
 
Fig. 1 Schematic sample fabrication steps of (a) boron and 

phosphorus ion implantations, (b) activation by microwave 

heating, and (c) SiO2 etching followed by Al electrode for-

mation. 
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Abstract 

We report rapid thermal annealing by microwave 

heating associated with carbon powders, which effec-

tively absorbed 1000 W microwave and were heated 

above 1000
o
C at 15 s. We demonstrate activation and 

recrystallization of boron and phosphorus implanted 

silicon substrates. Sheet resistivity was decreased to 61 

/sq by the microwave annealing. Optical reflectivity 

spectra demonstrate recrystallization in the implanted 

regions. Typical diode and solar cell characteristics with 

the conversion efficiency of 13.3 % were obtained.  

 

1. Introduction 

Activation of semiconductor materials implanted with 

impurity atoms is important for fabrication of devices such 

as metal oxide semiconductor field effect transistors 

(MOSFETs), pn junction diodes, and solar cells [1, 2]. 

Rapid heating is an attractive method for activating a sem-

iconductor with a low thermal budget for fabricating these 

devices at a low cost. We have developed a simple heating 

method using a commercial 2.45 GHz microwave associ-

ated with carbon powders [3]. The microwave heating 

achieved activation of ion implanted silicon and increase in 

the minority carrier lifetime eff [4]. In this paper, we report 

temeprature increase beheivior of microwave heating, 

activation and recrystallization of silicon implanted with 

phosphorus and boron atoms by the microwave heating for 

20 s. We also report the change in sheet resistivity, and pn 

diode and solar cell characteristics. 

2. Experimental 

20-cm n-type 500-m-thick silicon substrate was 

prepared. The top and rear surfaces were coated with 

100-nm-thick thermally grown SiO2 layers. The ion im-

plantations of boron and phosphorus atoms were conducted 

at 25 and 75 keV to silicon top and rear surfaces, respec-

tively, as shown in Fig.1(a). 1.0x10
15

 cm
-2

 boron and phos-

phorus atoms were conducted. The sample was subse-

quently heated with microwave irradiation using a 2.45 

GHz commercial microwave oven at 1000 W for 20 s, as 

shown in Fig.2. The silicon substrate was completely cov-

ered with 2 m sized carbon powders with a weight of 1 g. 

Temperature of carbon powders was measured using radia-

tion thermometer through a hole at the front door of the 

microwave oven. Sheet resistivity was investigated by the 

9.35 GHz microwave transmittance measurement system 

[5]. Optical reflectivity spectra were measured to investi-

gate the crystalline state in the implanted surface region. 

Then, thermally grown SiO2 layers were removed by hy-

drofluoric acid. Comb-type Al electrode was formed on the 

boron-implanted surface and whole phosphorus-implanted 

surface was coated with Al electrode by vacuum evapora-

tion, as shown in Fig.1(c). PN diode and solar cell charac-

teristics were measured using air mass AM 1.5 solar simu-

lator at 100 mW/cm
2
.  

3. Result and discussion 

   Figure 3 shows change in temperature of carbon pow-

ders during the 1000-W-microwave irradiation. The picture 

in the inset of fig. 3 shows photo of black body radiation of 

heated carbon powders. Carbon powders was rapidly heat-

 
Fig. 3 Change in temperature of carbon powders during the 

1000 W microwave irradiation. 

 
Fig. 2 Schematic image of microwave heating and thermome-

try system. 
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ed above 1000
o
C at 15 s and the temperature increased to 

1070
o
C for 20 s because of effective absorption of micro-

wave power. The sheet resistivity of sample were decreased 

from 180 (as-implanted) to 61 /sq by the microwave 

heating at 1000 W for 20 s because of the increase in the 

carrier density in boron- and phosphorus-implanted regions 

as shown in Fig. 4. Figure 5 shows optical reflectivity spec-

tra for boron- (a) and phosphorus-implanted (b) surfaces. 

For the as-implanted sample, optical reflectivity spectrum 

of boron implanted surface had low E1 and E2 peaks at 370 

and 280 nm, respectively, and that of phosphorus implanted 

surface had no peak in ultraviolet region because of amor-

phization by the implantation. For both surfaces of the mi-

crowave annealed sample, sharp E1 and E2 peaks appeared. 

These results clearly indicate that the surface regions were 

recrystallized by the 20-s-microwave annealing. Numerical 

estimation revealed that the  as-implanted sample had low 

crystalline volume ratios of 0.07 and 0.00 in 3- and 

34-nm-deep boron and phosphorus implanted surface re-

gions, respectively [6]. The microwave heating increased 

the crystalline volume ratio to 0.99 and 0.93 in those re-

gions. Figure 6 shows (a) PN diode and (b) solar cell char-

acteristics measured using AM 1.5 solar simulator at 100 

mW/cm
2
. Typical diode characteristics were observed in 

the dark field. On the other hand, high photo-induced cur-

rent was observed in the case of AM 1.5 light illumination, 

as shown in Fig.6(a). Solar cell characteristic shown in 

Fig.6(b) gave the short circuit current density JSC, open 

circuit voltage VOC, fill factor FF, and conversion efficien-

cy of 37.6 mA/cm
2
, 0.54 V, 0.66, and 13.3 %, respectively. 

Those results indicated that pn junction was well formed by 

the microwave heating at 1000 W for 20 s and that the pre-

sent method has a possibility as a rapid annealing method 

in semiconductor device fabrication. 

4. Conclusion 

   We reported activation and recrystallization of boron 

and phosphorus implanted silicon substrate by microwave 

rapid heating. 20 cm n-type silicon substrate coated with 

thermally grown SiO2 was prepared. Boron and phosphorus 

ion implantation were conducted to top and rear surfaces 

with 1.0x 10
15

 cm
-2

, respectively. The sample covered with 

carbon powders was subsequently heated by 2.45 GHz mi-

crowave oven at 1000 W for 20 s. Carbon powders was 

heated above 1000 
o
C within 15 s. The microwave heating 

decreased sheet resistivity from 180 to 61 /sq. Optical 

reflectivity spectra indicated that microwave heating 

achieved recrystallization in ion implanted region. Typical 

diode and solar cell characteristics were measured. Under 

AM 1.5 light at 100 mA/cm
2
 illumination, JSC, VOC, FF, and 

conversion efficiency were 37.6 mA/cm
2
, 0.54 V, 0.66, and 

13.3 %, respectively. 
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Fig. 4 Sheet resistivity for the sample as implanted and heated 

with microwave. 

 
Fig. 5 Optical reflectivity spectra for boron- (a) and phospho-

rus-implanted (b) surfaces. 

 
Fig.6 pn diode (a) and solar cell characteristics (b) measured 

using AM 1.5 light illumination. 
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