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Fabrication of a-Si:H TFT's by a Large Area Ion Doping Technique
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Micro-processing techniques over a large area have been of great importance
to fabricate large size and high density liquid crystal disptays (LCD).
Becent ly' large area doping techniques us ing a broad ion bea^m wi thout mass
separation were reportedtl'2). lVe have developed a large area ion doping
apparatus wi th a rf ion source (Fig. I ). It can be achieyed to dope impuri t ies
into 82orn-sq. substrate with a rnaximum ion energy of lOkeV at S00 C by the ion
doping apparatus.

The problems associated with charge accumulation should be considered in
case of thin f i lm devices on glass substrates during ion doping. As shown in
Fig. 2, we measured electrical conductivities (d) of a-Si:H f ilms on 1ocm-sq.
glass substrates doped by two types of the ion doping apparatus. The one
includes only high voltage grid (single grid), and the other includes high
voltage grid and grounded grid (double grid). Ion doping conditions were as
follows; doping gas was 5% PHS in HZ, acceleration voltage (Vi) was 6kV,
substrate temperature (Tr) was 300 C, and total ion dose (Ci) was SXl0lScm-z.
From Fig. 2, uniform doping was achieved in the case of ion doping using double
grid. n*layer with s conductivity of l0-4s/cm was obtained. Double grid is
ef f ective for suppressing charge accrunulation and unif orm doping.

Fig. 3 shows depth prof i les of 8lp and lH ooncentrat ion of ion doped a-
Si:H f i lm determined by Stlt'lS. We set ion doping condi t ions as f ol lows; doping
gas was 2% PHg in \2, Vi=3kV, Tr=3OO::, C,i=5X10l5cm-z. Peak pos i t ion of
simultaneously doped 'H concentration (l0"ocm-o) is about 5Onm in depth. This
value of depth is correspond to a proiected range (Rp) of SkeV H+ predicted from
LsS theoryg ).

We fabricate invert staggered TFT's (Fig. 1') on 4-in. glass substrates.
Source and drain oontacts of TFT's are f ormed by ion doping technique.
Thickness of passivat ion layer (PS1 is l0Onm or 25Onm. Ion doping condit ions
were as f ol lows; doping gas was 5% PHg in HZ, Vr=6kV, Tr=800'C, Ci=lXl0l6cm-2.
VC-tn characteristic of TFT with PS of l00nm thick is depletion type (V,.,,=-6V).
It should be caused by simultaneously implanted hydrogen ions (RO=llgnm for 6keV
H*, predicted fromLSS theory). VC-IO characteristic-of TFTwith PS of 250nm
thiak is enhancernent type (VTH=4.gV) as shown in Fig. 6. Field ef fect mobility
(Ffn) is 0.56 " 

2 /v, and IoN(VG=Z0V)/ IOtrtr (VG=-5V) rat io is l0?. Af ter anneal ing
at 265 C in NZ for g0min., VtH and pfn are unchanged and IOptr decreases. We

have obtained high perforlnance a-Si:H TFlf's for LC,D switching devices using the
large area ion doping apparatus.
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Figure 3 SIMI! profiles of iondoped phosphorus and hydrogen atoma.
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