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Abstract
Through-doping conditions with higher energies and 
doses were intentionally chosen to understand reverse 
annealing behavior. We observed that the implantation 
condition plays a critical role on dopant activation. We 
found a certain implantation condition with which the 
sheet resistance is not changed at all upon activation 
annealing. 

1. Introduction

Non-mass analyzed ion shower doping (ISD) 
technique with a bucket-type ion source or mass-
analyzed ion implantation with a ribbon beam-type 
has been used for source/drain doping, for LDD 
(lightly-doped-drain) formation, and for channel 
doping in fabrication of low-temperature poly-Si thin-
film transistors (LTPS-TFT’s) [1,2,3]. We reported an 
abnormal activation behavior in boron doped poly-Si 
at IDW ’06 where reverse annealing, the loss of 
electrically active boron concentration, was found in 
the temperature ranges between 400  and 650
using isochronal furnace annealing [4]. We also 
reported reverse annealing behavior of sequential 
lateral solidification (SLS) poly-Si using isothermal 
rapid thermal annealing (RTA) [5]. We report here the 
importance of implantation conditions on the dopant 
activation.

2. Experimental  

For the sample preparation SiO2 insulation layer 
with a thickness of 300 nm was formed on a glass 
substrate of 370 mm x 470 mm x 0.7 mm (width x 
length x thickness) by means of plasma enhanced 
chemical vapor deposition (PECVD).  An a-Si thin 
film with a thickness of 50 nm was formed 
successively upon the insulation layer using PECVD.  

The substrates used were poly-Si produced by two-
shot SLS followed by deposition of 75 nm-thick SiO2
layer.  The glass substrate was broken into pieces of 
20 mm x 20 mm, thereby preparing a test piece. 
Boron was implanted by mass-separated ion implanter 
with acceleration energies from 20 to 35 keV. RTA 
annealing was conducted in the temperature ranges 
from 550  to 650  for dopant activation. The sheet 
resistance was determined using a 4-point-probe. 
Activation efficiency and mobility of charge carriers 
were determined by Hall measurement using a van der 
Paw method. 

3. Results and discussion 

Table 1 shows implantation conditions for the 5 
samples implanted with acceleration energies from 20 
to 35 keV and at doses from 1x1015/cm2 to 4x1015cm2.
We conducted TRIM-code simulation to calculate the 
concentration profiles of implanted boron atoms and 
induced defects. Simulated concentration profiles 
were in good agreement with the results obtained by 
secondary ion mass spectroscopy (SIMS). Actual 
doses were also verified using SIMS.  Figure 1 
shows them as a function of acceleration energies. As 
indicated in Fig. 1 concentration of boron and defect 
decreases sharply in 50 nm thick poly-Si implanted 
especially with acceleration energy of 20 keV. Table 1 
illustrates implantation conditions for the 5 samples 
and denotes the effective dose and the effective defect 
density accumulated in Si-layer according to TRM-
code simulation. As indicated in the table the sample 
#Pe has the largest effective defect density (~ 
2x1017/cm2) while the samples #Pb and #Pd have the 
second largest value (~ 1x1017/cm2)  and #Pa and #Pc 
have the smallest one (~ 5x1016/cm2).

P-20 / J.-Y. Lim

• IMID/IDMC/ASIA DISPLAY ‘08 DIGEST



TABLE 1. Implantation conditions for the 5 
samples used in this work and the corresponding 
effective dose and the effective density 
accumulated in 50 nm –thick poly-Si according to 
TRIM-code simulations.  

Figure 2 shows the sheet resistance as a function of 
annealing time and temperature for each sample. As 
indicated in Fig. 2 the sheet resistance is not sensitive 
to annealing time. As indicated in Fig. 2 we found that 
the values of sheet resistance could be divided into 3 
groups. Each group represents the sample implanted 
with the same energy. It is interesting to note that the 
sheet resistance of the sample, Pe, is not sensitive to 
annealing temperature (550~650oC) and annealing 
time (15-180s) at all. 

Figure 3 shows activation fraction, sheet carrier 
concentration divided by actual dose, as a function of 
annealing time for the 5 samples annealed at 550 ,
600  and 650 , respectively. Similar to the results 
of the sheet resistance shown in Fig. 2 the activation 
fraction may be divided into 3 groups which depend 
on implantation energies. The samples implanted with 
higher energies were observed to show higher 
activation fraction. The value of activation fraction for 
the samples, #Pa and #Pb, implanted with lower energy 
of 20 keV annealed at 550oC is around 0.2. As we 
annealed the samples at 650oC it decreases to the 
value less than 0.15. The activation fraction also 
decreases slightly with annealing time at each 
annealing temperature. These samples exhibit 
distinctive behavior of reverse annealing. Meanwhile 
the activation fraction of the sample #Pe, implanted 
with the highest energy and dose, does not change at 
all as the annealing temperature increases from 550oC
to 650oC. All samples except the sample #Pe show 
reverse annealing behavior as the annealing 
temperature increases from 550oC to 650oC. The 
magnitude of activation fraction of the samples 
annealed at 650oC, the highest RTA temperature 
investigated in this work, has a higher value as the 
implantation energy increases. Under the same 

implantation energy it has a higher value as the dose 
increases. At 650oC it has the following order; #Pe
(35keV, 4x1015/cm2) > #Pd (30keV, 2x1015/cm2) > #Pc
(30keV, 1x1015/cm2) > #Pb (20keV, 4x1015/cm2) > #Pa
(20keV, 2x1015/cm2).

We reported reverse annealing of poly-Si [5,6]. In 
the previous study we found that the reverse annealing 
already begins at annealing temperatures less than 
400oC when using furnace annealing. As known well 
reverse annealing is related to silicon self-interstitials 
released from the ion induced damage-region. Thus 
damage recovery would be required for reverse 
annealing. It seems that damage recovery of the 
samples having higher defect density in 50 nm-thick 
poly-Si sandwiched between oxide layers would 
require higher thermal budget. In table 1 we showed 
the effective defect density accumulated in 50 nm-
thick poly-Si calculated by integrating defect 
concentration profile between 75 nm to 125 nm. If we 
only consider this argument efficiency of the 
activation fraction at 650oC would be as follows 
according to TRIM-code simulation as indicated in 
Table 1; #Pe (35keV, 4x1015/cm2) > #Pd (30keV, 
2x1015/cm2) > #Pc (30keV, 1x1015/cm2) = #Pb (20keV, 
4x1015/cm2) > #Pa (20keV, 2x1015/cm2). This order, 
however, does not match with our experimental results 
as shown in Fig. 3(c). Integrated defect density alone, 
therefore, may not explain our findings. What is more 
important, we propose, is not integrated defect density 
but defect concentration profile itself. As we already 
pointed out defect concentration decreases rapidly in 
50 nm-thick poly-Si for the samples implanted with 
acceleration energy of 20 keV as can be seen in Fig. 
1(a). Although the magnitude of integrated defect 
density of the sample #Pb (20keV, 4x1015/cm2) is very 
similar to that of the sample #Pd (30keV, 2x1015/cm2)
activation fraction of the sample #Pd is higher than 
that of #Pb. Damage recovery may occur in the bottom 
part of poly-Si where defect concentration decreases 
significantly for the samples implanted with lower 
energies. Then reverse annealing could be observed as 
the annealing temperature increases. Figure 4 shows 
Hall mobility as a function of annealing time for the 5 
samples annealed at (a) 550 , (b) 600 , and (c) 
650 , respectively. Changes of Hall mobility are not 
so sensitive for the samples implanted with severe 
conditions of higher energies and doses. Hall mobility 
does not almost change for the sample #Pe while it 
increases significantly as the annealing temperature 
and time increase for the sample #Pa. The present 
experimental results reveals that a certain implantation 
condition does exist, which does not induce reverse 
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annealing.
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Fig. 2. Sheet resistance vs annealing time and 
temperature for the 5 samples 
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(c) 35keV 
Fig. 1. Simulated concentration profiles of 

implanted boron and induced defect 
calculated using a TRIM-code. Notice that 
the both of concentration drops rapidly in 
50 nm thick poly-Si implanted especially 
with acceleration energy of 20 keV.  

(c)
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Fig. 3. Activation fraction vs annealing time with 
various implantation conditions annealed at 
(a) 550  (b) 600  and (c) 650 ,
respectively. 
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Fig. 4. Hall mobility vs annealing time with various 

implantation conditions annealed at (a) 
550  (b) 600  and (c) 650 , respectively. 

4. Summary

The reverse annealing was previously observed in 
the boron implanted SLS poly-Si with lower energies 
and doses. In this work we found that we could 
control reverse annealing behavior by varying the 

implantation conditions. We believe that the defect 
concentration profile may be important to annealing 
behavior of poly-Si rather than integrated defect 
density accumulated in the silicon layer. Based on the 
present findings it is worthwhile to note that wise 
choice of implantation conditions may play a critical 
role in preventing the non-uniformity problem of 
sheet resistance over the large area glass substrate 
upon RTA dopant annealing in the mass production 
line.
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