10.1063/1.1389075

L NN NN mmmnhRmmmumummmumummuomuoconmonnnnomnnnnmmonmnnnn,
Confidently measure down to 0.01 fAand upto 10PQ [ 3
Keysight B2980A Series Picoammeters/Electrometers

KEYSIGHT

TECHNOLOGIES



http://scitation.aip.org/content/aip/journal/apl?ver=pdfcov
http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/www.aip.org/pt/adcenter/pdfcover_test/L-37/1940596036/x01/AIP-PT/Keysight_APLArticleDL_121714/en_keysight_728x90_3325-2Pico.png/47344656396c504a5a37344142416b75?x
http://scitation.aip.org/search?value1=Myung-Kwan+Ryu&option1=author
http://scitation.aip.org/search?value1=Seok-Min+Hwang&option1=author
http://scitation.aip.org/search?value1=Tae-Hoon+Kim&option1=author
http://scitation.aip.org/search?value1=Ki-Bum+Kim&option1=author
http://scitation.aip.org/search?value1=Seok-Hong+Min&option1=author
http://scitation.aip.org/content/aip/journal/apl?ver=pdfcov
http://dx.doi.org/10.1063/1.119437
http://scitation.aip.org/content/aip/journal/apl/71/21?ver=pdfcov
http://scitation.aip.org/content/aip?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/113/19/10.1063/1.4807166?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/97/7/10.1063/1.3462316?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/97/7/10.1063/1.3462316?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/94/1/10.1063/1.1582234?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/94/1/10.1063/1.1582234?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/91/5/10.1063/1.1448395?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/91/5/10.1063/1.1448395?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/90/5/10.1063/1.1389075?ver=pdfcov

The effect of surface nucleation on the evolution of crystalline
microstructure during solid phase crystallization of amorphous
Si films on SiO ,

Myung-Kwan Ryu, Seok-Min Hwang, Tae-Hoon Kim, and Ki-Bum Kim
Division of Materials Science and Engineering, Seoul National University, san 56-1, Shillim-Dong,
Kwanak-Gu, Seoul, Korea, 151-742

Seok-Hong Min
Center for Advanced Materials Research, Seoul National University, san 56-1, Shillim-Dong, Kwanak-Gu,
Seoul, Korea, 151-742

(Received 20 June 1997; accepted for publication 23 Septembej 1997

The effect of surface nucleation on the evolution of crystalline microstructure during the solid phase
crystallization(SPQ of an amorphous Sia-Si) film, deposited by low pressure chemical vapor
deposition(LPCVD) on SiO,, has been investigated. The surface nucleation phenomenon was
observed by suppressing the interfaaei/SiG,) nucleation by the incorporation of oxygen atoms
during the initial deposition period &-Si. It was found that the surface-nucleated polycrystalline

Si (poly-Si) had equiaxial grains with the size of about 3g, while interface-nucleated one had
elliptical grains with the size of about 0.3+dm. © 1997 American Institute of Physics.
[S0003-695(197)01747-9

Solid phase crystallizatio(6PQ of amorphous Sfa-Si) Two kinds of a-Si films with a thickness of 80
films deposited on SiQby low pressure chemical vapor ~100 nm were deposited on 100 nm-thick thermal oxide
deposition(LPCVD) has been intensively investigated to uti- substrates. One is a conventioralSi a-Si(l)] film depos-
lize the crystallized film as an active layer of the polycrys-ited at 475 °C and 1 Torr by using JBig source gas5
talline Si(poly-Si) thin film transistor(TFT).1=3In these ap- SCCM) and H, carrier gas(200 SCCM and the other
plications, the electrical properties of poly-Si TFT are a-Si[a-Si(ll)] was deposited at the same temperature and
strongly dependent on the microstructure of the poly-Si film.pressure except that oxygen was blown into the LPCVD
In particular, grain boundaries and crystalline defects insidehamber at the initial deposition period. The flow rate of
grains are known to affect the device properties since both abxygen was gradually decreased from 10 SCCM to zero
these act as scattering centers of the charge carriers. Thusithin 5 min. Both of these films were annealed at 600 °C in
many efforts have been attempted to increase the grain size nitrogen ambient for SPC. In order to record the depth
and to reduce the density of crystalline defects in the graingrofiles of oxygen in the as-deposita¢si films, we utilized

Recently, we have demonstrated a possibility to signifi-secondary ion mass spectromet§IMS). The microstruc-
cantly improve the microstructure of the polycrystalline film ture of the films was investigated by using transmission elec-
by promoting the surface nucleation during solid phase crystron microscopy(TEM).
tallization (SPQ process. By using an-(Siy /G&, 5/Si) bi- The SIMS depth profiles of chemical species, including
layer structure deposited on Sihstead of ama-Si single  oxygen, in the twa-Si films are given in Fig. 1. It is clearly
layer, we have observed that the film forms equiaxial grainshown that the oxygen profile changes steeply at the
of about 7um in size with much reduced density of crystal- a-Si/SiG, interface for thea-Si(l) film. On the contrary, as
line defects' We have explained these results based on théor a-Si(ll ), the oxygen profile changes gradually through the
site of nucleation, namely, surface vs interface. In that worka-Si/SiO, interface. It appears that the flow of oxygen is
the nucleation starts at the surface sinceateiy /Ge, zlayer  large enough to deposit CVD-SjGat the beginning of the
deposited on top of th@-Si has a lower thermal budget a-Si(ll) deposition. However, it is insufficient to form
compared t@-Si. The question now is firstly whether we can CVD-SiO, at the end of the oxygen blowing process and
obtain a similar phenomenon of surface nucleation ie&  thus forms oxygen-ricl-Si at thea- Si/CVD-SIG, interface.
single layer film and secondly how the microstructure of theThe CVD-SiG is distinguishable from the thermal SiO
surface-nucleated poly-Si is different from that of the inter-since the former has higher hydrogen concentration com-
face nucleated. pared to the latter, due to the incorporated hydrogen during

In this letter, we report the successful results of obtainthe CVD-SiG deposition.
ing the surface nucleation phenomenon during the SPC of an Figures Za) and Zb) show the plan-view TEM images
a-Si film deposited on Si© The interface &-Si/Si0,) of a two a-Si films annealed for 7 hours. It is clearly ob-
nucleation commonly observed in a conventior&lSi  served that many elliptical grains of about 8.8 um size
film®>®was suppressed by the incorporation of oxygen atomare randomly distributed in a®Si(l) [Fig. 2(a]. The forma-
during the initial deposition period of a&Si film. The evo-  tion of elliptical grains is commonly observed in a solid
lution of crystalline microstructure by the surface nucleationphase crystallize@-Si film and is known to occur by the
has been investigated and compared with that by the intepreferential growth along the direction of microtwins exist-
face nucleation. ing in each grair. Unlike the case o&-Si(l), the TEM mi-
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FIG. 3. Cross-sectional TEM micrograph of partially crystallizeda-Si(l)
and(b) a-Si(ll) film at 600 °C. The dashed line iib) indicates the interface

104 between CVD-Si@formed by oxygen blowing and thermal SiO

counts

N TS, face ina-Si(ll) is believed due to the oxygen-riehSi region
| S F formed by the incorporation of oxygen at the initial deposi-
co tion period.
. Comparing both the results of plan-view and cross-
w0 e sectional TEM, it is clear that the grains nucleated at the
0 5 01520 0 5 10 15 2 surface form an equiaxial shape unlike the interface nucle-
Sputter Time [min.] Sputter Time [min.] ated ones which grew as an elliptical shape. It is also noted
that the density of equiaxial grains in Fig(b2 is much
smaller than that of the elliptical grains in Fig(a2 This
result implies that the surface nucleation rate is much lower
crograph of thea-Si(ll) [Fig. 2(b)] shows the formation of than that of the interface.
equiaxial grains of about Zum in an amorphous matrix. It has been known that oxygen retards the crystallization
While the elliptical shape grains also appeared in the microprocess of ara-Si during the solid phase epitaxial regrowth
graph, the density of the elliptical grain was remarkably re-of an oxygen-implanted-Si.}* Our results also demonstrate
duced compared to that afSi(l). The selected area diffrac- that the incorporated oxygen at the interface effectively sup-
tion pattern(SADP) of an equiaxial grain showd11)-zone presses the interface nucleation during the solid phase crys-
axis pattern, indicating that thd 13-planes are parallel to tallization. When the interface nucleation is suppressed, it is
the film surface. In addition, the diffraction pattern showsexpected that the nucleation will start at another preferable
1/3{422 spots resulted from the diffraction from the twinned nucleation site, namely, the surface of the film. It is expected
regions: that the Si atoms at the surface are laid in different surround-
Figures 3a) and 3b) are the cross-sectional TEM im- ings from those at tha-Si/SiO, interface since surface at-
ages of partially crystallizedh-Si(l) and a-Si(ll), respec-  oms are loosely bounded to a very thir 20 A) native ox-
tively. These micrographs show the initial crystallization jde |ayer. Based on this, Morimotet al*? claimed that the
process in these twa-Si films. The micrograph of Fig.(8)  atomic rearrangement for crystallization is more favorable at
clearly shows that the nucleation starts from the interfacghe vicinity of a-Si surface than at the-Si/SiO, interface.
betweena-Si and SiQ, as is commonly observed for the They also claimed that crystalline defects were developed
conventional SPC process, and the nucleated grains grojainly at thea-Si/SiO, interface during the lateral solid
toward the surface of the film. Compared to this result, thebhase epitaxialLSPE growth in order to relieve the tensile
TEM image of Fig. 8) shows the formation of a lens-like stress resulted by the phase transformation from an amor-
shape grain at the surface of the film with a few microtwinsphous to a crystalline. They had demonstrated the formation
parallel to the film surface. It is also noted that the amor-of g near|y defect-free Crysta"ine Si |ayer by removing the
phous phase still remains below the grain which clearly sugsjo, underlayer before the SPE process.
gests that the grain nucleates at the film surface and subse- From the above discussion, it is considered that the crys-
quently grows down to the interface. The interface betweenglline defects such as microtwins and stacking faults in the
a-Si and SiQ in Fig. 3(b) appears to be graded unlike the jnterface-nucleated grains were introduced in order to relieve
sharp interface in Fig.(d). The appearance of graded inter- the large magnitude of tensile stress at the vicinity of the
a-Si/SiG, interface. After the nucleation, the grains grow to
elliptical shape by a preferential growth along the microt-
wins and stacking faults. For the case of the surface nucle-
ation, however, the defects are not formed at the nucleation
step since the stress is relieved by the surface. However,
even for this case, the stress gradually builds up at the
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FIG. 1. SIMS depth profile of the as-deposit@l a-Si(l) and (b) a-Si(ll).

;: - growth front as the grain grows and, when the stress in-
o . e creases above a critical level, the defects are generated at the
. <76k » growth front. Since the crystalline phase has{HL.1-

orientation, the twinned region is parallel to the film surface.
FIG. 2. Plan-view TEM micrograph d#) a-Si(l) and(b) a-Si(Il) film after After the in-plane twin is formed, the lateral growth is fur-

a furnace annealing at 600 °C for 7 hours. The SADP was obtained from aﬁher_ prOmOted to make _the_ |en5'|i|fe shape in_ the cross-
equiaxial grain in(b). section view and the equiaxial form in the plan view.
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