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ª®æ¥âà æ¨© ¯®¤®¡ëå ç áâ¨æ á¯®á®¡® ¯à¨¢¥á-â¨ ª á¥àì¥§ë¬ ¯®á«¥¤áâ¢¨ï¬ ¤«ï §¤®à®¢ìï. �à¨¨â¥à¯à¥â æ¨¨ à¥§ã«ìâ â®¢ ®¯â¨ç¥áª¨å  ¡«î¤¥¨©¯à®æ¥áá®¢ à áá¥ï¨ï ¨á¯®«ì§®¢ ¨¥ ¬ â¥¬ â¨ç¥áª®-£® ¬®¤¥«¨à®¢ ¨ï ¨áá«¥¤ã¥¬ëå ï¢«¥¨© ®ª §ë¢ ¥âáïíää¥ªâ¨¢ë¬. �® ¥¤ ¢¥£® ¢à¥¬¥¨  ¨¡®«¥¥ à á-¯à®áâà ¥ë¬ áà¥¤áâ¢®¬   «¨§  à áá¥¨¢ îé¨åá¢®©áâ¢ ç áâ¨æ ï¢«ï«áï ¬¥â®¤ T -¬ âà¨æ [2]. �¤ -ª® ¤ ¦¥ ¯®á«¥ ¬®£®ç¨á«¥ëå ¬®¤¨ä¨ª æ¨© íâ®â¬¥â®¤ ¥ ¯®§¢®«ï¥â ¯à®¢®¤¨âì   «¨§ à áá¥¨¢ î-é¨å á¢®©áâ¢ ¢ëâïãâëå ç áâ¨æ, ¥á«¨ á®®â®è¥¨¥¯à®¤®«ì®£® ¨ ¯®¯¥à¥ç®£® à §¬¥à®¢ ¯à¥¢ëè ¥â 20.� ç¨â¥«ì® ¡®«¥¥ ¯®«ë¥ à¥§ã«ìâ âë ¬ â¥¬ â¨-



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2003. ò2 19ç¥áª®£® ¬®¤¥«¨à®¢ ¨ï à áá¥ï¨ï á¢¥â  ç áâ¨æ ¬¨á íªáâà¥¬ «ìë¬¨ å à ªâ¥à¨áâ¨ª ¬¨ ã¤ ¥âáï ¯®«ã-ç¨âì ¯à¨ ¨á¯®«ì§®¢ ¨¨ á®¢à¥¬¥ëå ª®¬¯ìîâ¥àëåâ¥å®«®£¨©, ®á®¢ ëå   ¬¥â®¤¥ ¤¨áªà¥âëå ¨á-â®ç¨ª®¢ [3].�  áâ®ïé¥© à ¡®â¥ ¯à¥¤« £ ¥âáï ¬®¤¨ä¨ª æ¨ï¬¥â®¤  ¤¨áªà¥âëå ¨áâ®ç¨ª®¢ (���), ª®â®à ï ¯®§-¢®«ï¥â ¯à®¢®¤¨âì   «¨§ á¨«ì® ¢ëâïãâëå ¤¨í«¥ª-âà¨ç¥áª¨å ç áâ¨æ,   â ª¦¥ à áá¥¨¢ â¥«¥© á ¢ëá®ª¨¬¨¤¥ªá®¬ à¥äà ªæ¨¨. �  ®á®¢¥ ¢ëç¨á«¨â¥«ì®£®íªá¯¥à¨¬¥â  ¯®ª § ®, çâ® à §«¨çë¥ ¬ â¥¬ â¨-ç¥áª¨¥ ¬®¤¥«¨ ¢®«®ª®ëå ç áâ¨æ áä¥à®¨¤ «ì ï ¨æ¨«¨¤à¨ç¥áª ï ¯à¨¢®¤ïâ ª à §«¨çë¬ à¥§ã«ìâ â ¬.�®á«¥¤¥¥ ®¡áâ®ïâ¥«ìáâ¢® ¤®«¦® ãç¨âë¢ âìáï ¯à¨¨â¥à¯à¥â æ¨¨ à¥§ã«ìâ â®¢  ¡«î¤¥¨©.� â¥¬ â¨ç¥áª ï ¬®¤¥«ì § ¤ ç¨ à áá¥ï¨ï� áá¬®âà¨¬ ¬ â¥¬ â¨ç¥áªãî ¯®áâ ®¢ªã § ¤ ç¨.�ãáâì fE0;H0g | ¯®«¥ «¨¥©® ¯®«ïà¨§®¢ ®©¯«®áª®© í«¥ªâà®¬ £¨â®© ¢®«ë, ¯ ¤ îé¥© ¯®¤ã£«®¬ ���0 ®â®á¨â¥«ì® ®á¨ ¢à é¥¨ï ®á¥á¨¬¬¥â-à¨ç®© ®¤®à®¤®© ç áâ¨æë Di á £« ¤ª®© ¯®¢¥àå®á-âìî @Di � C(1;�) . �¥èîî ¯® ®â®è¥¨î ª ç áâ¨æ¥®¡« áâì ®¡®§ ç¨¬ De , â®£¤  ¬ â¥¬ â¨ç¥áª ï ¯®áâ -®¢ª  § ¤ ç¨ ¨¬¥¥â ¢¨¤rotH� = ik"�E� ;rotE� =�ik��H� ; ¢ D� ; � = e; i;ni�((Ei(p)�Ee(p)) = 0;(Hi(p)�He(p)) = 0; p 2 @Di (1)ãá«®¢¨ï ¨§«ãç¥¨ï ¤«ï à áá¥ï®£® ¯®«ï   ¡¥áª®-¥ç®áâ¨, £¤¥ fE� ;H�g | ¯®«®¥ ¯®«¥ ¢ á®®â¢¥â-áâ¢ãîé¥© ®¡« áâ¨, ni | ¥¤¨¨çë© ¢¥ªâ®à ®à¬ «¨ª ¯®¢¥àå®áâ¨ @Di . �â¬¥â¨¬, çâ® ¢ ®¡« áâ¨ De¯®«®¥ ¯®«¥ ¢ª«îç ¥â ¢ á¥¡ï ¯ ¤ îéãî ¯«®áªãî¢®«ã,   â ª¦¥ ¯®«¥, à áá¥ï®¥ ç áâ¨æ¥©. �®« £ ¥¬,çâ® ¯ à ¬¥âàë áà¥¤ë ¢ãâà¨ ç áâ¨æë ã¤®¢«¥â¢®àïîâãá«®¢¨ï¬ Im "i 6 0; Im�i 6 0 , çâ® á®®â¢¥âáâ¢ã¥â¢à¥¬¥®© § ¢¨á¨¬®áâ¨ ¢¨¤  exp fi!tg . �®£¤  £à -¨ç ï § ¤ ç  (1) ¨¬¥¥â ¥¤¨áâ¢¥®¥ à¥è¥¨¥.�«ï ¯®áâà®¥¨ï ¯à¨¡«¨¦¥®£® à¥è¥¨ï £à ¨ç-®© § ¤ ç¨ (1) ¡ã¤¥¬ ¨á¯®«ì§®¢ âì ��� [4]. �ãâì��� á®áâ®¨â ¢ ¯à¥¤áâ ¢«¥¨¨ ¯®«¥© ¢ ¢¨¤¥ ª®¥ç-ëå «¨¥©ëå ª®¬¡¨ æ¨© ¯®«¥© ¤¨¯®«¥© ¨ ¬ã«ì-â¨¯®«¥©, ª®â®àë¥ ã¤®¢«¥â¢®àïîâ á¨áâ¥¬¥ ãà ¢¥¨©� ªá¢¥««  ¢ ®¡« áâïå De;i ¨ ãá«®¢¨ï¬ ¨§«ãç¥¨ï  ¡¥áª®¥ç®áâ¨ ¤«ï à áá¥ï®£® ¯®«ï fEse;Hseg . �®£¤ à¥è¥¨¥ £à ¨ç®© § ¤ ç¨ à áá¥ï¨ï (1) á¢®¤¨âáïª ®¯à¥¤¥«¥¨î ¥¨§¢¥áâëå  ¬¯«¨âã¤ ¤¨áªà¥âëå¨áâ®ç¨ª®¢ (��) ¨§ ãá«®¢¨© á®¯àï¦¥¨ï ¤«ï ¯®«¥©  ¯®¢¥àå®áâ¨ ç áâ¨æëni� (Ei �Ese) = ni �E0;ni� (Hi �Hse) = ni �H0   @Di: (2)�«¥¤®¢ â¥«ì®, § ¤ ç  ¤¨äà ªæ¨¨ (1) á¢¥¤¥  ª à¥-è¥¨î § ¤ ç¨  ¯¯à®ªá¨¬ æ¨¨ ¯®«ï ¯«®áª®© ¢®«ë

fE0;H0g . �¥è¥¨¥ íâ®© § ¤ ç¨ ¬®¦¥â ¡ëâì ®áã-é¥áâ¢«¥®, á«¥¤ãï ®¡é¥© áå¥¬¥��� [4]. � ¯®¬¨¬®á®¢ë¥ ¬®¬¥âë. �®áª®«ìªã ¯®¢¥àå®áâì ç áâ¨æëï¢«ï¥âáï ®á¥á¨¬¬¥âà¨ç®©, â® ¯¥à¥©¤¥¬ ®â § ¤ ç¨ ¯¯à®ªá¨¬ æ¨¨ ¤«ï ¯®«¥©   ¯®¢¥àå®áâ¨ (2) ª¯®á«¥¤®¢ â¥«ì®¬ã à¥è¥¨î § ¤ ç á®¯àï¦¥¨ï  ®¡à §ãîé¥© ¯®¢¥àå®áâ¨ =i ¢à é¥¨ï @Di ¤«ï £ à-¬®¨ª �ãàì¥ ¯®«¥© ¯®  §¨¬ãâ «ì®© ¯¥à¥¬¥®© [4].�¯¥æ¨ «ìë© ¢ë¡®à ¢ ª ç¥áâ¢¥ ¨áâ®ç¨ª®¢ ¬ã«ìâ¨-¯®«¥©, «®ª «¨§®¢ ëå   ®á¨ á¨¬¬¥âà¨¨ OZ ¨«¨ ¢¯à¨¬ëª îé¥© ª ®á¨ ç áâ¨ ª®¬¯«¥ªá®© ¯«®áª®áâ¨,¯®§¢®«ï¥â ¨á¯®«ì§®¢ âì ¢¥ªâ®àë¥ ¯®â¥æ¨ «ë á«¥-¤ãîé¥£® ¢¨¤ A1;e;imn = fY e;im (�; zn) cos(m+ 1)�;�Y e;im (�; zn) sin(m+1)�; 0g;A2;e;imn = fY e;im (�; zn) sin(m+1)�;Y e;im (�; zn) cos(m+1)�; 0g;A3;e;i0n = f0; 0;Y e;i0 (�; zn)g;Y em(�; zn) = h(2)m (keR�zn) (ke�=R�zn)m ;Y im(�; zn) = jm (kiR�zn) (ki�=R�zn)m ;£¤¥ h(2)m ( � ) , jm( � ) | áä¥à¨ç¥áª¨¥ äãªæ¨¨ � ª¥-«ï ¨ �¥áá¥«ï á®®â¢¥âáâ¢¥®, R2�zn = �2 + (z � zn)2 ,ª®®à¤¨ âë ¬ã«ìâ¨¯®«¥© nze;in o 2OZ ¢ Di . �®áâà®-¨¬ ¯à¨¡«¨¦¥®¥ à¥è¥¨¥, ãç¨âë¢ îé¥¥ ¥ â®«ìª®®á¥¢ãî á¨¬¬¥âà¨î à áá¥¨¢ â¥«ï, ® ¨ ¯®«ïà¨§ æ¨î¯ ¤ îé¥© ¯«®áª®© ¢®«ë. � áá¬®âà¨¬ á«ãç © P -¯®-«ïà¨§ æ¨¨, ª®£¤  ¯®«¥ ¯«®áª®© ¢®«ë ¬®¦¥â ¡ëâì§ ¯¨á ® ª ªE0 = (ex cos �0 � ez sin �0);H0 =�ey; = expf�ike(x sin �0 � z cos �0)g; (3)£¤¥ ke = kp"e�e . �®£¤  ¤«ï P -¯®«ïà¨§®¢ ®£® ¨§-«ãç¥¨ï ¯à¨¡«¨¦¥®¥ à¥è¥¨¥ ¬®¦¥â ¡ëâì ¯à¥¤-áâ ¢«¥® ¢ ¢¨¤¥ EN�HN� != MXm=0 Nm�Xn=18>><>>:p�mn0BB@ ik"��� rot rot� 1�� rot 1CCAA1;�mn++ q�mn0BB@ 1"� rotik"��� rot rot1CCAA2;�mn9>>=>>;++ N0�Xn=1 r�n0B@ ik"��� rot rot� 1�� rot 1CAA3;�0n :�®«®â  ¨ § ¬ªãâ®áâì ¯®«¥© á®¢®ªã¯®© á¨áâ¥-¬ë ¬ã«ìâ¨¯®«¥© ¢ á¨«ã â¥®à¥¬ë ª®àà¥ªâ®áâ¨ [4]®¡¥á¯¥ç¨¢ ¥â áå®¤¨¬®áâì ¯à¨¡«¨¦¥®£® à¥è¥¨ï ªâ®ç®¬ã à¥è¥¨î § ¤ ç¨ (1).10 ���, ä¨§¨ª ,  áâà®®¬¨ï, ò2



20 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2003. ò2�ëç¨á«¨â¥«ìë©  «£®à¨â¬�®áª®«ìªã áå¥¬  ¢ëç¨á«¨â¥«ì®£®  «£®à¨â¬  ¡ë-«  ¯®¤à®¡® à áá¬®âà¥  ¢ à ¡®â¥ [5], ¬ë ®áâ ®¢¨¬-áï «¨èì   ®¯¨á ¨¨ ®â«¨ç¨â¥«ìëå ®á®¡¥®áâ¥©,¢®§¨ª îé¨å ¢ § ¤ ç å à áá¥ï¨ï   íªáâà¥¬ «ìëåç áâ¨æ å. � ª ®â¬¥ç «®áì ¢ëè¥, ¯®áâà®¥®¥  ®á®¢¥ ��� ¯à¨¡«¨¦¥®¥ à¥è¥¨¥ ã¤®¢«¥â¢®àï¥â¢á¥¬ ãá«®¢¨ï¬ £à ¨ç®© § ¤ ç¨ (1), §  ¨áª«îç¥-¨¥¬ ãá«®¢¨© á®¯àï¦¥¨ï (2). �®íâ®¬ã ®¯à¥¤¥«¥-¨¥ ¥¨§¢¥áâëå  ¬¯«¨âã¤ ¤¨áªà¥âëå ¨áâ®ç¨ª®¢fpe;imn; qe;imn; re;in g ¯à®¢®¤¨âáï ¨§ âà¥¡®¢ ¨ï ¯à¨¡«¨-¦¥®£® ã¤®¢«¥â¢®à¥¨ï ãá«®¢¨© á®¯àï¦¥¨ï (2) ¢á®®â¢¥âáâ¢ãîé¥© äãªæ¨® «ì®© ®à¬¥ [2]. � §« -£ ï ¢¥è¥¥ ¢®§¡ã¦¤¥¨¥ (3) ¢ àï¤ �ãàì¥ ¯®  §¨¬ã-â «ì®© ¯¥à¥¬¥®©, § ¤ ç  ¯®¢¥àå®áâ®©  ¯¯à®ª-á¨¬ æ¨¨ á¢®¤¨âáï ª ¯®á«¥¤®¢ â¥«ì®¬ã à¥è¥¨î®¤®¬¥àëå  ¯¯à®ªá¨¬ æ¨®ëå § ¤ ç   ®¡à §ãî-é¥© ç áâ¨æë =i , ª®â®àë¥ à¥è îâáï á ¯à¨¬¥¥¨¥¬®¡®¡é¥®£® ¬¥â®¤  ª®««®ª æ¨©. �â«¨ç¨ï à áá¬ â-à¨¢ ¥¬®£®  «£®à¨â¬  ®â ¯à¥¤ë¤ãé¥© à¥ «¨§ æ¨¨á¢®¤ïâáï ª á«¥¤ãîé¨¬ ®á®¢ë¬ ¬®¬¥â ¬:1. �¨á«® �� ¤«ï ¯à¥¤áâ ¢«¥¨ï ¯®«¥© ¢¥ ®¡« áâ¨De ¨ ¢ãâà¨ ç áâ¨æë Di ¢ë¡¨à ¥âáï à §«¨çë¬ ¨¯à®¯®àæ¨® «ìë¬ ¨¤¥ªáã à¥äà ªæ¨¨ p"� . �¥¬¡®«ìè¥ § ç¥¨¥ ¨¤¥ªá , â¥¬ ¡®«ìè¥ ª®«¨ç¥áâ¢®¨áâ®ç¨ª®¢.2. �¨á«® �� § ¢¨á¨â ®â ®¬¥à  �ãàì¥ £ à¬®¨ª¨Nm� ; � = e; i . �¥¬ ¢ëè¥ ®¬¥à £ à¬®¨ª¨ m , â¥¬¬¥ìè¥ âà¥¡ã¥âáï ª®«¨ç¥áâ¢® ¬ã«ìâ¨¯®«¥© Nm� ¤«ï®¡¥á¯¥ç¥¨ï âà¥¡ã¥¬®© â®ç®áâ¨. �à¨ íâ®¬ ç¨á«®â®ç¥ª ª®««®ª æ¨¨ ®áâ ¥âáï ¯®áâ®ïë¬ ¤«ï ¢á¥å£ à¬®¨ª.�¯¨á  ï ¢ëè¥ ¬®¤¨ä¨ª æ¨ï áå¥¬ë ��� ¤ ¥â¢®§¬®¦®áâì áãé¥áâ¢¥® à áè¨à¨âì ¥£® ¢®§¬®¦-®áâ¨, ¢ ç áâ®áâ¨   «¨§¨à®¢ âì á¨«ì® ¢ëâïã-âë¥ ç áâ¨æë ¨ à áá¥¨¢ â¥«¨ á ¢ëá®ª¨¬ ¨¤¥ªá®¬à¥äà ªæ¨¨. � ª ¨ à ìè¥ [4], à áç¥â å à ªâ¥à¨á-â¨ª à áá¥ï¨ï ®áãé¥áâ¢«ï¥âáï ®¤®¢à¥¬¥® ¤«ï¢á¥å ã£«®¢ ¯ ¤¥¨ï �0 ¨ ¤¢ãå ¡ §®¢ëå ¯®«ïà¨§ æ¨©(P ¨ S ). �®¤¨ä¨æ¨à®¢  ï áå¥¬  ¯®§¢®«ï¥â â ª¦¥®áãé¥áâ¢«ïâì  ¯®áâ¥à¨®àãî ®æ¥ªã ¯®£à¥è®áâ¨¯®«ãç¥®£® ¯à¨¡«¨¦¥®£® à¥è¥¨ï ¯®áà¥¤áâ¢®¬¢ëç¨á«¥¨ï ¥¢ï§ª¨ ã¤®¢«¥â¢®à¥¨ï ãá«®¢¨© á®¯àï-¦¥¨ï (2)   ¯®¢¥àå®áâ¨ ç áâ¨æë ¢ áà¥¤¥ª¢ ¤à -â¨ç®© ®à¬¥. �â® ¤ ¥â ¢®§¬®¦®áâì à¥ «ì® ª®â-à®«¨à®¢ âì áå®¤¨¬®áâì ¯à¨¡«¨¦¥®£® à¥è¥¨ï ªâ®ç®¬ã.�«ï ¢ëç¨á«¥¨ï ¨â¥á¨¢®áâ¨ à áá¥ï®£® ¯®-«ï   ¡¥áª®¥ç®áâ¨ ¥®¡å®¤¨¬® ¨¬¥âì ¤¨ £à ¬¬ãà áá¥ï¨ï [4]. �¥ F� ¨ F� ª®¬¯®¥âë ¤«ï á«ãç ïP -¯®«ïà¨§ æ¨¨   ¥¤¨¨ç®© áä¥à¥ ¨¬¥îâ á«¥¤ãî-é¨© ¢¨¤FP� (�; �) = ik MXm=0 cos(m+ 1)�(ik sin �)m�� NmeXn=1fpenm cos �+ qenmgGn� ik sin � N0eXn=1 renGn;

FP� (�; �) =�ik MXm=0 sin(m+1)�(ik sin �)m�� NmeXn=1fpenm + qenm cos �gGn;Gn = expf�ikezn cos �g:�á®¢®© å à ªâ¥à¨áâ¨ª®© à áá¥ï¨ï ¢  è¥¬¨áá«¥¤®¢ ¨¨ ï¢«ï¥âáï ¨â¥á¨¢®áâì à áá¥ï¨ï ¤«ïá«ãç ï P - ¨ S -¯®«ïà¨§ æ¨¨, ª®â®à ï ¢ëà ¦ ¥âáïç¥à¥§ ª®¬¯®¥âë ¤¨ £à ¬¬ë ª ªIP;S(�0; �; �) = ���FP;S� (�0; �; �)���2 + ���FP;S� (�0; �; �)���2 :(4)�¨á«¥ë¥ à¥§ã«ìâ âë�«ï ¨««îáâà æ¨¨ ¢®§¬®¦®áâ¥© ¬®¤¨ä¨æ¨à®¢ -®© áå¥¬ë à áá¬ âà¨¢ « áì ¤«¨  ¢®«ë ¨§«ãç¥-¨ï � = 0:488 ¬ª¬. � ª ç¥áâ¢¥ ¬ â¥à¨ «®¢ ¨á-¯®«ì§®¢ «¨áì SiO2 (¨¤¥ªá à¥äà ªæ¨¨ ni = 1:46),SiN (ni = 2:0 � 0:0013i) ¨ Si (ni = 4:37 � 0:08i) .� ª ç¥áâ¢¥ ¬®¤¥«¥© ¢®«®ª  à áá¬ âà¨¢ «¨áì ¤¢¥¬®¤¥«¨,  ¨¡®«¥¥ ç áâ® ¨á¯®«ì§ã¥¬ë¥   ¯à ªâ¨ª¥:æ¨«¨¤à á® áä¥à¨ç¥áª¨¬¨ ®á®¢ ¨ï¬¨ ¨ ¢ëâïãâë©áä¥à®¨¤. �à¨ç¥¬ á®¯®áâ ¢«ï«¨áì ¬®¤¥«¨, ¨¬¥îé¨¥®¤¨ ª®¢ãî â®«é¨ã 2a = 200 ¬ ¨ ®¤¨ ª®¢®¥á®®â®è¥¨¥ ¯®«ã®á¥© � = b=a . �® ¢á¥å ¯à®¢¥¤¥ëåà áç¥â å ¯®£à¥è®áâì à¥§ã«ìâ â®¢ ¥ ¯à¥¢ëè « 1.5% ¢ à ¢®¬¥à®© ®à¬¥, çâ® ª®âà®«¨à®¢ «®áìáå®¤¨¬®áâìî ¯® ¥¢ï§ª¥ ¨ ¤¨ £à ¬¬¥ (4).�  à¨á. 1 ¯®ª § ë § ¢¨á¨¬®áâ¨ ¨â¥á¨¢®áâ¨à áá¥ï¨ï ®â ã£«  � ¤«ï á«ãç ï P - ¨ S -¯®«ïà¨§ æ¨¨¯«®áª®© ¢®«ë ¨ ã£«®¢ �0 = 30� , 90� ¤«ï ¢ëâïã-â®£® SiN æ¨«¨¤à  á á®®â®è¥¨¥¬ ®á¥© � = 30 .�§ £à ä¨ª  ¢¨¤®, çâ® ¯à¨ ã£«¥ ¯ ¤¥¨ï �0 = 30�¬ ªá¨¬ã¬ ¨§«ãç¥¨ï à á¯®«®¦¥ ¢ â¥¥¢®© ®¡« áâ¨� = �150� . �à®¬¥ â®£®, ¢  ¯à ¢«¥¨¨ � = 150�¨¬¥¥âáï ¬ ªá¨¬ã¬, á®®â¢¥âáâ¢ãîé¨© ã£«ã §¥àª «ì-®£® ®âà ¦¥¨ï ¯® ®â®è¥¨î ª ®á¨ á¨¬¬¥âà¨¨ç áâ¨æë. � «®£¨ç ï ª àâ¨   ¡«î¤ ¥âáï ¨ ¯à¨ã£«¥ ¯ ¤¥¨ï ¢®«ë �0 = 90� .�  à¨á. 2 ¯à¨¢¥¤¥ë § ¢¨á¨¬®áâ¨ ¨â¥á¨¢®áâ¨à áá¥ï¨ï ®â ã£«  � ¤«ï SiN æ¨«¨¤à®¢ á à §«¨çë¬á®®â®è¥¨¥¬ ®á¥© � = 10 , 50 , ã£®« ¯ ¤¥¨ï ¢®«ë�0 = 60� . �¨¤®, çâ® ¯à¨ ã¢¥«¨ç¥¨¨ ¢ëâïãâ®áâ¨æ¨«¨¤à  à áâãâ ª ª  ¬¯«¨âã¤ë ¬ ªá¨¬ã¬®¢, â ª ¨ç¨á«® ®áæ¨««ïæ¨©.�  à¨á. 3 ¯®ª § ë § ¢¨á¨¬®áâ¨ ¨â¥á¨¢®áâ¨à áá¥ï¨ï ®â ã£«  � ¤«ï æ¨«¨¤à®¢ ¢ëâïãâ®áâ¨� = 30 ¨ à §«¨çëå ¬ â¥à¨ «®¢ SiO2 , SiN, Si ¯à¨ã£«¥ ¯ ¤¥¨ï �0 = 60� . �§ à¨áãª  ¢¨¤®, çâ® ¨§¬¥-¥¨¥ ¬ â¥à¨ «  ç áâ¨æë ¢¥¤¥â «¨èì ª ¨§¬¥¥¨î¢¥«¨ç¨ë ¬ ªá¨¬ã¬®¢ ¨ ãà®¢¥© ¡®ª®¢ëå «¥¯¥áâª®¢,  ç¨á«® ®áæ¨««ïæ¨© á®åà ï¥âáï.�  à¨á. 4 ¯à¨¢¥¤¥ë § ¢¨á¨¬®áâ¨ ¨â¥á¨¢®áâ¨à áá¥ï¨ï ®â ã£«  � ¤«ï æ¨«¨¤à¨ç¥áª®© ¬®¤¥«¨
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���������¨á. 1. � ¢¨á¨¬®áâì ¨â¥á¨¢®áâ¨ ®â ã£«  à áá¥ï¨ï ¢ ¯«®áª®áâ¨ ¯ ¤¥¨ï ¢®«ë ¯à¨ ¤¨äà ªæ¨¨   SiN æ¨«¨¤à¥� = 30 . �£«ã ¯ ¤¥¨ï �0 = 30� á®®â¢¥âáâ¢ã¥â ªà¨¢ ï 1, ¤«ï P -¯®«ïà¨§ æ¨¨; ªà¨¢ ï 2 ¤«ï S -¯®«ïà¨§ æ¨¨; ã£«ã¯ ¤¥¨ï �0 = 90� á®®â¢¥âáâ¢ã¥â ªà¨¢ ï 3, ¤«ï P -¯®«ïà¨§ æ¨¨; ªà¨¢ ï 4 ¤«ï S -¯®«ïà¨§ æ¨¨
���������	
��������������������������	
��������¨á. 2. � ¢¨á¨¬®áâì ¨â¥á¨¢®áâ¨ à áá¥ï¨ï ¯à¨ ¤¨äà ªæ¨¨   SiN æ¨«¨¤à¥ �0 = 60� , P -¯®«ïà¨§ æ¨ï. (1) � = 10 ;(2) � = 5011 ���, ä¨§¨ª ,  áâà®®¬¨ï, ò2
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�������������������� !"#$%&'()*+,����¨á. 4. � ¢¨á¨¬®áâì ¨â¥á¨¢®áâ¨ à áá¥ï¨ï ¯à¨ ¤¨äà ªæ¨¨   SiN ç áâ¨æ¥ � = 30; �0 = 0� . (1) áä¥à®¨¤,P -¯®«ïà¨§ æ¨ï; (2) áä¥à®¨¤, S -¯®«ïà¨§ æ¨ï; (3) æ¨«¨¤à, P -¯®«ïà¨§ æ¨ï; (4) æ¨«¨¤à, S -¯®«ïà¨§ æ¨ï
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���������¨á. 5. � ¢¨á¨¬®áâì ¨â¥á¨¢®áâ¨ à áá¥ï¨ï ¯à¨ ¤¨äà ªæ¨¨   SiN ç áâ¨æ¥ � = 30; �0 = 90� . (1) áä¥à®¨¤,P -¯®«ïà¨§ æ¨ï; (2) áä¥à®¨¤, S -¯®«ïà¨§ æ¨ï; (3) æ¨«¨¤à, P -¯®«ïà¨§ æ¨ï; (4) æ¨«¨¤à, S -¯®«ïà¨§ æ¨ïá ¢ëâïãâë¬ áä¥à®¨¤®¬ ¤«ï SiN. �à¨ íâ®¬ ¢ëâï-ãâ®áâì á®áâ ¢¨«  � = 30 ,   ã£®« ¯ ¤¥¨ï �0 = 0� .� «®£¨çë¥ à¥§ã«ìâ âë ¯®ª § ë   à¨á. 5 ¤«ï ã£« ¯ ¤¥¨ï ¢®«ë �0 = 90� . �®«ãç¥ë¥ à¥§ã«ìâ âë¤¥¬®áâà¨àãîâ áãé¥áâ¢¥®¥ à §«¨ç¨¥ ¢ å à ªâ¥-à¨áâ¨ª å à áá¥ï¨ï æ¨«¨¤à  ¨ áä¥à®¨¤ . �à¥¦¤¥¢á¥£® íâ® à §«¨ç¨¥ ¢  ¬¯«¨âã¤ å ¡®ª®¢ëå «¥¯¥áâª®¢,ª®â®àë¥ ¢ á«ãç ¥ áä¥à®¨¤    ¥áª®«ìª® ¯®àï¤ª®¢¬¥ìè¥, ç¥¬ ¢ á«ãç ¥ æ¨«¨¤à .�®ç®áâì à¥§ã«ìâ â®¢ ç¨á«¥ëå à áç¥â®¢ ¨ ¨å£¨¡ª®áâì ¯® ®â®è¥¨î ª ¨§¬¥¥¨î ª ª £¥®¬¥â-à¨ç¥áª¨å, â ª ¨ ä¨§¨ç¥áª¨å å à ªâ¥à¨áâ¨ª ç áâ¨æ¯®§¢®«ï¥â á¤¥« âì ¢ë¢®¤ ® ¢®§¬®¦®áâ¨ ¨å ¨á¯®«ì-§®¢ ¨ï á®¢¬¥áâ® á ®¯â¨ç¥áª¨¬¨ áà¥¤áâ¢ ¬¨ ¤«ï¨â¥à¯à¥â æ¨¨ à¥§ã«ìâ â®¢  ¡«î¤¥¨© ¨ ¢ëï¢«¥¨ï «¨ç¨ï ç áâ¨æ á íªáâà¥¬ «ìë¬¨ ¯ à ¬¥âà ¬¨.� ¡®â  ¢ë¯®«¥  ¯à¨ ä¨ á®¢®© ¯®¤¤¥à¦ª¥���� (£à âë ò00-01-00111 ¨ ò02-02-04011) ¨¯à®£à ¬¬ë <�¨¢¥àá¨â¥âë �®áá¨¨>.
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