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THIN FILMITRANSISTORS AND 
FABRICATION METHODS 

0001. This application is a division of application Ser. No. 
11/985829 filed on Nov. 19, 2007, which is a continuation of 
application Ser. No. 10/979,024 (now U.S. Pat. No. 7,265, 
421) filed on Nov. 2, 2004, which is a division of application 
Ser. No. 10/762,627 (now U.S. Pat. No. 7,018,875) filed on 
Jan. 23, 2004, which is a division of application Ser. No. 
10/413,808 (now abandoned) filed on Apr. 14, 2003, which 
claims benefit from Provisional App. Ser. No. 60/393,763 
filed on Jul. 8, 2002, Provisional App. Ser. No. 60/397,070 
filed on Jul. 22, 2002, Provisional App. Ser. No. 60/400,007 
filed on Aug. 1, 2002, Provisional App. Ser. No. 60/402,573 
filed on Aug. 12, 2002, and Provisional App. Ser. No. 60/449, 
011 filed on Feb. 24, 2003, all of which list as inventor Mr. R. 
U. Madurawe and the contents of which are incorporated-by 
reference. 
0002 This application is related to application Ser. No. 
10/267,484 (now abandoned) application Ser. No. 10/267, 
483, and application Ser. No. 10/267,511 (now U.S. Pat. No. 
6,747.478) all of which were filed on Oct. 8, 2002 and list as 
inventor Mr. R. U. Madurawe, the contents of which are 
incorporated-by-reference. 
0003. This application is also related to application Ser. 
No. 10/413,809 (now U.S. Pat. No. 6,855.988) and applica 
tion Ser. No. 10/413,810 (now U.S. Pat. No. 6,828,689), both 
of which were filed on Apr. 14, 2003 and list as inventor Mr. 
R.U. Madurawe, the contents of which are incorporated-by 
reference. 

BACKGROUND 

0004. The present invention relates to thin film semicon 
ductor devices. 
0005. An Insulated-Gate Field-Effect Transistor, or 
IGFET, is a device of very major importance in the semicon 
ductor IC industry. A Metal-Oxide-Silicon Field-Effect Tran 
sistor, or MOSFET, is a sub-class of IGFET devices. An 
IGFET is a four terminal device comprising of a source, drain, 
gate and body nodes; though the body node only allows very 
limited access to the device. MOSFETs are widely used in the 
Sub micron semiconductor processing technologies to manu 
facture Ultra Large Scale Integrated Circuits. Ability to form 
Silicon-oxide interfaces with very low interface states, qual 
ity gate oxides with low thickness, reductions in System Volt 
age and reductions in lateral geometries by lithography 
improvements have all contributed to the popularity of these 
transistors. Today MOSFETs are used to build ASICs, 
Memory, FPGA, Gate Array, Graphics, Micro Processors, 
and a wide variety of semiconductor IC products. 
0006 IGFET differ from a Bipolar Transistor in the power 
leveland power amplification available in the device. Bipolar 
transistoris a three terminal device with a base, an emitter and 
a collector node. Compared to the base control terminal of a 
Bipolar transistor, the gate control terminal of IGFET con 
sumes essentially no power. While the Bipolar can deliver 
more output power, the gain (defined by the ratio of output 
current to control current) is infinite for IGFET compared to 
about 500 for a good Bipolar transistor. This high gain 
coupled with complementary MOSFET design methodology 
facilitates low stand-by power in ICs that have over 10 Mil 
lion transistors. Bipolar is used to build many Analog and 
Linear ICs. Such as Voltage regulators, power amplifiers, rec 
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tifiers, battery regulators, D to A Converters and A to D 
Converters due to the high output power available. Sub-mi 
cron geometry MOSFETs with high current drives are now 
increasingly used for similar applications. 
0007 IGFET differs from a JFET, also a three terminal 
device, in the construction of the transistor. In the IGFET the 
gate is insulated above the transistor body, while in the JFET 
the gate is formed as a reverse biased junction above the 
conducting channel. The reverse bias control gate junction 
consumes a low level of power due to carrier recombination 
inside the depleted region. The JFET power amplification is 
better thana Bipolar, but lower than an IGFET. A significant 
difference between IGFET and JFET occurs in the method of 
channel conduction. This will be discussed in detail next. 

0008. The MOSFET operates by conducting current 
between its drain and source through a conducting inversion 
layer created by the presence of a gate voltage. FIG. 1 shows 
a cross section of a MOSFET device, and is described herein 
with reference to an NMOSFET device. In FIG. 1, an NMOS 
transistor body 100 is P-doped, isolating an N+ doped source 
region 113 and an N+ doped drain region 114. The source is 
connected to a first voltage 103, which may be the ground 
Supply Vs. The drain is connected to a second Voltage 104. 
which may be a switching voltage node for the device. The 
body region between Source and drain under the gate 112 is 
also doped P type same as substrate. The result is the forma 
tion of two N+/P-back-to-back reverse-biased diodes. When 
the voltage 102 at gate 112 is zero, or below a threshold 
Voltage V, the N+/P-back-to-back reverse-biased diodes 
do not conduct and the transistoris off. The Surface undergate 
112 consists of hole carriers. In the embodiment of FIG.1, the 
gate 112 includes a salicided region shown shaded, and the 
Source and drain salicidation is not shown. When the gate 
Voltage is greater than a threshold voltage (V), an inversion 
110 occurs under gate 112. This inversion layer, called a 
conducting channel, completes an electron carrier path 
between the source 103 and drain 104 regions. For the MOS 
FET in FIG. 1, the terminology inversion layer and conduct 
ing channel is used inter-changeably, and is shown by 110. 
This conducting channel facilitates current flow between 
source 113 and drain 114 regions. Hole carrier depletion 
occurs adjacent to the body region 100 under the inversion 
layer 110 and adjacent to source 113 and drain 114 regions. 
This is shown shaded in FIG. 1. This charge is due to the 
reversed bias electric fields from the gate, source and drain 
Voltages. The component of this depleted charge from the 
gate Voltage determines the magnitude of the Vy. Trapped 
oxide charge and Silicon defects affect the V transistor 
parameter. The more positive the Voltage is at the gate, the 
stronger is the inversion layer charge and hence the channel 
conduction. At all levels, the substrate 100 potential is kept at 
the lowest Voltage level. In most applications, the Substrate 
and source are held at Vs. For special applications, the NMOS 
body can be pumped to a negative Voltage. 
0009. A PMOS device is analogous to an NMOS device, 
with the device operational polarity and doping types 
reversed. A PMOS is on when the gate is in the voltage range 
from system ground Vs to a threshold difference (V-V), 
and off when the gate is in the Voltage range (V-V) to 
system power Voltage V, Channel conduction is between P+ 
doped source and P+ doped drain, via a surface inversion P 
layer. The body region originally doped N-gets depleted by 
the gate potential. The body region for a PMOS is termed 
Nwell and is constructed on a P type substrate wafer as an 
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isolated island. The Nwell is biased to the highest PMOS 
device potential, and in most applications the Source and 
Nwell are held at V, For special applications, the PMOS 
body can be pumped to a Voltage higher than the power Supply 
Voltage. 
0010. In a MOSFET device, there is a body region 100 
under the gate. In fact, a conducting channel is not formed 
until the surface is in inversion with a build up of minority 
carriers. The gate depletes the body region near the Surface to 
create this inversion layer at the surface. The depletion width 
reaches a maximum depth at the onset of inversion, and stays 
constant at higher gate biases. As the body extends well into 
the bottom surface of the substrate, the gate modulation has 
little impact on the resistance of the body region between the 
source and drain regions. A special case of a MOSFET is a 
depletion device. In the NMOS depletion device, an N 
implanted channel is formed under the gate on the device 
body surface between N+ source and N+ drain regions. This 
depletion device has a negative threshold Voltage, and a nega 
tive gate voltage is needed to turn the device off. The channel 
is modulated by two terminals: the gate above the oxide, and 
the body below the channel. The body below has a significant 
impact on the channel resistance, and in Some depletion 
devices a negative body bias is needed to turn the depletion 
device off completely. 
0011. As discussed in U.S. Pat. No. 5,537,078, conven 
tional JFET transistors are of two main types: P-channel 
(PJFET) and N-channel (NJFET). FIG. 2 shows a cross sec 
tion of a JFET device. The description that follows is for an 
NJFET device. In FIG.2, a semiconductor channel 206 which 
has been doped N- is positioned between two N+ diffusions 
213 and 214. These diffusion nodes are connected to two 
terminals 203 and 204 respectively. The terminal supplying 
the majority carrier to the channel (which is the lowest poten 
tial) is designated the source (S) while the other terminal is 
designated the drain (D). Across the N- channel 206 there are 
two gates which are referred to as the top gate 212 and the 
bottom gate 222. Top gate is connected to terminal 202, and 
the bottom gate is connected to terminal 232. In some 
embodiments, the two gate terminals 202 and 232 may be 
common. Each gate is doped with P+ type dopant to create 
two back to back P+/N-diodes perpendicular to the channel. 
When drain and source voltages are different, the drain to 
Source current passes entirely through the conducting N 
channel 206. This current increases with higher voltage drop 
between the terminals, reaching a Saturation value at high 
biases. At Saturation, the depletion regions meet at a pinch-off 
point 230 near the drain edge as shown in FIG. 2. The gates 
are biased to keep the gate to channel P+/N- junctions 
reversed biased. The reversed biased voltage creates deple 
tion regions 210 and 220 that penetrate into the channel 
reducing the channel height available for current flow. The 
gate voltages also control the flow of current between the 
source and drain by modulating the channel height. When the 
gate reverse bias is sufficiently large, the entire channel is 
pinched-off causing no current flow between drain and 
Source. In on and off states, there is no current flow through 
the gate terminal of a JFET due to reverse bias junction 
Voltages, except for junction leakage current. For the device 
in FIG. 2 a negative gate Voltage (lower than Vs) creates the 
channel off condition. Such a negative gate Voltage increases 
the operating voltage of this process, a draw back for JFET 
scheme. 
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(0012 A PJFET device is analogous to an NJFET device, 
with the device operational polarity and doping types 
reversed. APJFET is on when the gate is at V, and off when 
the gate is more positive than V, further increasing the Volt 
age level of the process. Channel conduction is between P+ 
doped source and drain regions via a P-doped channel sand 
wiched between two N+ doped gate regions. For source and 
drain terminals at Voltages in the range from Vs to V, oper 
ating range of NJFET gate is less than Vs to Vs., while the 
operating range for PJFET gate is V, to more than V. 
0013 Compared to the non-conducting body 100 of MOS 
FET on FIG. 1, the JFET has a conducting channel 206 
between Source and drain. Due to non-overlapping gate Volt 
ages and the high Voltage range thus needed, a complemen 
tary JFET process is impractical to realize. Hence there is no 
low cost process that provides CJFET devices analogous to 
CMOS devices. Compared to the MOSFET in FIG. 1, a JFET 
conducting channel is formed inside the body of the switch 
ing device. This channel current is not affected by trapped 
oxide charges near the gate, a draw back with MOSFETs. 
Compared to MOSFETs, JFETs also have poorer switching 
characteristics due to higher depleted charge stored in the 
channel and the transient times required to store and remove 
this depletion charge. Reverse biased junctions hurt JFET 
device ease of use and popularity in modern day ICs. 
(0014) A special MOSFET device constructed in Silicon 
on-Insulator (SOI) is shown in FIG. 3. This three terminal 
device is constructed as eitheran NMOSFET or a PMOSFET. 
The difference in FIG. 1 and FIG. 3 is in the thickness of the 
body region 306 of the device, and in its body isolation. In the 
SOI device, the regions 313, 306 and 314 are constructed on 
a thin film semiconductor material. The substrate 300 is iso 
lated from the device region by insulator 307, hence there is 
no fourth terminal to this device. This isolation helps with 
lower junction capacitance and no body effect for SOI MOS 
FET. Source 313, drain 314, gate 312, spacer 320, and sali 
cided regions 322 and 325 are all similar to the standard 
MOSFET in FIG.1. Two conditions differ in SOI MOSFET 
when the device in on. In PD SOI, the body 306 is only 
partially depleted (PD) when the body is thicker than a maxi 
mum depletion width. Then a neutral floating body exists 
inside region 306 causing deleterious effects on device per 
formance. For thinner FD SOI devices the body is fully 
depleted (FD) and a neutral body region does not occur. These 
tend to show short channel effects from the drain and source 
reverse biased depletions into body region. 
(0015. Analogous to standard MOSFET, SOI MOSFET 
also has a non-conducting body under the gate 312. The 
channel 310 is only formed by inverting the surface. The body 
306 is fully isolated with no access points. The gate modula 
tion of the body has no influence to access ports. Unlike the 
body, the conducting channel can be accessed via Source and 
drain nodes. There is no analogous device to depletion MOS 
FET in SOI. This is due to the floating body in an SOI and the 
inability to control body voltage. Depletion device behavior 
strongly depends on the body Voltage control. 

SUMMARY 

0016. In one aspect, a semiconductor Gated-FET device 
comprises of a lightly doped resistive channel region formed 
on a first semiconductor thin film layer; and an insulator layer 
deposited on said channel Surface with a gate region formed 
on a gate material deposited on said insulator layer, said gate 
region receiving a gate Voltage having a first level modulating 
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said channel resistance to a Substantially non-conductive state 
and a second level modulating said channel resistance to a 
Substantially conductive state. 
0017. In a second aspect said channel region is formed 
between a source region and a drain region in the said first 
semiconductor thin film; and said source region coupled to a 
Source Voltage; and said drain region coupled to a drain Volt 
age; and said source and drain regions having a higher level of 
the same dopant type as said channel region. 
0018. In a third aspect, the Gated-FET device further com 
prises of an off state with said gate voltage below a first 
threshold voltage level, and said thin film channel substan 
tially not conducting a current between said drain and Source 
regions for a differential bias Voltage ranging from Zero to a 
system power Supply Voltage; and an on State with said gate 
voltage above a first threshold voltage level, and said thin film 
channel Substantially conducting a current between said drain 
and source regions for a differential bias Voltage ranging from 
Zero to a system power Supply Voltage. 
0019. The Gated-FET device is a subset of IGFET devices 
where the gate is insulated from the channel. This terminol 
ogy is used to distinguish the new device from MOSFET and 
JFET devices. A Gated-FET device is a hybrid device 
between an SOI MOSFET device and a conventional JFET 
device. The Gated-FET device has a channel region like that 
of the JFET device: entirely comprising of a thin film resistive 
channel between its source and drain regions. There is no 
inversion layer like in an SOI MOSFET to conduct current 
with no floating body. The gate node of the Gated-FET device 
is like that of a MOSFET device: the gate constructed above 
a dielectric material insulating gate from the channel. There is 
no reverse biased gate junction like in a JFET. The gate 
Voltage thus modulates the channel through the oxide similar 
to the gate modulation of the SOI MOSFET body region. 
Unlike in the SOI MOSFET, this modulation occurs in the 
channel region, which connects the Source and drain regions. 
0020 Advantages of the invention may include one or 
more of the following. A Gated-FET device is used with no 
increase in voltage range compared to JFET. A Gated-FET 
device has a threshold Voltage not degraded by fixed charge 
and Surface States. A Gated-FET has a channel conductance 
not degraded by lower surface mobility. A Gated-FET chan 
nel current is better controlled with thin film physical prop 
erties such as thickness, doping and work function. A Gated 
FET has lower charge storage in the channel and faster 
Switching speeds. A Gated-FET has only one gate. A Gated 
FET has very low junction capacitance and no body effect. A 
Gated-FET has no isolated body and no charge trapping 
effects. A Gated-FET is constructed in a second semiconduc 
torplane, different from a first plane used for logic transistor 
construction. A Gated-NFET and a Gated-PFET is built on 
the same process. Gated-FETs are used to build 3D dense 
integrated circuits. Complementary Gated-FET devices are 
fabricated in conjunction with regular CMOS devices in a 
single process. A Gated-NFET and Gated-PFET share a com 
mon drain node on a single geometry. The CGated-FETs 
share a common gate Voltage. A Switching device is built as a 
CGiated-FET inverter. The CGiated-FET inverter has identical 
gate Voltage range as power Supply Voltage. A latch is con 
structed with two CGiated-FET inverters connected back to 
back. 

0021. An off-state Gated-FET thin film transistor body is 
fully depleted. The depleted channel resistance is non-con 
ductive with no current flow between source and drain. An 
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on-state Gated-FET has a surface accumulation. The accu 
mulation enhances the channel conduction beyond the origi 
nal dopant level. The enhanced Gated-FET channel conduc 
tion is 2 to 100 times more than the intrinsic channel 
conductance. Thin film Gated-FET has superior device on 
and off characteristics. 
0022. The method of fabricating the Gated-FET may have 
one or more of following advantages. A Gated-FET is con 
structed with III-V semiconductor material. A Gated-FET is 
constructed with poly-crystalline semiconductor thin film 
transistors. A Gated-FET is constructed with amorphous 
poly-Silicon semiconductor thin film transistors. A Gated 
FET is constructed with laser re-crystallized poly-Silicon 
semiconductor thin film transistors. A Gated-FET is con 
structed on SOI material, or thinned down region of SOI 
material. A thinned down crystalline SOIGated-FET has very 
high performance. The Gated-FET is fabricated in poly-crys 
talline Silicon layers with good on and off device character 
istics. A circuit may be constructed with a conventional MOS 
FET device, and a new Gated-FET vertically integrated. A 
TFT module layer may be inserted to a logic process module. 
The TFT module layer may be inserted to SOI process mod 
ule. The module insertion may be at a first contact layer. The 
module insertion may be at a later via layer. 
0023 Implementation of the new device may have one or 
more following advantages. Gated-FETs are used to build 
circuits and latches. Inexpensive latches are built with 3D 
integrated Gated-FET devices. Latches are vertically inte 
grated to a logic process for FPGA applications. A split latch 
is constructed with regular MOSFET in a first layer, and 
vertically integrated Gated-FET in a second layer connected 
back to back. A split latch is used to construct high density 
SRAM memory. A split SRAM memory is used for high 
memory content FPGA applications. A split SRAM is used 
for high density stand alone memory. The split level latch 
cells have very high performance similar to full CMOS 
latches. The split level latches have very low power consump 
tion similar to full CMOS SRAM memory. New latches can 
be used for very fast access embedded memory applications. 
Thinned down split latch SOI memory allows very high 
memory densities. The complete TFT latch can be stacked 
above logic transistors, further reducing Silicon area and cost. 
Full TFT latches have longer access times, but useful for slow 
memory applications. Slow TFT latches can be used in PLDs 
(Programmable Logic Devices) and Subsequently mapped to 
ASICs (Application Specific Integrated Circuit). The PLDs 
are used for prototyping and low Volume production, while 
the ASICs are used for high volume production. Program 
mable TFT latches are used in PLD’s. Programmable ele 
ments are replaced with hard wires in ASICs. 
0024. The invention thus provides an attractive solution 
for two separate industries: (i) very high density stand alone 
or embedded low power, fast access SRAM memory and (ii) 
high-density, low-cost SRAM for PLD and FPGA with con 
vertibility to ASIC. It also provides an alternative set of 
complementary devices to a traditional SOI MOSFET pro 
cess for very high density integrated circuit fabrication. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0025 FIG. 1 shows a conventional MOSFET device con 
duction channel. 

0026 FIG. 2 shows a conventional JFET device conduc 
tion channel. 



US 2009/0004788 A1 

0027 FIG.3 shows a conventional SOI MOSFET device. 
0028 FIG. 4 shows a Gated-FET device. 
0029 FIGS.5A and 5B shows a cross sectional view and 
top view of a Gated-NFET device. 
0030 FIGS.6A and 6B shows aband diagram for offstate 
Gated-NFET device. 
0031 FIGS. 7A and 7B shows a band diagrams for a first 
on State Gated-NFET device. 
0032 FIGS. 8A and 8B shows a band diagrams for a 
second on state Gated-NFET device. 
0033 FIGS. 9A and 9B shows a cross sectional view and 
top view of a Gated-PFET device. 
0034 FIGS. 10A and 10B shows a band diagram for off 
State Gated-PFET device. 
0035 FIGS. 11A and 11B shows a band diagrams for a 

first on State Gated-PFET device. 
0036 FIGS. 12A and 12B shows a band diagrams for a 
second on state Gated-PFET device. 
0037 FIGS. 13A and 13B shows a top view and cross 
sectional view of a fabricated Gated-FET device. 
0038 FIG. 14.1-FIG. 14.8 show constructional cross sec 
tions of processing steps showing fabrication of complemen 
tary Gated-FET devices. 

DESCRIPTION 

0039. The terms wafer and substrate used in the following 
description include any structure having an exposed Surface 
with which to form the Gated-FET structure of the invention. 
The term substrate is understood to include semiconductor 
wafers. The term substrate is also used to refer to semicon 
ductor structures during processing, and may include other 
layers that have been fabricated thereupon. The term layer is 
used for processing steps used in the manufacturing process. 
The term layer also includes each of the masking layers of the 
process. Both wafer and substrate include doped and undoped 
semiconductors, epitaxial semiconductor layers Supported by 
a base semiconductor or insulator, SOI material as well as 
other semiconductor structures well known to one skilled in 
the art. The term conductor is understood to include semicon 
ductors, and the term insulator is defined to include any mate 
rial that is less electrically conductive than the materials 
referred to as conductors. The term geometry is used to define 
an isolated pattern of a masking layer. One mask layer is a 
collection of geometries in the mask pattern. The term mod 
ule includes a structure that is fabricated using a series of 
predetermined process steps. The boundary of the structure is 
defined by a first step, one or more intermediate steps, and a 
final step. The term channel is used to identify a region that 
connects two other regions. The term body identifies a region 
common to a plurality of devices. The term body is also used 
to identify a substrate or a well region. The term body is also 
used to identify a region other than a conducting region. The 
following detailed description is, therefore, not to be taken in 
a limiting sense. 
0040. One embodiment of the Gated-FET is shown in FIG. 
4. This device differs from the MOSFET shown in FIG. 1 in 
three aspects: absence of an inversion layer at the Surface, 
absence of a body region and the thinness of the channel 
region. This device differs from the JFET device shown in 
FIG. 2 in three aspects: absence of diffused gate junction, 
absence of dual gates, and presence of an insulated gate. This 
device differs from the SOI MOSFET shown in FIG. 3 in at 
least two aspects: absence of an inversion layer at the Surface, 
absence of a floating body region. 
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0041 Gated-FET in FIG. 4 is comprised of a lightly doped 
resistive channel region 406 formed on a first semiconductor 
thin film layer 480; and an insulator layer 405 deposited on 
said channel 406 Surface; and a gate region 412 formed on a 
gate material deposited on said insulator layer 405; and said 
gate region 412 coupled to a gate Voltage 402; and said gate 
voltage 402 at a first level modulating said channel 406 resis 
tance to a substantially non-conductive state; and said gate 
Voltage at a second level modulating said channel 406 resis 
tance to a Substantially conductive state. 
0042 Gated-FET in FIG. 4 further comprises of said chan 
nel region 406 formed between a source region 413 and a 
drain region 414 in the said first semiconductor thin film 480: 
and said source region coupled to a source Voltage 403; and 
said drain region coupled to a drain Voltage 404; and said 
Source and drain regions 413 and 414 having a higher level of 
the same dopant type as said channel region 406. 
0043. In the shown embodiment in FIG.4, the Gated-FET 
device is constructed on an isolation layer 407 that is depos 
ited on a substrate layer 400. In a preferred embodiment the 
isolation layer 407 is an insulator. In another embodiment, 
isolation layer 407 is a semiconductor material, a body region 
with opposite type dopant to reverse bias and isolate regions 
413, 406 and 414. The substrate 400 can be doped P type or N 
type, and contain N-well, P-well and any other diffused 
region. In another embodiment, the substrate 400 also con 
tains other transistors constructed upon the Substrate Surface 
and isolated by the region 407. In FIG. 4 the gate 412, drain 
414 and source 413 regions are shown salicided. These sali 
cided regions for the gate and drain are shown as 422 and 425. 
In another embodiment these are not salicided. A vertical side 
wall of the gate 412 is covered by a spacer 420, and the 
salicided region 425 is separated from the gate edge by the 
width of that spacer. The spacer 425 is self aligned to gate 412. 
Salicided region 425 is self aligned to spacer 420. The device 
in FIG. 4 can be either a Gated-NFET or a Gated-PFET 
depending on the dopant types chosen in the region 480. 
Regions 413, 406 and 414 have substantially the same type of 
dopant. Channel 406 is doped lighter than the source and 
drain regions 413 and 414. Agate material is chosen to satisfy 
a work function requirement for proper functionality of the 
device. Insulator 405 thickness and semiconductor 480 thick 
ness and dopant level are optimized for device performance. 
Device design criteria will be discussed in detail next. 
0044 FIG. 5 shows a Gated-PFET device. Top view in 
FIG. 5B shows a first semiconductor geometry 5080 orthogo 
nal to a gate geometry 5022. These two layers are separated 
by an insulator deposited in between. The gate geometry 5022 
is surrounded by a spacer ring 5020. A source voltage 5003 is 
connected via a contact to source region 5013 formed on 
semiconductor geometry 5080. A drain voltage 5004 is con 
nected via a contact to drain region 5014 formed on semicon 
ductor geometry 5080. Geometry 5080 is subdivided by 
implant type into different regions. The separation occurs by 
overlapping nature of gate geometry 5022 and spacer ring 
5020 above geometry 5080. The middle region under gate 
geometry 5022 is defined as the channel region. The two 
regions under the spacer ring 5020 are defined as the lightly 
doped drain (LDP) regions. These regions are better seen in 
the cross sectional view in FIG.5A as channel region 506 and 
LDP regions 584 and 586. In this embodiment, the source and 
drain regions 513 and 514 are shown completely salicided 
with no P+ implanted semiconductor regions. The Source and 
drains are entirely determined by the LDP regions 584 and 
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586. FIG. 5A also shows a poly-Silicon gate material 512 
partially salicided. Source 513, drain 514 and gate 512 sali 
cidations occur simultaneously and a thicker poly-Silicon 
film for gate 512 ensures partial consumption. Terminals 502, 
503 and 504 are coupled to the regions 512, 513 and 514 
respectively completing a three terminal device. There is no 
fourth terminal in this device as the channel 506 is electrically 
coupled between source 513 and drain 514. There is no body 
region for this device. The channel 506 height is same as the 
deposited semiconductor film 5080 thickness. 
0045. The operation of Gated-PFET is described next. The 
device has an on threshold voltage V. Gated-PFET source 
503 is connected to the higher voltage compared to drain 504. 
Device on-off is determined by gate 502 over voltage with 
respect to source 503. For this discussion, power supply volt 
age V, is taken as the higher Voltage. The other Voltage is 
taken as a ground supply voltage Vs. Furthermore, the source 
terminal 503 is assumed connected to the system power volt 
age V, When the gate voltage 502 is between V, and (V,- 
V), the device is off with no significant current flow 
between drain and source. When the gate voltage 502 is 
between (V-V) and Vs the device is on. The drain to 
source current flow depends on the voltage difference 
between the two terminals Vs. 
0046 FIG. 6A shows an energy band diagrams for a 
Gated-PFET comprised of an N+ poly Silicon gate material 
512, oxide insulator 505, and P- doped channel 506 in FIG. 
5A when the gate and channel are both biased to level 600. 
Reference level 600 is at V, Volts. This bias condition occurs 
near the source edge of an off Gated-PFET device with gate 
and source at V, Voltage. Levels 601, 602 and 603 represent 
the conduction band, mid gap band and the Valence band 
energy levels for N+ doped poly Silicon. For Sisemiconduc 
tor, the band gap is about 1.12 eV at 300 Kelvin temperature 
as shown by the difference between levels 601 and 603. For 
N+ dopant, the Fermi level is at the conduction band level 
601. Energy levels 631, 632 and 634 represent the conduction 
band, mid gap band and the Valence band energy levels for P 
channel Silicon. Again the band gap is 1.12 eV for Silicon at 
300 Kelvin, shown by the energy difference between 631 and 
634. The Fermi level for P-Silicon is shown by level 633. The 
P- Silicon has a higher vacuum level electron energy com 
pared to N-- poly Silicon. In the diagram, no oxide charge is 
assumed, and the difference in energy level is the work func 
tion difference between the two materials. In the diagram 
work function difference is assumed to equal flat band volt 
age. Presence of fixed oxide charge reduces the flat band 
voltage. There is a net electron transfer from Silicon side to 
the Gate side causing band bending as shown in FIG. 6A. This 
creates Voltage drop across the oxide and Silicon according to 
the laws of Semiconductor Physics. The total voltage drop 
equals the flat band Voltage V. The Voltage drop in the oxide 
is shown by the difference 651 with a uniform electric field in 
the absence offixed charge inside the oxide. The voltage drop 
inside Silicon creates aband bending region 640 with a depth 
641 into Silicon from the oxide interface. This region is 
depleted of majority carrier holes. There is no supply of 
minority carriers (an N type diffusion region) to cause a 
Surface inversion layer and pin the band bending at the Surface 
as shown by region 110 in FIG. 1 for a MOSFET device. In 
FIG. 6A, a thickness 642 is shown to be significantly depleted 
of carriers. That region has no conducting majority carrier 
holes. Choosing an appropriate Silicon channel height 642 
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allows building a Gated-PFET channel that does not conduct 
when a V, Voltage is applied on the gate. 
0047 FIG. 6B is a Gated-PFET energy band diagram 
when the gate is at V, and the channel at Zero or Vs Volts. This 
condition can occur at the drain edge of an off Gated-PFET 
when the drain has to support Vs. In FIG. 6B, the Silicon 
Fermi level 6033 is at Vs while the gate Fermi level 6001 is at 
V. The two Fermi levels 6033 and 6001 are separated by the 
bias voltage 6061 which has a value V, The depletion region 
6040 is deeper than 640, extending to a depth 6041 into the 
Silicon. A thin layer channel that is fully depleted in FIG.6A 
remains fully depleted in FIG. 6B. Such a channel has no 
conduction between a source and a drain that are biased to V, 
and Vs Voltages respectively. Regardless of drain Voltage, the 
Gated-PFET is off when the gate is at V,. This can be seen by 
the increased band bending shown in FIG. 6B. 
0048. As the gate voltage decrease from V, to a value 
(V-V), the Voltage drop across the oxide decreases, and 
the Silicon depletion width 641 also decreases. V is chosen 
such that there is a clear noise margin on the threshold level of 
the Gated-PFET against power and ground Voltage variations. 
At that threshold, the depletion width 641 falls to within the 
film thickness 642 shown in FIG. 6A at the source edge. That 
creates an onset of conduction current between the source and 
drain, even if the drain edge is still fully depleted and pinched 
off. The drain edge pinch off contributes to creating a satura 
tion current. 

0049. At a gate voltage higher than the threshold the bands 
attain a flat band level as shown in FIG. 7A. This flat band 
voltage is defined V and is shown by voltage level 761. In 
FIG. 7A the gate is biased to V, while the channel is held at 
V, Hence, Fermi level 733 in the Silicon is at V, while the 
Fermi level of N+ poly is at V. The voltage drop across the 
oxide 751 is zero, and the band bending in the Silicon is also 
Zero. When there is no fixed oxide charge in the oxide, V. 
equals the work-function difference between gate and Sili 
con. There is no meaning to a depletion region under this bias 
condition, and the entire Silicon film thickness 742 has major 
ity carriers at the doping level of the Silicon. This is seen by 
the flat Fermi level 733 in FIG. 7A. FIG.7B shows the gate at 
V and the channel at drain edge biased to Vs. Silicon Fermi 
level 7033 is at Zero (V) volts, while Gate Fermi level 7001 
is at V. Voltage level 7061 shows the applied channel volt 
age Vs against reference level 700 at V, The over voltage 
between V and Vs is now dropped across the oxide and the 
Silicon creating a depletion region 7040 in Silicon. Such 
depletion causes a current Saturation in the conducting chan 
nel. Hence at a bias V-V, the Gated-PFET conducts with 
a current Saturation occurring at a voltage when the channel 
depth is pinched-off near the drain edge. 
0050 A Gated-PFET with a gate biased at ground (V) is 
shown in FIGS. 8A and 8B. In FIG. 8A the channel near 
source edge is at voltage V, Gate Fermi level 801 is at Vs. 
while the channel Fermi level 833 is at V, The over voltage 
between V and V, is now dropped across the oxide and the 
Silicon creating an accumulation region 840 near the channel 
Surface. The majority carrier concentration is now far higher 
than the original doping level of the Silicon layer. This pro 
vides enhanced channel conduction beyond the doping level 
chosen for the film. The channel film thickness 842 is chosen 
thicker than the accumulation width to facilitate a strong on 
current for the Gated-PFET FIG. 8B shows the gate and 
channel both at Vs. Both Fermi levels 8001 and 8033 are at 
Vs, above reference level 800 by a value V, The band dia 



US 2009/0004788 A1 

gram is identical to FIG. 6A when both sides were biased at 
V. Again the drain edge of the channel is pinched-off dem 
onstrating the existence of current saturation in the device. 
0051. The diagrams shown in FIGS. 6, 7 and 8 have con 
sistent labels. All diagrams consistently show the existence of 
a thin film channel region that will allow construction of a 
Gated-PJFET device by ensuring an on state and an off state. 
The channel is fully depleted of majority carriers in the off 
state. The gate and the semiconductor material properties 
need to be chosen to ensure this condition. The flat band 
Voltage for the system needs to be large enough to fully 
deplete the chosen channel thickness when the device is off. 
In the embodiment chosen an N+ doped poly Silicon gate 
material, an oxide dielectric and a P-doped Silicon channel 
meets that condition. A thinner dielectric thickness and a 
lower dielectric constant material for the gate insulator allow 
a lower Voltage loss across the dielectric and a larger channel 
modulation in the Silicon. 

0052 Next we will discuss a Gated-NFET device as 
shown in FIG.9. Top view in FIG.9B shows a first semicon 
ductor geometry 9080 orthogonal to a gate geometry 9022. 
These two layers are separated by an insulator deposited in 
between. The gate geometry 9022 is surrounded by a spacer 
ring 9020. A source voltage 9003 is connected via a contact to 
source region 9013 formed on semiconductor geometry 9080. 
A drain voltage 9004 is connected via a contact to drain region 
9014 formed on semiconductor geometry 9080. Geometry 
9080 is subdivided by implant type into different regions. The 
separation occurs by overlapping nature of gate geometry 
9022 and spacer ring 9020 above geometry 9080. The middle 
region under gate geometry 9022 is defined as the channel 
region. The two regions under the spacer ring 9020 are 
defined as the lightly doped drain (LDN) regions. These 
regions are better seen in the cross sectional view in FIG. 9A 
as channel region 906 and LDN regions 984 and 986. In this 
embodiment, the source and drain regions 913 and 914 are 
shown completely salicided with no N+ implanted semicon 
ductor regions. The Source and drains are entirely determined 
by the LDN regions. FIG. 9A also shows a poly-Silicon gate 
material 912 partially salicided. Source 913, drain 914 and 
gate 912 Salicidations occur simultaneously and a thicker 
poly-Silicon film for gate 912 ensures partial consumption. 
Terminals 902,903 and 904 are coupled to the regions 912, 
913 and 914 respectively completing a three terminal device. 
There is no fourth terminal in this device as the channel 906 is 
electrically coupled between source 913 and drain 914. There 
is no body region for this device. The channel 906 height is 
same as the deposited semiconductor film 9080 thickness. 
0053. The operation of Gated-NFET is described next. 
The device has an on threshold voltage V. Gated-NFET 
source 903 is connected to the lower voltage compared to 
drain 904. Device on-off is determined by gate 902 over 
voltage with respect to source 903. For this discussion, 
ground Supply Voltage Vs is taken as the lower Voltage. The 
other voltage is taken as a power supply Voltage V, Further 
more, the source terminal 903 is assumed connected to the 
system ground voltage Vs. When the gate voltage 902 is 
between Vs and V, the device is off with no significant 
current flow between drain and source. When the gate voltage 
902 is between V and V, the device is on. The drain to 
source current flow depends on the voltage difference 
between the two terminals Vs. 
0054 FIG. 10A shows an energy band diagrams for a 
Gated-NFET comprised of a P+ poly Silicon gate material 
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1010, oxide insulator 1020, and N- doped channel 1030 
when the gate and channel are biased at Vs volts at level 1000. 
This bias condition occurs near the Source edge of an off 
device with gate and source at Vs voltage. Levels 1001, 1002 
and 1003 represent the conduction band, mid gap band and 
the valence band energy levels for P+ poly Silicon. For Si 
semiconductor, the band gap is about 1.12 eV at 300 Kelvin 
temperature as shown by the difference between levels 1001 
and 1003. For P+ dopant, the Fermi level is at the valence 
band level 1003. Energy levels 1031, 1033 and 1034 represent 
the conduction band, mid gap band and the Valence band 
energy levels for P- channel Silicon. Again the band gap is 
1.12 eV for Silicon at 300 Kelvin, shown by the energy 
difference between 1031 and 1034. The Fermi level for N 
Silicon is shown by level 1032. The N- Silicon has a lower 
vacuum level electron energy compared to P+ poly Silicon. In 
the diagram, no oxide charge is assumed, and the difference in 
energy level is the work function difference between the two 
materials. There is a net electron transfer from Gate side to the 
Siliconside causing band bending as shown in FIG. 10A. This 
creates Voltage drop across the oxide and Silicon according to 
the laws of Semiconductor Physics. The voltage drop in the 
oxide is shown by the difference 1051 with a uniform electric 
field in the absence of fixed charge inside the oxide. The 
Voltage drop inside Silicon creates a band bending region 
1040 with a depth 1041 into Silicon from the oxide interface. 
This region is depleted of majority carrier electrons. There is 
no supply of minority carriers (a P type diffusion region) to 
cause a Surface inversion layer and pin the band bending at the 
surface as shown by region 110 in FIG. 1 for a MOSFET 
device. In FIG. 10A, a thickness 1042 is shown to be signifi 
cantly depleted of carriers near the Surface. That region has no 
conducting majority carrier electrons. Choosing an appropri 
ate Silicon channel height 1042 allows constructing a Gated 
NFET channel that does not conduct when a Vs voltage is 
applied on the gate. 
0055 FIG. 10B is a Gated-NFET energy band diagram 
when the gate is at Vs and the channel at V, Volts. This can 
occur at the drain edge of an off Gated-NFET when the drain 
has to support a voltage V. In FIG. 10B, the Silicon Fermi 
level 10032 is at V, while the gate Fermi level 10003 is at Vs. 
The two Fermi levels 10032 and 10003 are separated by the 
bias voltage 10061 which has a value V, The depletion 
region 10040 is deeper than 1040, extending to a depth 10041 
into the Silicon. A thin layer channel that is fully depleted in 
FIG. 10A remains fully depleted in FIG. 10B. Such a channel 
has no conduction between a source and a drain that are 
biased to Vs and V, Voltages respectively. Regardless of drain 
voltage, the Gated-NFET is off when the gate is at Vs. This 
can be seen by the enhanced band bending shown in FIG. 
1OB. 

0056. As the gate voltage increase from Vs to a value V, 
the Voltage drop across the oxide decreases, and the Silicon 
depletion width also decreases. Vy is chosen Such that there 
is a clear noise margin on the threshold level of the Gated 
NFET against power and ground Voltage variations. At that 
threshold, the depletion width 1041 falls to within the film 
thickness 1042 shown in FIG. 10A at the source edge. That 
creates an onset of conduction current between the source and 
drain, even if the drain edge is still fully depleted and pinched 
off. The drain edge pinch off contributes to creating a satura 
tion current. 

0057. At a gate voltage higher than the threshold the bands 
attain a flat band level as shown in FIG. 11A. This flat band 
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voltage is defined V and is shown by voltage level 1161. 
Fixed oxide charge affect V. In FIG. 11A the gate is biased 
to V, while the channel is held at Vs. Hence, Fermi level 
1132 in the Silicon is at Vs, while the Fermi level of P+ poly 
1103 is at V. The voltage drop across the oxide 1151 is zero, 
and the band bending in the Silicon is also Zero. When there 
is no fixed oxide charge in the oxide, V equals the work 
function difference between gate and Silicon. There is no 
meaning to a depletion region under this bias condition, and 
the entire Silicon film thickness 1142 has majority carriers at 
the doping level of the Silicon. This is seen by the flat Fermi 
level 1132 in FIG. 11A. FIG. 11B shows the gate at V and 
the channel at drain edge biased to V, Silicon Fermi level 
11032 is at V, volts, while Gate Fermi level 11003 is at V. 
Voltage level 11061 shows the applied channel voltage V, 
against reference level 1100 at Vs. The over voltage between 
V and V, is now dropped across the oxide and the Silicon 
creating a depletion region 11040 in Silicon. Such depletion 
causes a current Saturation in the conducting channel. Hence 
at a bias V, V, the Gated-NFET conducts with a current 
saturation occurring at a Voltage when the channel depth is 
pinched-off near the drain edge. 
0058 A Gated-NFET with a gate biased at power supply 
V, is shown in FIGS. 12A and 12B. In FIG. 12A the channel 
is at source edge with a voltage Vs. Gate Fermi level 1203 is 
at V, while the channel Fermi level 1232 is at Vs. The over 
Voltage between V and V, is now dropped across the oxide 
and the Silicon creating an accumulation region 1240 near the 
channel Surface. The majority carrier concentration is now far 
higher than the original doping level of the Silicon layer. This 
provides enhanced channel conduction beyond the doping 
level chosen for the film. The channel film thickness 1242 is 
chosen thicker than the accumulation width to facilitate a 
strong on current for the Gated-NFET. FIG. 12B shows the 
gate and channel both at V. Both Fermi levels 12003 and 
12032 are at V, above reference level 1200 by a value V, 
The band diagram is identical to FIG. 10A when both sides 
were biased at Vs. Again the drain edge of the channel is 
pinched-off demonstrating the existence of current Saturation 
in the device. 

0059. The diagrams shown in FIGS. 10, 11 and 12 have 
consistent labels. All diagrams consistently show the exist 
ence of a thin film channel region that will allow construction 
of a Gated-NJFET device by ensuring an on state and an off 
state. The channel is fully depleted of majority carriers in the 
off state. The gate and the semiconductor material properties 
need to be chosen to ensure this condition. The flat band 
Voltage for the system needs to be large enough to fully 
deplete the chosen channel thickness when the device is off. 
In the embodiment chosen a P+ doped poly Silicon gate 
material, an oxide dielectric and an N- doped Silicon channel 
meets that condition. A thinner dielectric thickness and a 
lower dielectric constant material for the gate insulator allow 
a lower Voltage loss across the dielectric and a larger channel 
modulation in the Silicon. 

0060. The lightly doped resistive channel region formed 
on a first semiconductor thin film geometry 480 forming the 
conducting paths between source 413 and drain 414 in FIG. 4 
can be a thinned down SOI single crystal Silicon film, or a 
deposited thin Poly-crystalline Silicon film, or a post laser 
annealed as deposited amorphous Poly-crystalline Silicon 
film. The thickness and doping of the channel region 406 are 
optimized with the insulator 405 thickness T and gate mate 
rial work function to get the required threshold voltage Vt, 
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on-current and off-current for these devices. The channel 406 
thickness Ts optimization to contain the fully depleted chan 
nel as discussed earlier is discussed in detail next. Two thick 
ness parameters X and Y for a semiconductor material are 
defined by: 

X-Fes Te Angstroms (EQ1) 

Y=(2*es*Ve)/(q*D)' Angstroms (EQ 2) 

X=(X^+Y)'-X Angstroms (EQ 3) 

Ts-X. Angstroms (EQ 4) 

0061 where, es is channel semiconductor permittivity, e. 
is gate insulator permittivity, T is gate insulator thickness, 
V is gate to semiconductor absolute flat band Voltage, q is 
electron charge, Dis channel doping level. X is the depletion 
depth and Ts is channel semiconductor layer thickness. EQ-3 
denotes the maximum depletion width for the off Gated-FET 
shown as depth 641 in FIG. 6A and depth 1041 in FIG. 10A. 
The inequality in EQ-4 ensures film thicknesses 642 and 1042 
shown FIGS. 6A and 10A respectively are within the maxi 
mum depletion depths 641 and 1041 into Silicon channel. 
Preferably Ts is chosen to be in the range 0.2*X, to 0.9X, 
and more preferably Ts is chosen to be in the range 0.4*X, to 
0.8*X, range. 
0062 For most practical doping levels and oxide thick 
nesses, X is much larger than Y value. EQ-3 can be simplified 
tO: 

X=Y-X-X/(2*Y) Angstroms (EQ.5) 

0063 For Poly-Oxide-Silicon Gated-FET devices, when 
D is 2E17 Atomc/cm doping density (i.e. 2E-7 Atoms/A, 
where A Angstroms), T-70A, es?e 3, and assuming no 
fixed charge in the oxide the following is easily shown: the flat 
band voltage V, 0.987V, X=210 A, and Y=799 A. Using 
EQ-3, X, 616 A. EQ-5 also yields X, 616 A as Ye-X crite 
rion is met. Hence a semiconductor layer preferably 120-550 
A, more preferably 250-490 A meets the channel thickness 
requirement. For the Poly-Oxide-Silicon Gated-FET device, 
a simplified practical criterion can be extracted from EQ-5 as: 

X-D*(0.36/D+12.5*T)-3*Tax Angstroms (EQ 6) 

I0064. Where, D is in Atoms/A. This expression assumes 
a V-1 V. For the example discussed earlier, EQ-6 yields 
X-622A, in fairly good agreement to the correct 616 A. 
0065. The insulator thickness and channel doping also 
needs to satisfy the threshold voltage for the Gated-FET 
device. This threshold voltage is preferable selected in the 
range 0.18V, to 0.4*V, and more preferably 0.2V, to 
0.3V, where V, is the power supply voltage. This puts an 
added constraint on the semiconductor film thickness 642 and 
1042 shown in FIG. 6A and FIG. 10A respectively. When a 
voltage V, is applied at the gate, the depletion width 641 (or 
1041) equals semiconductor thickness 642 (or 1042) for the 
Gated-FET device. At that bias, EQ-2 is modified by the 
additional bias, to a new thickness defined by: 

0.066 EQ-8 shows the relationship between doping level 
D and semiconductor film thickness Ts required to satisfy the 
Gated-FET design. EQ-8 satisfies the constraint for maxi 
mum semiconductor film thickness in EQ-4 trivially. For the 
example discussed earlier, for a 1.5V process with V at 
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0.42V. EQ-7 yields Z=606A, and from EQ-8Ts, 431 A well 
within the desired thickness range 300-500 A. The gate 
dielectric thickness and dielectric fixed charge density 
impacts this threshold Voltage. 
0067. Other embodiments may use gate and substrate 
materials different from Silicon. Gate dielectrics can be 
oxide, oxy-nitride, nitride, or multi-layered insulators. The 
semiconductor material may be Silicon, Silicon-germanium, 
gallium-arsenide, germanium, or any other III-V material. 
The gate material may be poly-Silicon, aluminum, tungsten, 
or any other metal. The value of X in equation-1 will change 
based on the physical properties of the materials chosen to 
form the Gated-FET device. 
0068. The total resistance of the conducting body region 
for Gated-FET under conducting mode is determined by the 
applied Voltage difference between drain and Source nodes, 
and gate over Voltage above threshold. A typical device top 
view and cross section is shown in FIG. 13. In addition, the 
device channel width 1391 (W), device channellength 1392 
(Ls) and film thickness 1393 (Ts) all determine the device on 
current. The channel resistance is given by: 

R=ps*Ls (WSTs) Ohms (EQ9) 

0069 where, ps, is the resistivity of as doped channel 
region 1340. Gate voltage and channel depletion heavily 
modulates resistivity ps. Parameters are chosen for R to be 
preferably in the 1 KOhm to 1 Meg-Ohm range, more pref 
erably 10 KOhm to 100 KOhms, when the channel is on. As 
an example, for P-doping 2E17 atoms/cm, under flat-band 
conditions in FIG. 7A, the resistivity for single crystal Silicon 
is 0.12 Ohm-cm. When Ls 0.3L, W-0.3L, Ts-431 Ang 
stroms, R is 27.8 KOhms. When V, 0.2V (drain to source 
bias), the channel current Icy is 7 LA. This is the conduction 
level under flat band bias condition in FIG. 7A for the Gated 
PFET. Poly-Silicon mobility is lower than single crystal Sili 
con degrading the on current for non single-crystal films. The 
surface accumulations shown in FIG. 8A and FIG. 12A for 
Gated-PFET and Gated-NFET devices enhance the channel 
ION current for higher gate biases. An effective film thickness 
increase is used to express the channel resistance as defined 
by: 

0070. Where Y absorbs the channel modulation effects, 
and pso remains the resistivity at doping level D of the thin 
film channel region. The Y value depends on the depth of the 
accumulation region into thin film channel, and the Surface 
potential at the Semiconductor-Insulator interface in the band 
diagrams in FIG. 8A and FIG. 12-A. If the absolute surface 
potential is dos in the semiconductor, a system of equations 
can be solved by trial and error to converge on the correct ds 
value. 

(0071 Referring to FIG. 8A (or equivalently FIG. 12A), 
EQ-11 denotes the excess Surface concentration of majority 
carriers due to the surface potential dos at the surface. EQ-12 
denotes the Debye length at the surface concentration Ns. 
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EQ-13 denotes the depth of accumulation layer penetration 
into semiconductor region. At this depth, the doping level 
drops off to the channel doping level D, and no accumulation 
is further observed. EQ-14 denotes the total excess accumu 
lation charge in the semiconductor thin film due to accumu 
lation. EQ-15 is the voltage balance where the over voltage 
above flat-band is distributed across gate insulator and semi 
conductor film. A consistent solution to the system of equa 
tions 11-15 can be achieved iteratively. To achieve the full 
benefit from the enhanced conduction due to accumulation, 
the film thickness is further chosen such that: 

Ts-X4 (EQ 16) 

(0072 Preferably Ts is chosen in the range 1*X to 10*X, 
and more preferably Ts is chosen in the range 2*X to 6*X. 
When EQ-16 is met, the effective thickness increase factory 
due to accumulation can be expressed as: 

0073. This shows that the accumulation effectively acts so 
as to increase the thin film thickness beyond the chosen Ts 
value at the same doping density D. This enhancement can be 
quite significant. For the example chosen earlier, for 1.5V 
power supply, the over voltage (V-V)=0.513V. Start with 
a guess surface voltage ds 0.0927V. Substituting in EQ-11 
through EQ-15: N-7.21E18 Atoms/cm, L, 15.2 A, 
X=108 A, Q 2.07E-7 C. Substituting into EQ-15 the sur 
face voltage is recalculated as des 0.0926 V same as the 
starting point. Thickness enhancement factor is calculated 
from EQ-17 as Y=1.50. This Y is very sensitive to V, over 
voltage above V. For a 1.8V power supply, Y=2.47. When 
Ls 0.3L, W-0.3L, Ts-431 Angstroms, new R under accu 
mulated surface condition is 11.1 KOhms. When V, 0.2V 
(drain to source bias), the channel current ION is 18 LA, a 
significant increase over the flat-band gate Voltage bias con 
dition. For this example, the condition in EQ-17 is met as the 
film thickness 431 A is larger than the accumulation depth 
108A. Under flat-band condition, or when V.<V, there is 
no Surface accumulation and EQ-16 simply reduces to Tsa0 
A. 
0074 The following terms used herein are acronyms asso 
ciated with certain manufacturing processes. The acronyms 
and their abbreviations are as follows: 
(0075 V. Threshold voltage 
0076) V, Gated-NFET Threshold voltage 
(0077. V. Gated-PFETThreshold voltage 
(0078 LDN Lightly doped Gated-NFET drain 
(0079 LDP Lightly doped Gated-PFET drain 
0080 LDD Lightly doped drain 
I0081 RTA Rapid thermal annealing 
0082 Ni Nickel 
0083. Ti Titanium 
0084 Co Cobalt 
0085 Si Silicon 
0086 TiN Titanium-Nitride 
I0087 W Tungsten 
0088 SSource 
0089 D Drain 
0090. G. Gate 
(0091 ILD Inter layer dielectric 
0092 C1 Contact-1 
0093 M1 Metal-1 
0094 P1 Poly-1 
(0095 P- Positive light dopant (Boron species, BF) 
0096 N- Negative light dopant (Phosphorous, Arsenic) 
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0097 P+ Positive high dopant (Boron species, BF) 
0098 N+ Negative high dopant (Phosphorous, Arsenic) 
0099 Gox Gate oxide 
01.00 C2 Contact-2 
0101 CVD Chemical vapor deposition 
0102 LPCVD Low pressure chemical vapor deposition 
(0103 PECVD Plasma enhanced CVD 
0104 ONO Oxide-nitride-oxide 
0105 LTO Low temperature oxide 
0106. The device shown in FIG. 13, and discussed in the 
example earlier has P+ doped poly-Silicon gate over N 
doped channel for the Gated-NFET, and N-- doped poly 
Silicon gate over P-doped channel for the Gated-PFET. This 
is easily achieved in the fully salicided source/drain embodi 
ment shown in FIG. 13. The Gated-NFET and Gated-PFET 
gate regions 1312 are first doped P+ and N-- respectively 
before the gates are etched. After gates are etched, prior to 
spacer 1320 formation, Gated-NFETs are implanted with N 
type LDN tip implant and Gated-PFETs are implanted with P 
type LDP tip implant. The LDD tip-implant dose is much 
lower than the gate doping to affect gate doping type. The 
Source & Drain regions are now defined by the self aligned 
LDD tip implants regions 1326 shown under the spacer 
oxides 1320 adjacent to the gate 1312 regions in FIG. 13B. As 
the drain 1314 and source 1313 regions outside the spacer are 
fully consumed by salicide, those regions do not need heavy 
doping. The channel 1306 doping levels N-for Gated-NFET 
and P-for Gated-PFET are chosen to achieve the desirableV, 
as discussed earlier. The first semiconductor thin film layer 
1306 forming the source 1313, LDD tips 1326, channel 1306 
and drain 1314 can be thinned down SOI single crystal Sili 
con material, or a first thin-film PolySilicon layer, or a laser 
crystallized amorphous Silicon layer, or any other thin film 
semiconductor layer. A thicker first film allows higher cur 
rent. 

0107 The gate dielectric 1305 is grown either thermally or 
deposited by PECVD. The first thin film layer 1306 (P1) 
forms the body of the transistor. The P1 layer is deposited 
above the insulator layer 1307. The insulator is oxide, or 
nitride, or a reversed bias doped semiconductor region (in the 
case when source and drain regions are not fully salicided) 
that can isolate P1 geometry 1380. AP1 mask is used to define 
and etch these P1 islands. Gated-PFET regions are mask 
selected and implanted with P- doping, and gated N-FET 
devices are implanted with N- doping, the channel doping V 
levels required for Gated-FET devices. The gate 1312 is 
deposited after the gate insulator 1305 is deposited as a sec 
ond thin film semiconductor layer (P2). In the embodiment 
shown, the second thin film layer is a PolySilicon layer. The 
Gated-PFET gate poly 1312 is mask selected and implanted 
N+ and Gated-NFET is implanted with P+ prior to gate defi 
nition and etch. The gate regions are then defined and etched. 
A P tip (LDP) implant is used over all Gated-PFET devices, 
and an N tip (LDN) implant is used for Gated-NFET devices. 
This can be done by open selecting Gated-PFET devices, and 
not selecting Gated-NFET devices and visa-versa. The N+ 
and P+ doped gates are not affected by the lower N and P tip 
implant level. Gate 1312 blocks P and N tip implants getting 
into channel region 1340, and only P1 regions outside P2 gets 
this tip implant. Spacer oxide regions 1320 are formed on 
either side of gate by conventional oxide deposition and etch 
back techniques. In FIG. 13A, the P2 gate 1312 is perpen 
dicular to P1 geometry 1380. The P2 gate 1312 and spacers 
1320 sub-divide the P1 geometry into five regions: (1) source 
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region 1313, (2) source spacer region 1326 doped with LDD 
tip implant, (3) channel region 1306 doped with V implant, 
(4) drain spacer region 1326 also doped with LDD tip implant 
and (5) drain region 1314. The source and drain regions are 
fully salicided and need no implant. After the spacer etch, 
exposed P2 and P1 regions are reacted with deposited Nickel 
(or Cobalt) and Salicided using Rapid Thermal Annealing. 
The LDD tip implant after P2 etch forms self-aligned Source/ 
Drain LDD tip regions and salicidation after spacer etch 
forms self aligned Source/Drain Salicide regions adjacent to 
spacer regions. After excess Ni etch, a dielectric film 1370 is 
deposited and C2 1375 is defined and etched. These are 
W-filled and polished. A M11380 is deposited, defined and 
etched, and a dielectric 1390 deposited to add multiple layers 
of metal in the process. 
(0.108 For the device in FIG. 13 a high quality P1 film is 
beneficial. The terms P1 refers to the first semiconductor 
layer in FIG. 13 and P2 refers to the second semiconductor 
layer in FIG. 13 forming the gate. An ideal film is a single 
crystal Silicon with a precise thickness control over an insu 
lator. In SOI technology, the single crystal Silicon layer above 
an insulator meets this criterion. Inside a Gated-FET array, P1 
is mask selected and thinned down to the required thickness 
as defined by EQ-8. This allows formation of two sets of 
transistors adjacent to each other: regular SOI MOSFET and 
thinned down SOI Gated-FET. 
0109. In one embodiment, a logic process is used to fab 
ricate CMOS devices on a substrate layer. These CMOS 
devices may be used to build AND gates, OR gates, inverters, 
adders, multipliers, memory and other logic functions in an 
integrated circuit. A Complementary Gated-FET TFT mod 
ule layer is inserted to a logic process at a first contact mask to 
build a second set of TFT Gated-FET devices. An exemplary 
logic process may include one or more following steps: 
0110 P-type substrate starting wafer 
0111 Shallow Trench isolation: Trench Etch, Trench Fill 
and CMP 
0112 Sacrificial oxide 
0113 PMOS V mask & implant 
0114 NMOS V mask & implant 
0115 Pwell implant mask and implant through field 
0116 Nwell implant mask and implant through field 
0117 Dopant activation and anneal 
0118 Sacrificial oxide etch 
0119 Gate oxidation/Dual gate oxide option 
I0120 Gate poly (GP) deposition 
0121 GP mask & etch 
0.122 LDN mask & implant 
(0123 LDP mask & implant 
0.124 Spacer oxide deposition & spacer etch 
(0.125 N+ mask and NMOS N+ G, S, D implant 
(0.126 P+ mask and PMOS P+ G, S, D implant 
I0127. Ni deposition 
I0128 RTA anneal Ni salicidation (S/D/G regions & 
interconnect) 
0129. Unreacted Ni etch 
I0130 ILD oxide deposition & CMP 
I0131 FIG. 14 shows an exemplary process for fabricating 
a thin film Gated-FET device in a module layer. In one 
embodiment the process in FIG. 14 forms a Gated-FET 
device in a layer substantially above the substrate layer. The 
processing sequence in FIGS. 14.1 through 14.8 describes the 
physical construction of a Gated-FET device shown in FIG. 
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13. The process shown in FIG. 14 includes adding one or 
more following steps to the logic process after ILD oxide 
CMP step. 
(0132 C1 mask & etch 
0.133 W-Silicide plug fill & CMP 
0134 -400 A poly P1 (crystalline poly-1) deposition 
0135 P1 mask & etch 
0.136 Blanket V, N-implant (Gated-NFETV) 
0137 V mask & P- implant (Gated-PFETV) 
0138 TFT Gox (70 A PECVD) deposition 
0139 600 A P2 (crystalline poly-2) deposition 
0140 Blanket P+ implant (Gated-NFET gate & intercon 
nect) 
0141 N+ mask & implant (Gated-PFET gate & intercon 
nect) 
0142 P2 mask & etch 
0143 Blanket LDN Gated-NFET N tip implant 
0144) LDP mask and Gated-PFET P tip implant 
(0145 Spacer LTO deposition 
0146 Spacer LTO etch to form spacers & expose P1 
0147 Ni deposition 
0148 RTA salicidation and poly re-crystallization (ex 
posed P1 and P2) 
0149 Fully salicidation of exposed P1 S/D regions 
0150 Dopant activation anneal 
0151 Excess Nietch 
0152 ILD oxide deposition & CMP 
0153 C2 mask & etch 
0154 W plug formation & CMP 
0155 M1 deposition and back end metallization 
0156 The TFT process technology consists of creating 
Gated-PFET and Gated-NFET poly-Silicon transistors. In the 
embodiment in FIG. 14, the module insertion is after the 
substrate device gate polyetch and the ILD film deposition. In 
other embodiments the insertion point may be after M1 and 
the subsequent ILD deposition, prior to V1 mask, or between 
two other metal definition steps. 
0157. In the logic process, after gate poly of regular tran 
sistors are patterned and etched, the poly is salicided using 
Cobalt or Nickel & RTA sequences. Then an ILD is deposited, 
and polished by CMP techniques to a desired thickness. In the 
shown embodiment, the contact mask is split into two levels. 
The first C1 mask contains all contacts that connect Gated 
FET outputs to substrate transistor gates or diffusion nodes. 
Then the C1 mask is used to open and etch contacts in the ILD 
film. Ti/TiN glue layer followed by W-Six plugs, W plugs or 
Si plugs may be used to fill the plugs, then CMP polished to 
leave the fill material only in the contact holes. The choice of 
fill material is based on the thermal requirements of the TFT 
module in Subsequent steps. Si plugs allow RTA thermal 
oxidation of P1 at a Subsequent step. 
0158. Then, a first P1 poly layer, amorphous or crystalline, 

is deposited by LPCVD to a desired thickness as shown in 
FIG. 14.1. The P1 thickness is between 50 A and 1000A, and 
preferably between 200-600A. This poly layer P1 is used for 
the channel, source, and drain regions for both Gated-FETs. 
P1 is patterned and etched to form the transistor geometries. 
In other embodiments, P1 is used as contact pedestals to stack 
a C2 contact above C1. Gated-NFET transistors are blanket 
implanted with N- doping, while the Gated-PFET transistor 
regions are mask selected and implanted with P-doping. This 
is shown in FIG. 14.2. The implant doses and P1 thickness are 
optimized to get the required threshold voltages for Gated 
PFET & Gated-NFET devices underfully depleted transistor 
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operation, and maximize on/off device current ratio. The 
pedestals implant type is irrelevant at this point. In another 
embodiment, the V implantation is done with a mask P 
implant followed by masked N- implant. First doping can 
also be done in-situ during poly deposition or by blanket 
implant after poly is deposited. 
0159 Patterned and implanted P1 may be subjected to 
dopant activation and crystallization. In one embodiment, 
RTA cycle is used to activate & crystallize the poly after it is 
patterned to near single crystal form. In a second embodi 
ment, the gate dielectric is deposited, and buried contact mask 
is used to etch areas where P1 contacts P2 layer. Then, Ni is 
deposited and salicided with RTA cycle. All of the P1 in 
contact with Ni is salicided, while the rest poly is crystallized 
to near single crystal form. Then the unreacted Ni is etched 
away. In a third embodiment, amorphous poly is crystallized 
prior to P1 patterning with an oxide cap, metal seed mask, Ni 
deposition and MILC (Metal-Induced-Lateral-Crystalliza 
tion). 
0160 Then the TFT gate dielectric layer is deposited fol 
lowed by P2 layer deposition. The dielectric is deposited by 
PECVD techniques to a desired thickness in the 30-200 A 
range, desirably 30-100 A thick. The gate may be grown 
thermally by using RTA when C1 plug fill is doped Silicon. 
This gate material could be an oxide, nitride, oxynitride, 
ONO structure, or any other dielectric material combination 
used as gate dielectric. The dielectric thickness is determined 
by the Voltage level of the process. At this point an optional 
buried contact mask BC may be used to open selected P1 
contact regions, etch the dielectric and expose P1 layer. BC 
could be used on P1 pedestals to form P1/P2 stacks over C1. 
In the P1 salicided embodiment using Ni, the dielectric depo 
sition and buried contact etch occur before the crystallization. 
In the preferred embodiment, no BC is used. 
(0161 Then second poly P2 layer, 200A to 1000A thick, 
preferably 300-800 A is deposited as amorphous or crystal 
line poly-Silicon by LPCVD as shown in FIG. 14.3. Then 
Gated-NFET devices & P+ poly interconnects are blanket 
implanted with P+ implant. The implant energy ensures full 
dopant penetration into the P2 layer. This doping gets to only 
P2 regions as no P1 regions are exposed. An N+ mask is used 
to select Gated-PFET devices and N+ interconnect, and 
implanted with N+ dopant as shown in FIG. 14.4. Transistor 
gate regions of Gated-PFET and Gated-NFET are doped to 
the correct dopant type. Source and drain regions are blocked 
by P1 and not implanted. This N--/P+ implants can be done 
with N+ mask followed by P+ mask. The V implanted P1 
regions are completely covered by P2 layer and form channel 
regions of Gated-NFET & Gated-PFET transistors. 
(0162 P2 layer is defined into Gated-NFET & Gated-PFET 
gate regions intersecting the P1 layer channel regions, C1 
pedestals if needed, and local interconnect lines and then 
etched as shown in FIG. 14.5. The P2 layer etching is contin 
ued until the dielectric oxide is exposed over P1 areas uncov 
ered by P2 (source, drain, P1 resistors). As shown in FIG. 
13A, the source & drain P1 regions orthogonal to P2 gate 
regions are now self aligned to P2 gate edges. The S/D P2 
regions may contact P1 via buried contacts. Gated-NFET 
devices are blanket implanted with LDN N dopant. Then 
Gated-PFET devices are mask selected and implanted with 
LDPP dopant as shown in FIG. 14.5. The implant energy 
ensures full dopant penetration through the residual oxide 
into the S/D regions adjacent to P2 layers. The N and P type 
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dopant level is much lower than the N+ and P+ dopant levels 
used to dope P2 regions. Hence P2 is unaffected by these 
LDD implants. 
0163 Aspacer oxide is deposited over the LDD implanted 
P2 using LTO or PECVD techniques as shown in FIG. 14.6. 
The oxide is etched to form spacers 1320 shown in FIG. 13. 
The spacer etch leaves a residual oxide over P1 in a first 
embodiment, and completely removes oxide overexposed P1 
in a second embodiment. The latter allows for P1 salicidation 
at a subsequent step. After the spacer etch Nickel is deposited 
over P2 and salicided to form a low resistive refractory metal 
on exposed poly by RTA. Un-reacted Niis etched as shown in 
FIG. 14.7. This 100 A-500 A thick Ni-Salicide connects the 
opposite doped poly-2 and poly-1 regions together providing 
low resistive poly wires for data transfer. In one embodiment, 
the residual gate dielectric left after the spacer prevents P1 
layer salicidation. In a second embodiment, as the residual 
oxide is removed over exposed P1 after spacer etch, P1 is 
salicided. The thickness of Ni deposition may be used to 
control full or partial salicidation of P1 regions in FIG. 13. 
Fully salicided S/D regions up to spacer edge facilitate high 
drive current due to lower Source and drain resistances. 
0164. An LTO film is deposited over P2 layer, and pol 
ished flat with CMP. A second contact mask C2 is used to 
open contacts into the TFTP2 and P1 regions in addition to all 
other contacts to substrate transistors. In the shown embodi 
ment, C1 contacts connecting Gated-FET outputs to Substrate 
transistors require no C2 contacts. Contact plugs are covered 
with a glue layer, filled with tungsten, CMP polished, and 
connected by metal as done in Standard contact metallization 
of IC's as shown in FIG. 14.8. 
0165. In another embodiment, thinned down SOI is used 
to construct the Gated-FET shown in FIG. 13. The SOI start 
ing wafer is chosen to have the correct P1 thickness as given 
by EQ-8. This can be achieved by thinning down an existing 
SOI wafer to Silicon thickness ~400 A as discussed in the 
example. The process sequence is similar to the Gated-FET 
TFT device fabrication, except for the starting point. There is 
no preceding logic process, and the P1 definition is the start 
ing point for the Gated device fabrication as detailed in the 
TFT process sequence. In another embodiment, an SOI logic 
process is used to fabricate CMOS devices on a substrate 
layer, and a second thinned down Gated-FET device for spe 
cial applications. Standard SOI devices may be used to build 
AND gates, OR gates, inverters, adders, multipliers, memory 
and other logic functions in an integrated circuit. Thinned 
down SOI Gated-FET devices may be constructed to inte 
grate a high density of latches or memory into the first fabri 
cation module. A thinned down SOI module is inserted to an 
exemplary SOI logic process which includes one or more of 
following steps: 
(0166 SOI substrate wafer 
(0167 Shallow Trench isolation: Trench Etch, Trench Fill 
and CMP 
(0168 Sacrificial oxide 
(0169 Periphery PMOS V mask & implant 
(0170 Periphery NMOS V mask & implant 
(0171 Gated-FET mask and Silicon etch 
(0172 Gated-FET blanket V N implant 
(0173 Gated-FET V P mask and P implant 
0.174 Dopant activation and anneal 
(0175 Sacrificial oxide etch 
0176 Gate oxidation/Dual gate oxide option 
(0177 Gate poly (GP) deposition 

Jan. 1, 2009 

(0178 Gated-FETN+ mask and N+ implant 
(0179 Gated-FET P+ mask and P+ implant 
0180 GP mask & etch 
0181 LDN mask & N- implant 
0182 LDP mask & P- implant 
0183 Spacer oxide deposition & spacer etch 
0.184 Periphery N+ mask and N+ implant 
0185. Periphery P+ mask and P+ implant 
0186 Ni deposition 
0187 RTA anneal Ni salicidation (S/D/G regions & 
interconnect) 
0188 Dopant activation 
(0189 Unreacted Ni etch 
(0190. ILD oxide deposition & CMP 
(0191 C mask and etch 
0.192 In this embodiment, the Gated-FET body doping is 
independently optimized for performance, but shares the 
same LDN, LDP implants. The Gated-FET gates are sepa 
rately doped N+ & P+ prior to gate etch and blocked during 
N+/P+ implants of peripheral SOI devices as the dopant types 
differ. In other embodiments, Gated-FET devices and periph 
ery MOSFET devices may share one or more V implants. 
One P2 is used for latch and peripheral device gates. In 
another embodiment, SOI substrate devices may be inte 
grated with a TFT latch module. This allows for a SOI inverter 
and TFT inverter to be vertically integrated to build high 
density, fast access memory devices. 
0193 Processes described in the incorporated-by-refer 
ence Provisional Application Ser. Nos. 60/393,763 and 
60/397,070 support poly-film TFT-SRAM cell and anti-fuse 
construction. This new usage differs from the process of FIG. 
15 in doping levels and film thicknesses optimized for Gated 
FET applications. The thin-film transistor construction and 
the Thin-Film Anti-Fuse construction may exist side by side 
with this Thin-Film Gated-FET device if the design param 
eters overlap. 
0194 These processes can be used to fabricate a generic 
field programmable gate array (FPGA) with the inverters 
connecting to form latches and SRAM memory. Such 
memory in a TFT module may be replaced with hard wired 
connections to forman application specific integrated circuit 
(ASIC). Multiple ASICs can be fabricated with different 
variations of conductive patterns from the same FPGA. The 
memory circuit and the conductive pattern contain one or 
more Substantially matching circuit characteristics. The pro 
cess can be used to fabricate a high density generic static 
random access memory (SRAM) with inverters connecting to 
form latches and SRAM memory. ATFT module may be used 
to build a vertically integrated SRAM cell with one inverter 
on a substrate layer, and a second inverter in a TFT layer. 
0.195 Although an illustrative embodiment of the present 
invention, and various modifications thereof, have been 
described in detail herein with reference to the accompanying 
drawings, it is to be understood that the invention is not 
limited to this precise embodiment and the described modi 
fications, and that various changes and further modifications 
may be effected therein by one skilled in the art without 
departing from the scope or spirit of the invention as defined 
in the appended claims. 
What is claimed is: 
1. A method of fabricating a semiconductor thin film 

device, the method including: 
depositing a first amorphous silicon layer on a Substrate; 
patterning and etching the first amorphous silicon layer; 
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depositing a first dielectric layer; 
patterning and etching the first dielectric layer, the etched 

region including a buried contact region on the first 
amorphous silicon layer; 

depositing a second amorphous silicon layer; 
patterning and etching the second amorphous silicon layer; 
depositing a second dielectric layer, 
etching the second dielectric layer to define dielectric 

spacer regions adjacent to second amorphous silicon 
geometry side walls; 

depositing a metallic material for the purpose of silicide 
formation of first and second amorphous silicon mate 
rial; and 

silicide formation of the metallic material, wherein the 
second amorphous silicon layer is fully silicided in the 
buried contact region, and wherein the first amorphous 
silicon layer is partially or fully silicided in the buried 
contact region. 

2. The method of claim 1, including patterning and dopant 
implantation of one or both of first and second amorphous 
silicon layers to modify conductivity. 

3. The method of claim 1, including laser annealing of one 
or both of first and second amorphous silicon layers to form 
single crystal or polycrystalline silicon material. 

4. The method of claim 1, wherein the substrate includes 
one of a semiconductor, polymer, metallic, insulator, glass, 
and composite material. 

5. The method of claim 1, wherein the first dielectric region 
includes one of an oxide, an oxy-nitride, a nitride and any 
other insulating material. 

6. The method of claim 1, further including patterning and 
implanting dopant after the patterning and etching of the 
second amorphous silicon layer and prior to the second 
dielectric deposition to form doped source and drain regions 
in the first amorphous silicon layer. 

7. The method of claim 1, wherein one or both of the first 
and second amorphous silicon layer thicknesses is less than or 
equal to thirty nano-meters. 

8. The method of claim 3, wherein the laser anneal main 
tains a temperature less than or equal to four-hundred centi 
grade at the Surface of the Substrate layer. 

9. The method of claim 6, wherein the implant dose is 
greater than or equal to 2.0*10' atoms per square centimeter. 

10. A method of fabricating a semiconductor thin film 
device, including: 

forming one or more metal lines on a Substrate; 
depositing a first dielectric material to isolate the metal 

lines; 
planarizing the first dielectric Surface; 
patterning and etching the first dielectric layer to form first 

contact openings; 
depositing one or more barrier materials and tungsten to fill 

the first contacts; 
polishing the tungsten material to form tungsten plugs in 

the contact regions; 
depositing a first amorphous silicon layer; 
patterning and etching the first amorphous silicon layer, the 

remaining silicon regions including a region covering a 
said first contact opening having tungsten material; 

depositing a second dielectric layer, 
depositing a second amorphous silicon layer; 
patterning and etching the second amorphous silicon layer; 
depositing a third dielectric layer, 
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patterning and etching the third dielectric layer to define 
second contact regions; 

depositing a top metal for the purpose of forming intercon 
nects; and 

patterning and etching the top metal, wherein the top metal 
interconnects couple first and second silicon regions. 

11. The method of claim 10, including patterning and 
dopant implantation of one or both of first and second amor 
phous silicon layers. 

12. The method of claim 10, including laser annealing of 
one or both of first and second amorphous silicon layers to 
form single crystal or polycrystalline silicon material. 

13. The method of claim 10, wherein the substrate includes 
one of a semiconductor, polymer, metallic, insulator, glass, 
and composite material. 

14. The method of claim 10, wherein the second dielectric 
region includes one of an oxide, an oxy-nitride, a nitride and 
any other insulating material. 

15. The method of claim 10, including patterning and etch 
ing the second dielectric layer after said second dielectric is 
deposited and prior to said second amorphous silicon depo 
sition, the etched region further including a buried contact 
region on the first amorphous silicon layer. 

16. The method of claim 10, wherein after the second 
amorphous silicon layer is deposited and prior to depositing 
the third dielectric layer further including: 

depositing a spacer dielectric layer; 
etching the spacer dielectric layer to define spacer dielec 

tric regions adjacent to second amorphous silicon geom 
etry side walls: 

depositing a metallic material for the purpose of silicide 
formation of first and second amorphous silicon mate 
rial; and 

silicide formation of the metallic material, wherein the 
second amorphous silicon layer is fully silicided in a 
said buried contact region, and wherein the first amor 
phous silicon layer is partially or fully silicided in the 
buried contact region. 

17. The method of claim 10, wherein one or both of the first 
and second amorphous silicon layer thicknesses is less than or 
equal to thirty nano-meters. 

18. The method of claim 12, wherein the laser anneal 
maintains a temperature less than or equal to four-hundred 
centigrade on the said one or more metal lines on the Sub 
Strate. 

19. A method of fabricating a low temperature semicon 
ductor thin film device, including: 

forming one or more metal lines on a Substrate; 
forming a conductive contact to a said metal line; 
forming a thin film device having: 

a first amorphous silicon region, wherein a portion of the 
region covers a said conductive contact; and 

a gate dielectric layer; and 
a second amorphous silicon layer; 

forming a silicide of first and second amorphous silicon 
material with a deposited metallic material; 

depositing an insulating material; and 
forming conductive contacts and top metal interconnects to 

couple said first and second amorphous silicon regions. 
20. The method of claim 19, wherein the processing tem 

perature is below four-hundred centigrade for forming said 
thin film device and said silicide. 
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