
US 20080157095Al 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2008/0157095 A1 

Son et al. (43) Pub. Date: Jul. 3, 2008 

(54) SEMICONDUCTOR DEVICES HAVING (30) Foreign Application Priority Data 
SINGLE CRYSTALLINE SILICON LAYERS 

Jun. 12,2004 (KR) ...................... .. 10-2004-0043265 

(75) Inventors: Yong-Hoon Son, Gyeonggi-do 
(KR); Yu-Gyun Shin, Gyeonggi-do Publication Classi?cation 

(KR) (51) Int. Cl. 
Correspondence Address: H011‘ 29/04 (200601) 
MYERS BIGEL SIBLEY & SAJOVEC (52) us. Cl. ................................. .. 257/74; 257/E29.003 
PO BOX 37428 

RALEIGH, NC 27627 (57) ABSTRACT 

(73) Assignee? samsung Electronics CO-s Ltd- Methods of manufacturing semiconductor devices having at 
least one single crystal silicon layer are provided. Pursuant to 

(21) Appl' N05 12/045,890 these methods, a ?rst seed layer that includes silicon is 
_ _ formed. A ?rst non-single crystalline silicon layer is then 

(22) Flled' Mar‘ 11’ 2008 formed on the ?rst seed layer. The ?rst non-single crystalline 

Related U‘s‘ Application Data silicon layer 1s lrradiated W1th a laser to transform the ?rst 
non-smgle crystalline silicon layer mto a ?rst single crystal 

(62) Division of application No, 11 /121, 562, ?led on May line silicon layer. Corresponding semiconductor devices are 
4, 2005, noW Pat. No. 7,364,955. also disclosed. 

W/////////////;~ 12 M10 

T 



tent Application Publication 

FIG. 1 

i ? 

FIG. 2 



Patent Application Publication Jul. 3, 2008 Sheet 2 0f 11 US 2008/0157095 A1 

FIG. 3A 

35 

/ -..., 34 
[ A-HW 32 

‘'“M‘ 30 

T T 

F | G . 3B 

36 

I 
~-——- 34 

[ [ [M32 
K "w 30 
35 



Patent Application Publication Jul. 3, 2008 Sheet 3 0f 11 US 2008/0157095 A1 

FIG. 3C 

k~§\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\Q¥w 38 
-~—-- 34 

[ {MW 32 

( L “was 
36 35 

‘r' ? 

F I G . 3D 

\\§\\\\\\\\\\\\\“\\\\\\\\\\\\\\\\\\\\\Y---- 38 
'w 34 

FW 32 

( k ‘*‘v 30 
36 35 

i i 



Patent Application Publication 

40 

Jul. 3, 2008 Sheet 4 0f 11 

FIG. SE 

US 2008/0157095 A1 

k\\\\\\\\“\\V??W///V/?\\\\\\\\\\$M 38 
~--- 34 

( FM 32 

( l was 
36 35 

‘r ? 

F | G . 3F 

40 

W/////////7?//////7/y////?///////W/% 
a» 34 

[ [*W 32 

( L “W30 
36 35 

i ? 



Patent Application Publication Jul. 3, 2008 Sheet 5 0f 11 US 2008/0157095 A1 

FIG. 36 
W42 

/7/////////////////////?/// //7///;//////?""“—' 4O 
—--- 34 

( l M80 
36 35 

‘r ? 

F l G . 4 

40 



Patent Application Publication Jul. 3, 2008 Sheet 6 0f 11 US 2008/0157095 A1 

FIG. 5 



Patent Application Publication Jul. 3, 2008 Sheet 7 0f 11 US 2008/0157095 A1 

FIG. 6A 

86a 

FIG. 6B 



Patent Application Publication Jul. 3, 2008 Sheet 8 0f 11 US 2008/0157095 A1 

FIG. 8 

W42 



Patent Application Publication Jul. 3, 2008 Sheet 9 0f 11 US 2008/0157095 A1 

FIG. 9A 



Jul. 3, 2008 Sheet 10 0f 11 US 2008/0157095 A1 Patent Application Publication 

FIG. 10A 

r. 

.. .m .H . . 54am 

., . A.” 

108 FIG 

U. k .6 a a. 



Jul. 3, 2008 Sheet 11 0f 11 US 2008/0157095 A1 Patent Application Publication 

1A 1 

115 FIG 



US 2008/0157095 A1 

SEMICONDUCTOR DEVICES HAVING 
SINGLE CRYSTALLINE SILICON LAYERS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a divisional of, and claims prior 
ity to, US. patent application Ser. No. 11/121,562, ?led May 
4, 2005 and further claims priority from Korean Patent Appli 
cation No. 2004-43265, ?led Jun. 12, 2004, the disclosures of 
Which are hereby incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to methods of manu 
facturing semiconductor devices and, more particularly, to 
methods of manufacturing semiconductor devices that 
include single crystalline layers and related semiconductor 
devices. 

BACKGROUND OF THE INVENTION 

[0003] In general, crystalline materials may be classi?ed as 
single-crystalline (or single crystal), polycrystalline (or poly 
crystal) or as amorphous, or as combinations thereof, based 
on their crystal structure. A single crystalline material is one 
that has a single crystal unit structure, While a polycrystalline 
material has a structure comprising a plurality of crystal units. 
An amorphous material does not include a de?ned crystal 
structure, as atoms in amorphous materials may be irregularly 
bonded to each other. A polycrystalline material typically has 
many grain boundaries due to the plurality of crystal structure 
units. The movement of carriers such as electrons and holes 
may be restricted by these grain boundaries. 
[0004] In order to reduce and/or minimize such reductions 
in carrier mobility, single crystalline silicon layers are often 
used, for example, as the active region of thin ?lm transistors 
(TFT) that have a stacked structure. A single crystalline sili 
con layer is one that includes a high density of relatively large 
single crystal grains. It Will be appreciated by those of skill in 
the art that polycrystalline layers may also have a plurality a 
single crystal units contained therein, but the siZe of the grains 
and the density of large grains is substantially smaller. Gen 
erally, a layer is considered to comprise a single crystalline 
semiconductor layer as opposed to a polycrystalline (or other) 
layer When the layer contains a high density of single crystal 
grains that exhibit long-range translational symmetry. 
[0005] To form a single crystal silicon layer, an amorphous 
silicon layer may be formed on an insulation layer, and a heat 
treatment is performed on the amorphous silicon layer to 
form the single crystalline silicon layer. Methods of forming 
single crystalline silicon layers are disclosed, for example, in 
Japanese Patent Publication No. 2001 -3080087 Japanese 
Patent Publication No. 2002-359159 and US. Pat. No. 5,972, 
105. 
[0006] In the method disclosed in Japanese Patent Publica 
tion No. 2001-308008, an amorphous silicon layer is formed 
on a silicon substrate. The amorphous silicon layer is then 
heat treated in a furnace that is maintained, for example, at a 
temperature of about 500° C. to about 700° C. As a result of 
this heat treatment, a silicide layer is formed on a surface of 
the silicon substrate to thereby obtain the single crystalline 
silicon layer. The above Japanese Publication Patent dis 
closes methods of forming single crystalline silicon layers 
that both do and do not use a silicon seed. 
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[0007] When a single crystalline silicon layer is formed 
Without a silicon seed according to the methods disclosed in 
the above-referenced Japanese patent publication, it may be 
dif?cult to enlarge the grain in the single crystalline silicon 
layer because the nucleation sites may be randomly distrib 
uted in the amorphous silicon layer. While it may be easier to 
enlarge the grain siZe of the single crystals When the single 
crystalline silicon layer is formed using a silicon seed, pro 
cessing failures may be generated on a boundary surface of 
the silicon substrate. 
[0008] Japanese Patent Publication No. 2002-359159 dis 
closes a method of forming a single crystal silicon layer in 
Which an amorphous silicon layer is formed into a seed by a 
?rst heat treatment that is applied using a laser. The amor 
phous silicon layer is then formed into a single crystalline 
silicon layer by a second heat treatment that is also applied 
using a laser. This methodmay involve the use of a photoresist 
pattern during the ?rst heat treatment that forms the seed, and 
the method may use the laser tWice in forming the single 
crystalline silicon layer. 

SUMMARY OF THE INVENTION 

[0009] Pursuant to embodiments of the present invention, 
methods of manufacturing semiconductor devices having at 
least one single crystal silicon layer are provided. Pursuant to 
these methods, a ?rst seed layer that includes silicon is 
formed on a substrate. A ?rst non-single crystalline silicon 
layer is then formed on the ?rst seed layer. The ?rst non- single 
crystalline silicon layer is irradiated With a laser to transform 
the ?rst non-single crystalline silicon layer into a ?rst single 
crystalline silicon layer. 
[0010] The silicon in the ?rst seed layer may act as a seed 
for crystallization of the ?rst non-single crystalline layer. In 
certain embodiments of the present invention, the ?rst seed 
layer may be formed using a selective epitaxial groWth (SEG) 
process such as, for example, a vapor phase epitaxy process. 
The laser may be used to liquefy substantially all of the ?rst 
non-single crystalline silicon layer. In certain embodiments 
of the present invention, the structure is heated at a tempera 
ture of about 200° C. to about 600° C. during the laser irra 
diation. The ?rst non-single crystalline silicon layer may, for 
example, comprise an amorphous silicon layer. 
[0011] In certain embodiments, the methods may further 
include forming a second seed layer that includes silicon on 
the ?rst single crystalline silicon layer. A second non-single 
crystalline silicon layer may be formed on the second seed 
layer. The second non-single crystalline silicon layer may be 
irradiated With a laser to transform the second non-single 
crystalline silicon layer into a second single crystalline sili 
con layer. Thereafter, a third seed layer that includes silicon 
may be formed on the second single crystalline silicon layer. 
A third non-single silicon crystalline layer may be formed on 
the third seed layer. The third non-single crystalline silicon 
layer may be irradiated With a laser to transform the third 
non-single crystalline silicon layer into a third single crystal 
line silicon layer. 
[0012] The laser may be irradiated onto the ?rst non-single 
crystalline silicon layer at a su?icient intensity to liquefy the 
?rst non-single crystalline silicon layer through substantially 
its Whole thickness. This may be accomplished, for example, 
in less than about 100 nanoseconds. In certain embodiments 
of the present invention, the lique?ed ?rst non-single crystal 
line silicon layer does not How onto the surface of the seed 
layer. 
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[0013] The ?rst seed layer and the ?rst non-single crystal 
line silicon layer may have different absorption coef?cients 
such that they absorb energy from the laser at different rates. 
The ?rst single crystalline silicon layer and the ?rst seed layer 
may have substantially the same Miller’s index. The method 
may further include heating the ?rst seed layer using a heat 
ing, source separate from the laser during at least part of the 
time during Which the laser is irradiated onto the ?rst non 
single crystalline silicon layer. 
[0014] Pursuant to further embodiments of the present 
invention, methods of manufacturing semiconductor devices 
are provided. Pursuant to these methods, a ?rst single crys 
talline silicon layer is provided. A ?rst insulation layer is 
formed on the ?rst single crystalline silicon layer. The ?rst 
insulation layer includes an opening that exposes a surface of 
the ?rst single crystalline silicon layer. A ?rst seed layer that 
includes silicon is formed in the opening. A non-single crys 
talline silicon layer is formed on the ?rst insulation layer and 
the ?rst seed layer. The non-single crystalline silicon layer is 
transformed into a second single crystalline silicon layer 
using the silicon in the ?rst seed layer as a seed for crystalli 
zation during a phase change of the non-single crystalline 
silicon in the non-single crystalline silicon layer that is 
induced by application of a laser. 
[0015] In these methods, the ?rst single crystalline silicon 
layer may comprise, for example, a silicon substrate or a 
silicon-on-insulator (SOI) substrate. The non-single crystal 
line silicon layer may be, for example, an amorphous silicon 
layer. The second single crystalline silicon layer and the ?rst 
seed layer may have substantially the same Miller’s index. 
The ?rst seed layer may be formed, for example, using a 
selective epitaxial groWth process. The transformation of the 
non-single crystalline silicon layer into the second single 
crystalline silicon layer may involve dissolving the non 
single crystalline silicon layer using the laser and then recrys 
tallizing the dissolved non-single crystalline silicon layer into 
the second single crystalline silicon layer using the ?rst seed 
layer as a seed during the recrystallization process. 
[0016] In these methods, a semiconductor structure may be 
formed on the ?rst single crystalline silicon layer prior to 
forming the ?rst seed layer. The method may also include 
polishing the ?rst seed layer until an inlet portion of the 
opening is exposed. The laser may be irradiated onto the 
non-single crystalline silicon layer at a su?icient intensity to 
liquefy the non-single crystalline silicon layer through sub 
stantially its Whole thickness. Moreover, the process may be 
performed such that the lique?ed non-single crystalline sili 
con layer does not How onto the surface of the seed layer. In 
these methods, the seed layer and the non-single crystalline 
silicon layer may have different absorption coe?icients. 
Additionally, in certain embodiments, the ?rst seed layer may 
be heated using a heating source that is separate from the laser 
during at least part of the time during Which the laser is 
irradiated onto the non-single crystalline silicon layer. 
[0017] Pursuant to further embodiments of the present 
invention, semiconductor devices are provided that include a 
?rst seed layer that includes silicon and a ?rst single crystal 
line silicon layer that is formed on the ?rst seed layer by 
transforming the crystal structure of an amorphous silicon 
layer into a single crystal structure using the silicon in the ?rst 
seed layer as a seed for crystallization during a phase change 
of the amorphous silicon by a laser. The ?rst seed layer may 
be an epitaxial layer formed by a selective epitaxial groWth 
(SEG) process such as, for example, a vapor phase epitaxy 
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process. The semiconductor device may also include a second 
seed layer that includes silicon on the ?rst single crystalline 
silicon layer and a second single crystalline silicon layer on 
the second seed layer. 

[0018] Pursuant to still further embodiments of the present 
invention, semiconductor devices are provided that include a 
?rst single crystalline silicon layer. A ?rst insulation layer is 
formed on the ?rst single crystalline silicon layer. The ?rst 
insulation layer includes an opening that exposes a surface of 
the ?rst single crystalline silicon layer. A ?rst seed layer that 
includes silicon is provided in the opening. A second single 
crystalline silicon layer is provided oil the ?rst insulation 
layer by transforming a crystal structure of an amorphous 
silicon layer including an amorphous material into a single 
crystal structure using the silicon in the ?rst seed layer as a 
seed for crystallization during a phase change of the amor 
phous silicon induced by a laser. In these devices, the ?rst 
single crystalline silicon layer may be, for example, a silicon 
substrate or a silicon-on-insulator (SOI) substrate. The ?rst 
seed layer may be an epitaxial layer that is formed by a 
selective epitaxial groWth (SEG) process. A semiconductor 
structure may be on the ?rst single crystalline silicon layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] The above and other features and advantages of the 
present invention Will become readily apparent by reference 
to the following detailed description When considering in 
conjunction With the accompanying draWings, in Which: 
[0020] FIG. 1 is a cross-sectional diagram illustrating a 
semiconductor device according to a ?rst exemplary embodi 
ment of the present invention; 
[0021] FIG. 2 is a cross-sectional diagram illustrating a 
semiconductor device according to a second exemplary 
embodiment of the present invention; 
[0022] FIGS. 3A to 3G are cross-sectional diagrams illus 
trating processing steps of methods of manufacturing semi 
conductor devices according to the ?rst exemplary embodi 
ments of the present invention; 
[0023] FIG. 4 is a diagram illustrating the laser irradiation 
of FIG. 31); 
[0024] FIG. 5 is a perspective vieW illustrating a semicon 
ductor device according the ?rst embodiments of the present 
invention; 
[0025] FIGS. 6A to 6B are cross-sectional diagrams illus 
trating processing steps of methods of manufacturing semi 
conductor devices according to the second exemplary 
embodiments of the present invention; 
[0026] FIG. 7 is a cross-sectional diagram illustrating 
methods of manufacturing semiconductor devices according 
to third exemplary embodiments of the present invention; 
[0027] FIG. 8 is a cross-sectional diagram illustrating 
methods of manufacturing semiconductor devices according 
to fourth exemplary embodiments of the present invention; 
[0028] FIGS. 9A and 9B are scanning electron microscope 
(SEM) photographs of a surface of a single crystalline silicon 
layer manufactured according to embodiments of the present 
invention; 
[0029] FIGS. 10A and 10B are SEM photographs of a 
surface of another single crystalline silicon layer manufac 
tured according to embodiments of the present invention; and 
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[0030] FIGS. 11 and 11B are SEM photographs ofa surface 
of the conventional single crystalline silicon layer. 

DETAILED DESCRIPTION 

[0031] Embodiments of the present invention noW Will be 
described more fully hereinafter With reference to the accom 
panying drawings, in Which embodiments of the invention are 
shoWn. This invention may, hoWever, be embodied in many 
different forms and should not be construed as limited to the 
embodiments set forth herein. Rather, these embodiments are 
provided so that this disclosure Will be thorough and com 
plete, and Will fully convey the scope of the invention to those 
skilled in the art. Like numbers refer to like elements through 
out. 

[0032] It Will be understood that, although the terms ?rst, 
second, etc. may be used herein to describe various elements, 
these elements should not be limited by these terms. These 
terms are only used to distinguish one element from another. 
For example, a ?rst element could be termed a second ele 
ment, and, similarly, a second element could be termed a ?rst 
element, Without departing from the scope of the present 
invention. As used herein, the term “and/or” includes any and 
all combinations of one or more of the associated listed items. 
[0033] It Will be understood that When an element such as a 
layer, region or substrate is referred to as being “on” or 
extending “onto” another element, it can be directly on or 
extend directly onto the other element or intervening ele 
ments may also be present. In contrast, When an element is 
referred to as being “directly on” or extending “directly onto” 
another element, there are no intervening elements present. It 
Will also be understood that When an element is re?ned to as 
being “connected” or “coupled” to another element, it can be 
directly connected or coupled to the other element or inter 
vening elements may be present. In contrast, When an element 
is referred to as being “directly connected” or “directly 
coupled” to another element, there are no intervening ele 
ments present. Other Words used to describe the relationship 
betWeen elements should be interpreted in a like fashion (i.e., 
“betWeen” versus “directly betWeen”, “adjacent” versus 
“directly adjacent”, etc.). 
[0034] Relative terms such as “beloW” or “above” or 
“upper” or “loWer” or “horizontal” or “vertical” may be used 
herein to describe a relationship of one element, layer or 
region to another element, layer or region as illustrated in the 
?gures. It Will be understood that these terms are intended to 
encompass different orientations of the device in addition to 
the orientation depicted in the ?gures. 
[0035] Embodiments of the invention are described herein 
With reference to cross-section illustrations that are schematic 
illustrations of idealiZed embodiments (and intermediate 
structures) of the invention. The thickness of layers and 
regions in the draWings may be exaggerated for clarity. Addi 
tionally, variations from the shapes of the illustrations as a 
result, for example, of manufacturing techniques and/or tol 
erances, are to be expected. Thus, embodiments of the inven 
tion should not be construed as limited to the particular shapes 
of regions illustrated herein but are to include deviations in 
shapes that result, for example, from manufacturing. For 
example, an implanted region illustrated as a rectangle Will, 
typically, have rounded or curved features and/ or a gradient of 
implant concentration at its edges rather than a binary change 
from implanted to non-implanted region. LikeWise, a buried 
region formed by implantation may result in some implanta 
tion in the region betWeen the buried region and the surface 
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through Which the implantation takes place. Thus, the regions 
illustrated in the ?gures are schematic in nature and their 
shapes are not intended to illustrate the actual shape of a 
region of a device and are not intended to limit the scope of the 
invention. 
[0036] The terminology used herein is for the purpose of 
describing particular embodiments only and is not intended to 
be limiting of the invention. As used herein, the singular 
forms “a”, “an” and “the” are intended to include the plural 
forms as Well, unless the context clearly indicates otherWise. 
It Will be further understood that the terms “comprises” 
“comprising,” “includes” and/or “including” When used 
herein, specify the presence of stated features, integers, steps, 
operations, elements, and/or components, but do not preclude 
the presence or addition of one or more other features, inte 
gers, steps, operations, elements, components, and/or groups 
thereof. 
[0037] Unless otherWise de?ned, all terms (including tech 
nical and scienti?c terms) used herein have the same meaning 
as commonly understood by one of ordinary skill in the art to 
Which this invention belongs. It Will be further understood 
that terms, such as those de?ned in commonly used dictio 
naries, should be interpreted as having a meaning that is 
consistent With their meaning in the context of the relevant art 
and Will not be interpreted in an idealiZed or overly formal 
sense unless expressly so de?ned herein. 

[0038] FIG. 1 is a cross-sectional diagram illustrating semi 
conductor devices according to ?rst exemplary embodiments 
of the present invention. As shoWn in FIG. 1, the semicon 
ductor devices according to the ?rst embodiments of the 
present invention include a seed layer 10 and a single crys 
talline silicon layer 12 that is formed on the seed layer 10. 
[0039] The seed layer 10 may, for example, comprise sili 
con. The seed layer 10 may be formed, for example, by a 
selective epitaxial groWth (SEG) process. The SEC process 
may include a liquid phase epitaxy process, a vapor phase 
epitaxy process or a molecular beam epitaxy process. In the 
description of this embodiment beloW, a vapor phase epitaxy 
process is used to form the seed layer 10. 
[0040] The single crystalline silicon layer 12 may be 
formed on the seed layer 10 by transforming the crystal struc 
ture of an amorphous silicon layer (not shoWn) into a single 
crystal structure using the silicon in the seed layer 10 as a seed 
for crystalliZation during a phase change of the amorphous 
silicon by a laser. The structure transformation may progress 
along both a vertical and a lateral direction on the surface of 
the amorphous silicon layer. An amorphous silicon layer is 
formed on the seed layer 10. The amorphous silicon layer is 
then irradiated using a laser to transform the amorphous sili 
con layer into the single crystalline silicon layer 12. The phase 
of the amorphous silicon layer is changed into a liquid phase 
due to the laser, and thus the silicon in the seed layer 10 
functions as a seed for crystalliZation. The phase change and 
the crystal structure transformation of the amorphous silicon 
layer may be carried out in as little as a feW nanoseconds, and 
thus the amorphous silicon layer may not How doWn onto the 
surface of the seed layer even though the amorphous silicon 
layer is lique?ed. 
[0041] In certain embodiments of the present invention, the 
laser may be irradiated onto the amorphous silicon layer at a 
suf?cient intensity to liquefy the amorphous silicon layer 
through its Whole thickness so that the amorphous silicon 
layer is lique?ed though the top surface thereof to the bottom 
surface that makes contact With the seed layer. In these 
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embodiments, the energy of the laser may be determined 
based on the thickness of the amorphous silicon layer, and 
thus is not limited to some region. Herein, the energy of the 
laser is referred to as an approximation of the temperature of 
the irradiated portion of the amorphous silicon layer, Which is 
hereinafter referred to as the lique?ed temperature. In certain 
embodiments of the present invention, the laser may, for 
example, have energy corresponding to the lique?ed tempera 
ture, no less than about l,4l0° C. While taking into consider 
ation that the melting point of the amorphous silicon layer is 
about l,4l0° C. 
[0042] The laser causes a phase change in the amorphous 
silicon layer. HoWever, the laser may not cause a correspond 
ing phase change in the seed layer under the amorphous 
silicon layer because the absorption coe?icient of the seed 
layer may be different from the absorption coe?icient of the 
amorphous silicon layer. In one speci?c embodiment of the 
present invention, the laser may comprise an excimer laser 
that, for example, scans the Whole surface of the amorphous 
silicon layer at a time in order to reduce the irradiation time of 
the laser. 
[0043] The resulting structure including the seed layer and 
the amorphous silicon layer may, in certain embodiments of 
the present invention, be heated While the laser is irradiated 
onto the amorphous silicon layer, Which may facilitate reduc 
ing and/ or preventing the laser from causing a temperature 
gradient at the irradiated portion of the amorphous silicon 
layer and/ or to facilitate formation of larger single crystalline 
grains at the irradiated portion. 
[0044] In exemplary embodiments of the present invention, 
the resulting structure is exemplarily heated to a temperature 
of about 200° C. to about 600° C. In many embodiments, the 
structure may be heated to a temperature of about 350° C. to 
about 450° C. In one speci?c embodiment, the structure is 
heated to a temperature of about 400° C. 
[0045] Thus, pursuant to certain embodiments of the 
present invention, the amorphous silicon layer formed on the 
seed layer 10 may be transformed into a single crystalline 
silicon layer 12 by laser irradiation in a very short time of, for 
example, a feW nanoseconds or less, although longer times 
may also be used. As the silicon in the seed layer 10 may act 
as a seed for crystallization, the size of the grains in the single 
crystalline silicon layer may be enlarged, and the single crys 
talline silicon layer may have the same general crystal struc 
ture as the seed layer 10 in that it may have the same Miller’s 
index as that of the seed layer. The semiconductor devices 
produced according to these ?rst embodiments of the present 
invention may have a single crystalline silicon layer that 
includes a relatively high density of large grains, Which may 
facilitate the formation of highly integrated semiconductor 
devices. 
[0046] FIG. 2 is a cross-sectional diagram illustrating a 
semiconductor device according to second embodiments of 
the present invention. As shoWn in FIG. 2, the semiconductor 
device may include a ?rst seed layer 20a, a ?rst single crys 
talline silicon layer 22a, a second seed layer 20b, a second 
single crystalline silicon layer 22b, a third seed layer 200, and 
a third single crystalline silicon layer 220. 
[0047] The ?rst seed layer 2011 may, for example, comprise 
silicon. The seed layer 2011 may comprise an epitaxial layer 
formed, for example, using a selective epitaxial groWth (SEG) 
process. In the example of the second embodiment of the 
present invention described beloW, the ?rst seed layer 2011 is 
formed using a vapor phase epitaxy process. The second and 
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third seed layers 20b and 200 may, but need not be, formed 
using, the same process that is used to form the ?rst seed layer 
2011. 
[0048] The ?rst single crystalline silicon layer 2211 may be 
formed on the ?rst seed layer 2011 by transforming the crystal 
structure of an amorphous silicon layer (not shoWn) that 
includes amorphous silicon into a single crystal structure 
using the silicon in the ?rst seed layer 2011 as a seed for 
crystallization during a phase change of the amorphous sili 
con layer by a laser. In particular, the amorphous silicon layer 
may be formed on the ?rst seed layer 20a, and then may be 
irradiated using a laser to transform the amorphous silicon 
layer into the ?rst single crystalline silicon layer 22a. Similar 
processes may be used to form the second single crystalline 
silicon layer 22b on the second seed layer 20b using the 
silicon in the second seed layer 20b as a seed for crystalliza 
tion and to form the third single crystalline silicon layer 220 
on the third seed layer 200 using the silicon in the third seed 
layer 200 as a seed for crystallization. In these embodiments 
of the present invention, the ?rst seed layer 2011, the ?rst 
single crystalline silicon layer 2211, the second seed layer 20b, 
the second single crystalline silicon layer 22b, the third seed 
layer 200, and the third single crystalline silicon layer 220 
may be sequentially stacked. 
[0049] Although the above-described second embodiments 
of the present invention have been described as including ?rst, 
second and third seed layers and single crystalline silicon 
layers stacked alternately With each other, additional seed 
layers and single crystalline silicon layers could be altema 
tively stacked on the third single crystalline silicon layer, as 
Will be understood by those of ordinary skill in the art in light 
of the present disclosure. For example, a fourth seed layer 
(not shoWn) may be formed on the third single crystalline 
silicon layer in, for example, the same Way as the ?rst seed 
layer 2011 is formed, and a fourth single crystalline silicon 
layer may be formed on the fourth seed layer in the same Way, 
for example, that the ?rst single crystalline silicon layer 22a 
is formed in the above description. Additional alternating 
layers may also be provided. The semiconductor devices 
according to the second embodiments of the present invention 
may have single crystalline silicon layers that have a high 
density of large-sized grains. In these embodiments, a plural 
ity of single crystalline silicon layers may be repeatedly 
stacked in the device Which may facilitate providing highly 
integrated semiconductor devices. 
[0050] Hereinafter, exemplary methods of manufacturing 
semiconductor devices according to certain exemplary 
embodiments of the present invention Will be described With 
reference to related draWings. 
[0051] FIGS. 3A to 3G are cross-sectional diagrams illus 
trating methods of manufacturing semiconductor device 
according to the exemplary embodiments of the present 
invention. FIG. 4 is a diagram illustrating the laser irradiation 
shoWn in FIG. 3D. FIG. 5 is a perspective diagram illustrating 
a semiconductor device according to the ?rst embodiments of 
the present invention. 
[0052] As shoWn in FIG. 3A, a ?rst semiconductor struc 
ture 32 such as a gate electrode may be formed on a substrate 
30. The ?rst semiconductor structure 32 may include, for 
example, metal Wirings, a logic device and other various 
structures as Well as the gate electrode. An insulation layer 34 
such as, for example, an oxide layer, may be formed on the 
substrate 30 and the ?rst semiconductor structure 32. An 
etching process may be performed on the insulation layer 34 
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using a photoresist pattern as an etching mask to form an 
opening 35 through Which a surface of the substrate 30 is 
partially exposed. 
[0053] As shoWn in FIG. 3B, a SEG process may be per 
formed on the silicon substrate 30 including the ?rst semi 
conductor structure 32. In the exemplary embodiment of the 
present invention disclosed in FIG. 3B, a vapor phase epitaxy 
process is the SEG process. A single crystal having the same 
crystal structure as the silicon substrate 30 may be groWn 
from the surface of the substrate 30 that is exposed through 
the opening 35 to form a single crystal epitaxial layer 36 in the 
opening 35. In embodiments of the present invention, the 
epitaxial layer 36 may be groWn to an inlet portion of the 
opening 35, so that the opening 35 may be ?lled With the 
epitaxial layer 36. 
[0054] As shoWn in FIG. 3C, an amorphous silicon layer 38 
may be formed on the insulation layer 34 and the epitaxial 
layer 36 using, for example, a chemical vapor deposition 
(CVD) process. The amorphous silicon layer 38 is not limited 
in its thickness. In certain embodiments of the present inven 
tion, the amorphous silicon layer may be formed as a very thin 
layer. 
[0055] As shoWn in FIG. 3D, a laser is irradiated onto the 
amorphous silicon layer 38. In certain embodiments of the 
present invention, a scanning member 45 may be used such 
that a predetermined and/or de?ned area of the amorphous 
silicon layer 38 may be irradiated at a time, as shoWn in FIG. 
4. Additionally, in certain embodiments of the present inven 
tion, the silicon substrate 30 (and/or the entire structure) may 
be heated during the laser irradiation. Exemplary tempera 
tures to Which the substrate/ structure may be heated are 
betWeen about 200° C. and about 600° C. such, as for 
example, a temperature of about 400° C. 
[0056] Referring to FIGS. 3E and 3F, the laser irradiation 
may cause a phase change in the amorphous silicon layer 38. 
In particular, the amorphous silicon layer 38 may be melted 
by the laser irradiation such that it is lique?ed. The phase of 
the amorphous silicon layer 38 may be changed throughout 
the entire thickness of the amorphous silicon layer 38, from 
the top surface thereof to the bottom surface that makes 
contact With the epitaxial layer 36. The amorphous silicon 
layer 38 may be transformed into a single crystal structure 
during the phase change using the silicon in the epitaxial layer 
36 as a seed for crystalliZation. The amorphous silicon layer 
38 may be turned into a single crystalline silicon layer 40 as 
it is irradiated. After completing the laser irradiation on the 
Whole surface of the amorphous silicon layer 38, the entire 
amorphous silicon layer 38 may be formed into a single 
crystalline silicon layer 40, as shoWn in FIG. 5. The single 
crystalline silicon layer 40 may be used, for example, to form 
active region(s) in subsequent processing steps in the manu 
facture of the semiconductor device. In FIG. 5, the semicon 
ductor structure on the substrate 30 is omitted in order to 
clearly illustrate the single crystalline silicon layer 40. 
[0057] Thus, the laser irradiation on the amorphous silicon 
layer 38 may be used to transform the amorphous silicon layer 
38 into the single crystalline silicon layer 40 using the epi 
taxial layer 36 as a seed for crystalliZation. The single crys 
talline silicon layer 40 may include a relatively high density 
of relatively large grains. 
[0058] As shoWn in FIG. 3G a second semiconductor struc 
ture 42 such as, for example, a gate electrode, may be formed 
on the single crystalline silicon layer 40. A channel and 
source/drain regions may also be formed at surface portions 
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of the single crystalline silicon layer 40. It Will be appreciated 
that the semiconductor structure 42 may also include metal 
Wirings, a logic device and other various structures as Well as 
the gate electrode. 
[0059] FIGS. 6A to 6B are cross-sectional diagrams illus 
trating, processing steps according to embodiments of the 
present invention for manufacturing, for example, the semi 
conductor device discussed above With respect to the second 
embodiments of the present invention. 
[0060] As shoWn in FIG. 6A, a semiconductor structure 32 
such as, for example, a gate electrode may be formed on a 
substrate 30 in, for example, the same manner as is described 
above With respect to the embodiments discussed With respect 
to FIGS. 3-5. Then, an insulation layer 34 may be formed on 
the substrate 30. The insulation layer may include an opening 
35 through Which a surface of the substrate 30 is partially 
exposed. A SEG process may be performed on the silicon 
substrate 30 including the semiconductor structure 32. The 
SEG process may comprise, for example, a vapor phase epi 
taxy process. As a result, a single crystal that has the same 
crystal structure as the silicon substrate 30 may be groWn 
from the surface of the substrate 30 that is exposed through 
the opening 35 to thereby form an epitaxial layer 36 that 
includes a single crystal in the opening 35. The epitaxial layer 
36 may be groWn over an inlet portion of the opening 35, so 
that a top surface of the insulation layer 34 around the inlet 
portion of the opening 35 is covered With the epitaxial layer 
36. In the draWings, the epitaxial layer 36 on the insulation 
layer 34 is denoted by reference numeral 36a to distinguish it 
from the epitaxial layer 36 in the opening 35. 
[0061] Referring to FIG. 6B, the epitaxial layer 3611 on the 
insulation layer 34 may be removed from the top surface of 
the insulation layer 34 using, for example, a chemical 
mechanical polishing (CMP) process. The CMP (or other) 
process may be used to expose the insulation layer 34. As 
shoWn in FIG. 6B, the epitaxial layer 36 remains in the open 
ing 35. Next, a single crystalline silicon layer may be formed 
using, for example, the same process that is described above 
With respect to the embodiments of FIGS. 3-5, and a semi 
conductor device may be formed on the single crystalline 
silicon layer. 
[0062] FIG. 7 is a cross sectional diagram illustrating meth 
ods of manufacturing semiconductor devices according to 
third exemplary embodiments of the present invention. The 
semiconductor devices formed according to these embodi 
ments may have the same basic structure as the semiconduc 
tor devices discussed above With respect to the ?rst embodi 
ments, except that the basic structure is repeated to provide a 
semiconductor device in Which the basic structure is repeat 
edly stacked. In the description that folloWs, the insulation 
layer 34, the opening 35, the epitaxial layer 36 and the single 
crystalline silicon layer 40 in the ?rst embodiments of the 
present invention are referred to as the ?rst insulation layer 
34, the ?rst opening 35, the ?rst epitaxial layer 36 and the ?rst 
single crystalline silicon layer 40, respectively, for purposes 
of describing the present embodiments of the present inven 
tion. 

[0063] As shoWn in FIG. 7, a ?rst semiconductor structure 
32 (such as, for example, a gate electrode), a ?rst insulation 
layer 34 having a ?rst opening 35, a ?rst epitaxial layer 36 in 
the ?rst opening 35, a ?rst single crystalline silicon layer 40 
and a second semiconductor structure 42 are formed on a 

silicon substrate 30. These layers and structures may be 
formed, for example, in the same manner as the correspond 



US 2008/0157095 A1 

ing structures and layers are formed in the embodiments of 
the present invention described above. Next, a second insu 
lation layer 44 may be formed on the ?rst single crystalline 
silicon layer 40. The second insulation layer 44 may have a 
second opening 45 through Which a surface of the ?rst single 
crystalline silicon layer 40 is partially exposed in, for 
example, the same manner as described for the ?rst insulation 
layer 34. 
[0064] A second epitaxial layer 46 may be groWn in the 
second opening 45. The second epitaxial layer 46 may be 
formed in the second opening 45, for example, as the ?rst 
epitaxial layer 36 is formed in the ?rst opening 35. A second 
single crystalline silicon layer 50 may be formed on the 
second insulation layer 44 and the second epitaxial layer 46. 
The second single crystalline silicon layer 50 may, for 
example, be used as an active region of the semiconductor 
device. 

[0065] Next, a third semiconductor structure 52 such as, for 
example, a gate electrode, may be formed on the second 
single crystalline silicon layer 50. A channel and source/drain 
regions may likeWise be formed at surface portions of the 
second single crystalline silicon layer 50. The third semicon 
ductor structure 52 may further include metal Wirings, a logic 
device and/ or other various structures. 

[0066] In further embodiments of the present invention, 
additional single crystalline silicon layers and semiconductor 
structures may be stacked on the second single crystalline 
silicon layer. 
[0067] FIG. 8 is a cross-sectional diagram illustrating 
methods of manufacturing semiconductor devices according 
to fourth exemplary embodiments of the present invention. As 
shoWn in FIG. 8, an insulation layer 84 that comprises, for 
example, an oxide layer is formed on a silicon substrate 30. 
An opening 85 is provided in the insulation layer 84 through 
Which a surface of the substrate 30 is partially exposed. An 
epitaxial layer 36 is formed in the opening 85. Then, a single 
crystalline silicon layer 40 may be formed on the insulation 
layer 84 and the epitaxial layer 36 in, for example, the same 
manner described above With respect to the ?rst embodiments 
of the present invention. A semiconductor structure 42 such 
as, for example, a gate electrode may then be formed on the 
single crystalline silicon layer 40. 
[0068] In yet further embodiments of the present invention, 
a silicon-on-insulator (SOI) substrate may be used instead of 
the silicon substrate that is used With respect to the above 
described exemplary embodiments of the present invention. 
For example, in one such embodiment, a ?rst semiconductor 
structure and an insulation layer having an opening may be 
formed on the SOI substrate. An epitaxial layer may be 
formed in the opening. A single crystalline silicon layer may 
then be formed on the silicon layer and the epitaxial layer, and 
a second semiconductor structure may be formed on the 
single crystalline silicon layer. 

EXAMPLE 1 

[0069] A single crystalline silicon layer Was formed in 
accordance With the ?rst embodiments of the present inven 
tion. The amorphous silicon layer Was formed to have a 
thickness of about 250 A, and a laser having an energy inten 
sity of about 240 mJ/cm2 Was irradiated onto the amorphous 
silicon layer. 
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[0070] FIGS. 9A and 9B are scanning electron microscope 
(SEM) photographs of the surface of the single crystalline 
silicon layer. FIG. 9B is an enlarged vieW illustrating one of 
the grains shoWn in FIG. 9A. 
[0071] FIG. 9A shoWs that high-density grains Were 
formed in the single crystalline silicon layer, and the siZe of 
the grains in the single crystalline silicon layer Was estimated 
to be about 2000 A Wide by about 2000 A long, as indicated 
in FIG. 9B. 

EXAMPLE 2 

[0072] A second single crystalline silicon layer Was formed 
in the same Way as the single crystalline silicon layer of 
Example 1, except that the laser had an energy intensity of 
about 300 mJ/cm2. 
[0073] FIGS. 10A and 10B are SEM photographs of the 
surface of the single crystalline silicon layer of Example 2. 
FIG. 10B is an enlarged vieW illustrating one of the grains 
shoWn in FIG. 10A. 
[0074] FIG. 10A shoWs that high-density grains Were 
formed in the single crystalline silicon layer of Example 2, 
and a siZe of these grains Was estimated to be about 5.5 pm 
Wide by about 1.5 pm long, as indicated in FIG. 10B. 

COMPARATIVE EXAMPLE 

[0075] A conventional single crystalline silicon layer Was 
obtained in a furnace by a heat treatment at a temperature of 
about 600° C. FIGS. 11 and 11B are SEM photographs of the 
surface of this single crystalline silicon layer. In particular, 
FIG. 11B is an enlarged vieW illustrating one of the grains 
shoWn in FIG. 11A. 
[0076] FIG. 11A shoWs that the grains Were randomly 
arranged in the conventional single crystalline silicon layer. 
The siZe of the grain in the conventional single crystalline 
silicon layer could not be estimated because siZe of the grain 
Was too small to estimate, as indicated in FIG. 9B. 

[0077] According to embodiments of the present invention, 
single crystalline silicon layers may be provided that have a 
plurality of large grains at a high density. 
[0078] In the draWings and speci?cation, there have been 
disclosed typical embodiments of the invention and, although 
speci?c terms are employed, they are used in a generic and 
descriptive sense only and not for purposes of limitation, the 
scope of the invention being set forth in the folloWing claims. 

What is claimed is: 
1. A semiconductor device comprising: 
a ?rst seed layer including silicon; and 
a ?rst single crystalline silicon layer formed on the ?rst 

seed layer by transforming a crystal structure of an 
amorphous silicon layer into a single crystal structure 
using the silicon in the ?rst seed layer as a seed for 
crystallization during a phase change of the amorphous 
silicon by a laser. 

2. The semiconductor device of claim 1, Wherein the ?rst 
seed layer comprises an epitaxial layer formed by a selective 
epitaxial groWth (SEG) process. 

3. The semiconductor device of claim 2, Wherein the SEG 
process comprises a vapor phase epitaxy process. 

4. The semiconductor device of claim 1, further comprising 
a second seed layer that includes silicon on the ?rst single 
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crystalline silicon layer and a second single crystalline silicon 
layer on the second seed layer. 

5. A semiconductor device comprising: 
a ?rst single crystalline silicon layer; 
a ?rst insulation layer on the ?rst single crystalline silicon 

layer, the ?rst insulation layer including an opening that 
exposes a surface of the ?rst single crystalline silicon 
layer; 

a ?rst seed layer in the opening, the ?rst seed including 
silicon; and 

a second single crystalline silicon layer is provided on the 
?rst insulation layer by transforming, a crystal structure 
of an amorphous silicon layer including an amorphous 
material into a single crystal structure using the silicon 
in the ?rst seed layer as a seed for crystallization during 
a phase change of the amorphous silicon induced by a 
laser. 
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6. The semiconductor device of claim 5, Wherein the ?rst 
single crystalline silicon layer comprises a silicon substrate or 
a silicon-on-insulator (SOI) substrate. 

7. The semiconductor device of claim 5, Wherein the ?rst 
seed layer includes an epitaxial layer formed by a selective 
epitaxial groWth (SEG) process. 

8. The semiconductor device of claim 6, further comprising 
a semiconductor structure on the ?rst single crystalline sili 
con layer. 

9. The semiconductor device of claim 5, further comprising 
a second insulation layer that includes an opening therein on 
the second single crystalline silicon layer, a second seed layer 
that includes silicon in the opening of the second insulation 
layer, and a third single crystalline silicon layer on the second 
seed layer. 


