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Abstract-The low pressure NH3 -annealing and the H2. plasma 
hydrogenation were jointly used to improve the characteristics 
of polysilicon thin-film transistors (TFT's). It was found that 
the TFT's after applying the above treatments achieved better 
subthreshold swings, threshold voltages, field effect mobilities, off 
currents, and reliability. It is believed that the improvement was 
due to the gate oxynitride formation and the &-plasma had a 
better passivation effect on the oxynitride. 

I. INTRODUCTION 
LASMA hydrogenation has been found to be effective P to reduce trap-states in polysilicon films and in the 

oxide/polysilicon interface [ 11. Recently, 02. plasma has also 
been found to be effective to enhance the hydrogen passivation 
effect [2]. Moreover, it has been shown that nitrogen pile- 
up at the SiOz/Si interface can improve the metal-oxide- 
semiconductor (MOS) device characteristics [3]-[41. 

Nevertheless, little work has been done about the nitrogen 
effects on polysilicon TFT's. In this work, ammonia was 
used as the nitrogen source to study the combined effects of 
ammonia-annealing and plasma hydrogenation on polysilicon 
m s .  It was found that the polysilicon TFT, after a pre- 
oxidation ammonia annealing and a plasma hydrogenation 
treatment, can improve its characteristics better than with a 
plasma hydrogenation only. 

11. EXPERIMENTAL PROCEDURES 

The polysilicon TFT's were fabricated on thermally oxi- 
dized silicon wafers. A 60 nm amorphous silicon was initially 
deposited by an LPCVD system at 550 "C and then annealed 
at 600 "C for 24 h to be transformed to polysilicon. After the 
active island was defined and annealed in a low pressure (270 
mtorr) NH3 ambient at 850 "C for 30 min, a gate oxide was 
grown in wet 0 2  at 850 "C. Then, another 300 nm polysilicon 
film was deposited and patterned to be the gate of the device. 
A self-aligned POC13 doping was performed at 850 "C to 
form the source, drain, and gate electrodes. The devices were 
denoted as NOP devices. For comparison, control devices were 
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Fig. 1. I d  - V, characteristics at Vd = 5 V of the TIT'S before (the 
open dots) and after (the black dots) H2. plasma treatment. All devices were 
measured at the dimension of W/L = 40 p d l 0  pm. 

also made without the NH3 annealing step (denoted as OP 
devices), or by applying the NH3 annealing after the gate oxide 
was formed (denoted as ONP devices), or by applying the NH3 
annealing after the POCl3-doping (denoted as OPN devices), 
respectively. The effective oxide thicknesses for the NOP, OP, 
ONP, and OPN devices were 26 nm, 27.5 nm, 29 nm, and 27.4 
nm, respectively. After contact holes were opened, A1 was 
deposited and then patterned. Finally, plasma hydrogenation 
was applied with a Hz and N2 gas mixture in a commercial 
13.5-MHz parallel-plate plasma reactor at 300 "C for 60 min, 
and then followed by Nz annealing at 300 "C for 20 min. 

111. RESULTS AND DISCUSSIONS 
Fig. 1 shows the typical I d  - V, characteristics of the 

TFT's with and without the Ha-plasma treatment. Table I 
compiles the values of the subthreshold swing S ,  the threshold 
voltage K h ,  the field effect mobility p, and the minimum 
leakage current I o f f ,  derived from Fig. 1. It is seen that 
for all the devices, the Hz-plasma treatment improved the 
characteristics on S,  K h ,  p, and Ioff . '  However, the "3- 
annealing enhanced the hydrogenation effect for the NOP and 
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Fig. 2. The derived distributions of the trap-state densities for the devices 
of Fig. 1. 

TABLE I 
THE VALUES OF S, VTH,  MOBILITY, AND IMIN OF THE 
POLYSILICON TITS FOR DIFFERENT PROCESS CONDITIONS. 

S (mvldecade) Vth (V) U (cm2Nsec) lmin (PA) 

OP 692 320 4.95 1.51 3.5 15.2 66.5 38.0 

OPN 690 422 4.69 2.10 4.1 11.3 74.0 52.0 

NOP 654 266 4.55 1.00 4.2 21 8 78.2 36.7 

ONP 733 285 5.18 1.13 3.9 22.3 68.9 30.8 

TABLE I1 
THE Vi-n S H I R ,  DRIVING CURRENT DEGRADATION AND 

I o j v ( V ~  = 15 V)/IMIN VARIATION A ~ E R  0.5 HR 

FOR THE “3-A”EALED TFT’S  WlTH HYDROGENATION. 
AND 1.5 HR VOLTAGE SRESSING AT VD = VG = 15 V 

AVth (mV) AIonhon (Vg=Vd=SV) ON/OFF current ratlo ( X I 0 3  

0.5h 1.5h 0.5h 1.5h fresh 15h 
Devices ~ 

~~ 

OP 58 71 19% 34% 0 9  1 2  

OPN 39 77 26% 57% 0 4  0 6  

NOP 31 40 1 8 %  26% 1 5  2 2  
ONP 43 31 2 0% 24% 1 4  1 6  

ONP devices, but degraded the hydrogenation effect for the 
OPN devices. It is specially noticed that, for the NOP and 
ONP devices, unlike the conventional MOS case [5]-[7], the 
“3-annealing increases their peak p values. Fig. 2 shows 
the extracted density of states in the energy band gap of 
the devices. It is seen that all devices had improvements on 
the density of states after the hydrogenation, but the NOP 
and ONP devices had the most improvements and the OPN 
devices had the least improvement. The above results show 
that the NOP and ONP devices, with nitrogen residing in 
the grown oxides and/or in the polysilicon channel [8], had a 
much better effect in responding to the H2-plasma treatment. 
A recent paper by Momose et al. [8] showed that with the 
low concentration (< 1 atom%) nitrogen incorporation in the 
NH3 rapid thermal nitrided-oxide, both drivability and hot 
carrier reliability of MOSFET could be improved. For the 
OPN devices, it is expected that after the NH~-annealing, a 
Si3N4 film had formed on the surface of the devices. This 
film would have hindered the passage of hydrogen atoms into 
the SiO2/poly-Si interface and the active channel [9]. Thus a 
less hydrogenation effect was obtained for the OPN devices. 

The low-pressure “3-annealing also improved the relia- 
bility of the devices. Table I1 shows the V,, shift, the driving 
current degradation, and the ON/OFF current ratio (Ion/Imin)  
for the above devices after they were stressed at V d  = V, = 15 

V for 0.5 hr and 1.5 hr. In contrast to the previously reported 
results [2] on MOS devices, whose reliability was degraded 
after the “3-annealing due to incorporation of hydrogen in 
the oxide and the oxide/Si interface, the NOP and ONP devices 
here showed less degradation in the above device parameters 
than did the OP devices, for which no NH3-annealing was 
applied. This suggests that, although hydrogen existed in the 
gate oxynitrides and the oxynitride/poly-Si interface for the 
NOP and ONP devices, the nitrogen incorporated by the “3- 
annealing, still can strengthen the interface and improve the 
device reliability [ 101. 

IV. CONCLUSION 

In this letter, it is reported that the combined effects of 
the low pressure NH3-annealing and H2-plasma hydrogenation 
can improve the characteristics and the reliability of polysil- 
icon TFT’s. The improvement is believed due to the gate 
oxynitride formed by the NH3-annealing and the H2-plasma 
has a better passivation effect on the oxynitride. 
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