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Abstract    Silicon nitride films were deposited on glass and polycrystalline silicon by RF sputtering using hot pressed 
ceramic Si3N4 target. Depositions were done in Argon and Nitrogen atmospheres. In order to optimize an antireflective 
coating for solar cells, sputtered silicon nitride thin films were grown with various RF power of deposition in two 
different atmospheres. The compositional, morphological and optical properties of film were investigated by RBS, SEM 
and UV/VIS/IR spectrophotometer analyses. Silicon nitride films (2000nm thickness) deposited with the RF power 
between 100-150W have exhibited high transparency≈92% for the spectral range between 300-1200nm. The silicon 
nitride antireflection coating deposited on the textured surface of multicrystalline silicon solar cells decreased the 
overall reflection of the cells from 12% to less than 2%. 
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ƱƺĪǀƬǀſ�n+�ƾŞƿźƤţ�ŢƯŚŴƋ�Śŝ�µmÐÍÍ��Ƃǀě�ƶĩ�ƶƿǇ�Żř��ƾƳŚƄƳ
ƿǇŠ� Ʊō� ƽƹŹ� Ŷǀƀĩř�Śŝ� ƩƺƬŰƯ�HFÎÍ� �ƵŶƃ� ƵŵƹŵŻ� �įřźŝ�

ƩƺƬſ�Źŵ�ŹƺƳ�śŚţŻŚŝ�ƱřżǀƯ�ƾſŹźŝ��ƵŶƃ�ƵŵŚƠŤſř�ƽŶǀƃŹƺų�ƽŚƷ
Ţſř��ƵŵŚƠŤſřŚŝ�źƠƿƹ�ƕƺƳ�Ʋƿř�Żř�ƽźƿƺƈţ��ƽŹƺƳ�ęƺĪſƹźĪǀƯ�Żř

ŝƶ�ŻřŶƳřş�cm2ÎÍ�ÎÍƪĪƃ� Źŵ��aÎƾƯ� ƵŶƷŚƄƯ��ŵƺƃ� ��ƾůřƺƳ
ŢƸū� Śŝ� ƾƫŚŤƀƿźĩ�ƪĪƃ� Źŵ� šƹŚƠŤƯ� ƽŚƷ�bÎŚŝ��ƵŵŚƠŤſř��Żř

�ƾƳƹźŤĪƫř�ęƺĪſƹźĪǀƯSEM��ƵŶƃ�ŶƳř�� 

��������ƪĪƃÏ�źƿƺƈţ�SEM�ƍƺŝźƯ�ƽŚƷźƠƿƹ�ƞƬŤŴƯ�ƾůřƺƳ�ƶŝ�
žŝ�ƩŚŤƀƿźĩ�ƱƺĪǀƬǀſƾƯ�ƱŚƄƳ�řŹ��ŶƷŵ�ƶĩ��Śŝ�ƾƿŚǀƬƣ�ƩƺƬŰƯ�KOH�
ŢƟŚŝ�ŹřŵƵŶƃ��ŶƳř��

��������ƾƯźƷ� įŚƷŹŚŤųŚſ��ŚƷźƠƿƹ� Ʋƿř� ŮƐſ� ƽƹŹźŝ� ƪĪƃ
� ƩƺƬŰƯ� Żř� ƵŵŚƠŤſřŚŝKOHƪĪƫř� ƪǀěƹźěƹżƿř� ƹ���ƵŶƃ� ŵŚŬƿř�

Ţſř� ��ŮƐſ� ƽƹŹŻř� ƶĩ� ƽŹƺƳ� �ƾƿŚƷŹŚŤųŚſ� Ʋǀƴģ� ŵŚŬƿř� Śŝ
ƾƯ�ƵŶǀŝŚţŻŚŝ�Ɩưū��ŵƺƃ�ƽŹƹōİƯ��ŵƺƃƶŝ�ƩƺƬſ�ƱƹŹŵ�ƹ��ƾƯ�ƭřŵ�ŶŤƟř�

@ÏÏ�ÏÐ�>�
��������ƪŞƣ�ƶƿǇ�Żř�ǇźƿŻ��ƾƳŚƄƳƶƿ��ŚƷŚŝ�ƾƿŚǀưǀƃ�ƩƺƬŰƯ�RCA��śō�

ƿƱƺ�řŵŻƿƵŶƃ�İ�DIƶŝ�ƱĥƹŹŶǀƷ�Ŷǀƀĩřźě�ƹ�ħŚǀƳƺƯō����ŢŞƀƳÎ�Î�Ò��
� żǀưţİƯ�ŶƳƺƃ� ƹ�žĜſ�ƽŚƷźƠƿƹ� �ŮƐſ� Ŷǀƀĩř� ƱŵƹŵŻ� ƽřźŝ�

ƶŝ�ƾƳƺĪǀƬǀſ�šŶƯÐÍ�ƩƺƬŰƯ�Źŵ�ƶǀƳŚŧ�HF�ÎÍ���ŹřźƣİƯ�ŶƳźǀĭ��Żř�
�ƁŚěƹŶƴĩ�ƮŤƀǀſRF�ƾĪǀƯřźſ�ƝŶƷ�ƹ�Si3N4���Śŝ�ƵŶƃ�ƽŹřŶƿźų

�ƅƺƬųÖÖ�ÖÖ��ƶƿǇ�ƽřźŝ�Ţſř�ƵŶƃ�ƵŵŚƠŤſř�ƾƳŚƄƳ��žě��ƱŶǀſŹ�Żř
� ƱřżǀƯ� ƶŝ� ƶƔƠŰƯ� ŹŚƄƟTorrÓ�ÎÍ�ÕƶƿǇ� ƾƳŚƄƳ� ƶƿǇ��ŶƿźŤǀƳ� ƽŚƷ�

ƾƯ�ƭŚŬƳř�ƱƺĪǀƬǀſ�ŵƺƃ��ƶƿǇ�ƽřźŝ�Ĩƿ�ƾƳŚƄƳ��ƲĭŹō�ƽŚưſǈě�Żř�ŹŚŝ
�ƱĥƹźŤǀƳ�ƽŚưſǈě�Żř�źĮƿŵ�ŹŚŝ�ƹ��ƅƺƬųÖÖÖ�ÖÖ����ƵŶƃ�ƵŵŚƠŤſř
ƄƟ� �ŻŚĭ�ŵƹŹƹ�ĬƴƷō�ƩźŤƴĩ� Śŝ�ƹ�ŵƹŶůŹŵ�ŹŚTorrÏ�ÎÍ�Ó�Ï�ŢŝŚŧ�

Ţſř�ƵŶƃ�ƶŤƃřŶƸĮƳ��ƶƿǇ�ƶƿǇ�ƾƳŚƄƳ��źǀǀƜţ�Śŝ�ƱƺĪǀƬǀſ�ŶƿźŤǀƳ�ƽŚƷ
�ƱřƺţRFŵƹŶŰƯ� Źŵ�ş�ÎÍÍ�ÒÍÍ�ƾƷŵŚƯźĭ�ƱƹŶŝ� ƹ�šřƹ��ƶƿǇźƿŻ

Ţſř�ƶŤƟźĭ�šŹƺƇ��Śŝ�ƶūƺţ�ƶƿǇ�ƱŚƯŻ�ƶŝ�ƵŻřŶƳř�Śŝ�ƹ�ƾƳŚƄƳ�ƽźǀĭ�
ƶƿǇ�ŢƯŚŴƋ�ƶƿǇ�ĬƴƷō�ŚƷ�Ţſř�ƶŞſŚŰƯ�ƪŝŚƣ�ƾƳŚƄƳ� �Ǉ�ĬƴƷōƶƿ�

ƶƿǇ� Ʊřƺţ� źǀǀƜţ�Ŝƀůźŝ� ƾƳŚƄƳ�ŶƿźŤǀƳ� ƽřźŝ� ƾƳŚƄƳ�ſǀƬǀ�Źŵ� ƱƺĪ
�ƪĪƃÐİƯ�ƵŶƷŚƄƯ��ŵƺƃ��

�
�
Ï�ƶƿǇ�ƽŹƺƳ�ƅřƺų�ƾſŹźŝ��ŶƿźŤǀƳ�ƽŚƷ�ƱƺĪǀƬǀſ��
�

��������ƶƿǇ�ŶƿźŤǀƳ� ƽŚƷ�Ʊřƺţ� Śŝ� ƱƺĪǀƬǀſ��ƽƹŹźŝ� šƹŚƠŤƯ� ƽŚƷ
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ƪĪƃÑ�������ƶƿǇ�Żř�ƽŹƺƳ�ŹƺŞƗ�ŶƇŹŵ�ŹřŵƺưƳ���������ŢƯŚŴºƋ�ƶºŝ�ƱƺĪǀƬǀſ�ŶƿźŤǀƳ�ƽŚƷ
źƤţƾŞƿ�a� ÅÏÍÍÍ�ƹ��b�Å�ÓÍÍÍ Ʊřƺţ�Śŝ�ƶĩ��źŝ�ƲĭŹō�ƎǀŰƯ�Źŵ�ƞƬŤŴƯ�ƽŚƷ

ƵŶƃ�ƾƳŚƄƳ�ƶƿǇ�ƶƄǀƃ�ƽƹŹ�ŶƳř��

ƿǇźƿŻŠƶƿǇ�ƶƄǀƃ��ƵŶƃ�ƾƳŚƄƳ�ƶŝ�ŚƸƳō�ƽŹƺƳ�ƅřƺų�ƹ�ŶƳř��Ĩưĩ
�żǀƫŚƳōUV/VIS/IRŢſř�ƵŶƃ�ƾſŹźŝ���ƶƿǇ��ƱƺĪǀƬǀſ�ŶƿźŤǀƳ�ƽŚƷ

ƶƿǇ�Ʊřƺţ�źǀǀƜţ�Śŝ�ƾƯ�ƱŚƄƳ�ŵƺų�Żř�ƾţƹŚƠŤƯ�ƽŹƺƳ�ƅřƺų�ƾƳŚƄƳ�ŶƴƷŵ��

ƪĪƃÑaƶƿǇ�Ʋƿř�ƽŹƺƳ�ŹƺŞƗ�ŶƇŹŵ��Ʊřƺţ�Śŝ�ƶĩ� řŹ�ŚƷ��ƽŚƷÎÍÍ��
ÏÍÍ�ƹ�ÏÒÍ�ŢƯŚŴƋ�ƹ�šřƹ�ÅÏÍÍÍƶƿǇ�ƲĭŹō�ƎǀŰƯ�Źŵ���ƾƳŚƄƳ
ƵŶƃ�ƾƯ�ƱŚƄƳ��ŶƳř�ŶƷŵ��ƱŚưƷ��Ʋƿř�Źŵ�ƶĩ�ŹƺƏƾƯ�ƵŶƿŵ�ƪĪƃ�ŵƺƃ��

ƶƿǇ�Żř� ŹƺƳ� ŹƺŞƗ�ŶƇŹŵ��Ʊřƺţ� Śŝ�ƶĩ�ƾƿŚƷÎÍÍƶƿǇ�šřƹ���ƾƳŚƄƳ
ƵŶƃ�ŵƹŶŰƯŹŵ� �ŶƳřş�ũƺƯ�ƩƺƏ�nmÐÍÍŚţ�ÎÏÍÍ�� ŵƹŶůŹŵÖÏ��
Ţſř��ƶƄǀƃ�Żř�ŹƺƳ�ŹƺŞƗ�ŶƇŹŵ�Śŝ�ÅŚŞƿźƤţ�ŹƺƳ�ŹƺŞƗ�ŶƇŹŵ�Ʋƿř�ƽŚƷ�

�źŝřźŝ�ħŻŚƳŢſř��
�ƪĪƃ�Źŵ��������ÑbƶƿǇ�ŹƺŞƗ�ŹřŵƺưƳ��ƱƺĪǀƬǀſ�ŶƿźŤǀƳ�ƽŚƷŹŵ�ƶĩ��
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ƾſŶƴƸƯ�ŵřƺƯ�ƶƬŬƯ��ÎÔÖ�
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�
hv(eV)�

�

ƪĪƃÓ��ŹřŵƺưƳ 
2

áhíŜƀůźŝhí���������ƶºƿǇ�ƮǀƤŤƀºƯ�ƕƺºƴưƯ�ŶƳŚŝ�ƲǀǀƘţ�ƽřźŝ���ƽŚºƷ
����Ʊřƺţ�Śŝ�ƶĩ�ƱƺĪǀƬǀſ�ŶƿźŤǀƳ���������ƶºƿǇ�ƶƄǀƃ�ƽƹŹźŝ�ƲĭŹō�ƎǀŰƯ�Źŵ�ƾţƹŚƠŤƯ�ƽŚƷ��ƾƳŚƄºƳ

ƵŶƃ�ŶƳř��

Ʊřƺţ� Śŝ�ƲĭŹō�ƎǀŰƯ�ƽŚƷÎÒÍƹ�ÐÒÍ�ŢƯŚŴƋ�ƹ�šřƹ�ÅÓÍÍÍ�
ƶƿǇ�ƵŶƃ�ƾƳŚƄƳ�ƾƯ�ƵŶƷŚƄƯ��ŶƳř�ŵƺƃ��ŝƶ�ƶƿǇ�ƾƬĩŹƺƏ��ŶƿźŤǀƳ�ƽŚƷ

� Ʊřƺţ� Śŝ� ƶĩ�ƾƳƺĪǀƬǀſÎÍÍ� Śţ�ÎÒÍ�ƲĭŹō� ŻŚĭ�ƎǀŰƯ� Źŵ�šřƹ�
ƶƿǇ�ƵŶƃ�ƾƳŚƄƳ�ƾƯ�ƱŚƄƳ�ƾƿǇŚŝ�ŹƺŞƗ�ŶƇŹŵ��ŶƳř��śŸū�ƹ�ŶƴƷŵ
ƶƿŚě�ƶƿǇ�Ʋƿř�ƽř�ƩƺƏ�Źŵ�ŚƷ�ũƺƯ��Żř�źŤưĩ�ƽŚƷnmÐÍÍƾƯ�űŹ��ŶƷŵ��

ƪĪƃ��������ÒƶƿǇ� ŹƺŞƗ� ŹřŵƺưƳ��ƾƳƺĪǀƬǀſ�ŶƿźŤǀƳ�ƽŚƷ�ƱŚƄƳ� řŹ�
ƾƯ�ŶƷŵƱřƺţ� Śŝ� ƱĥƹźŤǀƳ�ƎǀŰƯ� Źŵ� ƶĩ���ƽŚƷÐÍÍ� �ÑÍÍ� ƹ�ÒÍÍ�

ƶƿǇ� šřƹ�ƵŶƃ� ƾƳŚƄƳ��ŶƳř� �Śŝ�ƶūƺţ�ƶŝƿǇ� ƪĪƃ� Ʋƿř�Š�ŶƿźŤǀƳ�
� Ʊřƺţ� Źŵ� ƶĩ� ƾƳƺĪǀƬǀſÑÍÍƶƿǇ� šřƹ���Źŵ� �Ţſř� ƵŶƃ� ƾƳŚƄƳ

ŵƹŶŰƯşƺƏ�ũƺƯ� Ʃ�� ƽŚƷnmÐÍÍŚţ�ÎÏÍÍ�ƽŹƺƳ� ŹƺŞƗ� ŶƇŹŵ�
ÅŚŞƿźƤţ�ÖÏ��ƾƯ�ƱŚƄƳ�řŹ�ŶƷŵ��

ƪĪƃ��������Óa�ŹřŵƺưƳ�Ï
Į��ƶƿǇ�śŸū�ŜƿźƋ���ƽĥźƳř�Ŝƀůźŝ

ƱƺţƺƟ��ŚƷ�ȣK�ƶƿǇ�ƽřźŝ��ƱƺĪǀƬǀſ�ŶƿźŤǀƳ�ƽŚƷƾƯ�ƱŚƄƳ� řŹ��ŶƷŵ�
Ʊřƺţ�Śŝ�ƶĩ��ƽŚƷÎÍÍ�ÏÍÍƹ�ÏÒÍƶƿǇ�ƲĭŹō�ƎǀŰƯ�Źŵ�šřƹ���ƾƳŚƄƳ

ƵŶƃ�ŶƳř�ŞſŚŰƯ�ƽřźŝ�Š�ĮƶƐŝřŹ�Żř�   2á 1 t  ln T 1 R
  
  

�
ƾƯ�ƵŵŚƠŤſř�Ʊō�Źŵ�ƶĩ�ŵƺƃt ƶƿǇ�ŢƯŚŴƋ��ƵŶƳŚƄƳ���ƵŶƃT �ŶƇŹŵ�

�ƹ�ŹƺŞƗR�ƱřżǀƯ�śŚţŻŚŝ�Żř�ŮƐſ�Ţſř��ƶƿǇ�ƽŹƺƳ�ƕƺƴưƯ�ŶƳŚŝ�ƽŚƷ�

Żř� ƱƺĪǀƬǀſ� ŶƿźŤǀƳ�ƵŵŚƠŤſřŚŝ� ƹ� Ʊō�ƽŹƺƳ�ƞǀƏ�ƐŝřŹ� ŻřŠħőŚţ��
   1 n
áhí A hí Eg �ŝƶ�Ţſŵ�ƾƯ�Ŷƿō @ÏÑ� �>ƿř� Źŵ� ƶƐŝřŹ�ƲĮ�

��śŸū�ŜƿźƋA��ŢŝŚŧ�ƽŵŶƗ�ȣK�ƱƺţƺƟ�ƽĥźƳř�Eg�ƕƺƴưƯ�ŶƳŚŝ�
�ƽŹƺƳŢſř���ƱřƺţĮ��nƍƺŝźƯ���ŹřŸĭ�ƽřźŝ�ƶĩ�Ţſř�ŹřŸĭ�ƕƺƳ�ƶŝ
�ƮǀƤŤƀƯÏ�Î�Ţſř��ŝ�ƽřźŝƶ�Ţſŵ�ƶƿǇ�ƽŹƺƳ�ƕƺƴưƯ�ŶƳŚŝ�ƱŵŹƹō�ƽŚƷ�

ƽŚƷŹřŵƺưƳ�ƾƐų�Ţưƀƣ��ƱƺĪǀƬǀſ�ŶƿźŤǀƳ 2áhíƾƯ�ŵřŶŤƯř��ŶŝŚƿ�
ŹƺŰƯ� Śţ�ȣK�Źŵ� řŹ�˹ ĮŶƴƴĩ�ƖƐƣ�� �ƶƿǇ�ƽřźŝ�ƽĥźƳř�ƝŚĭ�ƽŚƷ�

Ʊřƺţ� Śŝ� ƶĩ� ƱƺĪǀƬǀſ� ŶƿźŤǀƳ��ƽŚƷÎÍÍ� �ÏÍÍ� ƹ�ÏÒÍ�šřƹ�Ǉƶƿ�

ƵŶƃ�ƾƳŚƄƳ�ƶŝ�ŶƳř��Ŝǀţźţ eVÎÖ�Ò�� eVÕÒ�Ñ�ƹ�eVÖÏ�Ñŝ�ƶ�
ƾƯ�Ţſŵ�Ŷƿō��ƪĪƃ Ób�ŹřŵƺưƳ�żǀƳ�Ï

ĮƱƺţƺƟ�ƽĥźƳř�Ŝƀůźŝ�řŹ���ŚƷ
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ƪĪƃÒ�������ƶƿǇ�Żř�ƽŹƺƳ�ŹƺŞƗ�ŶƇŹŵ�ŹřŵƺưƳ���������ŢƯŚŴºƋ�ƶºŝ�ƱƺĪǀƬǀſ�ŶƿźŤǀƳ�ƽŚƷ
š��ƾŞƿźƣÅÏÍÍÍ���Ʊřƺţ�Śŝ�ƶĩ������������ƶƄºǀƃ�ƽƹŹźºŝ�ƱĥƹźºŤǀƳ�ƎǀŰƯ�Źŵ�ƞƬŤŴƯ�ƽŚƷ
ƶƿǇ�ƾƳŚƄƳƵŶƃ��ŶƳř��
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áhíŜƀůźŝhí����Ư�ŶƳŚŝ�ƲǀǀƘţ�ƽřźŝ������ƶºƿǇ�ƮǀƤŤƀºƯ�ƕƺºƴư��ƽŚºƷ
Ʊřƺţ�Śŝ�ƶĩ�ƱƺĪǀƬǀſ�ŶƿźŤǀƳ�ƶƿǇ�ƱĥƹźŤǀƳ�ƎǀŰƯ�Źŵ�ƾţƹŚƠŤƯ�ƽŚƷ�ƵŶƃ�ƾƳŚƄƳ�ŶƳř��
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