
�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2004. ò1 45������ �������� ������� 537.222.22 ������������ ����������� �������������� ����� ����������� ������������� GaAs/GaAsP �������������������� ��������������.�. �¢ ªï­æ, �.�. �®ª®¢, �.�. �®«¬ ª®¢ �), �.�. �¥à¢ïª®¢(ª ä¥¤à  ®¡é¥© ä¨§¨ª¨)E-mail: avakants@genphys.phys.msu.su�¥â®¤®¬ á¯¥ªâà®áª®¯¨¨ ä®â®®âà ¦¥­¨ï ¨áá«¥¤®¢ ­ë ­ ¯àï¦¥­­ë¥ á¢¥àåà¥è¥âª¨GaAs/GaAs0:6P0:4 , ¢ëà é¥­­ë¥ ¢¤®«ì ­ ¯à ¢«¥­¨© [100] ¨ [111]. �§  ­ «¨§  ®áæ¨««ïæ¨©�à ­æ {�¥«¤ëè , ­ ¡«î¤ ¥¬ëå ¢ á¯¥ªâà å ä®â®®âà ¦¥­¨ï, ®¯à¥¤¥«¥­ë ¢¥«¨ç¨­ë¢áâà®¥­­ëå ¯®«¥© ¢ á¢¥àåà¥è¥âª å. �­¨ á®áâ ¢¨«¨ 80 ª�/á¬ ¤«ï ®à¨¥­â æ¨¨ (100) ¨430 ª�/á¬ ¤«ï ®à¨¥­â æ¨¨ (111). � §«¨ç¨¥ ãª § ­­ëå ¢¥«¨ç¨­ ®¡êïá­¥­® ­ «¨ç¨¥¬¤¥ä®à¬ æ¨®­­®-¨­¤ãæ¨à®¢ ­­®£® ¯ì¥§®í«¥ªâà¨ç¥áª®£® ¯®«ï ¢ ­ ¯àï¦¥­­ëå á¢¥àåà¥è¥âª å,¢ëà é¥­­ëå ¢¤®«ì ­ ¯à ¢«¥­¨ï [111].�¢¥¤¥­¨¥�®¢¥àè¥­áâ¢®¢ ­¨¥ â¥å­®«®£¨© ¨§£®â®¢«¥­¨ï £¥-â¥à®ä §­ëå ¯®«ã¯à®¢®¤­¨ª®¢ëå áâàãªâãà á¤¥« «®¢®§¬®¦­ë¬ ¢ëà é¨¢ ­¨¥ ¯«¥­®ª â®«é¨­®© ¢ ­¥-áª®«ìª® ­ ­®¬¥âà®¢ ¡¥§ ®¡à §®¢ ­¨ï ¤¨á«®ª æ¨©­¥á®®â¢¥âáâ¢¨ï. �¤­¨¬ ¨§ ¯à¨¬¥à®¢ ­ ¯àï¦¥­­ëå£¥â¥à®áâàãªâãà (���) ï¢«ïîâáï áâàãªâãàë ­  ®á­®-¢¥ £¥â¥à®¯ àë GaAs/GaAs1�xPx . �¥¤ ¢­¨¥ ¨áá«¥-¤®¢ ­¨ï ¯®ª § «¨ [1], çâ® « §¥àë ¨­äà ªà á­®£® ¨ªà á­®£® ¤¨ ¯ §®­®¢ ­  ¡ §¥ ��� GaAs/GaAs1�xPx¨¬¥îâ «ãçè¨¥ å à ªâ¥à¨áâ¨ª¨, ç¥¬ ¯à¨¡®àë, ¨§£®-â®¢«¥­­ë¥ ­  ®á­®¢¥ ­¥­ ¯àï¦¥­­ëå £¥â¥à®áâàãªâãàGaAs/AlxGa1�xAs, ¢ ç áâ­®áâ¨ ã « §¥à®¢ ­  ®á­®¢¥��� ¬¥­ìè¥ ¯®à®£®¢ë¥ â®ª¨ ¨ ¡®«ìè¥ ª¢ ­â®¢ë©¢ëå®¤. �¤­® ¨§ ®¡êïá­¥­¨© íâ®£® ï¢«¥­¨ï á¢ï§ë¢ îâá ¡®«ìè¨¬¨ ¢¥«¨ç¨­ ¬¨ ¢áâà®¥­­ëå í«¥ªâà¨ç¥áª¨å¯®«¥© ¢ ���. � íâ®© à ¡®â¥ ¬¥â®¤®¬ á¯¥ªâà®áª®¯¨¨ä®â®®âà ¦¥­¨ï (��) ¨áá«¥¤®¢ ­ë ¢áâà®¥­­ë¥ ¯®«ï¢ ­ ¯àï¦¥­­ëå á¢¥àåà¥è¥âª å GaAs/GaAs1�xPx á®à¨¥­â æ¨¥© (100) ¨ (111).�¥â®¤¨ª  íªá¯¥à¨¬¥­â � á«ãç ¥ �� ¬®¤ã«ïæ¨ï ª®íää¨æ¨¥­â  ®âà ¦¥-­¨ï R ®áãé¥áâ¢«ï¥âáï ¨§¬¥­¥­¨¥¬ í«¥ªâà¨ç¥áª®-£® ¯®«ï ¯à¨ £¥­¥à æ¨¨ í«¥ªâà®­­®-¤ëà®ç­ëå ¯ à« §¥à­ë¬ ¨§«ãç¥­¨¥¬, çâ® ¤ ¥â ¢®§¬®¦­®áâì ­¥-à §àãè îé¥© ¤¨ £­®áâ¨ª¨ ¨ ¯®«ãç¥­¨ï ¤ ­­ëå ®¡®á®¡¥­­®áâïå §®­­®© áâàãªâãàë ¯®«ã¯à®¢®¤­¨ª®¢.�¯¥ªâàë �� à¥£¨áâà¨à®¢ «¨áì ­  ãáâ ­®¢ª¥, ®¯¨-á ­­®© à ­¥¥ [2]. �®¤ã«ïæ¨ï ®âà ¦¥­¨ï ®áãé¥áâ¢-«ï« áì He-Ne « §¥à®¬. � áâ®â  ¬®¤ã«ïæ¨¨ á®áâ ¢-«ï«  370 �æ. �¯¥ªâà «ì­ ï è¨à¨­  é¥«¥© ¬®­®åà®-¬ â®à  á®áâ ¢«ï«  1.0 ¬í�. �§¬¥à¥­¨ï ¯à®¢®¤¨«¨áì¯à¨ ª®¬­ â­®© â¥¬¯¥à âãà¥.

�¡à §æë�¡à §æë ¢ëà é¨¢ «¨áì ¬¥â®¤®¬ £ §®ä §­®© í¯¨-â ªá¨¨ ­  ¯®¤«®¦ª å GaAs (100) ¨ (111) á®®â¢¥â-áâ¢¥­­® ¨ ¯à¥¤áâ ¢«ï«¨ á®¡®© áâàãªâãàë ¨§ 40ç¥à¥¤ãîé¨åáï á«®¥¢ ¯®â¥­æ¨ «ì­®© ï¬ë GaAs ¨¡ àì¥à  GaAs1�xPx . �®«é¨­  ª ¦¤®£® á«®ï á®áâ ¢-«ï«  6 ­¬. �®­æ¥­âà æ¨ï ä®áä®à  x ¢ âà®©­®¬á®¥¤¨­¥­¨¨ á®áâ ¢«ï«  40%.�¥§ã«ìâ âë ¨ ®¡áã¦¤¥­¨¥�¯¥ªâàë �� ¯®«ã¨§®«¨àãîé¥© ¯®¤«®¦ª¨ GaAs(100) ¨ ��� GaAs/GaAs0:6P0:4 ¢ ®¡« áâ¨ äã­¤ ¬¥­-â «ì­®£® ¯¥à¥å®¤  GaAs ¯à¨¢¥¤¥­ë ­  à¨á. 1. �¨¤­®,
���������	
��
�������¨á. 1. �¯¥ªâàë �� ¯®¤«®¦ª¨ GaAs (100) (1) ¨ ���GaAs/GaAsP (100) (2) ¨ (111) (3) ¢ ®¡« áâ¨ äã­¤ ¬¥­â «ì-­®£® ¯¥à¥å®¤  GaAs�) ��� <� ¯ä¨à>.



46 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2004. ò1çâ® á¯¥ªâà «ì­ë¥ ®á®¡¥­­®áâ¨ ¢ ���, á¢ï§ ­­ë¥á äã­¤ ¬¥­â «ì­ë¬ ¯¥à¥å®¤®¬ ¢ GaAs, á¬¥é¥­ë¢ ®¡« áâì ¡�o«ìè¨å í­¥à£¨©. �¤¢¨£ á¯¥ªâà «ì­ëå®á®¡¥­­®áâ¥© ¢ ®¡« áâì ¡�o«ìè¨å í­¥à£¨© ¬®¦­® ®¡ê-ïá­¨âì ¬¥å ­¨ç¥áª¨¬¨ ­ ¯àï¦¥­¨ï¬¨, ®¡ãá«®¢«¥­-­ë¬¨ à §«¨ç¨¥¬ ¯¥à¨®¤®¢ ªà¨áâ ««¨ç¥áª¨å à¥è¥â®ªGaAs (0.565 ­¬) ¨ GaAs0:6P0:4 (0.557 ­¬). �¯¥ªâàë�� ��� ¯à¥¤áâ ¢«ïîâ á®¡®© ®áæ¨««ïæ¨¨ �à ­-æ {�¥«¤ëè  (áà¥¤­¥¯®«¥¢ ï ä®à¬  «¨­¨© ��), ¯¥-à¨®¤ ª®â®àëå ®¯à¥¤¥«ï¥âáï ¢¥«¨ç¨­®© ¢áâà®¥­­®£®í«¥ªâà¨ç¥áª®£® ¯®«ï [3]. �¥¯®áà¥¤áâ¢¥­­ë©  ­ «¨§áà¥¤­¥¯®«¥¢ëå á¯¥ªâà®¢ �� á ¨á¯®«ì§®¢ ­¨¥¬ í«¥ª-âà®®¯â¨ç¥áª¨å äã­ªæ¨© �©à¨ ¤®¢®«ì­® á«®¦¥­. �ë¯®«ì§®¢ «¨áì ¯à®áâ®©  á¨¬¯â®â¨ª®©, ¯à¥¤«®¦¥­­®©¢ [3]:�RR / cos "23 �~!�Eg~
 �3=2 + �(d� 1)4 # ; (1)£¤¥ ~! | í­¥à£¨ï §®­¤¨àãîé¥£® ¨§«ãç¥­¨ï, Eg |í­¥à£¨ï äã­¤ ¬¥­â «ì­®£® ¯¥à¥å®¤ , ~
 | í«¥ªâà®-®¯â¨ç¥áª ï í­¥à£¨ï:~
=�e2E2S ~28� �1=3 :�¤¥áì � | ¯à¨¢¥¤¥­­ ï ¬¥¦§®­­ ï íää¥ªâ¨¢­ ï¬ áá : 1� = 1m�e + 1m�h ;m�e , m�h | íää¥ªâ¨¢­ë¥ ¬ ááë í«¥ªâà®­  ¢ §®­¥¯à®¢®¤¨¬®áâ¨ ¨ ¤ëàª¨ ¢ ¢ «¥­â­®© §®­¥, Es |¢áâà®-¥­­®¥ ¯®«¥ ¯®«ã¯à®¢®¤­¨ª . �á«¨ ~
 ¯à¥¢ëè ¥â ¢¥-«¨ç¨­ã ä¥­®¬¥­®«®£¨ç¥áª®£® ¯ à ¬¥âà  ãè¨à¥­¨ï¢ ¬®¤¥«¨ �á¯­¥á  [3], â® á¯¥ªâà �� ¯à¥¤áâ ¢«ï¥âá®¡®© áà¥¤­¥¯®«¥¢ãî ä®à¬ã á ®áæ¨««ïæ¨ï¬¨ �à ­-æ {�¥«¤ëè , d | à §¬¥à­®áâì ªà¨â¨ç¥áª®© â®çª¨.�«ï ¯àï¬ëå ¬¥¦§®­­ëå ¯¥à¥å®¤®¢ ¢ GaAs d = 3 .�®à¬  á¯¥ªâà «ì­ëå ®á®¡¥­­®áâ¥© (1) ¯à¥¤áâ ¢«ï¥âá®¡®© ®áæ¨««ïæ¨¨ �à ­æ {�¥«¤ëè . �®§¨æ¨¨ íª-áâà¥¬ã¬®¢ ®áæ¨««ïæ¨© (~!)j ¤ îâáï ¢ëà ¦¥­¨¥¬(~!)j = ~
 � (Fj) +Eg; j = 1; 2; 3; (2)£¤¥ Fj = �3�j � 1=22 �2=3 :�  à¨á. 2 ¯à¨¢¥¤¥­® ãª § ­­®¥ ¯®áâà®¥­¨¥ ¤«ï®áæ¨««ïæ¨© �à ­æ {�¥«¤ëè  ��� á ®à¨¥­â æ¨¥©(100) ¨ (111). � ª ¢¨¤­® ¨§ à¨áã­ª , § ¢¨á¨¬®áâì(~!)j ®â Fj ¥áâì ¯àï¬ ï «¨­¨ï. �¥ ­ ª«®­ ®¯à¥-¤¥«ï¥âáï ¢¥«¨ç¨­®© í«¥ªâà®®¯â¨ç¥áª®© í­¥à£¨¨ ~
 ,  â®çª  ¯¥à¥á¥ç¥­¨ï ®á¨ ®à¤¨­ â à ¢­  í­¥à£¨¨ ¯¥à¥-å®¤  Eg . �ç¨â ï ¬¥¦§®­­ãî íää¥ªâ¨¢­ãî ¬ ááã �à ¢­®© 0:055me [3], ¬®¦­® ®¯à¥¤¥«¨âì ¢¥«¨ç¨­ã¢áâà®¥­­®£® ¯®«ï ¨ í­¥à£¨î äã­¤ ¬¥­â «ì­®£® ¯¥-à¥å®¤ .�§  ­ «¨§  ®áæ¨««ïæ¨© ¢ à ¬ª å ¬®¤¥«¨ (2)¢ëç¨á«¥­ë ¢¥«¨ç¨­ë ¢áâà®¥­­ëå í«¥ªâà¨ç¥áª¨å

���������	
��
�������¨á. 2. �­ «¨§ á¯¥ªâà®¢ �� ��� GaAsP/GaAs ¢ à ¬ª å¬®¤¥«¨ (1){(2). �¢ ¤à âë ¨ ªàã£¨ ¤«ï ®¡à §æ®¢ á ®à¨¥­-â æ¨¥© (100) ¨ (111) á®®â¢¥âáâ¢¥­­®. �¨­¨ï | à¥§ã«ìâ â®¡à ¡®âª¨ ¯® ¬¥â®¤ã ­ ¨¬¥­ìè¨å ª¢ ¤à â®¢¯®«¥©. �­¨ á®áâ ¢¨«¨ (80 � 10) ª�/á¬ ¤«ï ���GaAs/GaAs0:6P0:4 (100) ¨ (430�20) ª�/á¬ ¤«ï ���GaAs/GaAs0:6P0:4 (111). � ª¦¥ ¢ëç¨á«¥­ë í­¥à-£¨¨ ­ ¡«î¤ ¥¬ëå ¯¥à¥å®¤®¢: (1:430 � 0:05) í� ¨(1:427�0:08) í� ¤«ï (100) ¨ (111) ��� á®®â¢¥âáâ¢¥­-­®. �«ï áà ¢­¥­¨ï: ¢¥«¨ç¨­  ¢áâà®¥­­®£® ¯®«ï ¤«ï¯®«ã¨§®«¨àãîé¥© ¯®¤«®¦ª¨ GaAs (100) á®áâ ¢«ï¥â­¥áª®«ìª® ª�/á¬,   í­¥à£¨ï äã­¤ ¬¥­â «ì­®£® ¯¥à¥-å®¤  1.414 í�.�ãé¥áâ¢¥­­®¥ à §«¨ç¨¥ ¢áâà®¥­­ëå ¯®«¥© ¤«ï��� (100) ¨ (111) ¬®¦¥â ¡ëâì ®¡êïá­¥­® á«¥¤ãî-é¨¬ ®¡à §®¬. �  ¢¥«¨ç¨­ã ¢áâà®¥­­®£® ¯®«ï ¢ ¯®-«ã¯à®¢®¤­¨ª®¢ëå áâàãªâãà å ¢«¨ïîâ ª®­æ¥­âà æ¨ï­®á¨â¥«¥©, §­ ç¥­¨¥ ¯®¢¥àå­®áâ­®£® ¯®â¥­æ¨ «  ¨¢ ®¯à¥¤¥«¥­­ëå á«ãç ïå ¯ì¥§®í«¥ªâà¨ç¥áª¨¥ ¯®«ï.�®á«¥¤­¥¥ áãé¥áâ¢¥­­® ¢ ­ ¯àï¦¥­­ëå áâàãªâãà å,¢ëà é¥­­ëå ¢¤®«ì ­ ¯à ¢«¥­¨ï, ®â«¨ç­®£® ®â [100],â ª ª ª â®«ìª® ­¥ à ¢­ë¥ ­ã«î ­¥¤¨ £®­ «ì­ë¥ª®¬¯®­¥­âë â¥­§®à  ­ ¯àï¦¥­¨© ¯à¨¢®¤ïâ ª ¢®§-­¨ª­®¢¥­¨î ¤¥ä®à¬ æ¨®­­ëå ¯ì¥§®í«¥ªâà¨ç¥áª¨å¯®«¥© [4]. � ¯à ¢«¥­¨¥ ãª § ­­ëå ¯®«¥© § ¢¨á¨â®â ¢¨¤  ¬¥å ­¨ç¥áª¨© ¤¥ä®à¬ æ¨© (á¦ â¨¥ ¨«¨à áâï¦¥­¨¥) ¨ ®â â®£®, ­  ª â¨®­­®© (A) ¨«¨ ­¨®­­®© (B) áâ®à®­¥ ¯®¤«®¦ª¨ (111) ¢ëà é¥­ ��� [4], â. ¥. ¢ ¡ àì¥à¥ GaAs0:6P0:4 ¨ ï¬¥ GaAsí«¥ªâà¨ç¥áª®¥ ¯®«¥ ­ ¯à ¢«¥­® ¢ ¯à®â¨¢®¯®«®¦­ë¥áâ®à®­ë. �å¥¬ â¨ç¥áª¨ §®­­ ï áâàãªâãà  ��� (100)¨ (111) ¨§®¡à ¦¥­  ­  à¨á. 3, £¤¥ ¯®ª § ­ ¨§£¨¡§®­, ¢ë§¢ ­­ë© ®¡« áâìî ¯à®áâà ­áâ¢¥­­®£® § àï¤ ¤«ï áâàãªâãà á ®à¨¥­â æ¨¥© (100), ¨ ¬®¤¨ä¨ª æ¨ï§®­­®© áâàãªâãàë ¤¥ä®à¬ æ¨®­­®-¨­¤ãæ¨à®¢ ­­ë-¬¨ ¯ì¥§®í«¥ªâà¨ç¥áª¨¬¨ ¯®«ï¬¨ ¤«ï ­ ¯àï¦¥­­ëåáâàãªâãà á ®à¨¥­â æ¨¥© (111).�¥ä®à¬ æ¨®­­®-¨­¤ãæ¨à®¢ ­­ë¥ ª®¬¯®­¥­âë¢¥ªâ®à  ¯®«ïà¨§ æ¨¨ Pi ®¯à¥¤¥«ïîâáï ª ª [4]Pi = 2 e14 "jk;
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��¨á. 3. �®­­ ï áâàãªâãà  ��� (100) ¨ (111)£¤¥ e14 | ¯ì¥§®í«¥ªâà¨ç¥áª ï ª®­áâ ­â  (¤«ï GaAse14 = �0:16 �«/¬2 [4]), "jk | ­¥¤¨ £®­ «ì­ë¥ª®¬¯®­¥­âë â¥­§®à  ­ ¯àï¦¥­¨©, ®¯à¥¤¥«ï¥¬ë¥ à á-á®£« á®¢ ­¨¥¬ ¯¥à¨®¤®¢ ªà¨áâ ««¨ç¥áª¨å à¥è¥â®ª:"jk =� C11 + 2C12C11 + 2C12 +4C44 a1 � a2a1 ;£¤¥ a1 , a2 | ¯¥à¨®¤ë ªà¨áâ ««¨ç¥áª¨å à¥è¥â®ªGaAs ¨ GaAs0:6P0:4 á®®â¢¥âáâ¢¥­­®, C11 , C12 ,C44 |ã¯àã£¨¥ ª®­áâ ­âë [5]. � á«ãç ¥ (111) ®à¨¥­â¨-à®¢ ­­ëå ��� ¨ ¤¨ £®­ «ì­ë¥ ª®¬¯®­¥­âë â¥­§®à ­ ¯àï¦¥­¨©, ¨ ­¥¤¨ £®­ «ì­ë¥, à ¢­ë:"xx = "yy = "zz = "?; "xy = "yz = "zx = "jj :�¥ä®à¬ æ¨®­­®-¨­¤ãæ¨à®¢ ­­®¥ í«¥ªâà¨ç¥áª®¥¯®«¥ ®¯à¥¤¥«ï¥âáï ¨§ á®®â­®è¥­¨ï:Ei =�2 e14 "jk"0 " ;

£¤¥ " | áâ â¨ç¥áª ï ¤¨í«¥ªâà¨ç¥áª ï ¯à®­¨æ ¥-¬®áâì (" = 12:8 ¤«ï GaAs), "0 = 8:85 � 10�12 �/¬.�«ï á«®¥¢ GaAs ��� GaAs/GaAs0:6P0:4 (111)Ei = 170 ª�/á¬ ¨ ®¡é¥¥ ¯®«¥, ­ ¯à ¢«¥­­®¥ ¢¤®«ì®á¨ [111]: E =qE2x +E2y +E2zà ¢­® 295 ª�/á¬. � á¨«ã à §«¨ç¨ï ¯ì¥§®í«¥ªâà¨ç¥-áª®© ª®­áâ ­âë e14 , ¤¨í«¥ªâà¨ç¥áª®© ¯à®­¨æ ¥¬®-áâ¨ " ¨ ã¯àã£¨å ª®­áâ ­â C11 , C12 , C44 ¢ á«®ïåGaAs0:6P0:4 ¢¥«¨ç¨­ë Ei ¨ E á®áâ ¢«ïîâ 120 ª�/á¬¨ 210 ª�/á¬ á®®â¢¥âáâ¢¥­­®.� ª¨¬ ®¡à §®¬, ¯à¨¢¥¤¥­­ë© à áç¥â ¯®ª §ë¢ ¥â,çâ® ¢ ��� GaAs/GaAs0:6P0:4 , ¢ëà é¥­­ëå ¢¤®«ì­ ¯à ¢«¥­¨ï [111], ®á­®¢­®© ¢ª« ¤ ¢® ¢áâà®¥­­®¥¯®«¥ ¤ îâ ¤¥ä®à¬ æ¨®­­®-¨­¤ãæ¨à®¢ ­­ë¥ ¯ì¥§®-í«¥ªâà¨ç¥áª¨¥ ¯®«ï. �¯¥ªâà®áª®¯¨ï �� ¯®§¢®«ï¥â¯à®¢®¤¨âì ®æ¥­ª¨ ¢áâà®¥­­ëå í«¥ªâà¨ç¥áª¨å ¯®«¥©¢ ���.�¨â¥à âãà 1. �ã§ì¬¥­ª® �.�., � ­¦  �.�., �®çãà®¢  �.�. ¨ ¤à. // ���.1999. 41, ò4. �. 725.2. �¢ ªï­æ �.�., �®ª®¢ �.�., �¥à¢ïª®¢ �.�. ¨ ¤à. // �¥áâ­.�®áª. ã­-â . �¨§. �áâà®­. 2002. ò4. �. 48. (Moscow Uni-versity Phys. Bull. 2002. N 4. P. 48).3. Hughes P.J., Weiss B.L., Hosea T.J.S // J. Appl. Phys. 1995.77, N 12. P. 6472.4. Mailhiot C., Smith D.L. // Phys. Rev. B. 1987. 35, N 3.P. 1242.5. Zhang X., Ishikava M., Yaguchi H. // Surf. Sci. 1997. 387.P. 371. �®áâã¯¨«  ¢ p¥¤ ªæ¨î26.06.03


