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�¶¨¸ ´  É¥Ì´μ²μ£¨Ö ¨§£μÉμ¢²¥´¨Ö ´μ¢μ£μ ³¨±·μ¶¨±¸¥²Ó´μ£μ ² ¢¨´´μ£μ ËμÉμ¤¨μ¤  (Œ‹”„)
¸ £²Ê¡¨´´Ò³ · ¸¶μ²μ¦¥´¨¥³ ¶¨±¸¥²¥°, ¢±²ÕÎ ÕÐ¥£μ ¢ ¸¥¡Ö ¤¢  Ô¶¨É ±¸¨ ²Ó´ÒÌ ¸²μÖ, ³¥¦¤Ê ±μ-
Éμ·Ò³¨ ¸Ëμ·³¨·μ¢ ´  ³ É·¨Í  n+-μ¡² ¸É¥° ¶ÊÉ¥³ ¨μ´´μ£μ ²¥£¨·μ¢ ´¨Ö. �·¥¤²μ¦¥´ ´μ¢Ò° ¸¶μ¸μ¡
¨§£μÉμ¢²¥´¨Ö ±μ³¶ ±É´ÒÌ ³ É·¨Í Œ‹”„ ¸ ³¨´¨³ ²Ó´μ° ³¥·É¢μ° §μ´μ°.

A manufacturing technique for a new micropixel avalanche photodiode (MAPD) with deep buried
pixels, including two epitaxial layers between which a matrix of n+ areas is formed by ion implanting, is
described. A new method for making compact MAPD matrixes with the minimal dead zone is proposed.

PACS: 85.60.Bt; 85.60.Dw; 85.60.Gz; 85.60.Ha
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‚ ¶μ¸²¥¤´¨¥ £μ¤Ò Ï¨·μ±μ μ¡¸Ê¦¤ ¥É¸Ö ¢μ§³μ¦´μ¸ÉÓ ³ ¸¸μ¢μ£μ ¶·¨³¥´¥´¨Ö ³¨±·μ-
¶¨±¸¥²Ó´ÒÌ ² ¢¨´´ÒÌ ËμÉμ¤¨μ¤μ¢ (Œ‹”„) ¢ · §²¨Î´ÒÌ Ê¸É·μ°¸É¢ Ì ¤²Ö ·¥£¨¸É· Í¨¨
¸² ¡ÒÌ ¸¢¥Éμ¢ÒÌ ¨³¶Ê²Ó¸μ¢, ¢¶²μÉÓ ¤μ ¥¤¨´¨Î´ÒÌ ËμÉμ´μ¢ [1]. ˆ§¢¥¸É´Ò É·¨ μ¸´μ¢´ÒÌ
±μ´¸É·Ê±Í¨¨ Œ‹”„. Œ¨±·μ¶¨±¸¥²¨ ¢ ¶¥·¢ÒÌ ¤¢ÊÌ ±μ´¸É·Ê±Í¨ÖÌ ¶·¨¡μ·  · ¸¶μ²μ¦¥´Ò
´¥¶μ¸·¥¤¸É¢¥´´μ ´  ¶μ¢¥·Ì´μ¸É¨ ±·¥³´¨¥¢μ° ¶μ¤²μ¦±¨,   ¢ É·¥ÉÓ¥° Å £²Ê¡μ±μ ¶μ£·Ê-
¦¥´Ò ¢ μ¡Ñ¥³ Ô¶¨É ±¸¨ ²Ó´μ£μ ¸²μÖ, ¢Ò· Ð¥´´μ£μ ´  ¶μ¢¥·Ì´μ¸É¨ ¶μ¤²μ¦±¨ [2Ä4]. �Éμ
¶μ§¢μ²Ö¥É §´ Î¨É¥²Ó´μ · ¸Ï¨·¨ÉÓ ¤¨ ¶ §μ´ ²¨´¥°´μ¸É¨ Œ‹”„ [5].

‚ ·Ö¤¥ Ê¸É·μ°¸É¢, É ±¨Ì ± ± ³¥¤¨Í¨´¸±¨¥ ¶μ§¨É·μ´´μ-Ô³¨¸¸¨μ´´Ò¥ Éμ³μ£· ËÒ (��’-
¸± ´¥·Ò) ¨ ¤¥É¥±Éμ·Ò Ë¨§¨±¨ ¢Ò¸μ±¨Ì Ô´¥·£¨°, É·¥¡ÊÕÉ¸Ö ¤¥Ï¥¢Ò¥ ¨ ±μ³¶ ±É´Ò¥ ³ -
É·¨ÍÒ ² ¢¨´´ÒÌ ËμÉμ¤¨μ¤μ¢. ’· ¤¨Í¨μ´´μ ³ É·¨ÍÊ ² ¢¨´´ÒÌ ¤¨μ¤μ¢ ¨§£μÉ ¢²¨¢ ÕÉ ´ 
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¥¤¨´μ° (³μ´μ²¨É´μ°) ¶μ²Ê¶·μ¢μ¤´¨±μ¢μ° ¶μ¤²μ¦±¥ [6, 7]. Œμ´μ²¨É´ Ö ¶μ²Ê¶·μ¢μ¤´¨±μ-
¢ Ö ¶μ¤²μ¦±  ¨¸¶μ²Ó§Ê¥É¸Ö É ±¦¥ ¢ ± Î¥¸É¢¥ μ¡Ð¥£μ Ô²¥±É·μ¤  ¤²Ö ¶μ¤ Î¨ ´ ¶·Ö¦¥´¨Ö ±
¶·¨¡μ·Ê. ˆ´¤¨¢¨¤Ê ²Ó´Ò¥ Ô²¥±É·μ¤Ò μÉ ± ¦¤μ£μ Ô²¥³¥´É  ¢Ò¢μ¤ÖÉ¸Ö ¢¤μ²Ó ¶μ¢¥·Ì´μ¸É¨
¶μ¤²μ¦±¨ ´  ¶¥·¨³¥É· ³ É·¨ÍÒ. „²Ö ÔÉμ£μ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¸¶¥Í¨ ²Ó´Ò¥ ³¥É ²²¨Î¥¸±¨¥
¶μ²μ¸±¨, ¨§μ²¨·μ¢ ´´Ò¥ ± ± μÉ ¶μ¤²μ¦±¨, É ± ¨ μÉ Ô²¥³¥´Éμ¢ ³ É·¨ÍÒ. �¤¨´ ±μ´¥Í
¶μ²μ¸±¨ ¸μ¥¤¨´¥´ ¸ Ô²¥³¥´Éμ³ ³ É·¨ÍÒ,   ¤·Ê£μ° Å ¸ ³¥É ²²¨Î¥¸±¨³ ±μ´É ±Éμ³ (ÏÉÒ-
·¥³) ¶·¨¡μ· , · ¸¶μ²μ¦¥´´Ò³ ¶μ ¶¥·¨³¥É·Ê ³ É·¨ÍÒ ËμÉμÎÊ¢¸É¢¨É¥²Ó´ÒÌ Ô²¥³¥´Éμ¢.
Œ¥É ²²¨Î¥¸±¨¥ ¶μ²μ¸±¨ · ¸¶μ² £ ÕÉ ³¥¦¤Ê ËμÉμÎÊ¢¸É¢¨É¥²Ó´Ò³¨ Ô²¥³¥´É ³¨, ÎÉμ ¶·¨-
¢μ¤¨É ± Ê¢¥²¨Î¥´¨Õ § §μ·  ³¥¦¤Ê Ô²¥³¥´É ³¨ ³ É·¨Î´μ£μ ËμÉμ¶·¨¥³´¨± . “¢¥²¨Î¥´¨¥
· §³¥·  (Î¨¸²  Ô²¥³¥´Éμ¢) ³ É·¨ÍÒ ¶·¨¢μ¤¨É ± ¥Ð¥ ¡μ²ÓÏ¥³Ê · ¸Ï¨·¥´¨Õ § §μ· , ¶μ-
¸±μ²Ó±Ê Ê¢¥²¨Î¨¢ ¥É¸Ö Î¨¸²μ ¶μ²μ¸μ±, · ¸¶μ²μ¦¥´´ÒÌ ³¥¦¤Ê Ô²¥³¥´É ³¨. �Éμ ¸¶μ¸μ¡-
¸É¢Ê¥É ·¥§±μ³Ê Ê¢¥²¨Î¥´¨Õ ¤μ²¨ ´¥ÎÊ¢¸É¢¨É¥²Ó´μ° ¶²μÐ ¤¨ (£¥μ³¥É·¨Î¥¸±μ£μ Ë ±Éμ· )
³ É·¨Î´μ£μ ËμÉμ¶·¨¥³´¨± . Š·μ³¥ ÔÉμ£μ, ³μ´μ²¨É´ Ö ±μ´¸É·Ê±Í¨Ö ³ É·¨ÍÒ ¶·¨¢μ¤¨É
É ±¦¥ ± Ê¤μ·μ¦ ´¨Õ ¨§¤¥²¨Ö, ¶μ¸±μ²Ó±Ê ´¥¢μ§³μ¦´μ ¨¸¶μ²Ó§μ¢ ÉÓ ¤μ 30% ¶²μÐ ¤¨ ¶μ
¶¥·¨³¥É·Ê ±·Ê£²μ° ¶μ²Ê¶·μ¢μ¤´¨±μ¢μ° ¶² ¸É¨´Ò ¶·¨ ³μ´μ²¨É´μ° ±μ´¸É·Ê±Í¨¨ ³ É·¨ÍÒ
¶·Ö³μÊ£μ²Ó´μ° Ëμ·³Ò.

–¥²Ö³¨ ¤ ´´μ° · ¡μÉÒ Ö¢²ÖÕÉ¸Ö: μ¶¨¸ ´¨¥ É¥Ì´μ²μ£¨¨ ¨§£μÉμ¢²¥´¨Ö ´μ¢μ£μ Œ‹”„
¸ Ï¨·μ±¨³ ¤¨ ¶ §μ´μ³ ²¨´¥°´μ¸É¨ ËμÉμμÉ±²¨±  ¨ ¸μ§¤ ´¨¥ ´  ¥£μ μ¸´μ¢¥ ¤¥Ï¥¢ÒÌ ¨
±μ³¶ ±É´ÒÌ ³ É·¨Í ¸ ³¨´¨³ ²Ó´μ° ³¥·É¢μ° ¶²μÐ ¤ÓÕ.

1. ’…•��‹�ƒˆŸ ˆ‡ƒ�’�‚‹…�ˆŸ �„���‹…Œ…�’�›• Œ‹”„
‘ ƒ‹“��Š� ��ƒ�“†…��›Œˆ �ˆŠ‘…‹ŸŒˆ

Œ‹”„ ¸ £²Ê¡μ±μ ¶μ£·Ê¦¥´´Ò³¨ ¶¨±¸¥²Ö³¨ ¨§£μÉ ¢²¨¢ ¥É¸Ö ´  ¡ §¥ ±·¥³´¨¥¢ÒÌ ¶² -
¸É¨´ n-É¨¶  ¶·μ¢μ¤¨³μ¸É¨ c Ê¤¥²Ó´Ò³ ¸μ¶·μÉ¨¢²¥´¨¥³ ρ = 10Ä20 �³ · ¸³, ±·¨¸É ²²¨Î¥-
¸±μ° μ·¨¥´É Í¨¥° {100}. �² ¸É¨´Ò ´¥ Ö¢²ÖÕÉ¸Ö ¸É ´¤ ·É´μ ¢Ò¶Ê¸± ¥³Ò³¨ ¶·μ³ÒÏ²¥´-
´μ¸ÉÓÕ, ´  ´¨Ì ¢Ò· Ð¨¢ ÕÉ¸Ö Ô¶¨É ±¸¨ ²Ó´Ò¥ ¸²μ¨ ¸μ ¸¶¥Í¨Ë¨Î¥¸±¨³¨ ¶ · ³¥É· ³¨.
‚ ¶·μÍ¥¸¸¥ Ô¶¨É ±¸¨¨ ¤²Ö ¢Ò¤¥²¥´¨Ö ±·¥³´¨Ö ¨¸¶μ²Ó§ÊÕÉ¸Ö ±·¥³´¥¸μ¤¥·¦ Ð¨¥ £ §Ò:
É¥É· Ì²μ·¨¤ ±·¥³´¨Ö SiCl4 ¨²¨ É¥É· ¡·μ³¨¤ ±·¥³´¨Ö SiBr4. �·¨ É¥³¶¥· ÉÊ· Ì 1050Ä
1200 ◦‘ ¢  É³μ¸Ë¥·¥ ¢μ¤μ·μ¤  ¶·μ¨¸Ìμ¤¨É ·¥ ±Í¨Ö ¢μ¸¸É ´μ¢²¥´¨Ö ¸ μ¸ ¦¤¥´¨¥³ ±·¥³-
´¨Ö ´  ¶² ¸É¨´Ò:

SiCl4 + H2 → Si + HCl,

SiBr4 + H2 → Si + HBr.

‹¥£¨·μ¢ ´¨¥ · ¸ÉÊÐ¥£μ Ô¶¨É ±¸¨ ²Ó´μ£μ ¸²μÖ ¶·μ¨§¢μ¤ÖÉ ¶ÊÉ¥³ ¶μ¤ Î¨ ¢ ·¥ ±Éμ· £ §μ-
μ¡· §´μ° ¸³¥¸¨ ¢¥Ð¥¸É¢ , ¸μ¤¥·¦ Ð¥£μ ±·¥³´¨° (SiCl4 ²¨¡μ SiBr4), ¨ ¢¥Ð¥¸É¢  ¸μ¤¥·-
¦ Ð¥£μ ¶·¨³¥¸¨ ¡μ·  ¨²¨ Ëμ¸Ëμ·  (BBr3 ¨²¨ PCl3):

BBr3 + H2 → B + HBr,

PCl3 + H2 → P + HCl.

‘μμÉ´μÏ¥´¨¥ ±μ³¶μ´¥´Éμ¢ ¢ ¸³¥¸¨ μ¡¥¸¶¥Î¨¢ ¥É ´¥μ¡Ìμ¤¨³ÊÕ ±μ´Í¥´É· Í¨Õ ¶·¨³¥¸¥°
¢ Ô¶¨É ±¸¨ ²Ó´μ³ ¸²μ¥. �·¨ · §²¨Î´ÒÌ É¨¶ Ì ¶·¨³¥¸¨ ¢ ¶² ¸É¨´¥ ¨ ¢ ¢Ò· Ð¨¢ ¥³μ°
¶²¥´±¥ ´  £· ´¨Í¥ ¨Ì · §¤¥²  μ¡· §Ê¥É¸Ö p−n-¶¥·¥Ìμ¤. ‚ μÉ²¨Î¨¥ μÉ ¤¨ËËÊ§¨μ´´μ£μ ¨
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�¨¸. 1. Šμ´¸É·Ê±Í¨Ö ³¨±·μ¶¨±¸¥²Ó´ÒÌ ² ¢¨´´ÒÌ ËμÉμ¤¨μ¤μ¢ ¸ £²Ê¡μ±μ ¶μ£·Ê¦¥´´Ò³¨ ¶¨±¸¥²Ö³¨:

1 Å ±·¥³´¨¥¢ Ö ¶μ¤²μ¦±  n-É¨¶  ¶·μ¢μ¤¨³μ¸É¨; 2 Å ±·¥³´¨¥¢Ò° ¸²μ° n+-É¨¶  ¶·μ¢μ¤¨³μ¸É¨;
3 Å ¶¥·¢Ò° Ô¶¨É ±¸¨ ²Ó´Ò° ¸²μ° p-É¨¶  ¶·μ¢μ¤¨³μ¸É¨; 4 Å ¶¨±¸¥²¨ n+-É¨¶  ¶·μ¢μ¤¨³μ¸É¨; 5 Å

¢Éμ·μ° Ô¶¨É ±¸¨ ²Ó´Ò° ¸²μ° p-É¨¶  ¶·μ¢μ¤¨³μ¸É¨; 6 Å ¸²μ° p+-É¨¶  ¶·μ¢μ¤¨³μ¸É¨; 7 Å μ±¨¸¥²

±·¥³´¨Ö Éμ²Ð¨´μ° 700 A; 8 Å  ²Õ³¨´¨¥¢Ò¥ ±μ´É ±ÉÒ

¨μ´´μ£μ ¢´¥¤·¥´¨Ö ¶·¨³¥¸¥°, ¶·¨ ±μÉμ·ÒÌ p−n-¶¥·¥Ìμ¤ μ¡· §Ê¥É¸Ö ¢ ·¥§Ê²ÓÉ É¥ ¶¥·¥-
±μ³¶¥´¸ Í¨¨, Ô¶¨É ±¸¨Ö ¤ ¥É ¢μ§³μ¦´μ¸ÉÓ ¶μ²ÊÎ ÉÓ ¸²μ¨ ¢ Ï¨·μ±μ³ ¤¨ ¶ §μ´¥ Ê¤¥²Ó´ÒÌ
¸μ¶·μÉ¨¢²¥´¨°, ´¥ § ¢¨¸ÖÐ¨Ì μÉ ¸μ¶·μÉ¨¢²¥´¨Ö ¶² ¸É¨´Ò.

�  ·¨¸. 1 ¶·¥¤¸É ¢²¥´μ ¸¥Î¥´¨¥ Œ‹”„ ¸ £²Ê¡μ±μ ¶μ£·Ê¦¥´´Ò³¨ ¶¨±¸¥²Ö³¨. �¸´μ¢-
´Ò³¨ μÉ²¨Î¨É¥²Ó´Ò³¨ Ô²¥³¥´É ³¨ ±μ´¸É·Ê±Í¨¨ Œ‹”„ Ö¢²ÖÕÉ¸Ö: · ¸¶μ²μ¦¥´´Ò° ´¥¶μ-
¸·¥¤¸É¢¥´´μ ´  ¶μ¢¥·Ì´μ¸É¨ ±·¥³´¨¥¢μ° ¶μ¤²μ¦±¨ 1 ¢Ò¸μ±μ¶·μ¢μ¤ÖÐ¨° ¸²μ° n+-É¨¶ 
¶·μ¢μ¤¨³μ¸É¨ 2, ¤¢  Ô¶¨É ±¸¨ ²Ó´ÒÌ ¸²μÖ 3 ¨ 5, ¨³¥ÕÐ¨¥ p-É¨¶ ¶·μ¢μ¤¨³μ¸É¨, ³ É·¨Í 
¢Ò¸μ±μ¶·μ¢μ¤ÖÐ¨Ì μ¡² ¸É¥° n+-É¨¶  ¶·μ¢μ¤¨³μ¸É¨ 4, · ¸¶μ²μ¦¥´´ Ö ³¥¦¤Ê ÔÉ¨³¨ Ô¶¨-
É ±¸¨ ²Ó´Ò³¨ ¸²μÖ³¨, ¨ ¢Ò¸μ±μ¶·μ¢μ¤ÖÐ¨° ¸²μ° p+-É¨¶  ¶·μ¢μ¤¨³μ¸É¨ 6, · ¸¶μ²μ¦¥´-
´Ò° ´  ¢´¥Ï´¥° ¶μ¢¥·Ì´μ¸É¨ ¢Éμ·μ£μ Ô¶¨É ±¸¨ ²Ó´μ£μ ¸²μÖ 5.

‚Ò¸μ±μ¶·μ¢μ¤ÖÐ¨° ¸²μ° n+-É¨¶ , · ¸¶μ²μ¦¥´´Ò° ´  ¶μ¢¥·Ì´μ¸É¨ ¶μ¤²μ¦±¨, Ëμ·-
³¨·Ê¥É¸Ö ¸ ¶μ³μÐÓÕ ¨μ´´μ£μ ²¥£¨·μ¢ ´¨Ö ³ÒÏÓÖ±μ³ ¸ Ô´¥·£¨¥° E = 100 ±Ô‚ ¨ ¤μ§μ°
Q = 5 ³±Š²/¸³2. �·¨³¥¸¨ · §£μ´ÖÕÉ¸Ö ¶·¨ É¥³¶¥· ÉÊ·¥ 1100 ◦‘ ¢ É¥Î¥´¨¥ 10 ³¨´ ¢
¶·¨¸ÊÉ¸É¢¨¨ ¸ÊÌμ£μ ±¨¸²μ·μ¤  (O2) ¨ 100 ³¨´ ¢ ¶·¨¸ÊÉ¸É¢¨¨  §μÉ  (N2). ‚Ò¡μ· ¨μ´μ¢
³ÒÏÓÖ±  ¢³¥¸Éμ É· ¤¨Í¨μ´´μ£μ Ëμ¸Ëμ·  ¸¢Ö§ ´ ¸ ¥£μ ´¨§±μ° ¸±μ·μ¸ÉÓÕ ¤¨ËËÊ§¨¨ ¶·¨
μ¸ ¦¤¥´¨¨ Ô¶¨É ±¸¨ ²Ó´ÒÌ ¸²μ¥¢.

�  ¸²¥¤ÊÕÐ¥³ ÔÉ ¶¥ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¢Ò· Ð¨¢ ´¨¥ ¶¥·¢μ£μ Ô¶¨É ±¸¨ ²Ó´μ£μ ¸²μÖ
p-É¨¶  ¶·¨ É¥³¶¥· ÉÊ·¥ 1150 ◦‘. ’μ²Ð¨´  ¸²μÖ d = 5 ³±³, Ê¤¥²Ó´μ¥ ¸μ¶·μÉ¨¢²¥´¨¥
ρ = 10 �³ · ¸³. �  ¢Ò· Ð¥´´μ³ Ô¶¨É ±¸¨ ²Ó´μ³ ¸²μ¥ ¢´μ¢Ó Ëμ·³¨·ÊÕÉ¸Ö §´ ±¨ ¸μ¢³¥-
Ð¥´¨Ö £²Ê¡¨´μ° 0,5 ³±³. ‡ É¥³ Ëμ·³¨·ÊÕÉ¸Ö ³ É·¨ÍÒ n+-μ¡² ¸É¥° ¢ · ¡μÎ¥° §μ´¥
¸ ¶μ³μÐÓÕ ËμÉμ²¨Éμ£· Ë¨¨, ¶ÊÉ¥³ ¨μ´´μ£μ ²¥£¨·μ¢ ´¨Ö ³ÒÏÓÖ±μ³. �´¥·£¨Ö ¨μ´μ¢
E = 100 ±Ô‚, ¤μ§  Q = 5 ³±Š²/¸³2. � §£μ´±  ¶·¨³¥¸¥° ¶·μ¨§¢μ¤¨É¸Ö ¶·¨ É¥³¶¥· -
ÉÊ·¥ 1100 ◦‘ ¢ É¥Î¥´¨¥ 10 ³¨´ ¢ ¶·¨¸ÊÉ¸É¢¨¨ ¸ÊÌμ£μ ±¨¸²μ·μ¤  (O2),   § É¥³ 100 ³¨´ ¢
 §μÉ¥ (N2). ‡ É¥³ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¢Ò· Ð¨¢ ´¨¥ ¢Éμ·μ£μ Ô¶¨É ±¸¨ ²Ó´μ£μ ¸²μÖ p-É¨¶  ¶·¨
É¥³¶¥· ÉÊ·¥ 1150 ◦‘. ’μ²Ð¨´  ¸²μÖ d = 4 ³±³,   Ê¤¥²Ó´μ¥ ¸μ¶·μÉ¨¢²¥´¨¥ ρ = 7 �³ · ¸³.
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‚Ò¸μ±μ¶·μ¢μ¤ÖÐ¨° ¸²μ° p-É¨¶  ¶·μ¢μ¤¨³μ¸É¨ ¸μ§¤ ¥É¸Ö ¸ ¶μ³μÐÓÕ ¨μ´´μ£μ ²¥£¨·μ¢ -
´¨Ö ¡μ·μ³ ¸ Ô´¥·£¨¥° E = 50 ±Ô‚ ¨ ¤μ§μ° Q = 30 ³±Š²/¸³2. �μ¸²¥¤´¨³ ÔÉ ¶μ³ Ö¢²Ö-
¥É¸Ö ¢¸±·ÒÉ¨¥ μ¡² ¸É¨ μ³¨Î¥¸±μ£μ ±μ´É ±É  ¨ Ëμ·³¨·μ¢ ´¨¥  ²Õ³¨´¨¥¢μ£μ Ô²¥±É·μ¤ .
—¨¸ÉÒ°  ²Õ³¨´¨¥¢Ò° ¸²μ° Éμ²Ð¨´μ° d ∼ 1 ³±³ ´ ´μ¸¨É¸Ö ´  ¶μ¢¥·Ì´μ¸ÉÓ ¸É·Ê±-
ÉÊ·Ò, § É¥³ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö Ëμ·³¨·μ¢ ´¨¥  ²Õ³¨´¨¥¢μ£μ Ô²¥±É·μ¤  ¸ ¶μ³μÐÓÕ ËμÉμ-
Ï ¡²μ´ .

2. Š��‘’�“Š–ˆŸ ˆ ’…•��‹�ƒˆŸ ˆ‡ƒ�’�‚‹…�ˆŸ Œ�’�ˆ–› Œ‹”„

‘ Í¥²ÓÕ Ê³¥´ÓÏ¥´¨Ö ¸¥¡¥¸Éμ¨³μ¸É¨ ¶·μ¤Ê±Í¨¨ ´ ³¨ ¶·¥¤² £ ¥É¸Ö ¨¸¶μ²Ó§μ¢ ÉÓ ´¥
³μ´μ²¨É´Ò¥,   μ¤¨´μÎ´Ò¥ Ô²¥³¥´ÉÒ ¤²Ö ¸¡μ·±¨ ³ É·¨ÍÒ ² ¢¨´´ÒÌ ËμÉμ¤¨μ¤μ¢. �μ¤-
²μ¦±¨ Ô²¥³¥´Éμ¢ (ËμÉμ¤¨μ¤μ¢) Ê¸É ´ ¢²¨¢ ÕÉ¸Ö ¸ § §μ·μ³ 30Ä50 ³±³ ´  ¶μ¢¥·Ì´μ¸É¨
¸¶¥Í¨ ²Ó´μ£μ ¤¨Ô²¥±É·¨Î¥¸±μ£μ ±μ·¶Ê¸  É ±, ÎÉμ¡Ò μ´¨ ´¥ ¨³¥²¨ Ô²¥±É·¨Î¥¸±μ£μ ±μ´-
É ±É  ³¥¦¤Ê ¸μ¡μ°. Š ¦¤Ò° Ô²¥³¥´É μ¡¥¸¶¥Î¨¢ ¥É¸Ö ²¨Í¥¢Ò³ Ô²¥±É·μ¤μ³, · ¸¶μ²μ¦¥´-
´Ò³ ´  ËμÉμÎÊ¢¸É¢¨É¥²Ó´μ° ¸Éμ·μ´¥ ¶μ¤²μ¦±¨, ¨ § ¤´¨³ Ô²¥±É·μ¤μ³, ¢Ò¶μ²´¥´´Ò³ ´ 
¶·μÉ¨¢μ¶μ²μ¦´μ° ¸Éμ·μ´¥ ¶μ¤²μ¦±¨. ‹¨Í¥¢Ò¥ Ô²¥±É·μ¤Ò, ¸μ¥¤¨´¥´´Ò¥ ³¥¦¤Ê ¸μ¡μ°,
¸²Ê¦ É ¢ ± Î¥¸É¢¥ μ¡Ð¥£μ Ô²¥±É·μ¤  ¤²Ö ¶μ¤ Î¨ ´ ¶·Ö¦¥´¨Ö ± ¶·¨¡μ·Ê,   § ¤´¨¥ Ô²¥±-

�¨¸. 2. �¡Ð¨° ¢¨¤ ±μ´¸É·Ê±Í¨¨ ³ É·¨ÍÒ ² ¢¨´´ÒÌ ËμÉμ¤¨μ¤μ¢: 1 Å ¤¨Ô²¥±É·¨Î¥¸±¨° ±μ·¶Ê¸; 2 Å

³ É·¨Í  ¶μ¸ ¤μÎ´ÒÌ μ¡² ¸É¥°; 3 Å Ô²¥³¥´ÉÒ Œ‹”„; 4 Å Ô²¥±É·¨Î¥¸±¨¥ ¢ÒÌμ¤Ò μÉ ¶μ¸ ¤μÎ´ÒÌ
μ¡² ¸É¥°; 5 Å ²¨Í¥¢Ò¥ Ô²¥±É·μ¤Ò Œ‹”„; 6 Å ³¥É ²²¨Î¥¸± Ö Ï¨´ ; 7 Å ³¥É ²²¨Î¥¸± Ö ¶·μ¢μ²μ± 

¤¨ ³¥É·μ³ 20Ä40 ³±³; 8 Å Ô²¥±É·¨Î¥¸±¨° ¢ÒÌμ¤ μÉ ³¥É ²²¨Î¥¸±μ° Ï¨´Ò
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É·μ¤Ò, ¨³¥ÕÐ¨¥ ¨´¤¨¢¨¤Ê ²Ó´Ò¥ ¢ÒÌμ¤Ò ¢ μ¡· É´ÊÕ ¸Éμ·μ´Ê ¤¨Ô²¥±É·¨Î¥¸±μ£μ ±μ·¶Ê¸ ,
¨¸¶μ²Ó§ÊÕÉ¸Ö ¤²Ö ´¥§ ¢¨¸¨³μ£μ ¶·¨¥³  ¸¨£´ ²  ¸ ± ¦¤μ£μ Ô²¥³¥´É  ³ É·¨ÍÒ.

�  ·¨¸. 2 ¶μ± § ´ μ¡Ð¨° ¢¨¤ ³ É·¨ÍÒ ² ¢¨´´ÒÌ ¤¨μ¤μ¢. Šμ´¸É·Ê±Í¨Ö ³ É·¨ÍÒ ¸μ-
¤¥·¦¨É ¤¨Ô²¥±É·¨Î¥¸±¨° ±μ·¶Ê¸ 1, ´  ±μÉμ·μ³ ¢Ò¶μ²´¥´  ³ É·¨Í  ³¥É ²²¨Î¥¸±¨Ì ¶μ¸ -
¤μÎ´ÒÌ μ¡² ¸É¥° 2 ¸ ±μ²¨Î¥¸É¢μ³, · ¢´Ò³ ±μ²¨Î¥¸É¢Ê ËμÉμÎÊ¢¸É¢¨É¥²Ó´ÒÌ Ô²¥³¥´Éμ¢ Å
² ¢¨´´ÒÌ ËμÉμ¤¨μ¤μ¢ 3, ¸μ¤¥·¦ Ð¨Ì¸Ö ¢ ³ É·¨Î´μ³ ËμÉμ¶·¨¥³´¨±¥. Š ¦¤ Ö ³¥É ²²¨-
Î¥¸± Ö ¶μ¸ ¤μÎ´ Ö μ¡² ¸ÉÓ ¨³¥¥É ¨´¤¨¢¨¤Ê ²Ó´Ò° Ô²¥±É·¨Î¥¸±¨° ¢ÒÌμ¤ 4 (³¥É ²²¨§¨-
·μ¢ ´´μ¥ μÉ¢¥·¸É¨¥) ¢ ¶·μÉ¨¢μ¶μ²μ¦´ÊÕ ¸Éμ·μ´Ê ¤¨Ô²¥±É·¨Î¥¸±μ£μ ±μ·¶Ê¸ . ”μÉμ¤¨μ¤Ò
Ê¸É ´ ¢²¨¢ ÕÉ¸Ö É ±, ÎÉμ¡Ò § ¤´¨° Ô²¥±É·μ¤ (¶μ²Ê¶·μ¢μ¤´¨±μ¢ Ö ¶μ¤²μ¦± ) ± ¦¤μ£μ
ËμÉμ¤¨μ¤  ¨³¥² Ô²¥±É·¨Î¥¸±¨° ±μ´É ±É ¸ ¸μμÉ¢¥É¸É¢ÊÕÐ¥° ³¥É ²²¨Î¥¸±μ° ¶μ¸ ¤μÎ´μ°
μ¡² ¸ÉÓÕ. „²Ö ÔÉμ£μ ³μ¦´μ ¨¸¶μ²Ó§μ¢ ÉÓ ¶·μ¢μ¤ÖÐ¨° ±²¥° ¨²¨ ¶ ¸ÉÊ. ‡ É¥³ ¢¸¥ ²¨Í¥-
¢Ò¥ Ô²¥±É·μ¤Ò 5 Ô²¥³¥´Éμ¢ ¸μ¥¤¨´ÖÕÉ¸Ö ¤·Ê£ ¸ ¤·Ê£μ³ ¨ ¸μ ¸¶¥Í¨ ²Ó´μ° ³¥É ²²¨Î¥¸±μ°
Ï¨´μ° 6 ³¥Éμ¤μ³ ³¨±·μ¸¢ ·±¨  ²Õ³¨´¨¥¢μ° ¶·μ¢μ²μ±μ° 7 ¤¨ ³¥É·μ³ 20Ä40 ³±³. Œ¥-
É ²²¨Î¥¸± Ö Ï¨´  É ±¦¥ ¨³¥¥É ¢ÒÌμ¤ 8 ¢ μ¡· É´ÊÕ ¸Éμ·μ´Ê ¤¨Ô²¥±É·¨Î¥¸±μ£μ ±μ·¶Ê¸  ¨
¸²Ê¦¨É ¢ ± Î¥¸É¢¥ μ¡Ð¥£μ Ô²¥±É·μ¤  ¤²Ö ¶μ¤ Î¨ ´ ¶·Ö¦¥´¨Ö ± ¶·¨¡μ·Ê.

3. �Š‘�…�ˆŒ…�’�‹œ�›‰ ����‡…– Œ�’�ˆ–› Œ‹”„

�±¸¶¥·¨³¥´É ²Ó´Ò° μ¡· §¥Í 64-Ô²¥³¥´É´μ° ³ É·¨ÍÒ Œ‹”„, ¨§£μÉμ¢²¥´´Ò° ¸μ¢³¥¸É-
´μ ¸ Ë¨·³μ° ®Zecotek Photonics¯ (www.zecotek.com), ¶·¨¢¥¤¥´ ´  ·¨¸. 3. ŠμÔËË¨Í¨¥´É
Ê¸¨²¥´¨Ö Ô²¥³¥´Éμ¢ ³ É·¨ÍÒ ¨³¥² ¸²¥¤ÊÕÐ¨¥ ¶ · ³¥É·Ò: · ¡μÎ¥¥ ´ ¶·Ö¦¥´¨¥ Å 67 ‚,
ÎÊ¢¸É¢¨É¥²Ó´ Ö ¶²μÐ ¤Ó Ô²¥³¥´Éμ¢ Å 3× 3 ³³, ¨´É¥·¢ ² ³¥¦¤Ê Ô²¥³¥´É ³¨ Å 40 ³±³,
±μÔËË¨Í¨¥´É Ê¸¨²¥´¨Ö Å 2 · 104, ¶²μÉ´μ¸ÉÓ ¶¨±¸¥²¥° ¢ Ô²¥³¥´É Ì Å 1,5 · 104 ¶¨±-
¸¥²Ó/³³2.

�¨¸. 3. �±¸¶¥·¨³¥´É ²Ó´Ò° μ¡· §¥Í 64-± ´ ²Ó´μ° ³ É·¨ÍÒ ² ¢¨´´ÒÌ Œ‹”„: 1 Å Ô²¥³¥´É ³ -
É·¨ÍÒ (Œ‹”„); 2 Å · §Ñ¥³ ¤²Ö ¸Ñ¥³  ¸¨£´ ²  ¸ Ô²¥³¥´Éμ¢ ³ É·¨ÍÒ; 3 Å · §Ñ¥³ ¤²Ö ¶μ¤ Î¨

μ¡Ð¥£μ ´ ¶·Ö¦¥´¨Ö ± ³ É·¨Í¥
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’ ±¨³ μ¡· §μ³, · §· ¡μÉ ´ ¶μ²´Ò° Í¨±² ¨§£μÉμ¢²¥´¨Ö ³¨±·μ¶¨±¸¥²Ó´ÒÌ ² ¢¨´´ÒÌ
ËμÉμ¤¨μ¤μ¢ ¸ £²Ê¡μ±μ ¶μ£·Ê¦¥´´Ò³¨ ¶¨±¸¥²Ö³¨. �·¥¤²μ¦¥´ ¨ μ¸ÊÐ¥¸É¢²¥´ ´μ¢Ò° ¸¶μ-
¸μ¡ Ëμ·³¨·μ¢ ´¨Ö £²Ê¡μ±μ ¶μ£·Ê¦¥´´ÒÌ ¶¨±¸¥²¥°. �μ± § ´μ, ÎÉμ ¤²Ö Ëμ·³¨·μ¢ ´¨Ö
´¥§ ¢¨¸¨³ÒÌ (´¥¸¢Ö§ ´´ÒÌ ³¥¦¤Ê ¸μ¡μ°) ¶¨±¸¥²¥° ¨§ n+-μ¡² ¸É¥° ´¥μ¡Ìμ¤¨³μ ¨¸¶μ²Ó-
§μ¢ ÉÓ ¶·¨³¥¸¨ ³ÒÏÓÖ±  ¢³¥¸Éμ Ëμ¸Ëμ·  ¨§-§  ´¨§±μ£μ ±μÔËË¨Í¨¥´É  ¤¨ËËÊ§¨¨ ¶¥·-
¢μ£μ. �·¥¤²μ¦¥´ ¨ Ô±¸¶¥·¨³¥´É ²Ó´μ ·¥ ²¨§μ¢ ´ ´μ¢Ò° ¸¶μ¸μ¡ ¨§£μÉμ¢²¥´¨Ö ´ ¨¡μ²¥¥
¤¥Ï¥¢μ£μ ¨ ±μ³¶ ±É´μ£μ ³ É·¨Î´μ£μ ² ¢¨´´μ£μ ËμÉμ¶·¨¥³´¨±  ¶· ±É¨Î¥¸±¨ ¸ ²Õ¡Ò³
±μ²¨Î¥¸É¢μ³ Ô²¥³¥´Éμ¢. �·¨¡μ·Ò, ¶·μ¨§¢¥¤¥´´Ò¥ ´  μ¸´μ¢¥ ¶·¥¤²μ¦¥´´μ° É¥Ì´μ²μ£¨¨,
¶² ´¨·Ê¥É¸Ö ¨¸¶μ²Ó§μ¢ ÉÓ ¢ ¶·μ¥±É Ì NICA ¨ COMPASS.
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