
73

P-N  !"!#$%& '( $)'$*+ InGaN , -*('.$*$/ 01$/ 

0- 2(,$*+ )!')$"& 
 

 3456789 $. $.
1
,  3456789 :. $.

2
 

1
 !"#$%&' ()*+,()-$(&' .(+/"0#&1"1 +2. 3.3. 4"5(&%,/), /.-. 6/,07(#$%), 2, 2.  !"#),  

2
 !"#$%) ()*+,()-$() 2,0#$%) )%)!"2+7, /.-. 6+!0+8#,(), 8, 2.  !"#), 65029 

 

 !"#$%&'(! )*#+) *,-$) )!%+, '.,(!#/ ., ,0$,1/ (, 2,-,1.'-+".+1+ p-n 

*'-'2!%$) (, !"(!)$ InGaN 3 1),(.!)!4 50!4. 6.!0+ ,3!./ )2!%5.7 %! %,(+2 "*!#/1, 

8! "*-+59 2$0$:($; ".$;1!".$ p-n *'-'2!%$) / ,.0!"<'-$ NH3. =,5)($".7 / p-n 

*'-'2!%$ 1),(.!)!> 50+ 3,?'3*':/9 -$31$".7 30$(+ @+-+(+ 3,?!-!('(!> 3!(+ $ -$)(5 

#'A/),((5 *-+ *'-'2!%$ )$% n- %! p-!?#,".$. B+0$-4),((5 *-!)!%+#+"5 (, p-n 

".-/1./-,2, !*.+0$3!),(+2 %#5 )+A!.!)#'((5 ")$.#!)+*-!0$(4),#7(+2 %$!%$) (CB ). 

D+-+(, 3,?!-!('(!> 3!(+ *!.-$;(!> "*!#/1+ ) p-n ".-/1./-,2 "1#,%,#, 2,46 'B (%#5 

3'#'(!-A!#/?+2 CB ), 2,64 'B (%#5 "+($2 CB ) $ 3,1 'B (%#5 <$!#'.!)+2 CB ). 

B+0$-4),#+"7 B6E p-n *'-'2!%$) / "/2!0/ *!)$.-$ ., ) ,.0!"<'-$, 8! 0$".+#, 

(,"+:'($ *,-+ )!%+ $ '.,(!#/ (,% )$%*!)$%(+0+ -$%+(,0+, , .,1!& / *,-,2 ,0$,1/ (,% 

;!A! )!%(+0+ -!3:+(,0+ -$3(+2 1!(F'(.-,F$;. 6(,#$3/),#,"7 1$('.+1, *-50!A! $ 

3)!-!.(!A! ".-/0$) p-n *'-'2!%$) *-+ 30$($ "1#,%/ (,)1!#+@(7!> ,.0!"<'-+.  

B !?#,".$ ".-/0$) 10 (6 – 1 06 B6E *-50!A! ".-/0/ p-n *'-'2!%$), )+0$-5($ ) 

"/2!0/ *!)$.-$, ?/#+ '1"*!('(F$,#7($ ., )$%*!)$%,#+ 0!%'#$, 51, )-,2!)/9 

-'1!0?$(,F$4 (!"$>) 3,-5%/ (, A#+?!1+2 -$)(52. G!'<$F$9(. ('$%',#7(!".$ B6E 

".,(!)+) 2n  . 

C*!".'-$A,#!"7 3(,:(' 3-!".,((5 *-50!A! $ 3)!-!.(!A! ".-/0$) / p-n *'-'2!%,2 

*$% %$94 *,-$) ,0$,1/ $ (,?,A,.! 0'(@' 3-!".,((5 / *,-,2 $(@+2 %!"#$%&'(+2 

-':!)+(. H0$(+ B6E ?/#+ !?!-!.(+0+. I' ")$%:+.7 *-! <$3+:(/ (, (' 2$0$:(/) 

*-+-!%/ ,%"!-?F$> 0!#'1/# NH3 (, *!)'-2($ GaN ., InGaN. 

B6E *-50!A! ".-/0/ p-n *'-'2!%$) (, !"(!)$ GaN ., InGaN / *,-,2 ,0$,1/ 

3)+:,;(! 0,#+ .-+ %$#5(1+. B !?#,".$ (+371+2 -$)($) $(&'1F$> "*!".'-$A,#+"7 #$($;($ 

%$#5(1+ B6E $ *-50!A!, $ 3)!-!.(!A! ".-/0$). J$($;($".7 B6E *!)'-2(')!A! ".-/0/ 

*!5"(49.7"5 /.)!-'((50 *-!)$%(!A! 1,(,#/ 3 '#'1.-!((!4 *-!)$%($".4 ) 0-!?#,".$ 

*$% %$94 '#'1.-+:(!A! *!#5 ,%"!-?!),(+2 *!3+.+)(+2 $!($). K-+ *!%,#7@!0/ 

*$%)+8'(($ (,*-/A+ *-50!A! 30$8'((5 "*!".'-$A,#!"7 (,%#$($;(' 3-!".,((5 ".-/0/, 

51' 0!&(, *!5"(+.+ *!%)$;(!4 $(&'1F$94 (!"$>) 3,-5%/ ) *!)'-2(')+; 1,(,#. K-+ 

)+"!1+2 -$)(52 $(&'1F$> A,3!), :/.#+)$".7 *-50!A! ".-/0/ 30'(@/),#,"5, 8! 

!?/0!)#'(! -/;(/),((50 *!)'-2(')!A! 1,(,#/ )(,"#$%!1 '1-,(/),((5 '#'1.-+:(!A! 

*!#5 ,%"!-?!),(+2 $!($) $(&'1.!),(+0+ ) 1,(,# (!"$50+ 3,-5%/. 

B6E *-50!A! ".-/0/ p-n *'-'2!%$) (, !"(!)$ GaN ., InGaN / *,-,2 ,0$,1/ 

)$%-$3(5#+"5 )$% ,(,#!A$:(+2 2,-,1.'-+".+1 $(@+2 (,*$)*-!)$%(+1$) 6
3
B

5
 "/..9)! 

?$#7@!4 *-!.5&($".4 #$($;(!> %$#5(1+ ., 3(,:(! )+8!4 )$%(!"(!4 A,3!)!4 

:/.#+)$".4.  ,(/ !"!?#+)$".7 B6E, *!)’53,(/ 3 )'#+1!4 @+-+(!4 3,?!-!('(!> 3!(+ 

GaN, 0!&(, )+1!-+".,.+ %#5 3(+&'((5 *!-!A/ :/.#+)!".$ A,3!)+2 "'("!-$). K-+ 

*$%)+8'(($ @+-+(+ 3,?!-!('(!> 3!(+ InGaN *-!.5&($".7 #$($;(!> %$#5(1+ B6E $ 

(,*-/A,, 8! )$%*!)$%,9 0,1"+0/0/ *-50!A! %!%,.1!)!A! ".-/0/, 3-!".,#+, 8! 

/3A!%&/9.7"5 3 )+"(!)1,0+ 0!%'#7(+2 -!3-,2/(1$). 

L,1+0 :+(!0, p-n *'-'2!%+ (, !"(!)$ InGaN 3 1),(.!)!4 50!4 51 A,3!)$ 

"'("!-+ 0,4.7 "/..9)$ *'-'),A+ *'-'% p-n *'-'2!%,0+ (, !"(!)$ $(@+2 

(,*$)*-!)$%(+1$) 6
3
B

5
: ?$#7@/ )$%(!"(/ :/.#+)$".7, 0'(@+; *!-$A :/.#+)!".$, 

?$#7@/ *-!.5&($".7 #$($;(!> %$#5(1+ B6E, ?$#7@/ 2$0$:(/ ".$;1$".7 %! *,-$) ,0$,1/. 


