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THIN FILM TRANSISTOR IN METAL-INDUCED 
CRYSTALLIZED REGION FORMED AROUND A 

TRANSITION METAL NUCLEUS SITE 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

[0001] This invention relates generally to thin-?lm tran 
sistor (TFT) processes and fabrication, and more particu 
larly, to a TFT polycrystalline ?lm, and method of forming 
large grain sheets of polycrystalline silicon using transition 
metals semiconductor compounds, such as nickel silicide, to 
induce the crystalliZing of an amorphous ?lm through lateral 
groWth from selective locations on a silicon Wafer. 

[0002] The demand for smaller electronic consumer prod 
ucts With higher resolution displays, spurs continued 
research and development in the area of liquid crystal 
displays (LCDs). The siZe of LCDs can be decreased by 
incorporating the large scale integration (LSI) and very large 
scale integration (VLSI) driver circuits, presently on the 
periphery of LCDs, into the LCD itself. The elimination of 
externally located driving circuits and transistors Will reduce 
product siZe, process complexity, a number of process steps, 
and ultimately the price of the product in Which the LCD is 
mounted. 

[0003] The primary component of the LCD, and the com 
ponent that must be enhanced for further LCD improve 
ments to occur, is the thin-?lm transistor (TFT). TFTs are 
typically fabricated on a transparent substrate such as quartZ, 
glass, or even plastic. TFTs are used as sWitches to alloW the 
various pixels of the LCD to be charged in response to the 
driver circuits. TFT performance Will be improved, and 
driver circuit functions incorporated into TFTs, by increas 
ing the electron mobility in the TFT devices. Increasing the 
electron mobility of a transistor results in a transistor having 
faster sWitching speeds. Improved TFTs having increased 
electron mobility yield smaller LCD screens, loWer poWer 
consumption, and faster transistor response times. Further 
LCD resolution enhancements Will require that the TFTs 
mounted on the transparent substrates have electron mobility 
characteristics rivaling IC driver circuits currently mounted 
along the edges of the screen. That is, display and driver TFT 
located across the entire display must operate at substan 
tially the same level of performance. 

[0004] The carrier mobility of typical thin-?lm transistors, 
With active areas formed from amorphous ?lm, is poor, on 
the order of 0.1 to 0.2 cm2/V s. Carrier mobility is improved 
by using crystalliZed silicon. Single crystal silicon transis 
tors, Which are usually used in TFT driver circuits, have 
electron mobilities on the order of 500 to 700 cmZ/Vs. 
Polycrystalline silicon transistor performance is betWeen the 
tWo extremes, having mobilities on the order of 10 to 400 
cmZ/Vs. Thin-?lm transistors having mobilities greater than 
100 cmZ/Vs Would probably be useful in replacing LCD 
periphery mounted driver circuitry. HoWever, it has been 
dif?cult to produce polycrystalline TFTs With electron 
mobilities of even 40 to 50 cm2/V s. 

[0005] Single crystal silicon ?lms, for use With LCDs, are 
dif?cult to fabricate When adhered to relatively fragile 
transparent substrates. AquartZ substrate is able to Withstand 
high process temperatures, but it is expensive. Glass is 
inexpensive, but is easily deformed When exposed to tem 
peratures above 600° C. for substantial lengths of time. Even 
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the fabrication of polycrystalline silicon transistors has been 
very dif?cult due to the necessity of using loW temperature 
crystalline processes When glass is involved. Current poly 
crystaliZation processes typically require annealing times of 
approximately 24 hours, at 600° C., to produce TFTs having 
a mobility of approximately 30-50 cm2/V s. These processes 
are not especially cost effective due to the long process 
times, and the TFTs produced are not suitable for LCD 
driver circuits. 

[0006] The process of heating amorphous silicon to form 
crystalliZed silicon is not entirely understood, and research 
on the subject continues. Variations in temperature, ?lm 
thickness, the degree to Which the amorphous matter melts, 
impurities in the ?lm, and a range of other factors in?uence 
the annealing of amorphous silicon. Generally, large grains 
of crystalliZation, or crystalliZation able to support high 
carrier mobilities, occur in a polycrystalline ?lm at a speci?c 
temperature near the melting point. Temperatures beloW this 
preferred temperature do not melt the amorphous silicon 
enough to form large grain areas, or to form uniformly 
crystalliZed ?lm. Temperatures above the preferred tempera 
ture rapidly lead to bulk nucleation. The bulk nucleation of 
amorphous matter results in the spontaneous crystalliZation 
of an amorphous ?lm into relatively small grain siZes so that 
the electron mobility is relatively poor. 

[0007] Various annealing methods exist for turning amor 
phous silicon into polycrystalline silicon. The direct depo 
sition of amorphous silicon ?lm is probably the cheapest 
method of fabricating TFTs. Typically, the transparent sub 
strate is mounted on a heated susceptor. The transparent 
substrate is exposed to gases Which include elements of 
silicon and hydrogen. The gases decompose to leave solid 
phased silicon on the substrate. In a plasma-enhanced 
chemical vapor deposition (PECVD) system, the decompo 
sition of source gases is assisted With the use of radio 
frequency (RF) energy. A loW-pressure (LPCVD), or ultra 
high vacuum (UHV-CVD), system pyrolytically decom 
poses the source gases at loW pressures. In a photo-CVD 
system the decomposition of source gases is assisted With 
photon energy. In a high-density plasma CVD system high 
density plasma sources, such as inductively coupled plasma 
and helicon sources, are used. In a hot Wire CVD system the 
production of activated hydrogen atoms leads to the decom 
position of the source gases. HoWever, TFTs made from 
direct deposition have poor performance characteristics, 
With mobilities on the order of 1 to 10 cm2/V s. 

[0008] Solid phase crystalliZation (SPC) is a popular 
method of crystalliZing silicon. In this process, amorphous 
silicon is exposed to heat approaching 600° C. for a period 
of at least several hours. Typically, large batches of LCD 
substrates are processed in a furnace having a resistive 
heater source. TFTs made from this crystalliZation process 
are more expensive than those made from direct deposition, 
but have mobilities on the order of 50 cmZ/Vs. A rapid 
thermal anneal (RTA) uses a higher temperature, but for very 
short durations of time. Typically, the substrate is subjected 
to temperatures approaching 700 or 800° C. during the RTA, 
hoWever, the annealing process occurs relatively quickly, in 
minutes or seconds. Glass substrates remain unharmed due 
to the short exposure time. Because the process is so rapid, 
it is economical to process the substrates serially. Single 
substrates can also be brought up to annealing temperatures 
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faster than large batches of substrates. A tungsten-halogen, 
or Xe Arc, heat lamp is often used as the RTA heat source. 

[0009] An excimer laser crystallization (ELC) process has 
also been used With some success in annealing amorphous 
silicon. The laser alloWs areas of the amorphous ?lm to be 
exposed to very high temperatures for very short periods of 
time. Theoretically, this offers the possibility of annealing 
the amorphous silicon at its optimum temperature Without 
degrading the transparent substrate upon Which it is 
mounted. HoWever, use of this method has been limited by 
the lack of control over some of the process steps. Typically, 
the aperture siZe of the laser is relatively small. The aperture 
siZe, poWer of the laser, and the thickness of the ?lm may 
require multiple laser passes, or shots, to ?nally anneal the 
silicon. Since it is dif?cult to precisely control the laser, the 
multiple shots introduce non-uniformities into the annealing 
process. Further, the Wafers must be annealed serially, 
instead of in a furnace in batches. Although mobilities of 
over 100 cm2/V s are obtainable, TFTs made by this method 
are signi?cantly more expensive than those made by direct 
deposition or SPC. 

[0010] Also under investigation is the use of metal, such 
as aluminum, indium tin oxide, and transition metals such as 
nickel, cobalt, and palladium to encourage the crystalliZation 
of silicon. Nickel seems especially promising, as the lattice 
mismatch betWeen nickel di-silicide and silicon is small, less 
than 1%. In general, nickel has been used to reduce the 
annealing temperature typically required in a conventional 
solid phase crystalliZation (SPC) from approximately 600° 
C. to a temperature in the range betWeen approximately 500 
to 550° C., so that the LCD substrates are less susceptible to 
shrinkage. The use of nickel also signi?cantly shortens the 
annealing process times. TFTs made through this process are 
comparable in cost With those made by the SPC method, and 
the mobilities of metal-induced TFTs can approach 100 
cmZ/Vs. 

[0011] HoWever, metal-induced crystalliZation requires 
the deposition of a transition metal on an amorphous silicon 
?lm, and annealment of the transition metal With the amor 
phous silicon. The result of annealing is dependent on hoW 
far the transition metal compounds have spread into the 
amorphous ?lm. The possible results of annealment are 
unreacted amorphous silicon (or bulk nucleated silicon), 
unreacted transition metal, mono-silicide, and di-silicide. All 
of these compounds can induce high leakage currents in a 
transistor. 

[0012] Liu et al., US. Pat. No. 5,147,826, disclose the 
deposition of a non-continuous metal ?lm on amorphous 
silicon so that the annealing temperature can be reduced to 
approximately 550 to 650° C. Fornash et al., US. Pat. No. 
5,275,851 disclose a method of depositing extensive areas of 
metal ?lm to silicon, and loW annealing temperatures to 
crystalliZe silicon. HoWever, neither method fosters the 
silicide-enhanced lateral crystal groWth needed to fabricate 
polycrystalline silicon TFTs With very high electron mobil 
ity. Neither method discloses a method of controlling the 
lateral groWth of silicide to eliminate unreacted metal and 
silicides in key areas of the transistor. 

[0013] Amethod of rapid thermal annealing nickel silicide 
With amorphous silicon is presented in co-pending US. 
patent Ser. No. 08/879,386, ?led Jun. 20, 1997, entitled 
“Thin-Film Transistor Polycrystalline Film Through Nickel 
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Induced, Rapid Thermal Annealing and Method for Same”, 
invented by Masashi MaekaWa, Attorney Docket No. SMT 
258, Which is assigned to the same assignees as the instant 
application. This patent application discloses the use of an 
RTA process to increase the quality of the polycrystalline, 
and to reduce annealing times. HoWever, the invention does 
not disclose a method of preventing the incursion of nickel 
into sensitive areas of a transistor. 

[0014] A method of selectively depositing nickel silicide 
to crystalliZe transistor source/drain regions in a tWo-step 
annealing process is presented in co-pending US. patent 
Ser. No. 08/893,285, ?led Jul. 15, 1997, entitled “Selective 
Silicide Thin-Film Transistor and Method for Same”, 
invented by Masashi MaekaWa, Attorney Docket No. SMT 
239, Which is assigned to the same assignees as the instant 
application. HoWever, metal-induced annealment processes, 
in the later stages of transistor fabrication, can be cumber 
some in some applications. 

[0015] It Would be advantageous if metal-induced anneal 
ment processes could be used to fabricate broad areas of 
high quality polycrystalline ?lms in critical areas of the 
transistor. 

[0016] It Would be advantageous if transistor active areas 
could be formed With a transition metal at an early stage of 
transistor fabrication. 

[0017] It Would be advantageous if the unreacted transi 
tion metals and silicide products could be easily removed 
after annealment. 

[0018] It Would be advantageous if silicide metal could be 
placed in convenient, non-critical areas of the transistor to 
initiate silicon crystalliZation, Without impacting the design 
layout or component placements. 

[0019] Accordingly, a method for crystalliZing a thin 
amorphous ?lm is provided comprising the steps of: 

[0020] depositing a transition metal on small selected 
areas of a ?rst ?lm layer top surface, forming a very 
small transition metal nucleus to act as a source for 
lateral groWth of the transition metal in the subse 
quent annealing step. The nucleus is less than one 
tenth the siZe of the crystalliZed area, and is typically 
over 100 times smaller; 

[0021] annealing the amorphous ?rst ?lm With the 
transition metal, laterally groWing the transition 
metal compounds to migrate out in a front from the 
selected areas, temporarily forming transition metal 
semiconductor compounds in an expanding front 
through the amorphous ?rst ?lm, upon cooling, the 
transition metal semiconductor compounds trans 
form into polycrystalline; and 

[0022] selectively etching the annealed ?rst ?lm to 
remove any remaining transition metal semiconduc 
tor compounds. In this manner, a relatively large 
sheet of polycrystalline material of large grain siZe is 
formed for improved electron mobility betWeen 
regions. 

[0023] The transition metals are selected from Al, Which 
tends to act as transition metals, and from Ni, Ti, Co, and Pd. 
The ?rst ?lm material is either silicon, germanium, silicon 
carbide, or a silicon-germanium compound. 
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[0024] A second ?lm layer overlies the ?rst ?lm, and is 
selectively etched so that openings are formed through the 
second ?lm to access and de?ne the ?rst ?lm selected areas. 
Then, transition metal is deposited through the openings to 
form transition metal nucleuses in the ?rst ?lm selected 
areas. 

[0025] When high annealing temperatures are used, above 
600 degrees C, such as in an RTA annealing process, the 
lateral groWth front moves faster. As a result, a smaller 
transition metal nucleus is required When higher annealing 
temperatures are used. When the annealing temperature 
exceeds 600 degrees C, the transition metal nucleus selected 
areas have a siZe in the range betWeen 5 and 50 square 
microns The transition metal is a thin, discontinuous 
?lm inside the selected areas. Smaller transition metal 
nucleuses permit the transistor designer more ?exibility of 
placement. That is, the transition metal nucleus is small 
enough to deposited betWeen device patterns on the IC. 

[0026] The rate of lateral groWth of the transition metal is 
knoWn to be dependent the annealing temperature. There 
fore, the location of silicide products on the groWth expan 
sion front are knoWn. By etching aWay all products at a 
distance approximately 30” from the edges of the suicide 
nucleus selected areas, only the crystalliZed ?rst ?lm 
remains. 

[0027] A thin-?lm transistor (TFT) product formed 
through the above-described process, having loW leakage 
current and high electron mobility, is also provided. The 
TFT comprises source/drain and channel regions of crystal 
liZed ?rst ?lm material formed through depositing transition 
metal on selected areas of a ?rst ?lm and annealing the ?rst 
?lm. The lateral groWth along an expanding front forms 
transition metal semiconductor compounds behind an 
expansion front adjoining the amorphous ?rst ?lm, leaving 
crystalliZed ?rst ?lm material behind the front, after the ?lm 
is cooled. After annealment, a pattern is etched in the 
annealed ?rst ?lm to remove the transition metal semicon 
ductor compounds on the lateral groWth front. The pattern of 
crystalliZed ?lm is at least ten times larger than the transition 
metal nucleus, and is typically over 100 times larger. Sub 
sequently, the source and drain areas can be de?ned in the 
crystalliZed ?lm, and the areas surrounding the source/drain 
can be etched and oxidiZed to insulate the active areas of the 
transistor. 

[0028] The TFT also includes a gate oxide layer overlying 
the channel region, and a gate electrode overlying the gate 
oxide layer. Alternately, a bottom gate TFT can be fabricated 
using the above-described procedure. The transition metal 
semiconductor compounds have been removed to improve 
leakage current. The large grain crystalline active areas of 
the transistor have high electron mobility. 

[0029] Typically, the TFT further comprising a glass sub 
strate, and a barrier layer overlying said glass substrate. The 
etched polycrystalline area is formed overlying said barrier 
level. Such a transistor device is useful in fabricating a liquid 
crystal display (LCD). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] FIGS. 1-2 illustrate a conventional salicide process 
to crystalliZe source/drain regions of a transistor (prior art). 
[0031] FIGS. 3-4 illustrates a transistor being formed on a 
layer of amorphous silicon, Where a silicidation metal is 
introduced outside transistor active regions (prior art). 
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[0032] FIGS. 5-9, and 12 illustrate steps in the formation 
of a completed thin-?lm transistor (TFT) having loW leakage 
current and high electron mobility in accordance With the 
present invention. 

[0033] FIG. 10 is a graph depicting the relationship 
betWeen annealing temperature and lateral groWth velocity. 

[0034] FIG. 11 is a graph depicting the relationship 
betWeen WindoW siZe and lateral groWth velocity. 

[0035] FIG. 13 is a How chart depicting the present 
invention method for crystalliZing an amorphous ?lm. 

[0036] FIG. 14 is a How chart illustrating another aspect 
of the method for crystalliZing an amorphous ?lm. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0037] FIGS. 1-2 illustrate a conventional salicide process 
to crystalliZe source/drain regions of a transistor (prior art). 
FIG. 1 is a plan vieW of a transistor 10 in fabrication having 
silicon source 12a, silicon drain 12b, and silicon channel 
region 12c. Silicon regions 12a, 12b, and 12c are surrounded 
by oxidiZed silicon 14, or a similar insulating material. The 
source and drain regions 12a and 12b are covered With a 
layer of transition metal 16. It is typical in the deposition of 
transition metal layer 16 to cover surrounding areas 14, 
hoWever, in the self-aligning silicide (salicide) process tran 
sition metal 16 only reacts With silicon. Therefore, metal 16 
is not shoWn overlying areas 14. Transition metal 16 is also 
not shoWn overlying channel region 12c, since channel 
region 12c is usually covered by a gate oxide layer, and even 
a gate electrode at this stage of the process. Neither the gate 
oxide layer, nor gate electrode is shoWn for the sake of 
clarity. 

[0038] FIG. 2 illustrates transistor 10 of FIG. 1 folloWing 
an annealing process. Transition metal 16 has moved along 
a lateral groWth front out from silicon areas 12a and 12b. At 
the ?nish of the annealing process the tWo groWth fronts 
intersect in the center of the channel region, labeled 12d. The 
silicon regions behind the groWth front of transition metal 16 
have been transformed With transition metal 16 into crys 
talliZed silicon 18. That is, silicon areas 12a, 12b, and parts 
of 12c have been crystalliZed. Although the bulk of silicon 
areas 12a and 12b may be crystalliZed silicon, devoid of 
transition metal semiconductor compounds, such as silicide, 
the limited source of amorphous silicon in area 12c and the 
intersecting fronts may result in an area of silicide in channel 
region 12d. 

[0039] Typically, source drain areas 12a and 12b are 
amorphiZed in response to large doping implants in the 
formation of active source/drain regions. When source/drain 
regions 12a and 12b are annealed again for implant activa 
tion, a danger exists that transition metal grains 16 in 
channel region 12d could migrate back into the amorphous 
source/drain regions 12a and 12b. The presence of transition 
metal grains in source/drain regions 12a and 12b increases 
leakage current as transition metal 16 tends to act as a short 
across the reverse bias junction. 

[0040] FIGS. 3-4 illustrates a transistor 110 being formed 
on a layer of amorphous silicon 112, Where silicidation metal 
116 is introduced outside transistor active regions (prior art). 
FIG. 3 depicts source 112a, drain 112b, and channel 112c to 
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be formed from amorphous silicon layer 112 after crystal 
liZation. During annealment, a front of transition metal 16, 
represented by arroWs 117, groWs across silicon layer 12. 

[0041] FIG. 4 illustrates transistor 110 after annealment. 
The lateral growth has continued through active areas 112a, 
112b, and 112c. That is, the front of unreacted transition 
metal 116, in the form of a transition metal semiconductor 
compound 117 has moved through silicon ?lm 112. Behind 
the lateral groWth front of transition metal 116 front, is a 
polycrystalline silicon 118. Actually, the entire sheet of 
silicon 112 of FIG. 3 behind the groWth front has been 
converted into polycrystalline silicon 118, including active 
areas 112a, 112b, and 112c. The dotted lines running across 
polycrystalline ?lm 118 represent borders betWeen areas of 
identical lattice alignment. After annealment, transition 
metal compounds in areas 116 and 117 are etched aWay. 
Transistor active areas 112a, 112b, and 112c are free of 
silicide 117. HoWever, a long annealing time Was required 
because of the long lateral crystalliZation length or groWth 
front, represented by arroW 120. Further, suicide regions 116 
and 117 cannot be used in device fabrication, imposing 
restrictions upon device layout. 

[0042] FIGS. 5-9, and 12 illustrate steps in the formation 
of a completed thin-?lm transistor (TFT) having loW leakage 
current and high electron mobility in accordance With the 
present invention. FIG. 5 is a plan vieW of transistor 210 
being formed from an amorphous ?rst ?lm 212. Areas 212a, 
212b, and 212c marked With dotted lines represent the 
locations, respectively of the source, drain, and channel, 
Which are formed later in the fabrication process. A selected 
area 215 of amorphous ?rst ?lm 212 forms a transition metal 
nucleus With the deposition of a transition metal 216. 
Transition metal 216 is deposited by any means knoWn in 
the art, including ion implantation. 

[0043] FIG. 6 depicts transistor 210 of FIG. 5 after 
annealing of ?rst ?lm 212. During annealing, transition 
metal semiconductor compounds 217 groW laterally along 
an expansion front Which is centered on selected area 215. 
CrystalliZed ?rst ?lm material 218 is formed in a groWth 
area, Which is at least ten times larger than transition metal 
nucleus selected area 215, betWeen transition metal nucleus 
215 and expansion front 219. In some aspects of the inven 
tion, groWth area 218 is at least 100 times larger than 
selected area 215. The lateral groWth expanding front and 
the direction of groWth are represented by arroWs 220. 
Lateral groWth front 219 extends a distance of approxi 
mately 30 pm from any edge, such as edge 221, of selected 
area 215. An area With a diameter of 60” is a practical siZe 
in Which to form a typical transistor. Transition metal 
semiconductor compounds 217 are formed on the front, 
surrounded by an outer area of amorphous ?rst ?lm 212. 
Amorphous ?rst ?lm 212 outside front 219 sometimes 
undergoes bulk nucleation in response to the annealing 
temperatures. Alternately, selected area 215 is a narroW strip 
as shoWn in FIG. 3. Then, the lateral groWth front is one 
dimensional as shoWn by reference designator 117. Alter 
nately, the lateral groWth is tWo dimensional as shoWn by 
reference designators 117 and 220. Regardless of Whether 
the groWth is one or tWo dimensional, the crystalliZed area 
is at least ten times the transitional metal selected area. 

[0044] FIG. 7 depicts transistor 210 of FIG. 6 after 
etching. A pattern is etched in annealed ?rst ?lm, or crys 
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talliZed ?lm 218 to remove transition metal semiconductor 
compounds 217 on lateral groWth front 219. Transistor 210 
is further etched to form source/drain 212a/212b and chan 
nel regions 212c of large grain crystalliZed ?rst ?lm material 
218. Alternately, the etching is performed so that source/ 
drain 212a/212b and channel 212c have the same shape and 
pattern as source/drain 12a/12b of FIG. 1, With selected area 
215 slightly offset from channel region 12c. With the shape 
of FIG. 1, the annealing process is conducted for either a 
slightly longer time duration, or at a higher temperature to 
accommodate a larger lateral groWth of transition metal 
semiconductor compounds 217. 

[0045] FIG. 8 is a partial cross-sectional vieW of transistor 
210 of FIG. 5. First ?lm 212 has a thickness 222 in the range 
betWeen 200 and 10,000 Typically, ?rst ?lm 212 is a 
material selected from the group consisting of silicon, ger 
manium, silicon carbide, and silicon-germanium com 
pounds. First ?lm 212 is selected from the group of amor 
phous material and amorphous material embedded With 
microcrystallites. Typically, the microcrystallites are the 
same material as the surrounding amorphous matter. Cur 
rently, TFT transistors are often made With a ?rst ?lm 
thickness of approximately 500 A glass substrate 224 and 
a barrier layer 226 overlie glass substrate 224, and are 
typically used in the fabrication of TFT 210 for an LCD. 
Amorphous ?rst ?lm 212 overlies barrier 226. Asecond ?lm 
layer 228 overlies ?rst ?lm 212. Second ?lm 228 is selec 
tively etched, so that an opening is formed through second 
?lm 228 to access and de?ne ?rst ?lm selected area 215. 

[0046] In FIG. 9, transition metal 216 is deposited through 
the openings etched in second ?lm 228 to form a transition 
metal nucleus on ?rst ?lm selected area 215. Transition 
metal 216 is deposited, or ion implanted through the open 
ing. zlghe concentration of transition metal is greater than 
1x10 atoms per cubic centimeter in ?rst ?lm 212. Thin 
thicknesses 229 of transition metal 216 typically is made up 
of discontinuous “islands” of transition metal Which form 
many separate nucleuses for the lateral groWth of a crystal 
grain. Transition metal 216 is selected from the group 
consisting of Al, Which has properties similar to transition 
metals, and transition metals such as Ni, Ti, Co, and palla 
dium. 

[0047] After annealment, second ?lm 228, and transition 
metal 216 overlying second ?lm 226 are removed. In some 
aspects of the invention, second ?lm 228 is temporary, and 
is removed after metal 216 is deposited. Alternately, second 
?lm 228 is a gate oxide layer, and is not removed. 

[0048] In some aspects of the invention, ?rst ?lm 212 is 
preheated to a temperature beloW approximately 600 
degrees C to insure that substantially no crystalliZation 
occurs before the intended annealing temperature is reached. 
That is, the mono-transitional metal semiconductor com 
pounds formed during some preheating steps are irrelevant 
to the crystalliZation process. Di-transitional metal semicon 
ductor compounds 217 are not formed until the temperature 
exceeds approximately 550 degrees C. It is di-transitional 
metal semiconductor compounds 217 that cause ?rst ?lm 
212 to begin crystalliZation. 

[0049] The temperature is ramped-up from the preheating 
temperature to the annealing temperature at a rate greater 
than 5 degrees C. per second, Whereby ?rst ?lm 212 is 
annealed at the intended temperature for larger crystal 
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grains. Typically, the preheating temperature is a tempera 
ture less than 600 degrees C. In one aspect of the invention, 
the annealing is performed With an RTA process at a 
temperature in the range betWeen 600 and 800 degrees C, for 
a time duration in the range betWeen 1 second and 15 
minutes. A higher annealing temperature corresponds to a 
shorter annealing time, While a loWer annealing temperature 
corresponds to a longer annealing time. 

[0050] FIG. 10 is a graph depicting the relationship 
betWeen annealing temperature and lateral groWth velocity. 
The black circles represent Nickel-Aided Crystallization 
(NAC) of amorphous silicon per the present invention. The 
other shapes represent conventional SPC processes With a 
variety of transition metal deposition areas. With the present 
invention, a higher annealing temperature yields a higher 
groWth velocity, and therefore, faster annealing time. In 
some aspects of the invention, an RTA process, using a 
sufficient temperature, induces lateral groWth at a velocity in 
the range betWeen 0.01 and 10 pm per second. The graph of 
FIG. 10 shoWs that an RTA process at a temperature 
betWeen 650 and 750 degrees produces lateral groWth veloc 
ity betWeen 0.1 and 1 pm per second. Upper temperatures 
are limited by concern to the glass substrate and spontaneous 
nucleation of the amorphous ?rst ?lm. 

[0051] Returning brie?y to FIGS. 9 and 5, there is also a 
relationship betWeen selected area 215, or the WindoW siZe 
in Which transition metal 216 is deposited, and the lateral 
groWth velocity. FIG. 11 is a graph depicting the relation 
ship betWeen WindoW siZe and lateral groWth velocity. 
Larger WindoWs and higher temperatures yield the fastest 
velocities. HoWever, it is more convenient to layout and 
place small WindoWs. In general, the WindoWs or transition 
metal nucleus selected areas have a practical area in the 
range betWeen 1 and 1000 square microns From the 
study of FIGS. 10 and 11, it can be seen that When transition 
metal nucleus is a thin discontinuous ?lm deposited on 
selected areas having a range betWeen 5 and 5002, then the 
lateral groWth velocity is in the range betWeen 0.1 an 1 pm 
per second. Speci?cally, When transition metal nucleus is a 
thin discontinuous ?lm deposited on selected area 215 of 
approximately 1602, and When annealing is performed With 
an RTA process in the range betWeen 700 and 730 degrees 
C for a time duration of approximately 1 minute, then a 
lateral groWth velocity betWeen 0.1 and 1p per second is 
obtained. 

[0052] FIG. 12 depicts transistor 210 after annealing. A 
gate oxide layer 230 is shoWn overlying channel region 
212c, interposed betWeen source 212a and drain 212b. A 
gate electrode 232 overlies gate oxide layer 230, and a top 
gate TFT is fabricated. Alternately, the present invention is 
used in the fabrication of bottom gate TFTs. As is Well 
knoWn in the art and, therefore, not shoWn, a gate electrode 
is deposited over the glass substrate, and the gate oxide layer 
deposited overlying the gate electrode. The formation of 
source 212a, drain 212b, and channel 212c regions remains 
essentially the same regardless of Whether a bottom or top 
gate TFT is formed. 

[0053] Typically, phosphorous or boron are implanted into 
source/drain 212a/212b. Transistor 210 is then annealed to 
activate the implanted species. As in conventional processes, 
transistor 210 is covered With an intermetal insulator (not 
shoWn), and contact holes are de?ned to gate 232, source 
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212a and drain 212b. The above-described process of TFT 
formation results in transistor active areas having high 
electron mobility and loW leakage currents. 

[0054] FIG. 13 is a How chart depicting the present 
invention method for crystalliZing an amorphous ?lm. Step 
300 provides a ?rst ?lm. Step 302 deposits a layer of ?rst 
?lm having a horiZontal top surface. Step 302 includes a ?rst 
?lm selected from the group consisting of silicon, germa 
nium, silicon carbide, and silicon-germanium compounds. 
Step 302 includes selecting the ?rst ?lm from the group 
consisting of amorphous material and amorphous material 
embedded With microcrystallites to further the crystalliZa 
tion process. In some aspects of the invention Step 302 
includes the ?rst ?lm thickness being in the range betWeen 
200 and 10,000 A. 
[0055] Step 304 deposits a transition metal on selected 
areas of the ?rst ?lm layer top surface, forming a transition 
metal nucleus. Step 304 includes depositing a transition 
metal selected from the group consisting of Al, Ni, Ti, Co, 
and Pd. In one aspect of the invention, Step 304 includes the 
transition metal nucleus being a thin discontinuous ?lm 
deposited on selected areas having an area in the range 
betWeen 1 and 100002. Step 304 also includes the transition 
metal nucleus having a concentration of 1x 1018 atoms per 
cubed centimeter in the ?rst ?lm. 

[0056] Step 306 heats the amorphous ?rst ?lm With the 
transition metal, laterally groWing, in an expanding horiZon 
tal front from the selected areas, a ?rst ?lm of transition 
metal semiconductor compounds in a groWth area, Which is 
large compared to the transition metal nucleus selected area, 
betWeen the expansion front and the transition metal 
nucleus. In one aspect of the invention Step 306 includes 
using an RTA process at a temperature in the range betWeen 
600 and 800 degrees C, and a time duration in the range 
betWeen 1 second and 15 minutes. In another aspect, Step 
306 uses an RTAprocess at a temperature suf?cient to induce 
lateral groWth at a velocity in the range betWeen 0.01 and 
10p per second. 

[0057] In one aspect of the invention, Step 304 includes 
the transition metal nucleus selected areas having an area in 
the range betWeen 5 and 5002, and Step 306 includes the 
lateral groWth velocity in the range betWeen 0.1 and 1 pm, 
Whereby the layout is aided by the transition nucleus being 
small enough to deposit betWeen device patterns. 

[0058] In another aspect of the invention, Step 304 
includes a transition metal nucleus being a thin discontinu 
ous ?lm deposited on a selected area of approximately 1602, 
and Step 306 includes using an RTAprocess at a temperature 
in the range betWeen 700 and 730 degrees C, and a time 
duration of approximately 1 minute. Then, Step 306 includes 
a lateral groWth velocity in the range betWeen 0.1 and 1 pm 
per second. Typically, Step 306 includes a lateral groWth 
front extending approximately 30 pm from the border 
around the transition metal nucleus selected area deposited 
in Step 304. 

[0059] Step 308 cools the ?rst ?lm, Whereby the ?rst ?lm 
is annealed. That is, the annealing process is completed. Step 
310, simultaneously With the cooling of Step 308, trans 
forms the groWth area betWeen the transition metal nucleus 
selected area formed in Step 304 and the expansion front 
established in Step 306 in a crystalliZed ?rst ?lm. Step 312 
is a product, Where a continuous area of crystalliZed ?rst ?lm 
is formed after annealment. 
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[0060] In some aspects of the invention, the ratio of the 
growth area of Step 310 and the selected area of Step 304 is 
greater than 10 to 1. Typically the ratio is greater than 100 
to 1. 

[0061] In some aspects of the invention, a further step 
folloWs Step 310, and precedes Step 312. Step 310a selec 
tively etches the ?rst ?lm annealed in Steps 306-308 to 
remove any transition metal semiconductor compounds on 
the expansion front established in Step 306 and the transition 
metal nucleus selected areas formed in Step 304. In this 
manner, a crystalliZed ?rst ?lm remains for subsequent 
processing into the active regions of a transistor. 

[0062] In some aspects of the invention, further steps 
precede Step 306. Step 304a (not shoWn) ramps the tem 
perature up from the preheating temperature to the annealing 
temperature of Step 306 at a rate greater than 5 degrees C per 
second. In this manner, the ?rst ?lm is annealed at the 
intended temperature of Step 306 for larger crystal grains. 

[0063] One aspect of the invention includes a further 
steps, preceding Step 304. Step 302a deposits a second ?lm 
layer overlying the ?rst ?lm. Step 302b selectively etches 
the second ?lm deposited in Step 302a, forming openings 
through the second ?lm to access and de?ne the ?rst ?lm 
selected areas. Then, Step 304 includes depositing the tran 
sition metal through the openings etched in Step 302b to 
form transition metal nucleuses in the ?rst ?lm selected 
areas. Ion implantation is another method of depositing 
transition metal in Step 304. 

[0064] In some aspects of the invention, Step 300 provides 
a glass substrate and a barrier layer overlying the glass 
substrate. Then, Step 302 includes depositing the ?rst ?lm 
overlying the barrier layer and glass substrate. 

[0065] One aspect of the invention includes further steps 
(not shoWn), folloWing Step 310a. Step 310b forms transis 
tor source, drain, and channel regions With the annealed ?lm 
not removed in Step 310a, Whereby the source, drain, and 
channel regions are formed from crystalliZed ?rst ?lm 
Without the presence of transition metal semiconductor 
compound. Step 310c forms a gate oxide layer overlying the 
source, drain, and channel regions formed in Step 310b. Step 
310d forms a gate Electrode overlying the gate oxide, Step 
310e implants doping species, and Step 310f anneals to 
activate implanted species. The present invention method is 
also applicable to the formation of bottom gate TFTs. Then, 
the gate electrode is formed in Step 300a (not shoWn), and 
the gate oxide is deposited in Step 300b. 

[0066] FIG. 14 is a How chart illustrating another aspect 
of the method for crystalliZing an amorphous ?lm. Step 400 
provides a ?rst ?lm. Step 402 deposits a transition metal 
nucleus on a selected area of the ?rst ?lm. Step 404 anneals 
the ?rst ?lm and transition metal, forming an area of large 
grain crystalliZed ?rst ?lm in a groWth area at least 100 times 
larger than the transition metal nucleus selected area, located 
betWeen the transition metal nucleus selected area and an 
expansion front on transition metal semiconductor com 
pound. Step 406 etches to remove the transitional metal 
semiconductor compound in the expansion groWth front. At 
this time, any transition metal semiconductor compound 
remaining in and around the nucleus selected site is 
removed. Step 408 is a product, a continuous ?lm of 
crystalliZed ?rst ?lm is formed With high electron mobility. 
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[0067] Amethod and product have been disclosed to form 
a sheet of crystalliZed amorphous silicon, in an early stage 
of transistor production, before the source and drain regions 
are de?ned. The method takes advantage of high annealing 
temperatures and transition metals to speed the lateral 
groWth of silicide. The higher temperatures also promote a 
more isotropic di-silicide groWth front, Which is less likely 
to leave amorphous enclaves in the silicon. A small transi 
tion metal nucleation site, in turn, can be more easily located 
near the center of a transistor. After annealing, the areas 
close to the silicide nucleation site form large grain poly 
crystalline silicon, Which is desirable for the formation of 
source/drain and channel regions. Silicide products are 
etched aWay When the area of the source and drain are 
de?ned. Other variations and embodiments of the present 
invention Will occur to those skilled in the art. 

What is claimed is: 
1. Amethod for crystalliZing an amorphous ?lm compris 

ing the steps of: 

a) depositing a layer of a ?rst ?lm having a horiZontal top 
surface; 

b) depositing a transition metal on a selected area of the 
?rst ?lm layer top surface, forming a transition metal 
nucleus; 

c) heating the ?rst ?lm With the transition metal, and 
laterally groWing, in an expanding horiZontal front 
from the selected areas, a ?rst ?lm of transition metal 
semiconductor compounds in a groWth area, Which is 
large compared to the transition metal nucleus selected 
area, betWeen the expansion front and the transition 
metal nucleus; 

d) cooling the ?rst ?lm, Whereby the ?rst ?lm is annealed; 
and 

e) simultaneously With the cooling of Step d), transform 
ing the groWth area of ?rst ?lm betWeen the transition 
metal nucleus selected area formed in Step b) and 
expansion front established in Step c) into crystalliZed 
?rst ?lm, Whereby a continuous area of crystalliZed ?rst 
?lm is formed from a small nucleus of transition metal. 

2. A method as in claim 1 including a further step, 
folloWing Step e), of: 

f) selectively etching the ?rst ?lm annealed in Steps c) and 
d) to remove any transition metal semiconductor com 
pounds on the expansion front established in Step c) 
and transition metal nucleus deposited in Step b), 
Whereby a crystalliZed ?rst ?lm remains for subsequent 
processing into the active regions of a transistor. 

3. Amethod as in claim 1 in Which the ratio of the groWth 
area of Step e) and the selected area of Step b) is greater than 
10 to 1. 

4. Amethod as in claim 3 in Which the ratio of the groWth 
area of Step e) and the selected area of Step b) is greater than 
100 to 1. 

5. A method as in claim 1 in Which Step b) includes 
depositing a transition metal selected from the group con 
sisting of Al, Ni, Ti, Co, and Pd. 

6. A method as in claim 1 including further steps, pre 
ceding Step c), of: 

ramping the temperature up to the annealing temperature 
of Step c) at a rate greater than 5 degrees C per second, 
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whereby the ?rst ?lm is annealed at the intended 
temperature of Step c) for larger crystal grains. 

7. A method as in claim 1 including a further steps, 
preceding Step b), of: 

a1) depositing a second ?lm layer overlying the ?rst ?lm; 

a2) selectively etching the second ?lm deposited in Step 
a1), forming openings through the second ?lm to access 
and de?ne the ?rst ?lm selected areas; and 

in Which Step b) includes depositing the transition metal 
through the openings etched in Step a) to form transi 
tion metal nucleuses in the ?rst ?lm selected areas. 

8. Amethod as in claim 1 in Which Step c) includes using 
a Rapid Thermal Annealing (RTA) process at a temperature 
in the range betWeen 600 and 800 degrees C, and a time 
duration in the range betWeen 1 second and 15 minutes. 

9. Amethod as in claim 8 in Which Step c) includes using 
an RTA process at a temperature suf?cient to induce lateral 
groWth at a velocity in the range betWeen 0.01 and 10p per 
second. 

10. A method as in claim 8 in Which Step b) includes the 
transition metal nucleus selected areas having an area in the 
range betWeen 1 and 1000p? 

11. A method as in claim 8 in Which Step b) includes the 
transition metal nucleus being a thin discontinuous ?lm 
deposited on selected areas having an area in the range 
betWeen 5 and SOpZ, and Step c) includes the lateral groWth 
velocity in the range betWeen 0.1 and 1p per second, 
Whereby layout is aided by the transition metal nucleus 
being small enough to deposit betWeen device patterns. 

12. A method as in claim 1 in Which Step b) includes a 
transition metal nucleus being a thin discontinuous ?lm 
deposited on selected area of approximately 16p2, in Which 
Step c) includes using an RTAprocess at a temperature in the 
range betWeen 700 and 730 degrees C, and a time duration 
of approximately 1 minute, and in Which Step c) includes a 
lateral groWth velocity in the range betWeen 0.1 and 1 pm 
per second. 

13. A method as in claim 1 in Which Step e) includes a 
groWth area extending approximately 30” from the border 
around the transition metal nucleus selected area deposited 
in Step b). 

14. A method as in claim 1 Wherein a glass substrate and 
a barrier layer overlying the glass substrate are provided, and 
in Which Step a) includes depositing the ?rst ?lm overlying 
the barrier layer and glass substrate. 

15. A method as in claim 2 including the further steps of: 

g) forming transistor source, drain, and channel regions 
With the annealed ?lm not removed in Step f), Whereby 
the source, drain, and channel regions are formed from 
crystalliZed ?rst ?lm, Without the presence of transition 
metal semiconductor compounds; 

h) forming a gate oxide layer; 

i) forming a gate electrode; 

implanting doping species; and 

k) annealing to activate the implanted species, Whereby 
both top gate and bottom gate TFTs are formed. 

16. A method as in claim 1 in Which Step a) includes an 
amorphous ?rst ?lm selected from the group consisting of 
silicon, germanium, silicon carbide, and silicon-germanium 
compounds. 
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17. A method as in claim 1 in Which Step a) includes the 
?rst ?lm thickness being in the range betWeen 200 and 
10,000 A. 

18. A method as in claim 1 in Which Step b) includes the 
transition metal nucleus having a concentration of 1><1018 
atoms per cubed centimeter in the ?rst ?lm. 

19. A method as in claim 1 in Which Step a) includes 
selecting the ?rst ?lm from the group consisting of amor 
phous material and amorphous material embedded With 
microcrystallites. 

20. A method for crystalliZing a ?rst ?lm comprising the 
steps of: 

a) depositing a transition metal nucleus on a selected area 
of the ?lm; 

b) annealing the amorphous ?lm and transition metal, 
forming an area of large grain crystalliZed ?rst ?lm in 
a groWth area at least 100 times larger than the transi 
tion metal nucleus selected area located betWeen the 
transitional metal nucleus selected area and an expan 
sion groWth front of transition metal semiconductor 
compound; and 

c) etching to remove the transitional metal semiconductor 
compound in the expansion groWth front, Whereby a 
continuous ?lm of crystalliZed ?rst ?lm With high 
electron mobility is formed. 

21. A thin-?lm transistor (TFT) having loW leakage cur 
rent and high electron mobility comprising source/drain and 
channel regions of a large grain crystalliZed ?rst ?lm mate 
rial formed from depositing a transition metal nucleus on 
selected areas of the ?rst ?lm, annealing the ?rst ?lm to 
laterally groWing transition metal semiconductor com 
pounds along an expansion front, forming crystalliZed ?rst 
?lm material in a groWth area, Which is at least ten times 
larger than the transition metal nucleus selected area, 
betWeen the transition metal nucleus and the expansion 
front, and etching a pattern in the annealed ?rst ?lm to 
remove the transition metal semiconductor compounds on 
the expansion front, Whereby a transistor is formed having 
high electron mobility and loW leakage current in the 
transistor active areas. 

22. A TFT as in claim 21 further comprising: 

a gate electrode; 

a gate oxide layer overlying said gate electrode; and 

in Which said gate electrode and gate oxide layer are 
deposited before said ?rst ?lm, Whereby a bottom gate 
TFT is fabricated. 

23. A TFT as in claim 21 further comprising: 

a gate oxide layer overlying said channel region; and 

a gate electrode overlying said gate oxide layer, Whereby 
a top gate TFT is fabricated. 

24. A TFT as in claim 21 further comprising a glass 
substrate, a barrier layer overlying said glass substrate, and 
in Which said crystalliZed ?rst ?lm is formed overlying said 
barrier level. 

25. A TFT as in claim 21 in Which said ?rst ?lm material 
is selected from the group consisting of silicon, germanium, 
silicon carbide, and silicon-germanium compounds, and in 
Which said ?rst ?lm is selected from the group consisting of 
amorphous material, and amorphous material With embed 
ded microcrystallites. 
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26. A TFT as in claim 21 in Which said ?rst (?lm has a 
thickness in the range betWeen 200 and 10,000 A. 

27. ATFT as in claim 21 in Which the crystallized growth 
area is at least 100 times larger than the transition metal 
nucleus selected area. 

28. A TFT as in 21 in Which the transition metal nucleus 
has a concentration greater than 1><1018 atoms per cubic 
centimeter in the ?rst ?lm. 

29. A TFT as in claim 21 in Which the transition metal is 
selected from the group consisting of Al, Ni, Ti, Co, and Pd. 

30. A TFT as in claim 21 in Which the temperature is 
ramped-up to the annealing temperature at a rate greater than 
5 degrees C per second, Whereby the ?rst ?lm is annealed at 
the intended temperature for larger crystal grains. 

31. ATFT as in claim 21 further comprising a second ?lm 
layer, overlying the ?rst ?lm, Which is selectively etched to 
form openings through the second ?lm to access and de?ne 
the ?rst ?lm selected areas, and depositing the transition 
metal through the openings etched in the second ?lm to form 
transition metal nucleuses on the ?rst ?lm selected areas. 

32. A TFT as in claim 21 in Which the annealing is 
performed With an RTA process at a temperature in the range 
betWeen 600 and 800 degrees C, for a time duration in the 
range betWeen 1 second and 15 minutes. 
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33. ATFT as in claim 32 in Which an RTA process, using 
a suf?cient temperature, induces lateral groWth at a velocity 
in the range betWeen 0.01 and 10p per second. 

34. A TFT as in claim 21 in Which the transition metal 
nucleus selected areas have an area in the range betWeen 1 
and 1000p? 

35. A TFT as in claim 32 in Which the transition metal 
nucleus is a thin discontinuous ?lm deposited over selected 
areas have an area in the range betWeen 5 and 50p2, and a 
lateral groWth velocity in the range betWeen 0.1 and lpper 
second, Whereby layout is aided by the transition metal 
nucleus being small enough to deposit betWeen device 
patterns. 

36. A TFT as in claim 21 in Which the transition metal 
nucleus is a thin discontinuous ?lm deposited over a selected 
area of approximately 16p2, in Which the annealing is 
performed With an RTAprocess at a temperature in the range 
betWeen 700 and 730 degrees C, and a time duration of 
approximately 1 minute, and in Which the lateral groWth 
velocity in the range betWeen 0.1 and 1 pm per second from 
the transition metal nucleus. 

37. ATFT as in claim 21 in Which the lateral groWth front 
eXtends approximately 30;! from the edge of the transition 
metal nucleus selected area. 

* * * * * 


