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THIN FILM TRANSISTORS AND METHOD OF 
FORMING THIN FILM TRANSISTORS 

TECHNICAL FIELD 

[0001] This invention relates to thin ?lm transistors and to 
methods of forming thin ?lm transistors. 

BACKGROUND OF THE INVTION 

[0002] As circuit density continues to increase, there is a 
corresponding drive to produce smaller and smaller ?eld 
effect transistors. Field effect transistors have typically been 
formed by providing active areas Within a bulk substrate 
material or Within a complementary conductivity type Well 
formed Within a bulk substrate. Although the ?eld effect 
transistor feature siZe is reducing With advances in process 
technology, even smaller transistors can be formed from thin 
?lms deposited over oxide. These transistors are commonly 
referred to as “thin ?lm transistors” 

[0003] With TFTs, a thin ?lm of semiconductive material 
is ?rst provided. A central channel region of the thin ?lm is 
masked, While opposing adjacent source/drain regions are 
doped With an appropriate p or n type conductivity enhanc 
ing impuriiy. A gate insulator and gate are provided either 
above or beloW the thin ?lm channel region, thus providing 
a ?eld effect transistor having an active channel region 
formed entirely Within a thin ?lm as opposed to a bulk 
substrate. 

[0004] The invention greW out of needs associated With 
TFIs and their usage in high-density static random access 
memories (SRAMs). A static memory cell is characteriZed 
by operation in one of tWo mutually eXclusive and cell 
maintaining operating states. Each operating state de?nes 
one of the tWo possible binary bit values, 0 or 1. A static 
memory cell typically has an output Which re?ects the 
operating state of the memory cell. Such an output produces 
a “high” voltage to indicate a “set” operating state. The 
memory cell output produces a “loW” voltage to indicate a 
“reset” memory cell operating state. A loW or reset output 
voltage usually represents a binary value of 0, and a high or 
set output voltage represents a binary value of 1. 

[0005] A static memory cell is said to be bi-stable because 
it has tWo stable or self-maintaining operating states, cor 
responding to tWo different output voltages. Without exter 
nal stimuli, a static memory cell Will operate continuously in 
a single one of its tWo operating states. It has internal 
feedback to maintain a stable output voltage, corresponding 
to operating states of the memory cell, as long as the 
memory cell receives poWer. 

[0006] The operation of the static memory cell is in 
contrast to other types of memory cells, such as dynamic 
cells, Which do not have stable operating states. A dynamic 
memory cell can be programmed to store a voltage Which 
represents one of tWo binary values, but requires periodic 
reprogramming or “refreshing” to maintain this voltage for 
more than very short time periods. A dynamic memory cell 
has no feedback to maintain a stable output voltage. Without 
refreshing, the output of a dynamic memory cell Will drift 
toWards intermediate or indeterminate voltages, effectively 
resulting in loss of data. 

[0007] Dynamic memory cells are used in spite of this 
limitation because of the signi?cantly greater packaging 
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densities Which can be attained. For instance, a dynamic 
memory cell can be fabricated With a single MOSFET 
transistor, rather than the siX transistors typically required in 
a static memory cell. SRAM cell density is maXimiZed With 
three-dimensional integration. For example, load transistors 
of the SRAM cell constitute TFTs Which are folded over the 
bulk transistors. Because of the signi?cantly different archi 
tectural arrangements and functional requirements of static 
and dynamic memory cells and circuits, static memory 
design has developed along a different path than has the 
design of dynamic memories. 

[0008] Ongoing efforts in SRAM circuitry have brought 
about the development of TFTs in an attempt to minimiZe 
space and for other advantageous regions associated With 
TFTs. While the invention greW out of needs associated With 
TFTs of SRAM circuitry, the artisan Will appreciate appli 
cability of the invention to other types of circuitry. 

[0009] One common material utiliZed as the thin source, 
channel and drain ?lm in a TFT is polysilicon. Such is 
comprised of multiple forms of individual single crystal 
silicon grains. The locations Where tWo individual crystal 
line grains abut one another is commonly referred to as a 
grain boundary. Grain boundaries are inherent in polycrys 
talline materials, such as polysilicon, as it is the boundaries 
Which de?ne the breaks betWeen individual crystal grains. 
The crystalline structure breaks doWn at the grain bound 
aries, giving rise to a high concentration of broken or 
“dangling” Si bonds. These dangling bonds “trap” carriers 
and give rise to potential barriers at the grain boundaries. 
These potential barriers impede the How of carriers in 
polysilicon, thus reducing conductivity. 

[0010] The grain boundary potential barrier height is pro 
portional to the square of the dangling bond density, or “trap 
density”. The smaller the grain siZe, the higher the trap 
density and thus the loWer the conductance. In a TFT, the 
grain boundary potential barrier height is controlled by the 
gate voltage, and hence the conductivity is a function of the 
gate voltage. A larger trap concentration makes it harder for 
the gate to form a channel resulting in a higher threshold 
voltage and a loWer drive current. 

[0011] The grain boundary trap concentration also affects 
the leakage current in TFTs. In polysilicon or other poly 
crystalline TFTs, the presence of grain boundary traps at the 
drain end can dramatically increase the leakage current in 
the presence of a “gate-to-drain” electric ?eld. The increase 
in leakage results from either “thermionic ?eld emission” 
and/or “Poole-Frenkel” emission through the grain bound 
ary traps. Accordingly, the greater the number of grain 
boundaries (i.e., the smaller the grain siZe), the greater the 
current leakage through the material. Greater current leak 
age means that more poWer is required to replace the leaking 
current to maintain an SRAM cell transistor in its desired 
poWered-on state. Such leakage is particularly adverse in 
laptop computers, Where desired poWer consumption When 
a cell’s state is not being changed Would be desired to be 
very loW to eXtend battery life. 

[0012] High density SRAMs (16 Mb or higher) typically 
require TFTs With loW OFF currents (<50fA) and high ON 
current (>5nA) in order to obtain acceptable loW standby 
leakage and high memory cell stability. Current state-of-the 
art TFTs provide loW standby current at the eXpense of ON 
current, or at the eXpense of additional process complexity. 
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One present Way of minimizing this current leakage at the 
cost of increased process complexity is by providing a 
“lightly doped offset” (LDO) region Within the thin ?lm. A 
lightly doped offset region is an elongated region Within the 
thin ?lm Which is positioned effectively betWeen the channel 
region and the drain region. Such a region provides a buffer 
Zone for the electric ?eld betWeen the channel and drain 
Which minimiZes leakage therebetWeen. 

[0013] It Would be desirable to improve upon prior art thin 
?lm transistor constructions in a manner Which further 
minimiZes leakage current. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] Preferred embodiments of the invention are 
described beloW With reference to the folloWing accompa 
nying draWings. 

[0015] FIG. 1 is a diagrammatic cross-sectional vieW of a 
Wafer fragment at one processing step in accordance With 
the invention. 

[0016] FIG. 2 is a vieW of the FIG. 1 Wafer shoWn at a 
processing step subsequent to that shoWn by FIG. 1. 

[0017] FIG. 3 is a vieW of the FIG. 1 Wafer shoWn at a 
processing step subsequent to that shoWn by FIG. 2. 

[0018] FIG. 4 is a diagrammatic sectional vieW of an 
alternate Wafer fragment at one processing step in an alter 
nate method in accordance With the invention. 

[0019] FIG. 5 is a vieW of the FIG. 4 Wafer shoWn at a 
processing step subsequent to that shoWn by FIG. 4. 

[0020] FIG. 6 is a vieW of the FIG. 4 Wafer shoWn at a 
processing step subsequent to that shoWn by FIG. 5. 

[0021] FIG. 7 is a vieW of the FIG. 4 Wafer shoWn at a 
processing step subsequent to that shoWn by FIG. 6. 

[0022] FIG. 8 is a diagrammatic sectional vieW of yet 
another alternate Wafer fragment at one processing step at an 
alternate method in accordance With the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0023] This disclosure of the invention is submitted in 
furtherance of the constitutional purposes of the US. Patent 
LaWs “to promote the progress of science and useful arts” 
(Article 1, Section 8). 

[0024] In accordance With one aspect of the invention, a 
method of forming a thin ?lm transistor comprises the 
folloWing steps: 

[0025] providing a thin ?lm transistor layer of poly 
crystalline material on a substrate, the polycrystal 
line material having a ?rst average crystalline grain 
siZe; 

[0026] masking a portion of the polycrystalline thin 
?lm to de?ne a masked portion and an unmasked 
portion, the masked portion comprising a thin ?lm 
channel region in the polycrystalline thin ?lm, the 
unmasked portion comprising a thin ?lm drain offset 
region in the polycrystalline thin ?lm, the drain offset 
region being operatively adjacent the channel region; 
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[0027] conducting an amorphiZing silicon implant 
into the unmasked portion of the thin ?lm to trans 
form such unmasked polycrystalline portion into an 
amorphous phase; 

[0028] annealing the substrate to convert the amor 
phous phase back into polycrystalline material, the 
converted polycrystalline material having a second 
average crystalline grain siZe Which is greater than 
the ?rst average crystalline grain siZe; 

[0029] providing a drain region in the thin ?lm opera 
tively adjacent the drain offset region, With the drain 
offset region being intermediate the channel region 
and the drain region; and 

[0030] providing a source region in the thin ?lm 
operatively adjacent the channel region. 

[0031] In accordance With another aspect of the invention, 
a thin ?lm transistor comprises: 

[0032] a thin ?lm transistor layer comprising a source 
region, a channel region and a drain region; the thin 
?lm transistor layer further comprising a drain offset 
region positioned betWeen the drain region and the 
channel region; 

[0033] the channel region being substantially poly 
crystalline and having a ?rst average crystalline 
grain siZe; and 

[0034] the drain offset region being substantially 
polycrystalline and having a second average crystal 
line grain siZe, the second average crystalline grain 
siZe- being larger than the ?rst average crystalline 
grain siZe. 

[0035] More particularly and With reference to the ?gures, 
FIG. 1 illustrates a semiconductor Wafer fragment indicated 
generally by reference numeral 10. Such is comprised of a 
bulk silicon substrate 12 and an overlying silicon dioxide 
layer 14. The illustration is simpli?ed to focus on best-mode 
aspects of the invention, as opposed to shoWing possible and 
more typical substrate detail not particularly pertinent to the 
invention. A thin ?lm transistor layer 16 of polycrystalline 
material, such as polysilicon or CdSe, is provided atop oxide 
layer 14. An example method for providing layer 16 Would 
be to deposit an amorphous layer of silicon to a thickness 
betWeen 25 and 50 nanometers, folloWed by solid phase 
crystallization at 600° C. in nitrogen for 24 hours. Such Will 
result in a ?rst average crystalline grain siZe throughout 
layer 16 of 0.1-0.2 microns. Layer 16 is doped With an 
n-type conductivity enhancing impurity at a example dose of 
from 1 to 5x1012 atoms/cm2 to provide thin ?lm layer 16 as 
n- doped. Thereafter, a thin layer 18 (preferably 250 Ang 
stroms) of gate oxide is deposited, With an example thick 
ness being from 10 to 50 nanometers. An ONO dielectric 
might preferably be substituted for SiO2 of layer 18. 

[0036] Thin ?lm 16 is then masked to de?ne a masked 
portion 20 and an unmasked portion 22. Masking in this 
example is most preferably conducted by deposition of an 
n+ doped polysilicon layer to a thickness of 200-300 nanom 
eters, folloWed by subsequent patterning of such layer to 
produce a TFT gate 24. Accordingly, this example princi 
pally addresses -formation of a top gated thin ?lm transistor. 
Masked portion 20 comprises a thin ?lm channel region 26 
in polysilicon thin ?lm 16. Unmasked portion 22 Will 
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comprise thin ?lm source and drain regions Within ?lm 16. 
Such unmasked portions 22 also comprise a thin ?lm drain 
offset region 28 (to be further de?ned subsequently) adjacent 
channel region 26. At this point in the process, the grain 
structure of polysilicon layer 16 is uniform, having the ?rst 
stated average crystalline grain siZe. 

[0037] Referring to FIG. 2, an amorphiZing silicon 
implant is conducted into unmasked portions 22 of thin ?lm 
16 to transform such unmasked polysilicon portion into 
amorphous silicon regions 30. Alternate polycrystalline 
materials might be utiliZed, With the amorphiZing silicon 
implant rendering such material into an amorphous phase. 
Such can be provided by a silicon atom implant dose of from 
1><101“-1><1015 atoms/cm2. Most preferred is a silicon atom 
implant of 3x1014 atoms/cm2. 

[0038] Substrate 10 is annealed to convert the amorphous 
silicon (or other amorphous material) back into polysilicon, 
With the converted polysilicon of regions 30 having a second 
average crystalline grain siZe Which is greater than the ?rst 
average crystalline grain siZe. Such re-crystalliZation 
annealing Will typically naturally occur to regions 30 of 
layer 16 throughout conventional semiconductor Wafer pro 
cessing Which Will ultimately subject the substrate to tem 
peratures suf?ciently high and sufficiently long to result in 
such recrystalliZation. Alternately, a purposeful dedicated 
recrystalliZation and anneal step might be conducted at, for 
example, 850° C. in a nitrogen atmosphere for thirty minutes 
to effect the recrystalliZation. 

[0039] Subjecting unmasked regions 22 to such an amor 
phiZing silicon implant and recrystalliZation Will result in 
larger crystals being formed in regions 30 than in channel 
region 26. Most preferably, the second average crystalline 
grain siZe becomes at least 100% to 200% greater than the 
?rst average crystalline grain siZe. An example ?rst average 
crystalline grain siZe is approximately 0.1 microns, While an 
example preferred second average crystalline grain siZe is 
0.2 microns. The FIG. 2 Wafer is then preferably subjected 
to a p-type dopant implant to provide regions 30 With a p 
doping level. Example preferred doses Would include a BF2 
implant at 5><1012-5><1013 cm'2. 

[0040] Referring to FIG. 3, a layer of oxide, polysilicon or 
some other material is deposited and subjected to an aniso 
tropic spacer etch to produce the illustrated spacers 32 and 
34. Thereafter, substrate 10 is subjected to another p-type 
dopant impurity implant to produce a p+ drain region 36 and 
a p+ source region 38. Such also completes de?nition of 
drain offset region 28 intermediate channel region 26 and 
drain region 36. Such further de?nes a source offset region 
40 Which is operatively adjacent to and positioned betWeen 
source region 38 and channel region 26. 

[0041] Thus, thin ?lm transistor layer 16 comprises a 
source region 38, a channel region 26, a drain region 36 and 
tWo offset regions 28 and 40. Drain offset region 28 is 
operatively positioned betWeen drain region 36 and channel 
region 26. Channel region 26 is substantially polycrystalline 
having a ?rst average crystalline grain siZe. Drain offset 
region 28 is likeWise substantially polycrystalline, having a 
second average crystalline grain siZe Which is larger than the 
?rst average crystalline grain siZe. Although the above 
described method Was With respect to polysilicon, other 
polycrystalline materials might be utiliZed apart from or in 
combination With polycrystalline silicon, such as CdSe. 
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Drain region 36 and source region 38 are each substantially 
polycrystalline having the second average crystalline grain 
siZe. 

[0042] An example preferred length range for each of 
drain offset regions 28 and source offset regions 40 is from 
0.1 micron to 0.5 micron. 

[0043] The discussion proceeds With reference to FIGS. 
4-7 for description of a method for producing a bottom 
gated thin ?lm transistor. FIG. 4 illustrates a simpli?ed 
Wafer 50 comprised of a bulk substrate 52, oxide layer 53, 
and overlying TFT gate 54 and opposingly adjacent insu 
lating oxide regions 56. A gate dielectric layer 58 is provided 
atop regions 54 and 56, folloWed by a thin ?lm transistor 
polysilicon layer 60 provide to an n- doping. Gate 54 thus 
de?nes a channel region 62 in thin ?lm transistor layer 60. 
Alayer 64 of photoresist is deposited and patterned as shoWn 
preferably to expose only a drain offset region 66 of thin ?lm 
layer 60. Thus, photoresist layer 64 masks all of thin ?lm 
layer 60 but for drain offset region 66. Alternately in 
accordance With an aspect of the invention, masking layer 64 
could be patterned to protect only the channel region. 

[0044] Referring to FIG. 5, With resist layer 64 in place, 
drain offset region 66 is subjected to a p- level doping such 
as described above, folloWed by an amorphiZing silicon 
implant to render region 66 amorphous. Alternately, the 
amorphiZing implant could precede conductivity doping. 
Further, Region 66 Will recrystalliZe upon appropriate 
elevated temperature exposure as described above to form 
polycrystalline silicon having a second average crystalline 
grain siZe Which is greater than the ?rst average crystallin 
grain siZe of the remainder portion of thin ?lm layer 60. 

[0045] Referring to FIG. 6, photoresist layer 64 has been 
removed and a subsequent implant masking layer 68 depos 
ited and patterned as shoWn. Implant layer 68 masks drain 
offset region 66 and channel region 62, While exposing 
remaining regions of thin ?lm layer 60. With mask 68 in 
place, exposed portions of thin ?lm layer 60 are subjected to 
a p+ implant to produce a drain region 70 and a source 
region 72. Thus, a thin ?lm transistor in accordance With the 
invention is formed having a drain offset, but no source 
offset. Mask 68 may then be removed, as shoWn in FIG. 7. 
If masking material 68 comprises some other material such 
an insulative oxide, it might not be removed. 

[0046] In all of the above-described embodiments, the 
resultant product produces a larger ?nal average grain 
microstructure in the drain offset region as compared to the 
grain microstructure in the channel region. The current 
leakage typically trying to be prevented or minimiZed in 
SRAM or other transistors is leakage occurring from the 
source through the channel region to the drain. Since leakage 
current is dependent upon trap concentration near the drain 
end of a thin ?lm transistor, the above inventive approach 
Will reduce leakage current as it reduces average trap con 
centration at the drain. 

[0047] The ON current is also improved since it depends 
upon the grain siZe in both the channel region and the drain 
offset region. Smaller grains in the channel region are 
desirable for improved device-to-device uniformity. When 
channel grain siZe is large, some channel regions may have 
1 grain boundary While others may have 4 grain boundaries 
(a four fold difference). HoWever for channel regions With 
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small grains, the number of grain boundaries Will vary from 
25 to 30. The difference between 25 and 30 is only a factor 
of 1.2 as opposed to 4.0. Accordingly, thin ?lm transistors 
With more grains in the channel tend to have less device 
to-device non-uniformity. 

[0048] Although the above technique for increasing crys 
talline grain siZe Was by an amorphiZing implant With 
subsequent crystallization, alternate methods might be uti 
liZed. For example, germanium implanting might be used. 
Further, increasing grain siZe in the offset region as com 
pared to the channel region enhances overall conductivity of 
the offset region While minimiZing current leakage. Accord 
ingly, the drain offset region being an inherently higher 
conducting material than the channel region can be made 
longer to minimiZe undesired leakage current. Such should 
not appreciably adversely affect conductivity through the 
larger volume of material necessary for desired thin ?lm 
transistor operation. Ideally and most preferably, thin ?lm 
transistors are constructed Which only have a drain offset 
region, and no source offset region. 

[0049] FIG. 8 illustrates an alternate preferred thin ?lm 
transistor embodiment in accordance With the invention 
Which comprises a gated offset region. In this embodiment, 
due to the topography of the gate polysilicon and gate oXide, 
the drain offset region lies neXt to the gate sideWall. Spe 
ci?cally, FIG. 8 illustrates a Wafer fragment 75 comprised of 
a bulk substrate 76 and overlying SiO2 layer 78. A thin ?lm 
transistor polysilicon gate 80 is provided atop layer 78. A 
subsequent gate oXide dielectric layer 82 (preferably ONO) 
is deposited atop polysilicon gate 80. A thin ?lm transistor 
layer 84 is thereafter deposited. Such comprises a source 
region 86, a channel region 88, a drain offset region 90, and 
a drain region 92. 

[0050] As With the above-described constructions, the 
average crystalline grain siZe of drain offset region 90 is 
provided to be greater than the average crystalline grain siZe 
of channel region 88. The described construction overlaps 
offset region 90 With gate 80. This effectively provides tWo 
transistors in series, Where one is the main channel-transistor 
and the other is the an offset transistor. Overall transistor 
performance is improved by the effective gating of the offset 
region. 

[0051] Considering the above construction, the Poole 
Frenkel and Thermionic Field Emission based leakage 
model Was applied in evaluating the folloWing process 
variations: gate oXide thickness, channel polysilicon thick 
ness, offset doping concentration, and source/drain mis 
alignment. The nominal device parameters Were 0.3 micron 
offset (FIG. 8, dimension 95); 250 Angstrom thick oXide 
dielectric layer 82; a 500 Angstrom thick channel polysili 
con region 88, 53x1012 cm2 (p) channel dose; and 5x1012 
cm2 (BF2) offset dose. It Was found that When the gate oXide 
or channel polysilicon thickness is varied by plus or minus 
20%, the leakage current variation is less than 3%. When 
there is a negative source/drain misalignment such that the 
drain/channel junction becomes closer to the sideWall oxide, 
the leakage current increases dramatically. If the offset dose 
Was decreased from 5 to 3x1012 atoms/cm2, such that the net 
n-type doping concentration is higher, the leakage current 
increased by more than a factor of 10. 

[0052] In compliance With the statute, the invention has 
been described in language more or less speci?c as to 
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structural and methodical features. It is to be understood, 
hoWever, that the invention is not limited to the speci?c 
features shoWn and described, since the means herein dis 
closed comprise preferred forms of putting the invention 
into effect. The invention is, therefore, claimed in any of its 
forms or modi?cations Within the proper scope of the 
appended claims appropriately interpreted in accordance 
With the doctrine of equivalents. 

1. A thin ?lm transistor comprising: 

a thin ?lm transistor layer comprising a source region, a 
channel region and a drain region; the thin ?lm tran 
sistor layer further comprising a drain offset region 
positioned betWeen the drain region and the channel 
region; 

the channel region being substantially polycrystalline and 
having a ?rst average crystalline grain siZe; and 

the drain offset region being substantially polycrystalline 
and having a second average crystalline grain siZe, the 
second average crystalline grain siZe being larger than 
the ?rst average crystalline grain siZe. 

2. The thin ?lm transistor of claim 1 Wherein the second 
average crystalline grain siZe is at least 100% greater than 
the ?rst average crystalline grain siZe. 

3. The thin ?lm transistor of claim 1 Wherein the channel 
region and drain offset region each predominantly comprise 
polysilicon. 

4. The thin ?lm transistor of claim 1 Wherein the channel 
region and drain offset region each predominantly comprise 
polysilicon, and the second average crystalline grain siZe is 
at least 100% greater than the ?rst average crystalline grain 
size. 

5. The thin ?lm transistor of claim 1 Wherein the channel 
region and drain offset region each predominantly comprise 
polycrystalline CdSe. 

6. The thin ?lm transistor of claim 1 Wherein the drain 
region is substantially polycrystalline having the second 
average crystalline grain siZe. 

7. The thin ?lm transistor of claim 1 Wherein the source 
region is substantially polycrystalline having the second 
average crystalline grain siZe. 

8. The thin ?lm transistor of claim 1 Wherein each of the 
drain region and the source region is substantially polycrys 
talline having the second average crystalline grain siZe. 

9. The thin ?lm transistor of claim 1 Wherein the drain 
region is substantially polycrystalline having the ?rst aver 
age crystalline grain siZe. 

10. The thin ?lm transistor of claim 1 Wherein the source 
region is substantially polycrystalline having the ?rst aver 
age crystalline grain siZe. 

11. The thin ?lm transistor of claim 1 Wherein each of the 
drain region and the source region is substantially polycrys 
talline having the ?rst average crystalline grain siZe. 

12. The thin ?lm transistor of claim 1 further comprising 
a source offset positioned betWeen the source region and the 
channel region, the source offset region being substantially 
polycrystalline and having the second average crystalline 
grain siZe. 

13. The thin ?lm transistor of claim 1 further comprising 
a source offset positioned betWeen the source region and the 
channel region, the source offset region being substantially 
polycrystalline and having the second average crystalline 
grain siZe; and 
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the drain region being substantially polycrystalline and 
having the second average crystalline grain siZe. 

14. The thin ?lm transistor of claim 1 further comprising 
a source offset positioned betWeen the source region and the 
channel region, the source offset region being substantially 
polycrystalline and having the second average crystalline 
grain siZe; and 

the source region being substantially polycrystalline and 
having the second average crystalline grain siZe. 

15. The thin ?lm transistor of claim 1 further comprising 
a source offset positioned betWeen the source region and the 
channel region, the source offset region being substantially 
polycrystalline and having the second average crystalline 
grain siZe; 

the source region being substantially polycrystalline and 
having the second average crystalline grain siZe; and 

the drain region being substantially polycrystalline and 
having the second average crystalline grain siZe. 

16. The thin ?lm transistor of claim 1 further comprising 
a source offset positioned betWeen the source region and the 
channel region, the source offset region being substantially 
polycrystalline and having the second average crystalline 
grain siZe; 

the source region being substantially polycrystalline and 
having the second average crystalline grain siZe; 

the drain region being substantially polycrystalline and 
having the second average crystalline grain siZe; and 

each of the source, drain, drain - offset, and channel 
regions predominantly comprising polysilicon. 

17. Amethod of forming a thin ?lm transistor comprising 
the folloWing steps: 

providing a thin ?lm transistor layer of polycrystalline 
material on a substrate, the polycrystalline material 
having a ?rst average crystalline grain siZe; 

masking a portion of the polycrystalline thin ?lm to de?ne 
a masked portion and an unmasked portion, the masked 
portion comprising a thin ?lm channel region in the 
polycrystalline thin ?lm, the unmasked portion com 
prising a thin ?lm drain offset region in the polycrys 
talline thin ?lm, the drain offset region being opera 
tively adjacent the channel region; 

conducting an amorphiZing silicon implant into the 
unmasked portion of the thin ?lm to transform such 
unmasked polycrystalline portion into an amorphous 
phase; 

annealing the substrate to convert the amorphous phase 
back into polycrystalline material, the converted poly 
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crystalline material having a second average crystalline 
grain siZe Which is greater than the ?rst average crys 
talline grain siZe; 

providing a drain region in the thin ?lm operatively 
adjacent the drain offset region, With the drain offset 
region being intermediate the channel region and the 
drain region; and 

providing a source region in the thin ?lm operatively 
adjacent the channel region. 

18. The method of forming a thin ?lm transistor of claim 
17 comprising forming the transistor to be top gated, the step 
of masking comprising providing a top gate over the channel 
region, the top gate masking the masked portion of the thin 
?lm during the amorphiZing silicon implant. 

19. The method of forming a thin ?lm transistor of claim 
17 Wherein the step of masking masks all of the thin ?lm but 
for the drain offset region of the thin ?lm. 

20. The method of forming a thin ?lm transistor of claim 
17 Wherein the steps of providing source and drain regions 
comprise masking the channel region and the drain offset 
region While doping eXposed portions of the thin ?lm With 
a conductivity enhancing imputy. 

21. The method of forming a thin ?lm transistor of claim 
17 Wherein the step of masking masks all of the thin ?lm but 
for the drain offset region of the thin ?lm; and the steps of 
providing source and drain regions comprise masking the 
channel region and the drain offset region While doping 
eXposed portions of the thin ?lm With a conductivity enhanc 
ing impurity. 

22. The method of forming a thin ?lm transistor of claim 
17 comprising forming the transistor to be bottom gated, and 
Wherein the step of masking masks all of the thin ?lm but for 
the drain offset region of the thin ?lm. 

23. The method of forming a thin ?lm transistor of claim 
17 comprising forming the transistor to be bottom gated, and 
Wherein the steps of providing source and drain regions 
comprise masking the channel region and the drain offset 
region While doping eXposed portions of the thin ?lm With 
a conductivity enhancing impurity. 

24. The method of forming a thin ?lm transistor of claim 
17 comprising forming the transistor to be bottom gated, and 
Wherein the step of masking masks all of the thin ?lm but for 
the drain offset region of the thin ?lm; and 

the steps of providing source and drain regions comprise 
masking the channel region and the drain offset region 
While doping eXposed portions of the thin ?lm With a 
conductivity enhancing impurity. 

* * * * * 


