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D$+9"*-!&$(5"1*" %(%0/5(, 8'(5( ? *+;"$-

;1,$"3*(',$" 5"'1,'1(%0+!( %E/1(#*,= E,15(

9 1,95"1+5( a ~ 1 — 10 nm (0+' 9$+*" %E/1(#*"

'$+*0,$" 0,#'( (DF)), $(1,G/*" $ *+;"$;1,$"3-

*(',$(< (3"/!/'01(#*(<) 5+01(.8< [1-7], ;1(-

$/10+>0& 3, %/@/ -$+4- $ 9$’89'- 9 =< */!"*")*(-

5( ,;0(#*(5( $!+%0($,%085( " ;1('!+3+**8-

5( $ ,;0,/!/'01,*"." " $ '$+*0,$") /!/'01,*"."

(9,'1/5+, 8' *,$(< 5+0/1"+!"$, ;/1%;/'0($*(<

3!8 %0$,1/**8 /!/5/*0"$, G, '/1->0& ,;0(#-

*(5( %(4*+!+5( $ "*:/'.")*(< *+;"$;1,$"3*(-

',$(< !+9/1+< [1,8-12]).

2;0(#*" 0+ /!/'01,,;0(#*" $!+%0($,%0" ;,-

3"@*(< 4/0/1,E+9*(< %(%0/5 - 9*+#*") 5"1" $(-

9*+#+>0&%8 /*/14/0(#*(5 %;/'01,5 ;1,%0,1,-

$, ,@5/:/*,= /!/'01,**,-3"1',$,= ;+1( (/'%(-

0,*+) [13-17]. H*/14/0(#*() %;/'01 *,%"=$ 9+18-

3- $ DF, 1,9;,#(*+>#( 9 1,95"1"$ , ;,183'+

@,1"$%&',4, 1+3"-%+ /!/'01,*+
ea  " 3"1'(

ha

@-3/ ;,$*"%0> 3(%'1/0*(5 [13,18-23].

I(%'1/0*"%0& /*/14/0(#*,4, %;/'01+ /!/'0-

1,*"$ " 3"1,' $ DF $(',1(%0,$-?0&%8 3!8 %0$,-

1/**8 ,;0(#*(< *+*,!+9/1"$ 0+ "*J(< ;1(!+-

3"$ 9 $(%,',> 0/5;/1+0-1*,> %0+@"!&*"%0> #+-

%0,0( 4/*/1+."= [1-3, 8-9]. K,95"1( DF , ;,$(**"

@-0( $ 3"+;+9,*" 3/'"!&',< nm , G,@ /*/14/0(#-

*" 9+9,1(, 8'" $(*('+>0& 5": '$+*0,$,1,95"1-

*(5( 1"$*85( /!/'01,*"$ " 3"1,'  !e h
E" , @-!(

;,183'+ 3/'"!&',<
0kT  ;1( '"5*+0*") 0/5;/1+-

0-1"
0T  (3/ k  — ;,%0")*+ L,!&.5+*+) [10-12].

M *(9&',0/5;/1+0-1*(< ( 4,2T K# ) %;/'0-

1+< 5":9,**,4, ;,4!(*+**8 %$"0!+ DF %-!&E"-

3+ '+35"8, $ ,@!+%0" ;/1/<,3"$ *+ *(:*") 1"-

$/*& 1,95"1*,4, '$+*0-$+**8 /!/'01,*+ /'%;/-

1(5/*0+!&*, @-!, $(8$!/*, %01-'0-1-, G,

%'!+3+!+%& "9 /'$"3(%0+*0*,= %/1"= 1"$*"$ [4].

N'+9+*+ %01-'0-1+ 9-5,$!/*+ '$+*0-$+**85

/*/14/0(#*,4, %;/'01+ $+:',= 3"1'( $ +3"+@+-

0(#*,5- ;,0/*."+!" /!/'01,*+ $ DF.

M 3+*") 1,@,0" ;1($,3(0&%8 0/,1/0(#*()

+*+!"9 5,:!($,%0" $(',1(%0+**8 ;/1/<,3"$

$+:',= 3"1'( 5": /'$"3(%0+*0*,> %/1"?> 1"$-

*"$ - +3"+@+0(#*,5- ;,0/*."+!" /!/'01,*+ $

DF %-!&E"3+ '+35"8 $ -5,$+< /'%;/1(5/*0"$ [4]

$ ,;0(#*,5- *+*,!+9/1".
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01(#*,> ;1,*('*"%0> 
1% , ;1(#,5- 3"/!/'01(#-

*" ;1,*('*,%0" DF " %/1/3,$(G+ 9*+#*, $"31"9-
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1%  << 

2% ). 71(;-%'+!,%& 0+',:,

G, 9,*( /!/'01,*"$ " 3"1,' 5+>0& ;+1+@,!"#*-

E,15-. M E,15-!" (1) ,e hn t  — 4,!,$*" '$+*0,$"

#(%!+ /!/'01,*+ " 3"1'(,
el  — ,1@"0+!&*/ '$+*-

0,$/ #(%!, /!/'01,*+,  !/ hS a a#  — @/91,95"1-

*() %/1/3*") 1+3"-% DF,  !2 2

2 /h ha m e%#   0+ gE

— @,1"$%&'() 1+3"-% 3"1'( " J(1(*+ 9+@,1,*/-
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Summary

HEAVY  HOLE  TRANSITIONS  IN  SEMICONDUCTOR  QUANTUM  DOTS

AND  THEIR  POSSIBLE  USE  IN  NANOLASER

S. I. Pokutnyi

We discuss energy spectrum of electron-hole pairs in a quasi-zero-dimensional system

consisting of spherical semiconductor quantum dots placed in transparent dielectric matrice. We

study theoretically the prospect of using hole transitions between equidistant series of quantum

levels observed in quantum dots iv design of a nanoleser.

Keywords: transitions the heavy hole, adiabatic potential, quantum dots, nanolaser
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5":9,**,4, ;,4!(*+**8 3(%;/14,$+*(< - ;1,-

9,1") 5+01(." %(!"'+0*,4, %'!+ (9 3"/!/'01(#-

*,> ;1,*('*"%> 
1 1,5% # ) DF %-!&E"3+ '+35">

(9 3"/!/'01(#*,> ;1,*('*"%0>
2 9,3% #  [28])
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ea a/ . N ,@!+%0" ;/1/<,3"$ *+ *(:-

*") 1"$/*&  !1, 0e en l# #  1,95"1*,4, '$+*0-$+*-

*8 /!/'01,*+ @-!, $(8$!/*, %01-'0-1-, G,

%'!+3+!+%& "9 /'$"3(%0+*0*,= %/1"= 1"$*"$, $"3-

%0+*& 5": 8'(5( (0,@0, $/!(#(*+ 1,9G/;!/*-

*8)  ! 3/ 2~E a a 1" . N'+9+*+ %01-'0-1+ 9-5,$!/-

*+ '$+*0-$+**85 /*/14/0(#*,4, %;/'01+ $+:-

',= 3"1'( $ +3"+@+0(#*,5- ;,0/*."+!" /!/'01,-
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!/**8  !  !, 1eE a a n0" # #  $"3  1,95"1-  DF  a ,

,3/1:+*,>  $ [4], $(;!($+?  G, 3!8 DF 9 1+-

3 "- %+5(
ea a/  $/!(#(*(  1,9G/;!/* -

*8  !, 1ea n0 #  (4) (;1( 2 46,7a nm meV0# #  "

;1( 3 28,29a nm meV0# # ) 3,@1/ -94,3:->0&-

%8 9 /'%;/1(5/*0+!&*(5( 3+*(5( [4], $"31"9*8>-

#(%& $"3 ,%0+**"< */ @"!&J/ *": *+ 6% [16, 17].

K,94!8*/5, ;(0+**8 ;1, 5,:!($"%0& $(',-
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P+ 1(%. 1 9,@1+:/*+ 8'"%*+ 3"+41+5+ ,;0(#-

*(< ;/1/<,3"$ /!/'01,*+ " 3"1'( $ DF %-!&E"3+

'+35"8 9 1+3"-%+5( a , 8'" 9+3,$,!&*8>0& -5,-
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*()  $*/%,'  -  %;/'01  /!/'01,**,-3"1',$,=

;+1(
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!(J/ 8' 5+!" ;,;1+$'( [12]. F,5- $ ;/1J,5-

*+@!(:/**" @-3/5, $$+:+0(, G, ;/1/<,3( /!/-

'01,*+ 9 $+!/*0*,= 9,*(
VE  $"3@-$+>0&%8 *+

'$+*0,$, 1,95"1*" 1"$*"  !,e en lE S  (8) 9,*( ;1,-

$"3*,%0"
cE  DF .  7/1/<,3(  $+:',=  3"1 -

'(  !e hm m..  $ $+!/*0*") 9,*"
VE  DF 93")%*>-

>0&%8 5": /'$"3(%0+*0*(5( 1"$*85(  !
,0

h

e

t

n S&
(3), $"3%0+*& 5": 8'(5( $(9*+#+?0&%8 E,15--

!,>  !, 1eS n0 #  (4). 71( .&,5- %;/'01 $+:',=

3"1'(, 8'+ 1-<+?0&%8 $ +3"+@+0(#*,5- ;,0/*."-

+!" /!/'01,*+  !,0 ,0 ,en
U x S  (3/  !/x r a# , r  — $"3-

%0+*& 3"1'( $"3 ./*01+ DF) $ $+!/*0*") 9,*"
VE

DF, ,;(%-?0&%8 $(1+9,5  !
,0

h

e

t

n S&  (3) [16,17].

71($/3/5, ;1(*.(;"+!&*- %</5- *+*,!+9/-

1+, +'0($*- ,@!+%0& 8',4, %'!+3+? 5+%($ DF

%-!&E"3+ '+35"8, G, $(1,G/*" $ 5+01(." @,1-

*,%(!"'+0*,4,  %'!+  $  -5,$+<  /'%;/1(5/*-

0"$ [4]:

1) *+'+#'+: ;/1/<"3 3"1'( 9 1"$*8  !0

1, 0
h

e e

t

n l S& #
# #

(3) $+!/*0*,=  9,*(
VE  *+  /!/'01,**()  1"-

$/*&  !1, 0e en lE S# #  (8) (%0+* 1 s ) $ 9,*" ;1,$"3*,%-

0"
cE  (*+ 1(%. 1 ;/1/<"3 1). H*/14"8 0+',4, ;/1/-

<,3- 3,1"$*>?:

 !  !  !1

1 1,0 1,0gS E E S S= &# ' ' (9)

2) %0$,1/**8 "*$/1%*,= 9+%/!/*,%0" *+ 3"1',-

$,5- 1"$*" 0ht #  J!8<,5 ;/1/<,3- /!/'01,*+

9 1"$*8  !1,0E S  (8) 9 ;/1/$,1,0,5 %;"*+ [29], *+

3"1',$() 1"$/*&  !0

1,0 S&  (3) (*+ 1(%. 1 ;/1/<"3 2).

H*/14"8 0+',4, ;/1/<,3-

 !  !  !0

2 1,0 1,0gS E E S S= &# ' '

K(%.1. I"+41+5+ ,;0(#*(< ;/1/<,3"$ /!/'01,*+ " 3"-
1'( $ DF %-!&E"3+ '+35">: 1 s  " 1 p  — %0+*( /!/'0-

1,*+ *+ /*/14/0(#*(< 1"$*8<  !,e en lE a  (8) $ 9,*"

;1,$"3*,%0" 
cE ; 0ht #  " 1ht #  — %0+*( $+:',=

3"1'( *+ 1"$*8<  !
,0

h

e

t

n a&  (3) $ +3"+@+0(#*,5- ;,0/*-

."+!" /!/'01,*+  !,0 ,0 ,en
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9,*"
VE ; ;/1/<"3 1 — ,;0(#*+ *+'+#'+ *+*,!+9/1+;

;/1/<"3 2 — %0$,1/**8 "*$/1%*,= 9+%/!/*,%0" *+ 1"$-

*" 0ht # ; ;/1/<"3 3 — 1,@,#() ;/1/<"3 *+*,!+9/-

1+; 
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3) 1,@,#() ;/1/<"3: ;/1/<"3 3"1'( $ $+!/*0-

*") 9,*"
VE  DF 5": /'$"3(%0+*0*(5( 1"$*8-

5( 0ht #  " 1ht #  (*+ 1(%. 1 ;/1/<"3 3). H*/14"8

0+',4, ;/1/<,3- $(9*+#+?0&%8 E,15-!,> (4):

 !  !, 1h eE a a n0" # # (10)

N -5,$+< /'%;/1(5/*0"$ [4] 3!8 DF 1+3"-%,5

, = 2 nm ;1( +9,0*") 0/5;/1+0-1" (-
1
 = 77.)

$"3%0+*&  5":  /!/'01,**(5(  1"$*85(

( 1, 1e en l# # ) (1/-%0+*) " ( 1, 0e en l# # ) (1s-%0+*),

94"3*, E,15-!( (8), 3,1"$*>?:
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