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 Development and Characterization of a Novel Method for 
Fabricating deep-micron Si MOSFET’s with T-Shaped Gate 
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Abstract: 
  In this project, we have successfully 
demonstrated a novel process dubbed STAIR 
(self-aligned T-shaped gate and Air spacer) 
for fabricating deep sub-micron Si MOSFETs.  
This method employs CMP planarization, 
BOE selective etching and poly-Si sidewall 
spacer techniques to form the T-shaped 
poly-Si gate structure.  Co salicide process 
is also used to reduce device’s parasitic 
gate/source/drain resistance.  Effectiveness 
of T-shaped gate in reducing the sheet 
resistance is clearly demonstrated.  An air 
spacer is formed at gate sidewall after CVD 
passivation oxide deposition, which can 
potentially reduce the parasitic capacitance.  
It is therefore very promising for future 
high-speed device applications.        
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  Self-aligned sil icide (salicide) process is 
extremely important for deep sub-micron 
manufacturing in order to reduce device's 
parasitic resistance.  As devices' dimensions 
are scaled down, however, the sheet 
resistance of narrow silicide l ines is known to 
rise with decreasing line width due to 
increasing difficulty in phase transition of 
silicide [1][2], and/or poor thermal stability 
[3].  Recently, it was shown that the use of 
T-shaped gate can solve the aforementioned 
problems [4][5].  This is ascribed to the 
structural improvement since the effective 
width of silicide on salicided poly-Si gates 
increases.  In these studies, selective 
epitaxial growth (SEG) technique was used 
to form the T-shaped gates.  We have also 
proposed and demonstrated a novel process 
which does not involve SEG to form 
T-shaped gate [6].  The results indicated that 
the gate sheet resistance decreases 
significantly in deep sub-micron regime 
while the thermal stabil ity is improved as 
well.  In this study, we extend the process to 
fabricate Si MOS transistors.  Such method 
is dubbed STAIR since the completed 
devices feature both self-aligned T-shaped 
gate and air spacer.  This method does not 
rely on lift-off technique to form T-shaped 
gate.  Additionally, the air spacer can 
potentially reduce the parasitic sidewall 
capacitance.  It is thus very attracting for Si 
ULSI manufacturing. 
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  N-channel MOS transistors were 
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fabricated on 6-in. Si wafers.  Process flow 
is illustrated in Fig.l.  Briefly, after growth 
of gate oxide (4 nm) and n+ poly-Si layers 
(200 nm) gate resist patterns were formed 
and narrowed by an O, plasma treatment [7], 
followed by conventional steps to form the 
gate and S/D regions, as shown in Fig.1(a).    
TEOS spacer was used in the fabrication for 
self-aligned separation of the extension and 
deep S/D regions.  An additional 
550-nm-thick TEOS was then deposited and 
planarized using a CMP step to a remaining 
thickness of around 350 nm (Fig.1(b)).   
BOE selective etching was then used to 
further thin down the TEOS to around 100 
nm (Fig.1(c)).  A 2nd poly-Si layer was 
deposited and etched with a reactive plasma 
to form the T-shaped gate (Fig.1(d)).   The 
remaining TEOS was then stripped off by 
BOE etching (Fig.1(e)).  An SEM picture of 
the T-shaped gate structure after this step is 
shown in Fig.2.  
  Wafers were then further split into two 
groups to receive or skip the salicide 
treatment.  For the salicided split, a Co(10 
nm)/TiN(30 nm) stacked layer was deposited 
by sputtering.  Due to the shadowing nature 
of the T-shaped gate, the metal film is 
deposited with a form as shown in Fig.3(a) 
and demonstrated by SEM picture in Fig.3(b).   
Such film structure can potentially reduce the 
possibility of bridging since the deposited 
films are disconnected.  Devices with 
conventional poly-Si gate structure were also 
fabricated for comparison.   
  After the T-gate processing, a 
550-nm-thick TEOS was deposited and an air 
spacer is formed, as shown in Fig.4.  In this 
work, both low-pressure chemical vapor 
deposition(LPCVD) and plasma enhanced 
chemical vapor deposition(PECVD) were 
employed for forming the TEOS layer.  
Both methods successfully show the 
formation of air spacer, as shown in Figs.4(a) 
and (b), respectively.  These results are 
ascribed to the fast deposition rate of TEOS 
as well as the weight of the TEOS film 
imposing on the T-shaped gate.  The weight 
serves to bow the "wing" of the gate down 
and help prevent the deposited species from 

entering the portion underneath the "wing".  
The leakage between gale and drain for 
salicided T-shaped gale devices was 
measured with an edge-intensive test 
structure and the results are shown in Fig.5, 
which are comparable to those obtained in 
former reports [4][5]. 
  The effectiveness of T-shaped gate in 
reducing the sheet resistance is i llustrated in 
Fig.6, in which the sheet resistance of 
conventional poly-Si gate, poly-Si T-shaped 
gate, and salicided T-shaped gate were 
measured and compared.  It is seen that the 
narrow-line-width effect appears for 
conventional poly-Si gate and is suppressed 
with the use of poly-Si T-shaped gate 
structure.  Further improvement is achieved 
with the implementation of Co salicide. 
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  Device performance was characterized 
with an HP4156 parameter analyzer.  
Results of the measured threshold voltage 
(Vth) for different gate structures are shown 
in Fig.7 and no significant difference is 
observed among them.  The salicided 
T-shaped gate devices, however, show 
superior driving capability than nonsalicided 
devices.  An example is shown in Fig.8 and 
Fig.9 in which the current-voltage 
characteristics of 0.25 µm conventional 
poly-Si gate and salicided T-shaped gate 
devices are compared.  Transconductance 
(Gm) and drive current as a function of 
channel length for the three splits are given 
in Figs.10 and 11, respectively.  It is seen 
that the results of non-salicided devices 
deviate from the theoretical 1/L behavior as 
channel length is scaled below 2 µm, 
indicating that the parasitic source and drain 
resistances are significantly high to affect the 
output performance.  With the 
implementation of Co salicide process, 
significant improvement is observed in the 
deep sub-micron regime so that the curves 
shown in the figures roughly follow the 1/L 
relation. 
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  In summary, we have successfully 
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demonstrated a novel process dubbed STAIR 
for fabricating deep sub-micron Si MOSFETs 
featuring both T-shaped gate and air spacer, 
which are highly desirable for reducing the 
parasitic resistance as well as capacitance.  
This novel scheme is self-aligned and simple 
and uses no lift-off step.  In addition, it is 
compatible with salicide process.  It is 
therefore very promising for future 
high-speed device applications.  
  Some works have been published on the 
proceeding of conference [8-9] or journal [6].  
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