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ÖZET 
 

SnO2� ILOPOHUL�XOWUDVRQLN�NLP\DVDO�S�VN�UWPH� WHNQL÷L� LOH���������������YH�
350 ± 5 °C WDEDQ� VÕFDNOÕNODUÕQGD� HOGH� HGLOPLúWLU�� (OGH� HGLOHQ� ILOPOHULQ� ED]Õ�
HOHNWULNVHO�YH�RSWLN�|]HOOLNOHUL��NULVWDO�VLVWHPOHUL�YH�\�]H\�PRUIRORMLOHUL�LQFHOHQPLú�
YH� PLNURDQDOL]OHUL� \DSÕOPÕúWÕU�� )LOPOHULQ� NDOÕQOÕNODUÕQÕQ� ����–����� �P� DUDVÕQGD�
GH÷LúWL÷L� YH� DUWDQ� WDEDQ� VÕFDNOÕ÷ÕQD� ED÷OÕ� RODUDN� NDOÕQOÕNODUÕQ� D]DOGÕ÷Õ�
EHOLUOHQPLúWLU�� ;5'� GHVHQOHULQGHQ� W�P� ILOPOHULQ� SROLNULVWDO� \DSÕGD� ROGXNODUÕ�
EHOLUOHQPLúWLU�� )LOPOHULQ� WHUFLKOL� \|QHOLPOHUL� LoLQ� \DUÕ� SLN� JHQLúOLNOHUL� YH� WDQH�
ER\XWODUÕ� KHVDSODQPÕú� YH� WDEDQ� VÕFDNOÕ÷ÕQÕQ� DUWPDVÕ\OD� NULVWDOOHúPH� VHYL\HOHULQLQ�
DUWWÕ÷Õ� EHOLUOHQPLúWLU�� 6(0� J|U�QW�OHULQGHQ� ILOPOHULQ� \�]H\OHULQLQ� KRPRMHQ�
GD÷ÕOÕPD� VDKLS� ROXS� ROPDGÕNODUÕ� YH� WDEDQ� VÕFDNOÕ÷ÕQÕQ� DUWPDVÕ\OD� KRPRMHQOL÷LQ�
DUWWÕ÷Õ� J|]OHQPLúWLU�� ('6� PLNURDQDOL]OHULQGHQ� 6Q� YH� 2� HOHPHQWOHULQLQ� NDWÕ�
LoHULVLQGH� YDU� ROGX÷X� WHVSLW� HGLOPLúWir. Tüm filmler için geçirgenlik 

VSHNWUXPODUÕQGDQ�ID\GDODQDUDN�\DQVÕPD�YH�OLQHHU�VR÷XUPD�NDWVD\ÕODUÕ�KHVDSODQPÕú�
YH� EX� SDUDPHWUHOHULQ� GDOJDER\XQD� ED÷OÕ� RODUDN� GH÷LúLPOHUL� LQFHOHQPLúWLU��
)LOPOHULQ� \DVDN� HQHUML� DUDOÕNODUÕQÕQ� ���–���� H9� DUDVÕQGD� GH÷LúWL÷L� EHOLUOHQPLúWLU��
)LOPOHULQ� LOHWLP� PHNDQL]PDODUÕQÕ� LQFHOHPHN� DPDFÕ\OD� HOGH� HGLOHQ� ,-V 

NDUDNWHULVWLNOHULQGHQ� ILOPOHULQ� RKPLN� |]HOOLN� J|VWHUGLNOHUL� WHVSLW� HGLOPLúWLU��
)LOPOHULQ� NDUDQOÕNWD� LOHWNHQOLNOHULQLQ� 5.40x10-1-2.24x10-3 (
�FP�-1 DUDVÕQGD�
GH÷LúWL÷L� J|U�OP�úW�U�� )LOPOHULQ� LOHWNHQOLNOHULQLQ� VÕFDNOÕ÷D� ED÷OÕ� GH÷LúLPOHULQGHQ�
G�ú�N�YH�\�NVHN� VÕFDNOÕN�E|OJHOHUL� LoLQ�GRQ|U�YH�GRQ|U�JLEL�GDYUDQDQ� WX]DNODUÕQ�
HQHUMLOHULQLQ� VÕUDVÕ\OD� ����–2.10 meV ve 0.049–������ H9� DUDVÕQGD� GH÷LúWL÷L�
J|U�OP�úW�U� 
 

Anahtar Kelimeler: SnO2 filmleri, Ultrasonik kimyasal püskürtme, Elektrik ve 

optik özellikler, XRD, SEM-EDS. 

 

 

 

 

 

 



SUMMARY 
 

SnO2 films were deposited at 200, 250, 300 ve 350 ± 5 °C substrate 

temperature by ultrasonic spray pyrolysis technique. It was seen from the XRD 

patterns that all films have polycrystalline structure. For preferential orientations 

of the films, half peak widths and grain sizes were calculated. Whether the surface 

of the films are homogenous or not was investigated using SEM photographs and 

was found that with the increase of substrate temperature homogenity was 

increased. It was determined from EDS microanalyses of the films that Sn and O 

elements were present in solid films. Using transmission spectra, reflection and 

linear absorbtion coefficients of the films were calculated. The variations of these 

parameters depending on the wavelength were investigated. It was determined 

that forbidden energy gaps varied between 3.1-3.7 eV. The conductivity of the 

films in dark were found between 5.40x10-1-2.24x10-3 (
�FP�-1. I-V 

characteristics were used in order to determine the conductivity mechanisms of 

the films and it was found that all films have ohmic structure. Using the variations 

of electrical conductivities with temperature, the energies of donors and traps like 

donor were calculated between  0.28–2.10 meV ve 0.049–0.082 eV for low and 

high temperature regions, respectively. 

 

Keywords: SnO2 films, Ultrasonic spray pyrolysis, electrical and optical 

properties, XRD, SEM-EDS. 
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T : Geçirgenlik 
R : YDQVÕPD 
n0 ��.ÕUÕOPD�LQGLVL 
eV : Elektron volt 
Egd ��'LUHNW�EDQW�DUDOÕ÷Õ�HQHUML�GH÷HUL 
Egi ��øQGLUHNW�EDQW�DUDOÕ÷Õ�HQHUML�GH÷HUL�� 
I-V ��$NÕP-YROWDM��NDUDNWHULVWL÷L 
ρ : özdirenç 
l ��+HU�ELU�NRQWD÷ÕQ�X]XQOX÷X� 
d.l ��0DO]HPHQLQ�NHVLW�DODQÕ� 
L : øNL�NRQWDN�DUDVÕQGDNL�X]DNOÕ÷Õ 



6ø0*(/(5�9(�.,6$/70$/$5�'ø=ø1ø��GHYDP� 
 

SCL : Space charge limited  
VTFL ��7X]DNODUÕQ�WDPDPHQ�GROGX÷X�YROWDM 
Vtr ��*HoLú�YROWDMÕ� 
Tt ��7�NHQPH�VÕFDNOÕ÷Õ� 
Ea ��6DIVÕ]OÕN�DWRPODUÕQÕQ�DNWLYDV\RQ�HQHUMLVLQL 
Et : Donör gibi davranan tuzaklaUÕQ�HQHUMLVL 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



���*ø5øù�9E AMAÇ 

 

�����*LULú 
 

 *�Q�P�]GH� \DUÕLOHWNHQ� PDO]HPHOHU� HOHNWURQLN� HQG�VWULVLQGH� ROGXNoD�
|QHPOL� ELU� \HUH� VDKLSWLU�� <DUÕLOHWNHQOHULQ� HOHNWURQLNWH� NXOODQÕOPDVÕ� NDWÕ� KDO�
IL]L÷LQLQ� ���� \�]\ÕO� WHNQRORMLVLQH� JHWLUGL÷L� EHONL� GH� HQ� E�\�N� NDWNÕGÕU�� gQFHOHUL�
pek çok eOHNWURQLN�GHYUH�YDNXP�W�S�WHNQRORMLVL�NXOODQÕODUDN�\DSÕOPDVÕQD�UD÷PHQ��
son 50–��� \ÕOGDQ� ID]OD� ELU� V�UHGLU� \DUÕLOHWNHQ� WHNQRORMLVLQLQ� JHOLúPHVL\OH� GDKD�
N�o�N��GDKD�KÕ]OÕ�YH�GDKD�VD÷ODP�HOHNWURQLN�GHYUHOHU�\DSÕOPDNWDGÕU� 
 

7HNQRORMLN� DODQGDNL� KÕ]OÕ� JHOLúPHOHU� YH� VDQD\LOHúPH� HQHUML� DODQÕQGD�
SUREOHPOHU� \DúDQPDVÕQD� VHEHS� ROPXú� YH� E|\OHFH� \HQL� YH� DOWHUQDWLI� HQHUML�
ND\QDNODUÕQÕQ� NXOODQÕOPDVÕ� J�QGHPH� JHOPLúWLU�� %X� GXUXP� WHPL]� YH� W�NHQPH\HQ�
ELU� HQHUML� ND\QD÷Õ� RODQ� J�QHú� HQHUMLVLQGHQ� \DUDUODQPD\Õ� J�QGHPH� JHWLUPLú� YH�
g�QHú� SLOOHUL� �]HULQH� \DSÕODQ� oDOÕúPDODU� KÕ]� ND]DQPÕúWÕU�� %XQD� SDUDOHO� RODUDN�
\DUÕLOHWNHQ�LQFH�ILOP�DUDúWÕUPDODUÕ�GD�\R÷XQODúPÕúWÕU� 
 

�����<DUÕLOHWNHQOHU 
 

*�Q�P�]GH� HQ� oRN� NXOODQÕODQ�\DUÕLOHWNHQOHU�SHUL\RGLN� FHWYHOGH�G|UG�QF��
grupta bulunan Si ve Ge elementOHULGLU��$\UÕFD�\DUÕLOHWNHQ�PDWHU\DOOHU�,,,- V grup 

ELOHúLNOHULQGHQ� YH� ,,-9,� JUXS� ELOHúLNOHUL� LOH� EXQODUÕQ� �oO��� G|UWO�� YH� VRQ�
]DPDQODUGD�GD�EHúOL�ELOHúLNOHULQGHQ�ROXúPDNWDGÕU� 
 

<DUÕLOHWNHQOHU� PHWDOOHU� LOH� \DOÕWNDQODU� DUDVÕQGDNL� E|OJHGH� \HU� DOÕUODU��
Mutlak� VÕIÕUGD� ELU� \DUÕLOHWNHQ� \DOÕWNDQ� JLEL� GDYUDQÕU�� <DUÕLOHWNHQOHU� RGD�
VÕFDNOÕ÷ÕQGD� JHQHOOLNOH� ��-2 ile 109 Ω �FP� DUDOÕ÷ÕQGD� HOHNWULNVHO� |]GLUHQFH�
VDKLSWLUOHU��<DUÕLOHWNHQOHULQ�|]GLUHQFL�L\L�LOHWNHQOHU����-6 Ω .cm) ve�L\L�\DOÕWNDQODU�
(1014-1022 Ω �FP��DUDVÕQGD�\HU�DOÕU� 
 

 



������<DUÕLOHWNHQOHULQ�.ULVWDO�<DSÕVÕ 
 

.DWÕ\Õ�ROXúWXUDQ�DWRPODU��o�ER\XWOX�X]D\GD�EHOLUOL�GR÷UXOWXODUGD�SHUL\RGLN�
RODUDN�GL]LOHUHN�NULVWDO�\DSÕ\Õ�ROXúWXUXUODU��+HU�NDWÕGD�HOHNWURQODU�EXOXQPDNWDGÕU��
.ULVWDOGHNL� EX� HOHNWURQODU�� GDOJD� úHNOLQGH� HOHNWURQ� \|U�QJHOHULQLQ� EXOXQDPDGÕ÷Õ�
HQHUML� E|OJHOHUL� LOH� D\UÕOPÕú� HQHUML� EDQWODUÕQGD� EXOXQDELOLUOHU�� 'DOJD� úHNOLQGH�
HOHNWURQ� \|U�QJHOHULQLQ� EXOXQDPDGÕ÷Õ� E|OJHOHU� \DQL� \DVDNODQPÕú� E|OJHOHU� HQHUMi 
DUDOÕNODUÕ�YH\D�EDQW�DUDOÕNODUÕ�RODUDN�ELOLQLUOHU��(÷HU�NULVWDO��HQHUML�EDQWODUÕQÕQ�KHU�
ELULQLQ�GROX�YH\D�ERú�ROPDVÕQD�L]LQ�YHUL\RUVD��EX�NULVWDO�\DOÕWNDQ�RODUDN�GDYUDQÕU��
<DOÕWNDQODUGD� HOHNWURQODU� HOHNWULN� DODQ� LoHULVLQGH� KDUHNHW� HGHPH]OHU�� ùD\HW� ELU�
ve\D� GDKD� ID]OD� EDQW� NÕVPHQ� GROX� LVH� NULVWDO� PHWDO� RODUDN� GDYUDQÕU�� (÷HU� E�W�Q�
EDQWODU�ELUD]�GROX�YH\D�ELUD]�ERú�RODQ�ELU�YH\D�LNL�EDQGÕQ�GÕúÕQGD�WDPDPL\OH�GROX�
LVH�NULVWDO�\DUÕLOHWNHQ�YH\D�\DUÕ�PHWDO�ROXU��.LWWHO��������� 
 

<DUÕLOHWNHQOHULQ� HQHUML-EDQW� \DSÕVÕ� �� .¶� GH� WDPDPHQ� GROX� RODQ� YDODQV�
EDQGÕQÕQ�� WDPDPHQ� ERú� RODQ� LOHWLP� EDQGÕQGDQ� \DVDN� HQHUML� DUDOÕ÷Õ� LOH� D\UÕOPDVÕ�
VRQXFX� ROXúXU�� %X� EDQW� \DSÕVÕ� ùHNLO� �����D�� ¶GD� úHPDWLN� RODUDN� J|VWHULOPHNWHGLU��
%X� úHNLOGH� LOHWLP� EDQGÕQÕQ� DOW� VÕQÕUÕ� (c�� YDODQV� EDQGÕQÕQ� �VW� VÕQÕUÕ� LVH� (v ile 

gösterilmektedir. 

 

0XWODN� VÕIÕUGD�ELU�\DUÕLOHWNHQ�\DOÕWNDQ�JLEL�GDYUDQÕU��<�NVHN�VÕFDNOÕNODUGD�
YD�DQV�EDQGÕQGDNL�HOHNWURQODU�\HWHUOL�PLNWDUGD�ÕVÕO�HQHUML�ND]DQDUDN�X\DUÕOÕUODU�YH�
YDODQV� EDQGÕQGDQ� EX� HOHNWURQODU� V|N�O�UOHU�� 6|N�OHQ� HOHNWUonlar yasak bant 

�]HULQGHNL�ERú�LOHWLP�EDQGÕQD�JHoHUOHU��øOHWLP�EDQGÕQD�JHoHQ�EX�HOHNWURQODUD�LOHWLP�
HOHNWURQX�GHQLU��%X�GXUXPGD�YDODQV�EDQGÕQGD�ROXúDQ�ERú�GXUXPODU�SR]LWLI�WDúÕ\ÕFÕ�
JLEL�GDYUDQÕUODU�YH�EX�ERúOXNODUD�KRO�DGÕ�YHULOLU��+ROOHULQ�YH�LOHWLP�HOHNWURQODUÕQÕQ�
VD\ÕVÕ� VÕFDNOÕN� DUWDUNHQ� DUWPDNWD� YH� EX� GXUXP� ùHNLO� �����E�¶� GH� J|U�OPHNWHGLU�
(McKelvey. 1966). 



 

 

ùHNLO� ����� �D�� ��.¶� GH� � �E������.¶�GH�KDV�\DUÕLOHWNHQLQ� LOHWLP�YH�YDODQV�EDQWODUÕ�
(McKelvey. 1966). 

 

 %LU� \DUÕLOHWNHQGH� DNÕP� JHoLúL�� \DUÕLOHWNHQ� PDO]HPH\H� VÕFDNOÕN��
HOHNWULN�DODQ��D\GÕQODWPD�JLEL�GÕú�HWNLOHULQ�X\JXODQPDVÕ�LOH�ROXúXU��gUQH÷LQ�GÕú�HWNL�
RODUDN� HOHNWULN� DODQ� X\JXODQGÕ÷ÕQGD� \DVDN� HQHUML� DUDOÕ÷Õ� DúÕOGÕ÷ÕQGD�� LOHWLP�
EDQGÕQGD� VHUEHVW� HOHNWURQODUÕQ� YH� YDODQV� EDQGÕQGD� VHUEHVW� KROOHULQ�ROXúPDVÕQGDQ�
GROD\Õ�ELU�DNÕP�JHoLúL�PH\GDQD�JHOLU��(÷HU�HQHUML�DUDOÕ÷Õ�ELUNDo�H9�YH\D�GDKD�ID]OD�
LVH��EXQX�DúPDN�LoLQ�oRN�\�NVHN�DODQODU�JHUHNLU��2QDUDQ��������� 

 

gUJ�Q�Q�ÕVÕO�X\DUÕOPDVÕ�LOH�GH�YDODQV�EDQGÕQGDQ�ELU�HOHNWURQ�LOHWLP�EDQGÕQD�
JHoHU��%X�úHNLOGH�LOHWLP�EDQGÕQGD�VHUEHVW�HOHNWURQ�ROXúXU��+HP�VHUEHVW�HOHNWURQODU�
hem de holler hareketlidir ve serbest elektronun kristal içerisinde serbestçe 

JH]PHVL� VRQXFXQGD� LOHWLP� JHUoHNOHúPLú� ROXU�� +ROH� \DNÕQ� RODQ� NRYDOHQW� ED÷�
oLIWLQGHNL�ELU� HOHNWURQXQ�ROXúDQ�ERúOX÷X�oRN�UDKDW�GROGXUPDVÕQGDQ�GROD\Õ�KRO�GH�
KDUHNHWOL� RODUDN� G�ú�Q�OHELOLU��$VOÕQGD� KDUHNHW� HGHQ� HOHNWURQODUGÕU� IDNDW� KROOHULQ�
KDUHNHWLQL� WDNLS� HWPHN� GDKD� NROD\GÕU�� %X� KRO� KDUHNHWL� |UJ�Q�Q� ÕVÕO� X\DUÕOPDVÕ�
QHGHQL\OH� ROXúXU�� 6HUEHVW� HOHNWURQODU� YH� KROOHU�� HOHNWULN� DODQÕQD� WHSNL� RODUDN� GD�
KDUHNHW�HGHUOHU�YH�NULVWDOGHQ�JHoHQ�PDNURVNRSLN�DNÕP�DNÕúÕQD�VHEHS�ROXUODU��øOHWLP�
EDQGÕQGDNL� VHUEHVW� HOHNWURQODU� HOHNWULN� DODQD� WHUV� \|QGH� YH� YDODQV� EDQGÕQGDNL�
VHUEHVW�KROOHU�HOHNWULN�DODQOD�D\QÕ�\|QGH�KDUHNHW�HGHUOHU� 
 



Periyodik tabORQXQ� ��� JUXEXQGD� EXOXQDQ� *H� YH� 6L� JLEL� \DUÕLOHWNHQOHU�
NRYDOHQW�\DUÕLOHWNHQOHUGLU�YH�HOPDV�\DSÕ\D�EHQ]HU�ELU�NULVWDO�\DSÕ\D�VDKLSWLUOHU��%X�
\DUÕLOHWNHQ� HOHPHQWOHUH� HN� RODUDN� GH÷LúLN� \DUÕLOHWNHQ� ELOHúLNOHU� GH� YDUGÕU�� %X�
ELOHúLNOHUGHQ� ELUL� ,,,-� 9� \DUÕLOHWNHQOHULGLU�� %X� \DUÕLOHWNHQ� ELOHúLNOHUL�� SHUL\RGLN�
WDEORQXQ� ,,,�� YH� 9�� JUXSODUÕQGDNL� HOHPHQWOHULQ� ROXúWXUGX÷X� V�OI�UO�� oLQNR�
�]LQFEOHQGH�� \DSÕ\D� VDKLS� NULVWDOOHUL� LoHULUOHU�� %|\OH� ELOHúLNOHUGH� ED÷ODQPD�
NRYDOHQWWLU��%D]Õ�\DUÕLOHWNHQ�NULVWDOOHU�NXYYHWOL�L\RQLN�Naraktere sahip olan II ve VI 

JUXSODUÕQGDNL� HOHPHQWOHUGHQ� ROXúWXUXOXU�� %XQODU�� SRODU� \DUÕLOHWNHQOHU� RODUDN�
bilinirler (Ashcroft and Mermin, 1976). III-�9�JUXS�\DUÕLOHWNHQOHULQH�*D$V��*D6E�
YH�,Q6E�JLEL�\DUÕLOHWNHQ�ELOHúLNOHU��,,-9,�JUXS�\DUÕLOHWNHQOHULQH�LVH ZnS, CdS, CdTe 

YH�&G6H�JLEL�LNLOL�ELOHúLNOHU�|UQHN�RODUDN�YHULOHELOLU� 
 

�������<DUÕLOHWNHQ�7LSOHUL 
 

<DUÕLOHWNHQOHU� NDWNÕODPD�GXUXPODUÕQD�J|UH�NDWNÕVÕ]� �KDV��\DUÕLOHWNHQOHU�YH�
NDWNÕOÕ�\DUÕLOHWNHQOHU�ROPDN��]HUH�LNL�JUXED�D\UÕOÕUODU����.¶�GHQ�E�\�N�VÕFDNOÕNlarda 

YDODQV�EDQGÕQGDQ�LOHWLP�EDQGÕQD�JHoHQ�KHU�HOHNWURQD�NDUúÕOÕN��YDODQV�EDQGÕQGD�ELU�
KRO� ROXúXU�� øOHWLP� EDQGÕQGDNL� HOHNWURQODUÕQ� \R÷XQOX÷X� LOH� YDODQV� EDQGÕQGDNL�
KROOHULQ� \R÷XQOX÷X� VÕUDVÕ� LOH� Q0 ve p0� LOH� J|VWHULOLU�� (÷HU� \DUÕLOHWNHQ� NDWNÕVÕ]� ELU�
\DUÕLOHtkense n0 ve p0��\R÷XQOXNODUÕ�HúLW�ROPDOÕGÕU��%ODNHPRUH�������� 
 

<DUÕLOHWNHQOHULQ� HOHNWULNVHO� |]HOOLNOHULQL� GH÷LúWLUPHN� DPDFÕ\OD�� \DUÕLOHWNHQ�
NULVWDOLQL� ROXúWXUDQ� DWRPODUÕQ� ED]ÕODUÕQÕQ� \HULQH� IDUNOÕ� DWRPODU� \HUOHúWLULOLU�� %X�
úHNLOGH�ROXúDQ�\DUÕLOHWNHQH�GH�NDWNÕOÕ�\DUÕLOHWNHQ�DGÕ�YHULOLU� 
 

3HUL\RGLN�WDEORQXQ�G|UG�QF��JUXEXQGD�EXOXQDQ�VLOLV\XP�\DUÕLOHWNHQLQL�HOH�
DODOÕP��6LOLV\XP�NULVWDOL� HOPDV�\DSÕ\D� VDKLSWLU��+HU�ELU� VLOLV\XP�DWRPX�G|UW� WDQH�
\DNÕQ� NRPúX� DWRPODU� LOH� NXúDWÕOÕU�� (÷HU� IRVIRU�� DUVHQLN� JLEL� EHúLQFi grup 

HOHPHQWOHULQLQ�oRN�N�o�N�ELU�PLNWDUÕ�NULVWDO�LoHULVLQH�VRNXOXUVD��|UJ��EX�GXUXPGDQ�
|QHPOL� ELU� úHNLOGH� etkilenir (Hart-Davis, ������� *UXS� EHú� DWRPX� EHú� YDODQV�
HOHNWURQXQGDQ�G|UG�Q��NRYDOHQW�ED÷GD�NXOODQÕU��%HúLQFL�HOHNWURQ�LVH�]D\ÕI�RODUDN�
ED÷OÕ� ROGX÷X� LoLQ� NROD\FD� L\RQODúÕU�� 'ROD\ÕVÕ\OD� EX� HOHNWURQ� NULVWDO� LoHULVLQGH�



VHUEHVWoH� GRODúÕU�� %|\OHFH� VLOLV\XP� NULVWDOLQLQ� LoHULVLQGH� HOHNWURQ� HNVLNOL÷L�
ROPDNVÕ]ÕQ�KHU�NDWNÕ�DWRPX�LoLQ�ELU�VHUEHVW�HOHNWURQ�RUWD\D�oÕNDU��.ULVWDO�LoHULVLQGH�
HNVL� \�N� WDúÕ\ÕFÕODUÕ� DUWÕ� \�N� WDúÕ\ÕFÕODUÕQGDQ� ROGXNoD� ID]OD� ROGX÷XQGDQ� HNVL� \�N�
EDVNÕQGÕU�� %X� QHGHQOH� EX� WLS� \DUÕLOHWNHQOHUH� Q-WLSL� \DUÕLOHWNHQ� GHQLU�� +HU� NDWNÕ�
DWRPX� NULVWDOH� ELU� HOHNWURQ� YHUGL÷L� LoLQ� NDWNÕ� DWRPODUÕQD� YHULFL� �GRQ|U�� DWRPODU�
denir. 

 

(÷HU� �o�QF�� JUXS� HOHPHQWOHrinden bor elementi silisyum içerisine 

NDWNÕODQÕUVD��KHU�ERU�DWRPX�G|UW�VLOLV\XP�DWRPX\OD�NRYDOHQW�ED÷�ROXúWXUXU��%RU��o�
YDODQV�HOHNWURQXQD�VDKLS�ROGX÷X�LoLQ�ED÷ODUGDQ�\DOQÕ]FD��o�WDQHVL�WDPDPODQÕU��+HU�
NDWNÕ�DWRPX�LoLQ�NULVWDOGH�ELU�ERúOXN�ROXúXU��%X�úHNLOGH�HOGH�HGLOHQ�ERúOXNODU�\DQL�
DUWÕ� \�N� WDúÕ\ÕFÕODUÕ� oR÷XQOXNWD� ROGX÷XQGDQ� EX� WLS� \DUÕLOHWNHQOHUH� GH� S-tipi 

\DUÕLOHWNHQ�GHQLU�YH�NDWNÕ�DWRPODUÕQD�GD�DOÕFÕ��DNVHSW|U��DWRPODU�DGÕ�YHULOLU� 
 

�����<DUÕLOHWNHQ�øQFH�)LOPOHU 
 

øQFH�ILOPOHU��IDUNOÕ��UHWLP�WHNQLNOHUL�NXOODQÕODUDN�NDSODQDFDN�PDO]HPHQLQ�
taban üzerine çok ince bir tabaka halinde çöktürülmesi ile elde edilen 

PDO]HPHOHUGLU�� hUHWLP� VÕUDVÕQGD� NDSODQDFDN� PDO]HPHQLQ� DWRPODUÕQÕQ� \D� GD�
PROHN�OOHULQLQ��WDEDQ��]HULQH�GL]LOPHVL�LOH�LQFH�ELU�WDEDND�KDOLQGH�ROXúWXUXlan ince 

ILOPOHULQ�NDOÕQOÕNODUÕ� WLSLN�RODUDN����P�FLYDUÕQGDGÕU��.XOODQÕODQ�WDEDQÕQ�WHPL]OL÷L��
IL]LNVHO� YH� NLP\DVDO� \DSÕVÕ� ILOPLQ� WDEDQD� WXWXQPD� GHUHFHVLQL� |QHPOL� |Oo�GH�
etkileyen parametrelerdir (Bilgin, 2003). 

 

*�Q�P�]� WHNQRORMLN� YH� ELOLPVHO� DUDúWÕUPDODUÕnda önemli bir yer tutan 

\DUÕLOHWNHQ� LQFH� ILOPOHU� �]HULQH� \DSÕODQ� oDOÕúPDODU�� ����
OÕ� \ÕOODUGDQ� J�Q�P�]H�
NDGDU� GHYDP� HWPLúWLU�� <�]\ÕOODU� |QFH� VR\� PHWDOOHULQ� LQFH� ILOPOHUL� FDP� YH�
VHUDPLNOHU��]HULQGH�GHNRUDV\RQ�RODUDN�NXOODQÕOPÕúWÕU��=RU�������� 

 

øQFH�ILOPOHULQ��UHWLOPHVLQGH�WDEDQ�RODUDN�PLNURVNRS�FDPÕ��VHUDPLN��PHWDO�
YH� JUDILW� JLEL� PDO]HPHOHU� NXOODQÕODELOLU� �.LWWOH�� ������� <DUÕLOHWNHQ� ILOPOHU�
YDNXPGD� EXKDUODúWÕUPD�� NLP\DVDO� EXKDU� o|NW�UPH�� HSLWDNVL\HO�� UI� VSXWWHULQJ� YH�



NLP\DVDO� S�VN�UWPH� JLEL� IDUNOÕ� WHNQLNOHrle çöktürülebilir (Sze, 1981; 

.ULVKQDNXPDU� HW�DO��� ������� %X� WHNQLNOHU� DUDVÕQGD� NLP\DVDO� S�VN�UWPH� WHNQL÷L�
EDVLW� YH� HNRQRPLN� ELU� WHNQLN� RODUDN� ELOLQLU�� %X� EHOLUJLQ� |]HOOLNOHULQGHQ� GROD\Õ�
NLP\DVDO� S�VN�UWPH� WHNQL÷L� LOH� \DUÕLOHWNHQ� ILOPOHULQ� HOGH� HGLOPHVL� Dkademik 

oDOÕúPDODUGD�VÕNoD�NXOODQÕOPDNWDGÕU�� 
 

øQFH� ILOPOHU�� JHQLú� \�]H\OL� RODUDN� �UHWLOHELOGLNOHUL� LoLQ� WHNQRORMLN� DODQGD�
|QHPOL� \HUH� VDKLSWLUOHU�� %XQXQOD� ELUOLNWH� EX� ILOPOHULQ� E�\�N� WDQH� VÕQÕUODUÕQD� YH�
üretim tekniklerinden kaynaklanan kusurlara sahip olPDVÕ� JLEL� GH]DYDQWDMODUÕ� GD�
PHYFXWWXU�� <DUÕLOHWNHQ� FLKD]ODUGD� NXOODQÕODQ� ILOPOHU� X\JXQ� NDOÕQOÕN�� ELOHúLP� YH�
S�U�]V�]O�N�JLEL�|QHPOL�ED]Õ�|]HOOLNOHUH�VDKLS�ROPDOÕGÕU��$WD\�������� 
 

<DUÕLOHWNHQ� LQFH� ILOPOHU� WHN�NULVWDO� YH�SROLNULVWDO� RODUDN� LNL\H�D\UÕOÕUODU�ve 

KHU� LNLVL� GH� |]HOOLNOH� \DUÕLOHWNHQ� LQFH� ILOP� J�QHú� SLOOHULQLQ� �UHWLPLQGH�
NXOODQÕOPDNWDGÕU��3ROLNULVWDO�J�QHú�SLOOHULQLQ�WHN�NULVWDO�J�QHú�SLOOHULQH�J|UH�GDKD�
NROD\� �UHWLOHELOPHVL� YH� G�ú�N�PDOL\HWOL� ROPDVÕ� JLEL� DYDQWDMODUÕQÕQ� \DQÕ� VÕUD� GDKD�
G�ú�N� YHULPOLOL÷H� YH� X]XQ� V�UH� NDUDUVÕ]OÕ÷D� VDKLS� ROPDVÕ� JLEL� GH]DYDQWDMODUÕ� GD�
EXOXQPDNWDGÕU�� 

 

6RQ� \ÕOODUGD� KÕ]OD� DUWDQ� \D\JÕQ� NXOODQÕP� DODQODUÕQD� VDKLS� VD\GDP� LOHWNHQ�
RNVLW� �6ø2�� \DUÕLOHWNHQ� ILOPOHUL� �UHWLOPH\H� EDúODQPÕúWÕU�� 6ø2� ILOPOHUL� G�ú�N�
elektriksel özdirence,� J|U�Q�U� E|OJHGH� \�NVHN� JHoLUJHQOL÷H� VDKLS� YH� |]HOLNOH�
J�QHú� SLOOHULQGH� NXOODQÕP� LoLQ� X\JXQ� EDQW� DUDOÕNOÕ� \DUÕLOHWNHQ� PDO]HPHOHUGHQ�
PH\GDQD�JHOLU��6ø2�ILOPOHUL�X\JXQ�HOHNWUR-RSWLN�|]HOOLNOHUL�VHEHEL\OH�J�QHú�SLOOHUL��
HOHNWURO�PLQHVDQV�GHYUHOHU��VÕYÕ�NULVWDO�HNUDQODUÕ��GHWHNW|UOHU�YH�JD]�VHQV|UOHUL�JLEL�
opto-HOHNWURQLN�GHYUHOHUGH�\D\JÕQ�NXOODQÕP�DODQODUÕ�EXOPDNWDGÕU��6ø2�RODUDN�oRN�
VÕN�WHUFLK�HGLOHQ�NDOD\�RNVLW��6Q22), indiyum oksit  (In2O3) ve indiyum kalay oksit 

(ITO) filmleri gibi yüksek geçirgenlik ve ilHWNHQOLN�J|VWHUHQ��G�ú�N�VÕFDNOÕNODUGD�
YH� VDELW� WDEDQODU� �]HULQGH� KRPRMHQ� NDOÕQOÕ÷D� VDKLS� DOWHUQDWLI� ILOPOHU� �UHWPHN�
DPDFÕ� LOH� \DSÕODQ� oDOÕúPDODU� =Q2� YH� &G2� JLEL� ILOPOHUL� J�QGHPH� JHWLUPLúWLU�
(Streetman, 1980). 

 



1.4.  Kalay Oksit Filmleri 

 

SnO2 filmleri IV-VI JUXS� ELOHúL÷L� ROXS�� RGD� VÕFDNOÕ÷ÕQGD� JHQLú� ELU� \DVDN�
HQHUML� DUDOÕ÷ÕQD� �(g~3.6-�� H9�� VDKLS� GLUHNW� EDQW� JHoLúOL� YH� Q-WLSL� ELU� \DUÕLOHWNHQ�
malzemedir (Madelung, 1996; Briand et.al., 1998; Lin and Wu, 1996; Amanullah 

et.al., 1998). SnO2� ELOHúL÷L� WHWUDJRQDO� kristal sistemine sahiptir ve örgü sabitleri 

a=4.737 Ö�YH�F ������Ö¶�GXU��0DGHOXQJ��������<XEHUR�HW�DO���������$PDQXOODK�
et.al., 1998; Pianaro et.al., 1998). 

 

SnO2 filmleri; 10-2-10-4�
�FP� PHUWHEHVLQGH� G�ú�N� HOHNWULNVHO� |]GLUHQFH��
görünür bölgede %70-85 ciYDUÕQGD�RSWLNVHO�JHoLUJHQOL÷H��\�NVHN�NLP\DVDO��WHUPDO�
ve mekanik NDUDUOÕOÕ÷D� VDKLSWLUOHU� �5DFKHYD� DQG�&ULWFKORZ�� ������ /DXUHQW� HW�DO���
1997; Terrier et.al., 1997; Rajpure et.al., 2000; Zhou at al., 2001). SnO2 kimyasal 

RODUDN� NDUDUOÕ�� PHNDQLN� RODUDN� VHUW�� VD÷ODP� YH� \�NVHN� VÕFDNOÕ÷D� GD\DQÕNOÕ� ELU�
malzemedir (Thangaraju, 2002; Beshkov et.al.., 1995; Li and Hua, 1997; 

Brousseau et.al., 1997; Matsui et.al., 2000). SnO2 filmlerinin bu özelliklerinin 

\DQÕ�VÕUD��oHúLWOL�WDEDQODUD�L\L�WXWXQPDVÕ�YH�ROXPVX]�oHYUH�HWNLOHULQH�NDUúÕ�GLUHQoOL�
ROPDVÕ�GD�RQX�SHN�oRN�X\JXODPD�DODQÕQGD�NXOODQÕúOÕ�NÕOPDNWDGÕU��%HVKNRY�HW�DO���
1995; Afify et.al., 1991, Krishnakumar et.al.,1987). 

 

SnO2 ILOPOHULQLQ� KD]ÕUODQPDVÕQGD� WHUPDO� EXKDUODúWÕUPD�� VSXWWHULQJ��
kimyasal buhar çöktürme, sol-geO� ROXúXPX�� NLP\DVDO� S�VN�UWPH� YH� KLGURWHUPDO�
JLEL� IDUNOÕ� WHNQLNOHU� NXOODQÕOPDNWDGÕU� �7KDQJDQDMX�� ������� %X� IDUNOÕ� WHNQLNOHU�
GH÷LúLN�RSWLN�YH�HOHNWULNVHO�|]HOOLNOHUH� VDKLS� WDEDNDODUD�\RO�DoDU� �NL�EXQODU�NDOD\�
oksit filmlerinde donör vazifesi gören oksijen bRúOXNODUÕQÕQ�NULWLN�HWNLVLQH� VHEHS�
olur (Patil�HW�DO�����������3UHQVLSWH�IL]LNVHO�PHWRWODU���|UQH÷LQ�VSXWWHULQJ�YH�WHUPDO�
EXKDUODúWÕUPD�� 6Q2� ID]ODUÕQÕQ� \DQÕQGD� VWRNL\RPHWULN� ROPD\DQ� NDOD\� RNVLW� HOGH�
edilmesine sebep olur (Isidorsson et.al., 1996; Stjerna et.al., 1994). Fiziksel 

WHNQLNOHU� NXOODQÕODUDN� HOGH� HGLOHQ�6Q22 filmlerinde özdirenç genellikle 6.6x10-3-

2.5x10-3 Ω�FP� DUDVÕQGD� GH÷LúPHNWHGLU� �6WMHUQD� HW�DO��� ������� %XQXQOD� EHUDEHU�
kimyasal püskürtme gibi kimyasal teknikler, güçlü stokiyometrik olmayan kalay 

RNVLW� ILOPOHULQLQ� ROXúPDVÕQD� \RO� DoDU� YH� EX� GXUXP�QLVSHWHQ� GDKD� G�ú�N� GLUHQoOL�



filmlerin elde edilmesine sebep olur (Patil et.al., 2003; Vasu and Subrahmanyam, 

������� .LP\DVDO� WHNQLNOHU� NXOODQÕODUDN� HOGH� HGLOHQ� 6Q22 filmlerinde elektriksel 

özdirenç genellikle 1.45x10-3-0.45x10-3 Ω�FP� DUDOÕ÷ÕQGD� GH÷LúPHNWHGLU�� %X�
|]GLUHQo� GH÷HUOHUL� IL]LNVHO� PHWRWODUOD� o|NW�U�OHQ� ILOPOHULQNLQGHQ� GDKD� G�ú�NW�U��
Bu nedenle kimyasal püskürtme metodu ile çöktürülen SnO2 filmleri oksijen 

eksiklikleri için daha kolay bir hedeftir (Patil et.al., 2003). 

 

ùLPGL\H�NDGDU�\DSÕODQ� oDOÕúPDODUGD�NLP\DVDO�S�VN�UWPH� WHNQL÷L� LOH�6Q22 

ILOPOHULQLQ�HOGH�HGLOPHVLQGH��JHQHOOLNOH�WDEDQ�VÕFDNOÕ÷Õ�\DNODúÕN�RODUDN����-600 oC 

DUDOÕ÷ÕQGD� VHoLOPLú� YH� EDúODQJÕo� S�VN�UWPH� o|]HOWLVL� olarak genellikle SnCl4 ve 

SnCl2� WX]ODUÕQÕQ�VXOX�o|]HOWLOHUL�NXOODQÕOPÕúWÕU��.ULVKQDNXPDU�HW�DO���������+XDQJ�
et.al., 1999; Thangaraju, 2002; Gordillo et.al., 1994).  

 

Çöktürülen SnO2� ILOPOHULQLQ� IL]LNVHO�� \DSÕVDO� YH� NLP\DVDO� |]HOOLNOHUL��
NXOODQÕODQ� WHNQL÷H�� GHQH\VHO� SDUDPHWUHOHre ve hava, oksijen, argon, vakum, 

KLGURMHQ� JLEL� oHúLWOL� RUWDPODUGD� WDYODPD\D� ED÷OÕ� RODUDN� GH÷LúLU� �3DUN� DQG�
0DFNHQ]LH�� ������� )DUNOÕ� HOHPHQWOHULQ� NDWNÕODQPDVÕ� LOH� 6Q22 filmlerinin 

|]GLUHQoOHULQLQ�G�úW�÷��YH�RSWLNVHO�JHoLUJHQOLNOHULQLQ�DUWWÕ÷Õ�ELOLQPHNWHGLr (Zhou 

HW�DO���������/LQ�DQG�:X���������dHúLWOL�GHYUH�X\JXODPDODUÕQGD�LVWHQLOHQ�|]HOOLNWH�
kaliteli filmler elde etmek için SnO2¶�H�NDWNÕ�PDGGHVL�RODUDN�oRN�VÕN�WHUFLK�HGLOHQ�
elementler F, Sb ve In’ dur (Terrier et.al., 1995; Lin and Wu, 1996; Thangaraju, 

�������6E�NDWNÕODQDUDN����-3-10-4 
�FP�PHUWHEHVLQGH�G�ú�N�|]GLUHQFH�YH����-85 

FLYDUÕQGD� \�NVHN� JHoLUJHQOL÷H� VDKLS� 6Q22� ILOPOHUL� HOGH� HGLOPLúWLU� �7HUULHU� HW�DO���
������5DMSXUH�HW�DO����������.DWNÕVÕ]�6Q22 filmlerinin özdirenci 2.8x1O-3 
.cm ve 

JHoLUJHQOL÷L� %70-��� LNHQ�� )� NDWNÕOÕ� 6Q22 filmlerinin özdirenci 3.10-4 
.cm ve 

JHoLUJHQOL÷L�����FLYDUÕQGD�EXOXQPXúWXU��=KRX�DW�DO��������� 
 

.DOD\� RNVLW� ILOPOHUL� RSWLN� WHNQRORMLVLQGH� NXOODQÕODQ� ELU� PDWHU\DOGLU�
(Isidorsson et.al., 1996). Bu filmler saydam iletkenler, güneú� SLOOHUL� LoLQ� RSWLN�
pencereler, denge dirençleri, dokunmatik anahtarlar, dijital görüntüleme, LED’ 

OHU�� HOHNWURNURPLN� J|U�QW�OHPH�� (&'¶� OHU� JLEL� ELUoRN� IDUNOÕ� \HUGH� EDúDUÕ\OD�
NXOODQÕOÕUODU� �&KRSUD� HW�DO��������*UDQTYLVW�&�*�������� 6WMHUQD� HW�DO���������$\QÕ�



]DPDQGD� HOHNWURO�PLQHVDQV� GHYUHOHUGH�� \�NVHN� NDUDUOÕOÕNOÕ� UH]LVW|UOHULQ�
KD]ÕUODQPDVÕQGD�� J�QHú� SLOOHULQGH� YH� IRWRYROWDLN� HNOHPOHUGH� DQWL� \DQVÕWÕFÕ�
NDSODPDODU� YH� VD\GDP� �VW� NRQWDNODU� RODUDN� GD� NXOODQÕOÕUODU� �9DVX� DQG�
Subrahmanyam, 1990; Zhou at al., 2001; Rajpure et.al., 2000; Lin and Wu, 1996; 

%HVKNRY�HW�DO����������$\UÕFD�SnO2�ILOPOHUL�VÕYÕ�NULVWDO�HNUDQODUGD�VD\GDP�HOHNWURW�
RODUDN��J�QHú�HQHUMLVLQLQ�IRWR�WHUPDO�YH�IRWRYROWDLN�G|Q�ú�POHULQGH��X]DN�LQIUDUHG�
dedektörlerinde, gaz sensörlerinde yüksek duyarOÕOÕ÷D� VDKLS� \DUÕLOHWNHQ�
PDO]HPHOHU�RODUDN�NXOODQÕOÕUODU��/L�DQG�+XD��������1DQFKHYD�HW�DO���������<XEHUR�
et.al., 1998; Laurent et.al., 1997; Wong and Man, 1996; Park and Mackenzie, 

1995; Ray et.al., 1997).  

 

1.5. Amaç 

 

 *�Q�P�]� WHNQRORMLVLQLQ� JHOLúPHVLQGH� |QHPOL� \HU� WXWDQ� YH� \D\JÕQ� RODUDN�
NXOODQÕODQ� WUDQVLVW|U�� GL\RW�� IRWRYROWDLN� J�QHú� SLOL� YH� GHGHNW|UOHULQ� WHPHO� WDúÕQÕ�
ROXúWXUDQ�\DUÕLOHWNHQ�PDO]HPHOHULQ�KHP�HNRQRPLN�KHP�GH�NROD\�ELU��UHWLP�WHNQL÷L�
ile elde edilmesi ve özelliklerinin incelenmesi oldukça önemlidir. Bu teknolojik 

uygulamalarda uygun opto-HOHNWURQLN� |]HOOLNOHULQGHQ� GROD\Õ� GLNNDW� oHNHQ� YH�
\D\JÕQ�RODUDN�NXOODQÕP�DODQÕ�EXODQ�\DUÕLOHWNHQ�LQFH�ILOPOHUH�|UQHN�RODUDN�6ø2¶�ODU�
YHULOHELOLU��%X�oDOÕúPDGD�6ø2�JUXEXQD�DLW�RODQ�6Q22 filmleri ekonomik ve kolay 

ELU�WHNQLN�RODQ�8OWUDVRQLN�.LP\DVDO�3�VN�UWPH��8.3��WHNQL÷L�LOH�HOGH�HGLOPLú�YH�
ILOPOHULQ�HOHNWULN��RSWLN��\DSÕVDO�YH�\�]H\VHO�|]HOOLNOHUL��]HULQH�WDEDQ�VÕFDNOÕ÷ÕQÕQ�
(200–350 o&�� HWNLVL� LQFHOHQHUHN�� IRWRYROWDLN� J�QHú� SLOOHULQGH� NXOODQÕODELOLUOLNOHUL�
arDúWÕUÕOPÕúWÕU� 
 

 

 

 

 

 

 

 



2. SnO2�)ø/0/(5ø1ø1�(/'(�('ø/0(6ø 
 

�����*LULú 
 

SnO2 ILOPOHUL� XOWUDVRQLN� NLP\DVDO� S�VN�UWPH� WHNQL÷L� �8.3�� NXOODQÕODUDN�
200, 250, 300 ve 350 ± 5 °C WDEDQ�VÕFDNOÕNODUÕQGD�|QFHGHQ�ÕVÕWÕOPÕú�FDP�WDEDQODU�
üzerine SnCl2.2H22� WX]XQXQ� VXOX� o|]HOWLVLQGHQ� ROXúDQ� WRSODP� ���� PO¶� OLN�
EDúODQJÕo� S�VN�UWPH� o|]HOWLVLQLQ� a�� PO�GN� DNÕú� KÕ]Õ� LOH� a��� GN� S�VN�UW�OPHVL�
VRQXFX�HOGH�HGLOPLúWLU� 
 

�����.LP\DVDO�3�VN�UWPH�7HNQL÷L 
 

<DUÕLOHWNHQOHULQ� HOHNWURQLN� HQG�VWULVLQGH� NXOODQÕOPD\D� EDúODQPDVÕ\OD�
ELUOLNWH�� EX� PDO]HPHOHULQ� �UHWLOPHVL� LOH� LOJLOL� oDOÕúPDODU� KÕ]� ND]DQPÕúWÕU��
<DUÕLOHWNHQ�PDO]HPHOHULQ�HOGH�HGLOPHVLQGH�YDNXPGD�EXKDUODúWÕUPD��UI�VSXWWHULQJ��
NLP\DVDO� EXKDU� o|NW�UPH�� HOHNWUR� o|NW�UPH� YH� NLP\DVDO� S�VN�UWPH� JLEL� IDUNOÕ�
WHNQLNOHU� NXOODQÕOPDNWDGÕU� �&KR\� DQG� 6X�� ������� .LP\DVDO� S�VN�UWPH� WHNQL÷L��
o|NW�U�OHFHN�PDO]HPHQLQ� HOHPHQWOHULQL� LoHUHQ� WX]ODUÕQ� IDUNOÕ� NRQVDQWUDV\RQODUGD�
KD]ÕUODQDQ� VXOX� o|]HOWLOHULQGHQ� HOGH� HGLOHQ� EDúODQJÕo� S�VN�UWPH� o|]HOWLVLQLQ�
WDúÕ\ÕFÕ� JD]� RODUDN� NXOODQÕODQ� D]RW� JD]Õ� YH\D� KDYD� \DUGÕPÕ\OD� DWRPL]H� HGLOHUHN�
ÕVÕWÕOPÕú� WDEDQODU� �]HULQH� EHOOL� ELU� V�UH� S�VN�UW�OPHVL� LúOHPLGLU�� .LP\DVDO�
S�VN�UWPH� WHNQL÷L� �VSUD\� S\URO\VLV��� o|]HOWL� S�VN�UWPH� YH\D� VÕFDN� S�VN�UWPH�
yöntemi olarak da bilinen bir yöntemdir (Pamplin, 1979). 

 

Kimyasal� S�VN�UWPH� WHNQL÷LQGH� \D\JÕQ� RODUDN� VLOLV\XPOX� YH� PHWDOLN�
WDEDQODU� NXOODQÕOPDNWDGÕU�� 6LOLV\XPOX� WDEDQODU� \DOÕWNDQ� ROGXNODUÕ� LoLQ� \DUÕLOHWNHQ�
WDEDND\Õ� o|NW�UPHGHQ� |QFH� NRQWD÷Õ� VD÷OD\DFDN� VD\GDP� YH� LOHWNHQ� WDEDNDQÕQ� EX�
cam tabakalar üzerine çöktürülmesi gerekmektedir. Metalik tabanlar ise 

DO�PLQ\XP�� WLWDQ\XP� YH� WXQJVWHQ� JLEL� PHWDOOHU� LOH� NDSODQPÕú� oHOLNWHQ�
\DSÕOPÕúODUGÕU� �)DQJ� HW� DO��� ������� %X� LNL� WLS� WDEDQÕQ� GÕúÕQGD� SD\UHNV� FDPODU��
VHUDPLN��SODVWLN�YH�SROLPHU�WDEDQODU�GD�NXOODQÕOPDNWDGÕU��6]H�������� 

 



ÇöktüU�OHQ� PDO]HPHOHULQ� |]HOOLNOHUL� S�VN�UWPH� úDUWODUÕQÕQ� X\JXQ� ELU�
úHNLOGH� D\DUODQPDVÕ� LOH� NRQWURO� HGLOHELOLU� YH� GH÷LúWLULOHELOLU�� 3�VN�UWPH�
SDUDPHWUHOHULQGHNL� GH÷LúLPOHU� o|NW�U�OHQ� ILOPOHULQ� |]HOOLNOHULQL� |QHPOL� |Oo�GH�
HWNLOHU�� %XQGDQ� GROD\Õ� VWDQGDUW� S�VN�UWPH� úDUWODUÕ� GLNNDWOL� ELU� úHNLOGH� |QFHGHQ�
D\DUODQPDOÕGÕU� �$ILI\�HW�DO���������&K\QRZHWK�HW�DO����������.LP\DVDO�S�VN�UWPH�
WHNQL÷LQGH� S�VN�UWPH� o|]HOWLVLQLQ� NRQVDQWUDV\RQX� YH� PLNWDUÕ�� WDEDQ� VÕFDNOÕ÷Õ��
S�VN�UWPH�EDúOÕ÷Õ� LOH� WDEDQ�DUDVÕQGDNL�PHVDIH��NXOODQÕODQ�NDWNÕ�HOHPHQWLQLQ�FLQVL�
YH�PLNWDUÕ��S�VN�UWPH�KÕ]Õ�YH�]DPDQÕ�� WDúÕ\ÕFÕ�JD]�YH�WDEDQÕQ�FLQVL�JLEL�GHQH\VHO�
SDUDPHWUHOHU� HOGH� HGLOHQ� \DUÕLOHWNHQ� PDO]HPHOHULQ� IL]LNVHO� |]HOOLNOHULQL� |QHPOL�
ölçüde etkilemektedir (Krishnakumar et al., 1987). Bu deneysel parametrelerin 

GH÷LúWLULOPHVL� LOH� \DUÕLOHWNHQ� PDO]HPHOHULQ� NDOÕQOÕ÷Õ�� \DVDN� HQHUML� DUDOÕ÷Õ� gibi 

IÕ]LNVHO�|]HOOLNOHUL�GH÷LúWLULOHELOLU��$IÕI\�HW�DO����������3DPSOLQ�������� 
 

.LP\DVDO�S�VN�UWPH� WHNQL÷L�EDVLW�ROPDVÕ��HNRQRPLN�DOHWOHU� LoHUPHVL��NÕVD�
sürede malzeme ürHWLPLQH� LPNDQ� VD÷ODPDVÕ�� HQHUML� W�NHWLPLQLQ� D]� ROPDVÕ�� IDUNOÕ�
DWRP� NDWNÕODQPDVÕQÕQ� EDVLW� ROPDVÕ� YH� YDNXP� JHUHNWLUPHPHVL� JLEL� DYDQWDMODUÕ�
VHEHEL\OH� \DUÕLOHWNHQ� PDO]HPHOHULQ� HOGH� HGLOPHVLQGH� \D\JÕQ� RODUDN� WHUFLK�
edilmektedir ve bu teknikle elde edilen filmleU� SROLNULVWDO� \DSÕGD� ROPDNWDGÕU�
(Goyal et.al., 1992; Paraguay et aL., 1999; Thangaraju, 2002). 

 

.LP\DVDO� S�VN�UWPH� WHNQL÷L� XOWUDVRQLN� S�VN�UWPH� EDúOÕNOÕ� ELU� SDUoD�
HNOHQHUHN� JHOLúWLULOHELOLU�� %X� GXUXPGD� WHNQLN� XOWUDVRQLN� NLP\DVDO� S�VN�UWPH�
�8.3��WHNQL÷L�RODUDN�DGODQGÕUÕOÕU��%X�oDOÕúPDGD�6Q22 filmlerini üretmek için UKP 

WHNQL÷L� NXOODQÕOPÕúWÕU�� %X� WHNQL÷LQ� úHPDWLN� GL\DJUDPÕ� YH� IRWR÷UDIÕ� ùHNLO� ����� YH�
ùHNLO�����¶�GH�YHULOPHNWHGLU� 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ùHNLO������8.3�WHNQL÷LQLQ�úHPDWLN�GL\DJUDPÕ� 
 

%X� úHPDWLN� GL\DJUDPGD� ���� S�VN�UWPH� RGDFÕ÷Õ�� ���� XOWUDVRQLN� S�VN�UWPH�
EDúOÕ÷Õ�� ����KDUHNHWOL� WDYD�����FDP�WDEDQODU�����J|PPH�UH]LVWDQVOÕ�EURQ]�EORN������
RVLODW|U���������WHUPRoLIW���������WHUPRoLIW������DNÕú�KÕ]Õ�|OoHU������o|]HOWL�NDEÕ�������
ÕVÕWÕFÕOÕ�magnetik kaUÕúWÕUÕFÕ�������\�]H\�VÕFDNOÕN�J|VWHUJHVL�������J|PPH�UH]LVWDQVOÕ�
EURQ]�EOR÷XQ�ÕVÕ�NRQWURO�HGLFL�G�]HQH÷L�������PDVD�������D]RW�W�S��������IDQ�������
RVLODW|U� NDEORVX�� ����� o|]HOWL� DNÕú� KRUWXPX�� ����� KDYD� KRUWXPX�� ����� DF�
ampermetreyi ve (21) ac voltmetreyi göstermektedir. 
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ùHNLO������8.3�WHNQL÷LQLQ�IRWR÷UDIÕ� 
 

.LP\DVDO� S�VN�UWPH� WHNQL÷LQLQ� HQ� |QHPOL� SDUoDODUÕQGDQ� ELUL� SD\UHNV�
camdan YH\D�SDVODQPD]�oHOLNWHQ�\DSÕODQ�S�VN�UWPH�EDúOÕ÷ÕGÕU��%X�SDUoD��UHWLOHQ�
filmlerin fiziksel özelliklerini önemli derecede etkiler. U1trasonik püskürtme 

EDúOÕ÷Õ� NXOODQÕOPDVÕQÕQ� HQ� E�\�N� DYDQWDMÕ� �UHWLOHQ� ILOPOHULQ� \�]H\OHULQLQ� GDKD�
KRPRMHQ�ROPDVÕGÕU��%LOJLQ�������� 

 

3�VN�UWPH�KÕ]Õ�� �–���PO�GN¶� OÕN�|Oo�P�DUDOÕ÷ÕQD� VDKLS�ELU� DNÕú�KÕ]Õ�|OoHU�
\DUGÕPÕ� LOH� |Oo�OPHNWHGLU�� 3�VN�UWPH� KÕ]ÕQÕQ� \�NVHN� ROPDVÕ� WDEDQ� VÕFDNOÕ÷ÕQÕQ�
NRQWURO�Q�� ]RUODúWÕUPDNWD� YH� G�ú�N� ROPDVÕ� LVH� DWRPL]H� HGLOPLú� GDPODFÕNODUÕQ�
tabana daha JHo� XODúPDODUÕQD� YH\D� WDEDQD� XODúPDGDQ� EXKDUODúPDODUÕQD� QHGHQ�
ROPDNWDGÕU��3�VN�UWPH�KÕ]ÕQÕQ�\�NVHN�ROPDVÕ�püskürtme süresLQLQ�NÕVDOPDVÕQD�YH�
ILOP� NDOÕQOÕ÷ÕQÕQ� DUWPDVÕQD�� G�ú�N� ROPDVÕ� LVH� S�VN�UWPH� V�UHVLQLQ� X]DPDVÕQD� YH�
ILOP�NDOÕQOÕ÷ÕQÕQ�D]DOPDVÕQD�\RO�DoPDNWDGÕU�� 



7DEDQ� VÕFDNOÕ÷Õ� RWRPDWLN� RODUDN� J|PPH� UH]LVWDQVOÕ� EURQ]� EORNOX� HOHNWULN�
ÕVÕWÕFÕVÕ� �����–6000 ZDWW�� LOH� VD÷ODQPDNWDGÕU� YH� GHPLU-konstantan termoçift ile 

kontrol edilmektedir. 8.3� WHNQL÷LQGH� WDEDQ� VÕFDNOÕ÷ÕQÕQ� VDELW� ELU� GH÷HUGH�
WXWXOPDVÕ� oRN� ]RUGXU� YH� EHOLUOHQHQ� WDEDQ� VÕFDNOÕ÷ÕQGDQ� ± 5 °C gibi bir sapma 

ROPDNWDGÕU��3�VN�UWPH�HVQDVÕQGD� WDEDQ�VÕFDNOÕ÷Õ�S�VN�UWPH�YH�NXOODQÕODQ�WDúÕ\ÕFÕ�
JD]ÕQ� HWNLVL\OH� G�úPHNWHGLU�� %XQGDQ� GROD\Õ� LVWHQHQ� VÕFDNOÕNWD� ILOP� �UHWHELOPHN�
LoLQ�S�VN�UWPH�\DSÕOPDGDQ�|QFH�WDEDQ�GDKD�\�NVHN�VÕFDNOÕNWD�ÕVÕWÕOPDOÕGÕU��7DEDQ�
VÕFDNOÕ÷ÕQÕQ�G�ú�N�YH\D�\�NVHN�ROPDVÕ�ILOPOHULQ�WDEDQD�WXWXQPDVÕQÕ��NDOÕQOÕNODUÕQÕ�
YH�GROD\ÕVÕ\OD�IL]LNVHO�|]HOOLNOHULQL�|QHPOL�GHUHFHGH�HWNLOHU��'�ú�N�WDEDQ�VÕFDNOÕ÷Õ�
ILOPOHULQ�NDOÕQ�ROPDVÕQD�YH�\�NVHN�WDEDQ�VÕFDNOÕ÷Õ�LVH�ILOPOHULQ�GDKD�LQFH�ROPDVÕQD�
sebep ROXU��7DEDQ�VÕFDNOÕ÷Õ��WHUPRoLIWLQ�oÕNÕúÕQD�GLMLWDO�J|VWHUJH�ED÷ODQDUDN�GLUHNW�
RODUDN� RNXQPDNWDGÕU�� 7HUPRoLIW� LOH� WDEDQ� DUDVÕQD� oRN� D]� PLNWDUGD� LQGL\XP�
NRQXODUDN�ÕVÕO�LOHWLP�VD÷ODQPDNWDGÕU��.|VH, 1993). 

 

.LP\DVDO�S�VN�UWPH�WHNQL÷LQGH�FDP�WDEDQODU�\HUOHúWLUPHN�LoLQ�����[��[��
FP� HEDWODUÕQGD�� J|PPH� UH]LVWDQVOÕ� EURQ]� EORN� NXOODQÕOPDNWDGÕU�� =DPDQOD� EX�
EORNODU��]HULQGH�RNVLW�WDEDNDODUÕ�ROXúWX÷X�LoLQ�VHUW�IÕUoDODUOD�WHPL]OHQPHOLGLU�� 

 

.LP\DVDO�S�VN�UWPH�WHNQL÷LQGH�IÕOPOHULQ�IL]LNVHO�|]HOOLNOHULQL�HWNLOH\HQ�ELU�
EDúND�SDUDPHWUH�GH� WDEDQ� LOH�S�VN�UWPH�EDúOÕ÷Õ�DUDVÕQGDNL�X]DNOÕNWÕU��%X�X]DNOÕN�
genellikle 35–���FP�DUDVÕQGD�VHoLOPHNWHGLU�� 
 

2.3. SnO2 Filmlerinin Elde Edilmesi 

 

SnO2�ILOPOHUL�8.3�WHNQL÷L�NXOODQÕODUDN���������������YH����± 5 °C taban 

VÕFDNOÕ÷ÕQGD�PLNURVNRS� FDP� WDEDQODU� �2EMHNWWUDJHU�� �×1 cm2) üzerine ~5 ml/dk 

DNÕú� KÕ]ÕQGD� a��� GN� V�UH\OH� S�VN�UW�OHUHN� HOGH� HGLOPLú� YH� ILOPOHU� VÕUDVÕ\OD�0���
0���0��YH�0��RODUDN�DGODQGÕUÕOPÕúWÕU�� 

 

SnO2� ILOPOHULQLQ� �UHWLOPHVLQGH�� 6Q� ND\QD÷Õ� RODUDN� NDOD\� GLNORU�U�
[SnCl2.2H2O, Merck, %99] kimyasal tuzunun sulu çözeltisi (0.05 M) 

NXOODQÕOPÕúWÕU�� %DúODQJÕo� S�VN�UWPH� o|]HOWLVL� WRSODP� ���� PO� RODFDN� úHNLOGH�



KD]ÕUODQPÕú� YH� W�P� ILOPOHU� LoLQ� S�VN�UWPH� o|]HOWLVL� PLNWDUÕ� VDELW� WXWXOPXúWXU��
3�VN�UWPH� o|]HOWLVL�� ROXúDELOHFHN� WRUWXODQPDODUÕ� |QOHPHN� DPDFÕ\OD� hem 

S�VN�UWPH� LúOHPLQGHQ� |QFH� KHP� GH� S�VN�UWPH� LúOHPL� HVQDVÕQGD� PDQ\HWLN�
NDUÕúWÕUÕFÕ�LOH�V�UHNOL�RODUDN�NDUÕúWÕUÕOPÕúWÕU� 

 

'HQH\GH�WDúÕ\ÕFÕ�JD]�RODUDN�����NJ /cm2�EDVÕQoOÕ�D]RW�JD]Õ�NXOODQÕOPÕúWÕU��
7DEDQ� RODUDN� NXOODQÕODQ� PLNURVNRS� FDPODUÕ� YH� S�VN�UWPH� EDúOÕ÷Õ� DUDVÕ� PHVDIH��
a��� FP� RODUDN� VDELWOHQPLú� YH� W�P� ILOPOHU� D\QÕ� PHVDIHGHQ� S�VN�UW�OP�úW�U��
3�VN�UWPH�KÕ]Õ��DNÕú�KÕ]Õ�|OoHU�\DUGÕPÕ\OD���PO�GN�RODFDN�úHNLOGH�GHQH\�HVQDVÕQGD�
NRQWURO�HGLOPLúWLU� 

 

7DEDQ� VÕFDNOÕNODUÕ� HOHNWULN� ÕVÕWÕFÕVÕ� LOH� VD÷ODQPÕú� YH� GHPLU-konstantan 

WHUPRoLIW�\DUGÕPÕ�LOH�VÕFDNOÕN�J|VWHUJHVLQGHQ�GLUHNW�RODUDN�J|]OHQPLúWLU� 
 

)LOPOHULQ� �UHWLPL� WDPDPODQGÕNWDQ� VRQUD� ILOPOHU� S�VN�UWPH� RGDFÕ÷Õ�
içerisinde kendi kendine 8–��� VDDW� VR÷XPD\D� EÕUDNÕOPÕúWÕU�� 6R÷X\DQ� ILOPOHU�
VDNODPD�NDSODUÕ�LoHULVLQGH�|Oo�POHU�LoLQ�VDNODQPÕúWÕU�� 

 

7�P� ILOPOHU� KDYD� RUWDPÕQGD� HOGH� HGLOPLúWLU�� 'HQH\� V�UHVLQFH� ILOPOHULQ�
IL]LNVHO�|]HOOLNOHULQL�HWNLOH\HQ�o|]HOWL�NRQVDQWUDV\RQX��S�VN�UWPH�KÕ]Õ�YH�]DPDQÕ��
S�VN�UW�OHQ�WRSODP�o|]HOWL�PLNWDUÕ��S�VN�UWPH�EDúOÕ÷Õ-WDEDQ�DUDVÕQGDNL�PHVDfe ve 

VR÷XPD� V�UHVL� JLEL� GHQH\�SDUDPHWUHOHULQLQ� VDELW� WXWXOPDVÕQD�|]HQ�J|VWHULOPLú�YH�
VDGHFH�WDEDQ�VÕFDNOÕ÷Õ�GH÷LúWLULOHUHN�ILOPOHULQ��UHWLPL�\DSÕOPÕúWÕU� 

 

)LOPOHULQ� NDOÕQOÕNODUÕ� (OFRPHWHU� ���� 'LJLWDO� &RDWLQJ� 7KLFNQHVV� *RXJH�
FLKD]Õ�LOH�|Oo�OP�úW�U��0���0���0��YH�0��ILOPOHULQLQ�NDOÕQOÕNODUÕ�VÕUDVÕ�LOH����P��
����� �P�� �� �P�� ����� �P� RODUDN� EXOXQPXúWXU�� )LOP� NDOÕQOÕNODUÕQÕQ� DUWDQ� WDEDQ�
VÕFDNOÕ÷Õ� LOH� D]DOGÕ÷Õ� J|U�OP�úW�U�� $UWDQ� WDEDQ� VÕFDNOÕ÷ÕQD� ED÷OÕ� RODUDN� WDEDQD�
XODúPDGDQ� |QFH� DWRPL]H� HGLOHQ� SDUoDFÕNODUÕQ� EXKDUODúPDVÕQGDQ� GROD\Õ� ILOPOHULQ�
NDOÕQOÕNODUÕQÕQ�D]DOGÕ÷ÕQÕ�G�ú�QPHNWH\L]��� 
 
 
 



3. SnO2�)ø/0/(5ø1ø1�<$3,6$/�g=(//ø./(5ø 

 

�����*LULú 
 

%LU�PDO]HPHQLQ�DWRPLN�\DSÕVÕQÕ�J|U�QW�OHPHN��\�NVHN�o|]�Q�UO�÷H�VDKLS�
oHúLWOL�HOHNWURQ�PLNURVNRSODUÕ�NXOODQÕODUDN�P�PN�QG�U��)DNDW�ELOLQPH\HQ�\DSÕODUÕ�
EHOLUOHPHN� YH\D� \DSÕVDO� SDUDPHWUHOHUL� WD\LQ� HWPHN� LoLQ� NÕUÕQÕP� GHVHQOHULQL�
NXOODQPDN� JHUHNLU�� .DWÕODUÕQ� NULVWDO� \DSÕODUÕQÕ� LQFHOHPHN� LoLQ� HQ� oRN� NXOODQÕODQ�
NÕUÕQÕP�WHNQL÷L�[-ÕúÕQÕ�NÕUÕQÕPÕGÕU��*ROGVWHLQ�HW�DO��������� 

 

.DWÕODUÕQ� NULVWDO� \DSÕODUÕ� [-ÕúÕQÕ� NÕUÕQÕP� GHVHQOHUL� �;5'�� NXOODQÕODUDN�
incelenir. X-ÕúÕQ�DUÕ� ���–100 c�DUDOÕ÷ÕQGDNL�GDOJDER\ODUÕQD� VDKLS�\�NVHN�HQHUMLOL�
elektromagnetik GDOJDODUGÕU�� ;-ÕúÕQODUÕQÕQ� GDOJDER\ODUÕ� NULVWDO� NDWÕODUGD� DWRPODU�
DUDVÕQGDNL� PHVDIH� LOH� NÕ\DVODQDELOLU� PHUWHEHGH� ROGX÷X� LoLQ�� NULVWDO� \DSÕODUÕQ�
LQFHOHQPHVLQGH�EDúDUÕOÕ�ELU�úHNLOGH�NXOODQÕOPDNWDGÕU��%ODNHPRUH�������� 

 

3ROLNULVWDO� PDO]HPHOHULQ� LQFHOHQPHVLQGH� \D\JÕQ� RODUDN� toz metodu 

NXOODQÕOÕU (Smith, 1990). Bu yöntemde, incelenecek kristal toz haline getirilir ve 

monokromatik x-ÕúÕQODUÕ�GHPHWL�LoLQH�NRQXU��7R]XQ�KHU�]HUUHVL�JHOHQ�GHPHWH�J|UH�
NH\IL� úHNLOGH� \|QHOPLú� N�o�N� ELU� NULVWDO� JLEL� GDYUDQÕU�� .DWÕ� PDO]HPH� �]HULQH�
gönderilen x-ÕúÕQÕ� GHPHWL�� %UDJJ� NDQXQXQD� (nλ=2dSin�) J|UH� EHOLUOL� DoÕODUGD�
NÕUÕQÕPD� X÷Uar (Askeland, 1998). Modern x-ÕúÕQÕ� FLKD]ODUÕQGD�� NÕUÕQÕPD� X÷UD\DQ�
ÕúÕQÕQ� NÕUÕQÕP� DoÕVÕQÕ� YH� úLGGHWLQL� |OoHFHN� ÕúÕQÕP� VD\ÕFÕODU� EXOXQXU�� %|\OHFH�
NÕUÕQÕP� DoÕVÕQÕQ� ������ NÕUÕQÕPD� X÷UD\DQ� ÕúÕQÕQ� úLGGHWLQH� J|UH� GH÷LúLPLQL� YHUHQ�
NÕUÕQÕP�GHVHQL�HOGH�HGLOLU��6PLWh, 1990). 

 

X-ÕúÕQÕ� NÕUÕQÕPÕ� LOH� ILOPOHULQ� NDOÕQOÕN�� NLP\DVDO� ELOHúLP�� DPRUIOXN�� WHN�
NULVWDO� \D� GD� SROLNULVWDO� GXUXP�� NULVWDO� \DSÕ� ER]XNOXNODUÕ�� NULVWDO� LoHULVLQGH�
EXOXQDELOHFHN� NDWNÕ� DWRPODUÕ�� NULVWDORJUDILN� \|QHOLP�� |UJ�� SDUDPHWUHOHUL�� WDQH�
boyutu ve benzeri pek çok özellik incelenebilmektedir (Thangaraju, 2002). 

 

 



%LU�PDO]HPH� LoLQ�\DSÕODQ�EDVLW�NLP\DVDO�DQDOL]�DQFDN�PDO]HPH� LoHULVLQGH�
YDU� RODQ� HOHPHQWOHULQ� KDQJLOHUL� ROGX÷X� KDNNÕQD� ELOJL� YHUHELOLU�� +DOEXNL� [-ÕúÕQÕ�
NÕUÕQÕPÕ� LOH� PDO]HPHQLQ� LoLQGH� EXOXQDQ� NLP\DVDO� ELOHúHQOHULQ� FLQVL� YH� EX�
ELOHúHQOHULQ� PDO]HPH� LoLQGH� KDQJL� ID]GD� EXOXQGXNODUÕ� EHOLUOHQHUHN� QLWHO� DQDOL]�
\DSÕODELOLU��$\QÕ�]DPDQGD�QLFHO�DQDOL]�GH�P�PN�QG�U��d�QN��PDO]HPH�LoLQGH�YDU�
RODQ� ELOHúHQOHULQ� VDKLS� ROGX÷X� SLNOHULQ� úLGGHWL�� EX� ELOHúHQLQ� PDO]HPe içindeki 

RUDQÕQD� ED÷OÕGÕU�� %X� úHNLOGH� ELOLQPH\HQ� ELU�PDO]HPH�� NÕUÕQÕP� GHVHQL� YH�$670�
�$PHULFDQ� 6RFLHW\� IRU� 7HVWLQJ� 0DWHULDOV�� NDUWODUÕ� NXOODQÕODUDN� WD\LQ� HGLOHELOLU��
;5'� LOH� NLP\DVDO� DQDOL]GH� NXOODQÕODFDN� ELOLQPH\HQ� PDO]HPH� ]DUDU� J|UPH]� YH�
küçük bir parçDVÕ� EX� DQDOL]� LoLQ� \HWHUOLGLU�� %LU� FLVPLQ� WR]� GHVHQL� R� FLVPLQ�
NDUDNWHULVWLN�ELU�|]HOOL÷LGLU����&XOOLW\��������*ROGVWHLQ�HW�DO��������� 

 

'HVHQ� �]HULQGHNL� SLNOHULQ� úLGGHWOHULQH�� \DUÕ� SLN� JHQLúOLNOHULQH� YH� ]HPLQ�
�EDFNJURXQG�� úLGGHWLQH� EDNÕODUDN� PDO]HPHQLQ� NULVWDOOHúPHVL� KDNNÕQGD� ELOJL�
HGLQLOHELOLU��ø\L�ELU�NULVWDOOHúPH�VHYL\HVLQH�VDKLS�PDO]HPHQLQ�;5'�GHVHQL��úLGGHWL�
PLQLPXP�RODQ�ELU�]HPLQ��]HULQGH�EXOXQDQ�\�NVHN�úLGGHWOL�YH�\DUÕ�SLN�JHQLúOLNOHUL�
GDU�RODQ�SLNOHUH�VDKLSWLU��(÷HU�]HPLQ�úLGGHWL�\�NVHN��\DUÕ�SLN�JHQLúOLNOHUL�JHQLú�YH�
SLN� úLGGHWOHUL� G�ú�N� LVH�NULVWDOOHúPH� VHYL\HVLQLQ�N|W��ROGX÷X�V|\OHQHELOLU��'HVHQ�
�]HULQGH� ]HPLQ� úLGGHWLQLQ� \�NVHN� ROPDVÕ� G�ú�N� úLGGHWH� VDKLS� SLNOHUL�
görüntülenemeyecek hale getirir (Cullity, 1966). 

 

3HN� oRN� NDWÕ� PDO]HPHQLQ� PLNUR\DSÕODUÕ�� ELUoRN� WDQHGHQ� PH\GDQD� JHOLU��
7DQH��LoHULVLQGH�DWRP�GL]LOLPOHULQLQ�|]GHú�ROGX÷X�PDO]HPHQLQ�ELU�NÕVPÕGÕU��%XQD�
NDUúÕQ� DWRPODUÕQ� \|QHOLPL� YH\D� NULVWDO� \DSÕ�� KHU� NRPúX� WDQH� LoLQ� IDUNOÕGÕU�
(Askeland, 1998). Tanelerin büyüklüklerinin ve yönelimlerinin; malzemenin 

HOHNWULNVHO�� RSWLNVHO� YH� \DSÕVDO� |]HOOLNOHUL� �]HULQGH� |QHPOL� HWNLOHUL� YDUGÕU�� 7DQH�
VÕQÕUODUÕ�� D\QÕ� NULVWDO� \DSÕ� LoLQGH� IDNDW� GH÷LúLN� GR÷UXOWXODUGDNL� NULVWDO� E|OJHOHUL�
ELUELULQGHQ� D\ÕUDQ� YH� DWRPODUÕQ� G�]J�Q� \HUOHúPHGL÷L� \�]H\VHO� NXVXUODUGÕU�� 7DQH�
boyuWXQXQ�N�o�OPHVL� WDQH�VD\ÕVÕQÕQ�YH�WDQH�VÕQÕUODUÕQÕQ�DUWPDVÕQD�VHEHS�ROXU��%X�
GXUXPGD�� KHUKDQJL� ELU� oL]JLVHO� NXVXU�� ELU� WDQH� VÕQÕUÕ� LOH� NDUúÕODúPDGDQ�|QFH�NÕVD�
ELU� PHVDIH� KDUHNHW� HGHU�� %|\OHFH� PDO]HPHQLQ� VHUWOL÷L� YH� GD\DQÕPÕ� DUWDU�
(Askeland, 1998; Onaran, 1993). 



3ROLNULVWDO� \DSÕODU� ELUGHQ� ID]OD� ID]� LoHUHELOLU�� %X� GXUXPGD� SROLNULVWDO�
\DSÕQÕQ� |]HOOL÷L� GR÷DO� RODUDN� KHU� ID]ÕQ� WHN� EDúÕQD� VDKLS� ROGX÷X� |]HOOL÷H� YH� EX�
ID]ODUÕQ� SROLNULVWDO� \DSÕ� LoLQGH� EXOXQXú� úHNOLQH� ED÷OÕ� RODFDNWÕU�� +HU� ID]ÕQ�
tanelerinin boyutu, mükHPPHOOL÷L� YH� \|Q�� GL÷HU� ID]ODUGDNL� WDQHOHULQNLQGHQ�
IDUNOÕGÕU��2QDUDQ�������� 
 

7LFDUL� PHWDOOHUGH� YH� DODúÕPODUGD� NDUúÕODúÕODQ� WDQH� E�\�NO�NOHUL����������������
10-1-10-4�FP�DUDOÕ÷ÕQGDGÕU��%X�VÕQÕUODU�ROGXNoD�Xo�GH÷HUOHUL�J|VWHULU��7LSLN�GH÷HUOHU�
ise 10-2-10-3 FP�DUDOÕ÷ÕQGD�NDOÕUODU��&XOOLW\��������2QDUDQ�������� 

 

Kristal tanelerinden birinin boyutu 10-5 cm’ den daha küçük olursa, 

JHQHOOLNOH� ]HUUH� WHULPL� NXOODQÕOÕU�� %X� E�\�NO�NWHNL� NULVWDOOHU� 'HE\H� KDONDODUÕQÕQ�
JHQLúOHPHVLQH�VHEHS�ROXU��6FKHUUHU�IRUP�O��LOH�JHQLúOHPH�PLNWDUÕ�� 

 

B = 
θ

λ

Cos.t

9,0
             (3.1) 

 

LOH� YHULOLU��%XUDGD�%�PDNVLPXP�úLGGHWOL� SLNLQ� UDG\DQ�RODUDN�\DUÕ� SLN�JHQLúOL÷L�� W�
kristal tanesinin çap olarak boyutu, �� %UDJJ� DoÕVÕ� YH� �� NXOODQÕODQ� ÕúÕQÕQ�
GDOJDER\XGXU�� %� JHQLúOL÷L� WDQH� ER\XWXQXQ� HWNLVL\OH� PH\GDQD� JHOHQ� JHQLúOHPH\L�
J|VWHULU��$IÕI\�HW�DO���������2QDUDQ������). 

 

3.2. SnO2 Filmlerinin X-ÕúÕQÕ�.ÕUÕQÕP�'HVHQOHUL 
 

 M1, M2, M3 ve M4 filmlerinin XRD desenleri Rikagu X-Ray 

'LIIUDFWRPHWHU� FLKD]ÕQGD� � ������� Ö� GDOJDER\OX� &X..� ÕúÕQÕ� NXOODQÕODUDN� WR]�
metodu ile 20°≤��≤100°�DUDOÕ÷ÕQGD�DOÕQPÕúWÕU� 

 

0�� ILOPOHULQLQ� ;5'� GHVHQL� ùHNLO� ����¶GH� YHULOPHNWHGLU�� (OGH� HGLOHQ�
NÕUÕQÕP�GHVHQLQGH�IDUNOÕ�úLGGHW�YH�JHQLúOLNOHUH�VDKLS�oHúLWOL�SLNOHU�J|]OHQPLúWLU��%X�
SLNOHULQ� NÕUÕQÕP� DoÕVÕ� ������ Güzlemler arasÕ� X]DNOÕ÷Õ� �G��� PLOOHU� LQGLVOHUL� �KNO���
NULVWDO� VLVWHPOHUL� YH� úLGGHW� RUDQODUÕ�dL]HOJH�����¶GH�YHULOPHNWHGLU��%X�oL]HOJHGHQ�



GH� J|U�OG�÷�� JLEL� �� �����°¶� GH� J|U�OHQ� SLN� GL÷HU� SLNOHUH� J|UH� GDKD� NHVNLQ��
úLGGHWL� HQ� E�\�N� YH� \DUÕ� SLN� JHQLúOL÷L� GDU� RODQ� ELU� SLN� ROGX÷X� LoLQ�� ILOPOHULQ�
WHUFLKOL�\|QHOLPL�EX�SLN�LoLQ�EHOLUOHQHQ�������GR÷UXOWXVXQGDGÕU���� �����°, 37.90° 

ve 51.70°¶�GH�NHVNLQ��úLGGHWOL�YH�\DUÕ�SLN�JHQLúOLNOHUL�GDU�RODQ�SLNOHU�GH�EHOLUJLQ�ELU�
úHNLOGH�J|]H�oDUSPDNWDGÕU��'L÷HU�SLNOHU� LVH�EX�SLNOHUH�J|UH�LKPal edilecek kadar 

G�ú�N�úLGGHWOHUH�VDKLSOHUGLU��%XQD�UD÷PHQ�JHQHO�RODUDN�NÕUÕQÕP�GHVHQLQGH�J|U�OHQ�
W�P� SLNOHU� NHVNLQ� úLGGHWOL� YH� \DUÕ� SLN� JHQLúOLNOHUL� GDU� RODQ� SLNOHUGLU�� <DSÕODQ�
LQFHOHPHOHUH� J|UH� 0�� ILOPOHULQLQ� G|UW� IDUNOÕ� EHOLUJLQ� \|QHOLP� J|VWHUGL÷L� YH� Eu 

\|QHOLPOHUGH� NULVWDOOHúPH� G�]H\LQLQ� L\L� ROGX÷X� VRQXFXQD� YDUÕOPÕúWÕU�� ùHNLO� ����¶�
GHNL� GHVHQ� �]HULQGH� J|U�OHQ� SLNOHULQ� WHWUDJRQDO� \DSÕGDNL� 6Q22 filmlerine ait 

ROGX÷X�YH�SROLNULVWDO�\DSÕ\D�VDKLS�ROGXNODUÕ�EHOLUOHQPLúWLU� 
.
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ùHNLO 3.1. M1 filmlerinin x-ÕúÕQÕ�NÕUÕQÕP�GHVHQL�� 

 
 

0�� ILOPOHULQLQ� ������GR÷UXOWXVXQGDNL� WHUFLKOL�\|QHOLPL� LoLQ�|UJ��VDELWOHUL��
a = b = 4.7460 Ö��F = 3.1878 Ö��ELULP�K�FUHQLQ�KDFPL�������Ö�3��\DUÕ�SLN�JHQLúOL÷L�
B= 2.897x10-3 radyan ve tane boyutu t=  559 Ö�RODUDN�EXOXQPXúWXU� 
 



Çizelge 3.1. 0��ILOPOHULQLQ�NÕUÕQÕP�GHVHQOHULQGHQ�HOGH�HGLOHQ�ED]Õ�YHULOHU� 
����º) d (Å) (hkl) Kristal Sistemi I/I0�2UDQÕ 
26.54 3.3559 (110) Tetragonal SnO2 100 

33.82 2.6483 (101) Tetragonal SnO2 40 

37.90 2.3720 (200) Tetragonal SnO2 64 

51.70 1.7667 (211) Tetragonal SnO2 48 

 

 

0�� ILOPOHULQLQ�;5'�GHVHQL�ùHNLO� ����¶� GH�J|U�OG�÷��JLELGLU��(OGH�HGLOHQ�
NÕUÕQÕP� GHVHQLQGH� IDUNOÕ� úLGGHW� YH� JHQLúOLNOHUH� VDKLS� oHúLWOL� SLNOHUH� DLW� YHULOHU�
Çizelge 3.2.’ de verilmektedir. 2� �����º’ de görülen pik HQ� úLGGHWOL� SLN�
ROGX÷XQGDQ�� ILOPOHULQ� WHUFLKOL� \|QHOLPLQLQ� EX� SLN� LoLQ� EHOLUOHQHQ� ������
GR÷UXOWXVXQGD� ROGX÷X� VRQXFXQD� YDUÕOPÕúWÕU�� $\UÕFD� �� �����º, 38.06º, 51.82º, 

������¶�GH�úLGGHWOL�YH�\DUÕ�SLN�JHQLúOLNOHUL�GDU�SLNOHU�PHYFXWWXU�YH�GL÷HU�SLNOHU�LVH�
G�ú�N�úLGGHWOHUH�VDKLSOHUGLU��ùHNLO������YH�����¶GH�YHULOHQ�GHVHQOHU�LQFHOHQGL÷LQGH�
�� = 30.02o¶� GH� J|U�OHQ� YH� \DSÕVÕ� EHOLUOHQHPH\HQ� SLN� LOH� ������ GR÷UXOWXVXQGDNL�
SLNLQ� úLGGHWOHUL� DUWDUNHQ�� GL÷HU� W�P� \|QHOLPOHUGHNL� úLGGHWOHULQ� D]DOGÕ÷Õ�
J|U�OP�úW�U��$\UÕFD� WDEDQ� VÕFDNOÕ÷ÕQGDNL� DUWÕú� G�YH���� GH÷HUOHULQGH�ELU� ND\PD\D�
GD� VHEHS� ROPDNWDGÕU�� %X� GXUXP� WDEDQ� VÕFDNOÕ÷ÕQÕQ� DUWWÕUÕOPDVÕQÕQ� \|QHOLPOHUL�
HWNLOHGL÷LQL�RUWD\D�NR\PDNWDGÕU��%XQXQOD�EHUDEHU�0��YH�0��ILOPOHULQLQ�KHU� LNLVL�
LoLQ� GH� D\QÕ� WHUFLKOL� \|QHOLPLQ� J|]OHQPHVL�� WDEDQ� VÕFDNOÕ÷ÕQGDNL� DUWÕúÕQ� KHQ�]�
WHUFLKOL�\|QHOLPLQ�GR÷UXOWXVXQX�GH÷LúWLUHFHN�VHYL\HGH�ROPDGÕ÷ÕQÕ�J|VWHUPHNWHGLU��
ùHNLO� ����¶� GHQ� ILOPOHULQ� SROLNULVWDO� \DSÕGD� YH� NULVWDO� VLVWHPOHULQLQ� WHWUDJRQDO�
\DSÕGD�6Q22�ROGX÷X�EHOLUOHQPLúWLU� 
 

M2 filmlerinin (110) do÷UXOWXVXQGDNL� WHUFLKOL�\|QHOLPL� LoLQ�|UJ��VDELWOHUL�
a=b= 4.7214 Ö��F ��������Ö��ELULP�K�FUHQLQ�KDFPL������ �Ö�3��\DUÕ�SLN�JHQLúOL÷L�
B=  2.435x10-3 radyan ve tane boyutu t = 666 Ö�RODUDN�EXOXQPXúWXU� 
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ùHNLO������M2 filmlerinin x-ÕúÕQÕ�NÕUÕQÕP�GHVHQL� 
 

Çizelge 3.2. 0��ILOPOHULQLQ�NÕUÕQÕP�GHVHQOHULQGHQ�HOGH�HGLOHQ�ED]Õ�YHULOHU� 
����º) d (Å) (hkl) Kristal Sistemi I/I0�2UDQÕ 
26.68 3.3385 (110) Tetragonal SnO2 100 

33.92 2.6407 (101) Tetragonal SnO2 28 

38.06 2.3624 (200) Tetragonal SnO2 55 

51.82 1.7629 (211) Tetragonal SnO2 78 

65.98 1.4147 (301) Tetragonal SnO2 30 

 

 0�� ILOPOHULQLQ� ;5'� GHVHQL� ùHNLO� ����¶GH� J|U�OG�÷�� JLELGLU�� (OGH� HGLOHQ�
NÕUÕQÕP� GHVHQLQGH� IDUNOÕ� úLGGHW� YH� JHQLúOLNOHUH� VDKLS� oHúLWOL� SLNOHUH� DLW� YHULOHU�
Çizelge 3.3�¶GH�YHULOPHNWHGLU���� ������¶�GH�J|U�OHQ�SLN�HQ� úLGGHWOL�SLNWLU�YH�EX�
SLN� LoLQ� EHOLUOHQHQ� ������ GR÷UXOWXVX� ILOPOHULQ� WHUFLKOL� \|QHOLPLGLU�� %XUDGDQ� GD�
DoÕNoD� DQODúÕODFD÷Õ� JLEL� WDEDQ� VÕFDNOÕ÷ÕQÕQ� DUWWÕUÕOPDVÕ� 6Q22 filmlerinin tercihli 

\|QHOLPLQL�GH÷LúWLUPHNWHGLU���� ������������������������������¶�GH�úLGGHWOL�YH�\DUÕ�
SLN� JHQLúOLNOHUL� GDU� SLNOHU� PHYFXWWXU� YH� GL÷HU� SLNOHU� LVH� G�ú�N� úLGGHWOHUH�
VDKLSOHUGLU��$\UÕFD��� ������¶�GH�0��ILOPOHULQGH�ROGX÷X�JLEL�WDQÕPODQDPD\DQ�ELU�
ROXúXPXQ�JHUoHNOHúWL÷L� J|]OHQPLúWLU��ùHkil 3.1., 3.2. ve 3.3.’ de verilen desenler 

LQFHOHQGL÷LQGH�� 6Q22� ILOPOHULQLQ� NÕUÕQÕP�GHVHQOHULQGH� ��� GH÷HUOHULQGH� N�o�N� ELU�



ND\PD� ROGX÷X� YH� EX� GH÷HUOHUH� NDUúÕOÕN� JHOHQ� SLNOHULQ� úLGGHW� YH� \DUÕ� SLN�
JHQLúOLNOHULQGH�GH÷LúLPOHU�ROGX÷X�J|]OHQPLúWLU��%X�SLNOHUGHNL�HQ�EDUL]�GH÷LúLPLQ�
0�� ILOPL� LoLQ� WHUFLKOL� \|QHOLP� GR÷UXOWXVX� RODQ� ������ GR÷UXOWXVXQGDNL� SLNLQ�
úLGGHWLQGH� J|]OHQPLúWLU�� %X� GD� WDEDQ� VÕFDNOÕ÷ÕQÕQ� DUWPDVÕQÕQ� EX� GR÷UXOWXGDNL�
\|QHOLPH� NDWNÕ� VD÷ODGÕ÷Õ� VRQXFXQX� RUWD\D� NR\PDNWDGÕU�� ùHNLO� ����¶� GHNL� GHVHQ�
üzerinGH� J|U�OHQ� SLNOHULQ� WHWUDJRQDO� \DSÕGDNL� 6Q22� ILOPOHULQH� DLW� ROGX÷X� YH�
ILOPOHULQ�SROLNULVWDO�\DSÕGD�ROXúWXNODUÕ�EHOLUOHQPLúWLU� 
 

0�� ILOPOHULQLQ� ������GR÷UXOWXVXQGDNL� WHUFLKOL�\|QHOLPL� LoLQ�|UJ��VDELWOHUL�
a=b= 4.7458 Ö��F ��������Ö��ELULP�K�FUHQLQ�KDFPL����� (Ö�3��\DUÕ�SLN�JHQLúOL÷L�
B=  1.658x10-3 radyan ve tane boyutu t=  1413 Ö�RODUDN�EXOXQPXúWXU� 
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ùHNLO������M3 filmlerinin x-ÕúÕQÕ�NÕUÕQÕP�GHVHQL� 
 

Çizelge 3.3. 0��ILOPOHULQLQ�NÕUÕQÕP�GHVHQOHULQGHQ�HOGH�HGLOHQ�ED]Õ�YHULOHU� 
����º) d (Å) (hkl) Kristal Sistemi I/I0�2UDQÕ 
26.54 3.3358 (110) Tetragonal SnO2 44 

33.82 2.6482 (101) Tetragonal SnO2 17 

37.90 2.3720 (200) Tetragonal SnO2 13 

51.70 1.7666 (211) Tetragonal SnO2 100 

65.90 1.4162 (301) Tetragonal SnO2 47 



M4 filmlerinin XRD� GHVHQL� ùHNLO� ����¶� GH� J|U�OG�÷�� JLELGLU�� .ÕUÕQÕP�
GHVHQLQGH� IDUNOÕ� úLGGHW� YH� JHQLúOLNOHUH� VDKLS� SLNOHUH� DLW� YHULOHU� dL]HOJH� ����¶� GH�
YHULOPHNWHGLU�� �� ������¶� GH� J|U�OHQ� SLN� HQ� úLGGHWOL� SLNWLU� YH� ILOPOHULQ� WHUFLKOL�
yöneliminin bu pik için belirlenen (211) GR÷UXOWXVXQGD� ROGX÷X� EHOLUOHQPLúWLU��
�� �������� �������� �������� �������� ������¶� GH� úLGGHWOL�YH�\DUÕ�SLN�JHQLúOLNOHUL�GDU�
SLNOHU� PHYFXWWXU� YH� GL÷HU� SLNOHU� LVH� G�ú�N� úLGGHWOHUH� VDKLSOHUGLU�� $\UÕFD�
�� ������¶� GH� ùHNLO� ����� YH� ùHNLO� ����� ¶GH� J|U�OG�÷�� JLEL� EHOirlenemeyen bir 

ROXúXPXQ� JHUoHNOHúWL÷L� J|U�OP�úW�U�� ;5'� GHVHQOHUL� LQFHOHQGL÷LQGH� 0�� YH� 0��
ILOPOHULQLQ� WHUFLKOL� \|QHOLPLQL� J|VWHUHQ� ������ GR÷UXOWXVXQGDNL� SLNLQ� úLGGHWLQGH�
EHOLUJLQ� DUWÕú� J|]OHQPLúWLU�� %XUDGDQ� GD� DQODúÕODFD÷Õ� JLEL� WDEDQ� VÕFDNOÕ÷ÕQÕQ�
DUWWÕUÕOPDVÕQÕQ�� 6Q22� ILOPOHULQLQ� WHUFLKOL� \|QHOLPLQL� ������ GR÷UXOWXVX� \|Q�QGH�
GH÷LúWLUGL÷L� VRQXFXQD� XODúÕOPÕúWÕU�� *HQHO� RODUDN� WDEDQ� VÕFDNOÕ÷Õ� DWWÕNoD� ILOPOHULQ�
NULVWDOOHúPH�G�]H\OHULQLQ� L\LOHúWL÷L�EHOLUOHQPLúWLU��ùHNLO�����¶�GHNL�GHVHQ��]HULQGH�
görülen piklerin tHWUDJRQDO�\DSÕGDNL�6Q22�ILOPOHULQH�DLW�ROGX÷X�EHOLUOHQPLúWLU� 
 

0�� ILOPOHULQLQ� ������GR÷UXOWXVXQGDNL� WHUFLKOL�\|QHOLPL� LoLQ�|UJ��VDELWOHUL�
a=b= 4.7249 Ö��F ��������Ö��ELULP�K�FUHQLQ�KDFPL������ �Ö�3��\DUÕ�SLN�JHQLúOL÷L�
B= 1.580x10-3 radyan ve tane boyutu t= 1479  Ö�RODUDN�EXOXQPXúWXU� 
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ùHNLO������M4 filmlerinin x-ÕúÕQÕ�NÕUÕQÕP�GHVHQL� 
 

 



Çizelge 3.4. 0��ILOPOHULQLQ�NÕUÕQÕP�GHVHQOHULQGHQ�HOGH�HGLOHQ�ED]Õ�YHULOHU� 
����º) d (Å) (hkl) Kristal Sistemi I/I0�2UDQÕ 
26.66 3.3410 (110) Tetragonal SnO2 44 

33.94 2.6392 (101) Tetragonal SnO2 19 

38.19 2.3649 (200) Tetragonal SnO2 16 

51.82 1.7628 (211) Tetragonal SnO2 100 

66.01 1.4143 (301) Tetragonal SnO2 42 

 

Çizelge 3.5.’ de elde edilen tüm filmler için tercihli yönelimlere göre 

hesaplanan örgü sabitleri ve $670� NDUWODUÕQGDNL� GH÷HUOHU� YHULOPHNWHGLU�� %X�
oL]HOJHGHQ�LNL�GH÷HULQ�X\XP�LoHULVLQGH�ROGX÷X�EHOLUOHQPLúWLU�� 

 
Çizelge 3.5. SnO2 filmlerinin tercihli yönelimleri ve örgü sabitleri. 

HESAPLANAN ASTM 
Materyal 

Tercihli 

Yönelim a (Ö� b (Ö� c (Ö� a (Ö� b (Ö� c (Ö� 
M1 (110) 4.7460 4.7460 3.1878 4.7382 4.7382 3.1871 

M2 (110) 4.7214 4.7214 3.2197 4.7382 4.7382 3.1871 

M3 (211) 4.7458 4.7458 3.1875 4.7382 4.7382 3.1871 

M4 (211) 4.7249 4.7249 3.1970 4.7382 4.7382 3.1871 

 

 

SnO2 filmlerinin tercihli yönelimleri içLQ� KHVDSODQDQ� \DUÕ� SLN� JHQLúOLNOHUL�
YH� WDQH� ER\XWODUÕ� dL]HOJH� ����¶� GD� YHULOPHNWHGLU�� %X� oL]HOJHGHQ� J|U�OG�÷�� JLEL�
WDEDQ� VÕFDNOÕ÷Õ� DUWWÕUÕOGÕNoD�� WHUFLKOL� \|QHOLPOHULQ� \DUÕ� SLN� JHQLúOL÷L� D]DOPDNWD� YH�
WDQH�ER\XWODUÕ� LVH� DUWPDNWDGÕU��%X�GXUXP�ùHNLO�����¶�GH�YHULOHQ� WDEDQ�VÕFDNOÕ÷ÕQD�
J|UH�WDQH�ER\XWODUÕQÕQ�YH�\DUÕ�SLN�JHQLúOLNOHULQLQ�GH÷LúLP�JUDILNOHULQGHQ�GH�DoÕNoD�
J|U�OPHNWHGLU�� <DUÕ� SLN� JHQLúOLNOHULQLQ� D]DOPDVÕ� D\QÕ� ]DPDQGD� NULVWDOOHúPH�
G�]H\LQLQ�DUWWÕ÷ÕQÕQ�GD�ELU�J|VWHUJHVLGLU� 

 



Çizelge 3.6. SnO2 filmlerinLQ�\DUÕ�SLN�JHQLúOLNOHUL�YH�WDQH�ER\XWODUÕ� 

MATERYAL Bx10-3  (radyan) t (Ö� 
M1 2.897 559 

M2 2.435 666 

M3 1.658 1413 

M4 1.580 1479 
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ùHNLO� ����� 7DEDQ� VÕFDNOÕ÷ÕQD� J|UH� WDQH� ER\XWODUÕQÕQ� YH� \DUÕ� SLN� JHQLúOLNOHULQLQ�
GH÷LúLPL� 

                             
 
 
 
 
 
 
 
 
 
 
 
 



4. SnO2�)ø/0/(5ø1ø1�<h=(<�025)2/2-ø/(5ø 
 

������*LULú 
 

0DO]HPHOHULQ� IL]LNVHO� |]HOOLNOHUL� LQFHOHQLUNHQ�� \�]H\VHO� YH� \DSÕVDO�
|]HOOLNOHULQLQ�ELOLQPHVL�|QHPOLGLU��%X�DPDoOD�PDO]HPH�DQDOL]LQGH�NXOODQÕOPDN�
üzere pek çok inFHOHPH� WHNQL÷L� JHOLúWLULOPLúWLU�� %X� WHNQLNOHUH� |UQHN� RODUDN�
XRD, IR, NMR, UV, SEM ve TEM verilebilir. 

  

0DO]HPHOHULQ�\DSÕODUÕ��PDNURVNRELN�YH�PLNURVNRELN�WHNQLNOHUOH�LQFHOHQLU��
0DNURVNRELN�LQFHOHPH�RSWLN�PLNURVNRS�JLEL�G�ú�N�E�\�WPHOL�FLKD]ODUOD�\DSÕOÕU�YH 
NÕVPHQ�PDO]HPHOHULQ� \DSÕODUÕ� KDNNÕQGD� ELOJL� HGLQLOHELOLU��0LNURVNRELN� LQFHOHPH�
LVH�\�NVHN�D\ÕUW�HWPH�J�F�QH�VDKLS�HOHNWURQ�PLNURVNRSODUÕ�NXOODQÕODUDN�\DSÕOÕU�YH�
PDO]HPHQLQ�\�]H\�|]HOOLNOHUL�KDNNÕQGD�D\UÕQWÕOÕ�ELOJL�HGLQLOHELOLU� 
 

Günümüz teknolojisinde miNUR\DSÕOÕ� PDO]HPHOHUL� J|U�QW�OHPHN�� DQDOL]�
HWPHN� YH� DoÕNODPDN� LoLQ� NXOODQÕODQ� DOHWOHUGHQ� ELUL� RODQ� 6(0� �WDUDPDOÕ� HOHNWURQ�
PLNURVNREX��� NDWÕ� QHVQHOHULQ� PLNUR\DSÕVDO� |]HOOLNOHULQLQ� EHOLUOHQPHVL� YH� \�]H\�
GXUXPODUÕQÕQ� LQFHOHQPHVLQGH� NXOODQÕODQ� oRN� \|QO�� ELU� D\JÕWWÕU�� %X� PLNURVNRS�
�����\ÕOÕQGDQ�EHUL�NXOODQÕOPDNWDGÕU�� 
 

6(0¶� LQ� NXOODQÕúOÕ� ROPDVÕQÕQ� QHGHQL� KDFLPVHO� QHVQHOHULQ� LQFHOHQPHVLQGH�
HOGH�HGLOHQ�\�NVHN�o|]�Q�UO�NW�U��6(0¶�LQ�GL÷HU�ELU�DYDQWDMÕ�LVH�PDO]HPH�\�]H\L�
LQFHOHQGL÷LQGHQ�PDO]HPHQLQ�NDOÕQOÕ÷ÕQÕQ�|QHPOL�ROPDPDVÕGÕU��$WD\�������� 
 

SEM’ de elde edilen yüzey görüntülerinde seçilen bir bölge için elemental 

DQDOL]� YH\D� PLNURDQDOL]�� HQHUML� GD÷ÕOÕPOÕ� [-ÕúÕQODUÕ� VSHNWURVNRSLVL� �('6��
NXOODQÕODUDN�\DSÕOÕU��6(0�('6�VLVWHPL�LOH�NDUDNWHULVWLN�[-ÕúÕQODUÕ�DQDOL]�HGLOLr. Bu 

úHNLOGH�KHP�PDO]HPHQLQ�\�]H\�J|U�QW�V��HOGH�HGLOHELOLU�KHP�GH�HOHPHQWDO�DQDOL]L�
\DSÕODELOLU�� 0DO]HPH� 6(0¶� LQ� HOHNWURQ� ÕúÕQÕ� LOH� ERPEDUGÕPDQ� HGLOGL÷LQGH��
HOHNWURQODU� PDO]HPH� \�]H\LQL� NDSVD\DQ� DWRPODUGDQ� NRSDUÕOÕU�� 2OXúDQ� HOHNWURQ�
ERúOX÷X�GDKD�\�NVHN�Nabuktaki bir elektron ile doldurulur ve x-ÕúÕQÕ� LNL�HOHNWURQ�



DUDVÕQGDNL� HQHUML� IDUNÕQÕ� GHQJHOHPHN� LoLQ� VDOÕQÕU�� ('6� [-ÕúÕQÕ� GHGHNW|U��
HQHUMLOHULQH� J|UH� VDOÕQDQ� [-ÕúÕQODUÕQÕQ� VD\ÕVÕQÕ� |OoHU�� ;-ÕúÕQÕQÕQ� HQHUMLVL� [-ÕúÕQÕQÕ�
VDODQ�HOHPHQWLQ�NDUDNWHULVWL÷LGLU��'edekte edilen x-ÕúÕQODUÕQÕQ�ED÷ÕO�VD\ÕODUÕQD�J|UH�
bir enerji spektrumu elde edilir ve malzemede var olan elementlerin nicel ve nitel 

DQDOL]OHUL� LoLQ� GH÷HUOHQGLULOLU�� ('6� PLNURDQDOL]� VLVWHPL� [-ÕúÕQODUÕQÕ� WRSOD\DQ��
RQODUÕ�HQHUMLOHULQH�J|UH�VÕQÕIODQGÕUDQ��JUDILNOHULQL�oL]HQ�YH�EX�HQHUML�GD÷ÕOÕPÕQGDNL�
SLNOHULQ�KDQJL� HOHPHQWOHUH� DLW� ROGXNODUÕQÕ� EHOLUOH\HQ�ELU� VLVWHPGLU� �*ROGVWHLQ�DQG�
Yakowitz, 1975).   

 

6(0¶�GH�VD÷OÕNOÕ�ELU�J|U�QW��HOGH�HWPHN�LoLQ�HOHNWURQ�GHPHWLQLQ�PDO]HPH�
\�]H\LQL� G�]J�Q� ELU� úHNLOGH� WDUDPDVÕ� JHUHNLU�� 0DO]HPH� \�]H\LQGH� ROXúDELOHFHN�
HOHNWURVWDWLN� DODQODU� HOHNWURQODUÕ� VDSWÕUDUDN� G�]J�Q� WDUDPD\Õ� YH� DOJÕODPD\Õ�
|QOHUOHU�� %X� DODQODU�� JHOHQ� HOHNWURQ� VD\ÕVÕ� LOH� oHúLWOL� ELoLPOHUGH� PDO]HPHGHQ�
D\UÕODQ�HOHNWURQ�VD\ÕVÕ�DUDVÕQGD�IDUN�ROGX÷XQGD��ELULNHQ�\�N�Lle meydana gelir. Bu 

IDUNOÕODúPD\D� GD� PDO]HPH� \�]H\LQLQ� LOHWNHQ� ROPDPDVÕ� YH\D� LOHWNHQ� \�]H\OHUGH�
EXOXQDQ� LOHWNHQ� ROPD\DQ� E|OJHOHU� LOH� WR]�� NLU� JLEL� PDGGHOHU� QHGHQ� ROPDNWDGÕU�
�%LOJLQ�� ������� %XQGDQ� GROD\Õ�� 6(0¶� GH� LQFHOHQHFHN� PDO]HPHOHULQ� KHU� úH\GHQ�
önce vaNXPGD�EXKDUODúPD\DQ��NDWÕ�KDOGH�WHPL]�YH�LOHWNHQ�\�]H\OL�ROPDVÕ�JHUHNLU�� 
 

4.2. SnO2�)LOPOHULQLQ�6(0�)RWR÷UDIODUÕ�YH�('6�0LNURDQDOL]OHUL 
 

 �7�P� ILOPOHULQ� \�]H\� IRWR÷UDIODUÕ� YH� ('6�PLNURDQDOL]OHUL� =HLVV� 6XSUD�
��93�FLKD]ÕQGD�DOÕQPÕúWÕU��)LOPOHULQ�6(0�J|U�QW�OHULQLQ�GDKD�QHW�DOÕQDELOPHVL�
LoLQ� \�]H\OHULQH� DOWÕQ� NDSODPD� \DSÕOPÕúWÕU�� %XUDGD� DPDFÕPÕ]� �UHWLOHQ� 6Q22 

filmlerinin yüzeylerini SEM ile ve mikroanalizlerini EDS ile inceleyerek, taban 

VÕFDNOÕ÷ÕQD�ED÷OÕ�RODUDN�ILOPOHULQ�\�]H\OHULQGH�QH�JLEL�GH÷LúLNOLNOHULQ�ROGX÷XQX�
görmektir. 

 

 

0��ILOPOHULQLQ������YH�������NH]�E�\�W�OP�ú�6(0�J|U�QW�OHUL�VÕUDVÕ�LOH��
ùHNLO� �����D�� YH� ùHNLO� �����E�� ¶GH� YHULOPHNWHGLU�� ùHNLO� �����D�� LQFHOHQGL÷LQGH��
ILOPOHULQ� \�]H\OHULQLQ� WDP� RODUDN� KRPRMHQ� ELU� GD÷ÕOÕPD� VDKLS� ROPDGÕ÷Õ�� \�]H\�



üzeriQGH�IDUNOÕ�E�\�NO�NWH�GH÷LúLN�\DSÕODUÕQ�ROXúWX÷X�J|U�OPHNWHGLU��ùHNLO������E�¶�
GHQ� ROXúXPXQ� \�]H\GH� GD÷ÕQÕN� úHNLOGH� JHUoHNOHúWL÷L� EHOLUOHQPLúWLU�� <�]H\GH�
J|U�OHQ� \XYDUODN� EH\D]� \DSÕODUÕQ� SDUoDFÕNODUÕQ� \�]H\� �]HULQGH� N�o�N� WRUWXODU�
úHNOLQGH� \Õ÷ÕOPDVÕQGDQ� ND\QDNODQGÕ÷ÕQÕ� V|\OH\HELOLUL]�� 7DEDQ� VÕFDNOÕ÷ÕQÕQ� oRN�
G�ú�N� ROPDVÕQGDQ� GROD\Õ� WDQHFLNOHULQ� \�]H\H� \HWHULQFH� WXWXQDPDPDVÕ� YH� EXQD�
ED÷OÕ�RODUDN�ILOP�ROXúXPXQXQ�L\L�JHUoHNOHúHPHGL÷LQL�G�ú�QPHNWH\L]� 
 

 

 

�ùHNLO������D���0��ILOPOHULQLQ������NH]�E�\�W�OP�ú�6(0�J|rüntüsü.  



 

 

ùHNLO������E��0��ILOPOHULQLQ�������NH]�E�\�W�OP�ú�6(0�J|U�QW�V��� 
 

 

0��ILOPOHULQLQ�HOHPHQWDO�DQDOL]LQLQ�\DSÕOPDVÕ�LoLQ�DOÕQDQ�('6�VSHNWUXPX�
ùHNLO�����¶�GH�YH�EX�VSHNWUXPD�DLW�YHULOHU�dL]HOJH�����¶�GH�YHULOPHNWHGLU��ùHNLO������
ve Çizelge 4.1. iQFHOHQGL÷LQGH�� 6Q� YH� 2� HOHPHQWOHULQLQ� EHNOHQLOGL÷L� JLEL� NDWÕ�
ILOPLQ� \DSÕVÕQGD� YDU� ROGX÷X� YH� DWRP� \�]GHOHUL� LQFHOHQGL÷LQGH� ELU� 6Q� DWRPXQD�
NDUúÕOÕN� LNL� 2� DWRPXQXQ� EXOXQGX÷X� \DQL� \DSÕQÕQ� VWRNL\RPHWULN� ROGX÷X�
J|U�OPHNWHGLU�� %X� oL]HOJHGHQ� ILOPLQ� \DSÕVÕQGD� 6Q� YH� 2� KDULFLQGH� D\UÕFD� WDEDQ�
FDPÕQGDQ� ND\QDNODQGÕ÷ÕQÕ� G�ú�QG�÷�P�]� 6L� YH� 1� HOHPHQWOHULQLQ� GH� ROGX÷X�
görülmektedir. 

 



 

 

ùHNLO������M1 filmlerinin EDS spektrumu. 

  

  Çizelge 4.1. 0��ILOPOHULQLQ�('6�PLNURDQDOL]�VRQXoODUÕ� 
   

  

  

  

 

0�� ILOPOHULQLQ� ����� YH� ������ NH]� E�\�W�OP�ú� 6(0� J|U�QW�OHUL� ùHNLO�
�����D�� YH� ùHNLO� �����E�¶� GH� YHULOPHNWHGLU�� ùHNLO� �����D�� LQFHOHQGL÷LQGH�� ILOPOHULQ�
yüzeylerinin M1 filmlerinin yüzeyOHULQH� QD]DUDQ� GDKD� KRPRMHQ� GD÷ÕOÕPD� VDKLS�
ROGX÷X�� \�]H\� �]HULQGH� IDUNOÕ� E�\�NO�NWH� ROXúDQ� GH÷LúLN� \DSÕODUÕQ� VD\ÕVÕQGD�
D]DOPD� ROGX÷X� J|U�OPHNWHGLU�� ùHNLO� �����E�� LQFHOHQGL÷LQGH�� DUWDQ� WDEDQ� VÕFDNOÕ÷Õ�
LOH� 0�� PDO]HPHVLQGH� J|U�OHQ� \�]H\GHNL� GD÷ÕQÕN� ROXúXPXQ� D]DOGÕ÷Õ� \DQL�
GD÷ÕOÕPÕQ� W�P�ILOP�\�]H\L��]HULQH�G�]J�Q�ROPD\D�EDúODGÕ÷Õ�J|U�OP�úW�U��$\UÕFD�
\�]H\� �]HULQGH� N�o�N� WRUWXODU� úHNOLQGH� \Õ÷ÕOPDODUGDQ� ND\QDNODQGÕ÷ÕQÕ�
G�ú�QG�÷�P�]� \XYDUODN� EH\D]� \DSÕODUÕQ� VD\ÕVÕQÕQ� D]DOGÕ÷Õ� J|U�OP�úW�U�� 7DEDQ�
VÕFDNOÕ÷ÕQGDNL� DUWÕúÕQ� \�]H\� PRUIRORMLVLQL� EHOLUJLQ� úHNLOGH� GH÷LúWLUGL÷L� YH�
SDUoDFÕNODUÕQ� \�]H\H� GDKD� L\L� WXWXQPDVÕQGDQ� GROD\Õ� ILOP� ROXúXPXQXQ� GDKD� L\L�
JHUoHNOHúWL÷LQL�G�ú�QPHNWH\L]�� 

Element (OHPHQWDO�$÷��� Atom % 

Si K 1.18 2.03 

Sn L 76.78 31.30 

O 22.04 60.67 

Toplam 100.00 100.00 



 

  ùHNLO������D���0��ILOPOHULQLQ������NH]�E�\�W�OP�ú�6(0�J|U�QW�V�� 

 

ùHNLO������E��M2 filmOHULQLQ�������NH]�E�\�W�OP�ú�6(0�J|U�QW�V�� 
 

0��ILOPOHULQLQ�('6�VSHNWUXPX�ùHNLO�����¶�GH�YH�EX�VSHNWUXPD�DLW�YHULOHU�
dL]HOJH�����¶�GH�YHULOPHNWHGLU��ùHNLO������YH�dL]HOJH������LQFHOHQGL÷LQGH��6Q�YH�2�



HOHPHQWOHULQLQ� EHNOHQLOGL÷L� JLEL� NDWÕ� ILOPLQ� \DSÕVÕQGD� YDU� ROGX÷X� YH� DWRP�
\�]GHOHULQH� EDNÕOGÕ÷ÕQGD� \DSÕQÕQ� \DNODúÕN� VWRNL\RPHWULN� ROGX÷X� EHOLUOHQPLúWLU��
$\UÕFD�6Q�YH�2�KDULFLQGH�WDEDQ�FDPÕQGDQ�ND\QDNODQGÕ÷ÕQÕ�G�ú�QG�÷�P�]�6L�YH�1�
HOHPHQWOHULQLQ�GH�PHYFXW�ROGX÷X�J|U�OPHNWHGLU� 
 

 

 

 

 

ùHNLO������M2 filmlerinin EDS spektrumu. 

 

 Çizelge 4.2. 0��ILOPOHULQLQ�('6�PLNURDQDOL]�VRQXoODUÕ� 
 

 

  

   

 

    

    

 

0�� ILOPOHULQLQ� ����� YH� ������ NH]� E�\�W�OP�ú� 6(0� J|U�QW�OHUL� ùHNLO�
4����D�� YH� ùHNLO� �����E�¶� GH� YHULOPHNWHGLU�� ùHNLO� �����D�¶� GDQ� ILOPOHULQ�
\�]H\OHULQGHNL� KRPRMHQ� GD÷ÕOÕPÕQ� DUWWÕ÷Õ� YH� \�]H\� �]HULQGH� ROXúDQ� \Õ÷ÕOPDODUÕQ�
\HULQL�GDKD�L\L�YH�N�o�N�WDQHOL�ROXúXPODUD�EÕUDNPD\D�EDúODGÕ÷Õ�J|U�OPHNWHGLU��%X�
GXUXP� ùHNLO� �����E�¶� GH� GDKD� QHW� ELU� úHNLOGH� J|]H� oDUSPDNWDGÕU�� %XQD� J|UH�

Element (OHPHQWDO�$÷��� Atom % 

Si K 2.66 4.38 

Sn L 74.28 28.95 

O 23.06 66.67 

Toplam 100.00 100.00 



WDQHFLNOHULQ�\�]H\H�GDKD�L\L�YH�VÕNÕ�WXWXQGX÷XQX�YH�GR÷DO�RODUDN�ILOP�ROXúXPXQXQ�
GDKD� L\L� ROGX÷XQX� G�ú�QPHNWH\L]�� <DQL� WDEDQ� VÕFDNOÕ÷ÕQÕQ� DUWÕúÕQÕQ� ILOPOHULQ�
\�]H\VHO�|]HOOLNOHUL��]HULQGH�ROXPOX�HWNL�\DSWÕ÷Õ�EHOLUOHQPLúWLU�� 

 

 

 

ùHNLO������D���0��ILOPOHULQLQ������NH]�E�\�W�OP�ú�6(0�J|U�QW�V�� 
 



 

 

ùHNLO������E��0��ILOPOHULQLQ�������NH]�E�\�W�OP�ú�6(0�J|U�QW�V�� 
 

0�� ILOPOHULQLQ�('6� VSHNWUXPX�ùHNLO� ����¶GD� YH�EX� VSHNWUXPD�DLW� YHULOHU�
Çizelge 4.3.’ de verilmekteGLU��ùHNLO������YH�dL]HOJH������LQFHOHQGL÷LQGH��6Q�YH�2�
HOHPHQWOHULQLQ� EHNOHQLOGL÷L� JLEL� NDWÕ� ILOPLQ� \DSÕVÕQGD� YDU� ROGX÷X� YH� ELOHúLPLQ�
VWRNL\RPHWULN� ROGX÷X� J|U�OPHNWHGLU�� %X� oL]HOJHGHQ� ILOPLQ� \DSÕVÕQGD� 6Q� YH� 2�
KDULFLQGH� D\UÕFD� WDEDQ� FDPÕQGDQ� ND\QDNODQGÕ÷ÕQÕ� G�ú�QG�÷�P�]� 6L� YH� 1�
HOHPHQWOHULQLQ�GH�ROGX÷X�J|U�OPHNWHGLU� 
 

 

ùHNLO������M3 filmlerinin EDS spektrumu. 



 Çizelge 4.3. 0��ILOPOHULQLQ�('6�PLNURDQDOL]�VRQXoODUÕ� 
 

 

 

 

 

 

 

0��ILOPOHULQLQ������YH�������NH]�E�\�W�OP�ú�6(0�J|U�QW�OHUL�VÕUDVÕ�LOH��
ùHNLO� �����D�� YH� ùHNLO� �����E�¶� GH� YHULOPHNWHGLU�� ùHNLO� �����D�� LQFHOHQGL÷LQGH�
ILOPOHULQ� \�]H\OHULQGHNL� KRPRMHQOL÷LQ� DUWWÕ÷Õ� YH� \�]H\� �]HULQGH� N�o�N� WDQHOL�
\DSÕQÕQ�JHUoHNOHúWL÷L�J|U�OPHNWHGLU��ùHNLO������E�¶�GHQ�ILOP�ROXúXPXQXQ�QLVSHWHQ�
KRPRMHQ�úHNLOGH�YH�|QFHNL� ILOPOHUH�J|UH�oRN�GDKD�JHQLú�E|OJHOHUGH�JHUoHNOHúWL÷L�
J|U�OP�úW�U�� 7DEDQ� VÕFDNOÕ÷ÕQGDNL� DUWÕúÕQ� \�]H\� PRUIRORMLVLQL� EHOLUJLQ� úHNLOGH�
GH÷LúWLUGL÷L� YH� WDQHFLNOHULQ� \�]H\H� GDKD� L\L� WXWXQPDVÕQGDQ� GROD\Õ� ILOP�
ROXúXPXQXQ�GDKD�L\L��VÕNÕ�YH�GDKD�JHQLú�\�]H\GH�JHUoHNOHúWL÷L�J|U�OP�úW�U�� 

 

ùHNLO������D���0��ILOPOHULQLQ������NH]�E�\�W�OP�ú�6(0�J|U�QW�V�� 

Element (OHPHQWDO�$÷��� Atom % 

Si K 3.12 5.07 

Sn L 73.50 28.26 

O 23.37 66.67 

Toplam 100.00 100.00 



 

   ùHNLO�������E��0��ILOPOHULQLQ�������NH]�E�\�W�OP�ú�6(0�J|U�QW�V�. 

 

0��ILOPOHULQLQ�HOHPHQWDO�DQDOL]LQLQ�\DSÕOPDVÕ�LoLQ�DOÕQDQ�('6�VSHNWUXPX�
ùHNLO�����¶�GH�YH�EX�VSHNWUXPD�DLW�YHULOHU�dL]HOJH�����¶GH�YHULOPHNWHGLU��ùHNLO������
YH� dL]HOJH� ����� LQFHOHQGL÷LQGH�� 6Q� YH� 2� HOHPHQWOHULQLQ� EHNOHQLOGL÷L� JLEL� NDWÕ�
ILOPLQ� \DSÕVÕQGD� YDU� ROGX÷X� YH� DWRP� \�]GHOHULQH� EDNÕOGÕ÷ÕQGD� \DSÕQÕQ�
VWRNL\RPHWULN� ROGX÷X� J|U�OPHNWHGLU�� %X� oL]HOJHGHQ� ILOPLQ� \DSÕVÕQGD� 6L� YH� 1�
HOHPHQWOHULQLQ�GH�ROGX÷X�J|U�OPHNWHGLU� 

 

 

ùHNLO������M4 filmlerinin EDS spektrum 



 

 Çizelge 4.4. M4 filmlerinin EDS mikroanaliz  sRQXoODUÕ� 
 

 

 

 

 

 

SEM görüntülerinin incelenmesi sonucunda elde edilen filmlerin 

\�]H\OHULQGHNL� KRPRMHQOL÷LQ� WDEDQ� VÕFDNOÕ÷ÕQÕQ� DUWPDVÕ\OD� DUWWÕ÷Õ� IDNDW� JHnel 

RODUDN� |]HOOLNOH� G�ú�N� VÕFDNOÕNODUGD� ILOPOHU� LoLQ� EHOLUOL� ELU� JHRPHWUL\H� VDKLS�
ROPD\DQ� IDUNOÕ� E�\�NO�NOHUGHNL� JHOLúLJ�]HO� GD÷ÕOÕPÕQ� V|]� NRQXVX� ROGX÷X� WHVSLW�
HGLOPLúWLU��$\UÕFD�WDEDQ�VÕFDNOÕ÷ÕQÕQ�DUWPDVÕQD�ED÷OÕ�RODUDN�ILOPOHULQ�\�]H\OHULQGH�
GD÷ÕQÕN� RODQ� ROXúXPXQ� GDKD� L\L� YH� N�o�N� WDQHOL� ROXúXPODUD� JLWWL÷L� J|U�OP�úW�U��
%X� GXUXP�� WDEDQ� VÕFDNOÕ÷ÕQÕQ� DUWPDVÕ� LOH� WDEDQD� WXWXQPDQÕQ� NXYYHWOHQGL÷L�
VRQXFXQD� XODúPDPÕ]Õ� VD÷ODU��%XQXQOD� ELUOLNWH� KRPRMHQ� ROPD\DQ� GD÷ÕOÕPÕQ�8.3�
WHNQL÷LQGHQ� ND\QDNODQGÕ÷ÕQÕ� V|\OH\HELOLUL]�� %X� WHNQLN� NXOODQÕODUDN� WDP� RODUDN�
KRPRMHQ�GD÷ÕOÕPOÕ�ILOPOHU��UHWPHN�ROGXNoD�]RUGXU��(OGH�HGLOHQ�ILOPOHULQ�IL]LNVHO��
\DSÕVDO� YH� \�]H\VHO� |]HOOLNOHUL� GHQH\� SDUDPHWUHOHUL� LOH� GR÷UXGDQ� LOLúNLOLGLU��
)LOPOHULQ� �UHWLPL� HVQDVÕQGD� EX� SDUDPHWUHOHULQ� GÕúDUÕGDQ� NRQWURO�Q�Q�]RU�ROPDVÕ��
ILOPOHULQ� \�]H\LQGH� KRPRMHQ� ELU� GD÷ÕOÕP� HOGH� HGHPHPHPL]LQ� VHEHSOHUL�
DUDVÕQGDGÕU��('6�VSHNWUXPODUÕ�YH�EXQODUGDQ�HOGH�HGLOHQ�DWRP�\�]GHOHUL�VRQXoODUÕ�
J|]� |Q�QH� DOÕQGÕ÷ÕQGD�� ELOHúLPLQ� KHPHQ�KHPHQ� VWRNL\RPHWULN� ROGX÷X� YH�KHU�ELU�
film için�6Q�YH�2�HOHPHQWOHULQLQ�\DNODúÕN�RODUDN�D\QÕ�RUDQ�YH�PLNWDUGD�EXOXQGX÷X�
WHVSLW�HGLOPLúWLU� 
 
 
 
 
 
 
 
 
 
 
 

Element (OHPHQWDO�$÷��� Atom % 

Si K 0.73 1.28 

Sn L 77.53 32.05 

O 21.74 66.67 

Toplam 100.00 100.00 



5. SnO2�)ø/0/(5ø1ø1�237ø.�g=(//ø./(5ø 
 

�����*LULú 
 

 *�Q�P�]GH� RSWRHOHNWURQLN� GHYUHOHULQ� NXOODQÕPÕ� YH� WHNQRORMLVL� JHOLúWLNoH��
\DUÕLOHWNHQ� PDO]HPHOHULQ� RSWLk özelliklerinin incelenmesi giderek önem 

ND]DQPDNWDGÕU�� 2SWRHOHNWURQLN� GHYUHOHULQ� oDOÕúPD� SUHQVLEL�� \DUÕLOHWNHQLQ�
HOHNWURQODUÕ� LOH� PDO]HPH� �]HULQH� J|QGHULOHQ� IRWRQODUÕQ� HWNLOHúHUHN� \DUÕLOHWNHQ�
LoHULVLQGH�VHUEHVW�\�N�WDúÕ\ÕFÕODUÕ�ROXúWXUPDVÕ�LúOHPLQH�GD\DQPDNWDGÕU��%X�\�]GHQ��
HOHNWURQODUÕQ� IRWRQODU� LOH� HWNLOHúPHVLQL� LQFHOHPHN�� \DUÕLOHWNHQOHULQ� SUDWLNWH�
X\JXODQPDVÕ�YH�IL]LNVHO�|]HOOLNOHULQLQ�EHOLUOHQPHVL�DoÕVÕQGDQ�|QHP�ND]DQPDNWDGÕU�
(Singh, 1995). 

 

�����<DUÕLOHWNHQOHULQ�2SWLN�g]HOOLNOHUL 
 

%LU� \DUÕLOHWNHQ� �]HULQH� IRWRQ� J|QGHULOGL÷LQGH�� DWRPODUÕQ� HOHNWURQODUÕ� LOH�
IRWRQODUÕQ�HWNLOHúPHVL�VRQXFX��VR÷XUPD��JHoLUJHQOLN��\DQVÕPD�YH�NÕUÕOPD�JLEL�SHN�
çok optik olay meydana gelir (Askeland, 1998). 

 

<DUÕLOHWNHQ� PDO]HPH� �]HULQH� J|QGHULOHQ� ELU� IRWRQ�� \DUÕLOHWNHQLQ� \DVDN�
enHUML�DUDOÕ÷ÕQD��(g��HúLW�YH\D�GDKD�E�\�N�ELU�HQHUML\H�VDKLSVH��EX�GXUXPGD�YDODQV�
EDQGÕQGDNL�ELU�HOHNWURQ�X\DUÕODUDN�LOHWLP�EDQGÕQD�JHoHU�YH�EX�ROD\�VR÷XUPD�RODUDN�
DGODQGÕUÕOÕU��6WUHHWPDQ���������/LQHHU�VR÷XUPD�NDWVD\ÕVÕ�.� 

 

d

A
=α                                                         (5.1) 

 

LIDGHVL� NXOODQÕODUDN� EXOXQXU�� %XUDGD� $� DEVRUEDQVÕ� YH� G� ILOPLQ� NDOÕQOÕ÷ÕQÕ�
göstermektedir. .�� PDO]HPHQLQ� \R÷XQOX÷XQD�� JHOHQ� ÕúÕ÷ÕQ� GDOJDER\XQD� YH�
PDO]HPHQLQ� \DVDN� HQHUML� DUDOÕ÷ÕQD� ED÷OÕ� RODUDN� GH÷LúLU� �3ark and Mackenzie, 

1995; Smith, 1990). 

 



  

<DUÕLOHWNHQOHUGH� G|UW� oHúLW� VR÷UXOPD� ROD\Õ� PH\GDQD� JHOLU�� %XQODU� WHPHO�
VR÷UXOPD� ROD\Õ�� HNVLWRQODU� WDUDIÕQGDQ� VR÷UXOPDVÕ�� VHUEHVW� \�N� WDúÕ\ÕFÕODUÕ�
WDUDIÕQGDQ�VR÷UXOPDVÕ�YH�NDWNÕ�DWRPODUÕ�WDUDIÕQGDQ�VR÷UXOPDVÕGÕU� 

 

THPHO� VR÷UXOPD� ROD\Õ�� \DUÕLOHWNHQ� �]HULQH� JHOHQ� IRWRQODUÕQ� YDODQV�
EDQGÕQGDNL� HOHNWURQODU� WDUDIÕQGDQ� VR÷UXOPDVÕ� LOH� YDODQV� EDQGÕQGDNL� EX�
HOHNWURQODUÕQ� V|N�OHUHN� LOHWLP� EDQGÕQD� JHoPHOHUL� VRQXFX� PH\GDQD� JHOLU�� %X�
GXUXPXQ� JHUoHNOHúHELOPHVL� LoLQ� \DUÕLOHWNHQ� �]HUine gelen fotonun enerjisinin 

\DUÕLOHWNHQLQ�\DVDN�HQHUML�DUDOÕ÷ÕQD�HúLW�YH\D�GDKD�E�\�N�ROPDVÕ�JHUHNLU��<DQL� 
 

K�≥ Eg                                                        (5.2) 

 

ROPDOÕGÕU�� %XUDGD� K�� IRWRQXQ� HQHUMLVL� YH� (g¶� GH� \DUÕLOHtkenin yasak enerji 

DUDOÕ÷ÕGÕU� 
 

<DUÕLOHWNHQOHUGH�LNLQFL�VR÷UXOPD�ROD\Õ�HNVLWRQODU�WDUDIÕQGDQ�VR÷UXOPDGÕU��
<DUÕLOHWNHQOHUGH�ED÷OÕ�ELU�HOHNWURQOD�KRO�ELUELUOHULQL�&RXORPE�NXYYHWL\OH�oHNHUOHU�
YH�ELUELUOHULQLQ�HWUDIÕQGD�G|QHUOHU��(NVLWRQODU�WDUDIÕQGDQ�VR÷XUXOma için,  

 

K�≥ Eg- Eeks                                                (5.3) 

 

úDUWÕQÕQ�VD÷ODQPDVÕ�JHUHNLU��%XUDGD�(eks�HNVLWRQXQ�ED÷ODQPD�HQHUMLVLGLU� 
 

<DUÕLOHWNHQOHUGH� �o�QF�� VR÷UXOPD�ROD\Õ� VHUEHVW� \�N� WDúÕ\ÕFÕODUÕ� WDUDIÕQGDQ�
VR÷UXOPDVÕGÕU��*HOHQ�IRWRQXQ�HQHUMLVL�\DUÕLOHWNHQLQ�\DVDN�HQHUML�DUDOÕ÷ÕQD�HúLW�YH\D�
RQGDQ�N�o�N� LVH��EX� IRWRQ�YDODQV�EDQGÕQGDNL�ELU�KRO�\D�GD� LOHWLP�EDQGÕQGDNL�ELU�
HOHNWURQ� WDUDIÕQGDQ� VR÷UXOXU� YH� VHUEHVW� \�N� WDúÕ\ÕFÕODUÕQÕQ� D\QÕ� EDQW� LoHULVLQGH�
daha yüksek enerji� VHYL\HOHULQH� X\DUÕOPDODUÕQÕ� VD÷ODU�� %X� ROD\� VHUEHVW� \�N�
WDúÕ\ÕFÕODUÕ�WDUDIÕQGDQ�VR÷UXOPD�RODUDN�ELOLQLU� 

 

 



'|UG�QF�� VR÷UXOPD� ROD\Õ� LVH� NDWNÕ� DWRPODUÕ� WDUDIÕQGDQ� VR÷UXOPDVÕGÕU��
.DWNÕOÕ� \DUÕLOHWNHQOHUGH� PH\GDQD� JHOHQ� EX� ROD\GD�� \DUÕLOHWNHQH� JHOHQ� IRWRQXQ�
enHUMLVL�\DUÕLOHWNHQLQ�\DVDN�HQHUML�DUDOÕ÷ÕQGDQ�N�o�N�ROGX÷X�LoLQ�YDODQV�EDQGÕQGDNL�
ELU�HOHNWURQ� LOHWLP�EDQGÕQD�oÕNDPD]��*HOHQ�IRWRQ�NDWNÕOÕ�\DUÕLOHWNHQLQ� WLSLQH�J|UH�
GRQ|U�YH�DNVHSW|U�DWRPODUÕ�WDUDIÕQGDQ�VR÷UXOXU� 

 

  Malzeme üzerine gönderilen fotonlar, bir elektronu daha yüksek bir enerji 

VHYL\HVLQH� X\DUPDN� LoLQ� \HWHUOL� HQHUML\H� VDKLS� GH÷LOOHUVH�� VR÷XUXOPD� \HULQH�
JHoLULOLUOHU�YH�PDO]HPH�VD\GDP�RODUDN�GDYUDQÕU��*HoLUJHQOLN��JHoHQ�ÕúÕN�úLGGHWLQLQ�
JHOHQ�ÕúÕN�úLGGHWLQH�RUDP�RODUDN�WDQÕPODQÕU�YH�7�LOH�WHPVLO�HGLlir (Pankove, 1971). 

0DO]HPH�LOH�IRWRQODUÕQ�HWNLOHúPHVL�VRQXFX�PH\GDQD�JHOHQ�GL÷HU�ELU�RSWLN�ROD\�GD�
\DQVÕPDGÕU�� <DQVÕPD�� PDO]HPH� \�]H\LQGHQ� \DQVÕ\DQ� ÕúÕN� úLGGHWLQLQ� JHOHQ� ÕúÕN�
úLGGHWLQH� RUDQÕ� RODUDN� WDQÕPODQÕU� YH� 5� LOH� WHPVLO� HGLOLU�� 0DO]HPHQLQ� \�]H\L�
düzJ�QVH� YH� JHOHQ� IRWRQODU� G�ú�N� ELU� HQHUML\H� VDKLSVH�� IRWRQODUÕQ� ELU� NÕVPÕ�
PDO]HPH�\�]H\LQGHQ�\DQVÕWÕOÕU��$VNHODQG���������0DO]HPHQLQ�\DQVÕPD�GH÷HUL�5� 
 

ATe1R −=              (5.4.) 

 

LIDGHVLQGHQ� EXOXQXU�� %XUDGD� 7� JHoLUJHQOL÷L� YH� $� DEVRUEDQVÕ� J|stermektedir. A 

GH÷HULQL�KHVDSODPDN�LoLQ�� 
 

T = 10-A              (5.5.) 

 

LIDGHVL�NXOODQÕOÕU��g]VDQ��HW�DO��������� 
 

<DUÕLOHWNHQ� PDO]HPHOHULQ� RSWLN� |Oo�P� VRQXoODUÕQGDQ� ID\GDODQÕODUDN�
EHOLUOHQHQ� GL÷HU� ELU� SDUDPHWUHVL� GH�\DVDN� HQHUML� DUDOÕ÷ÕGÕU��<DUÕLOHWNHQOerin yasak 

HQHUML� DUDOÕ÷ÕQÕQ� GLUHNW� RODUDN� EHOLUOHQPHVLQGH� EHONL� GH� HQ� EDVLW� \|QWHP� WHPHO�
VR÷XUPD�VSHNWUXPXQGDQ�ID\GDODQDUDN�RSWLN�PHWRGX�NXOODQPDNWÕU��(QHUMLVL�ELOLQHQ�
ELU�IRWRQ�WDUDIÕQGDQ�HOHNWURQXQ�YDODQV�EDQGÕQGDQ�LOHWLP�EDQGÕQD�X\DUÕOPDVÕ�RODUDN�
bilinHQ� YH� VR÷XUPDQÕQ� NHVNLQ� ELU� DUWÕú� J|VWHUGL÷L� E|OJH� WHPHO� VR÷XUPD� E|OJHVL�
RODUDN�WDQÕPODQÕU��7HPHO�VR÷UXOPD�VÕQÕUÕQGD�\DUÕLOHWNHQOHUGH�GLUHNW�EDQW�JHoLúL�YH�



LQGLUHNW� EDQW� JHoLúL� ROPDN��]HUH� LNL� W�U� JHoLú�ROD\Õ�PH\GDQD�JHOHELOLU� �0RWW� DQG�
Davis, 1971). DirekW� EDQW� \DSÕOÕ� \DUÕLOHWNHQOHUGH� YDODQV� EDQGÕQÕQ� �VW� VÕQÕUÕ� LOH�
LOHWLP� EDQGÕQÕQ� DOW� VÕQÕUÕ� HQHUML� PRPHQWXP� X]D\ÕQGD� D\QÕ� N� GH÷HULQGHGLU�� %X�
JHoLúWH�YDODQV�EDQGÕQGDNL�ELU�HOHNWURQXQ�LOHWLP�EDQGÕQD�JHoHELOPHVL�LoLQ��HQHUMLVL�
\DUÕLOHWNHQ� PDO]HPHQLQ� \DVDN� HQHUML� DUDOÕ÷ÕQD� HúLW� \D� GD� GDKD� E�\�N� RODQ� ELU�
IRWRQX�VR÷XUPDVÕ�JHUHNLU��&G6��=Q6�YH�*D$V�JLEL�PDO]HPHOHU�GLUHNW�EDQW�\DSÕVÕQD�
sahip PDO]HPHOHUGLU�� øQGLUHNW� EDQW�\DSÕOÕ�\DUÕLOHWNHQOHUGH� LVH�YDODQV�EDQGÕQÕQ��VW�
VÕQÕUÕ� LOH� LOHWLP� EDQGÕQÕQ� DOW� VÕQÕUÕ� HQHUML-momenWXP� X]D\ÕQGD� D\QÕ� N� GH÷HULQGH�
GH÷LOGLU��%X�JHoLúWH�YDODQV�EDQGÕQGDNL�ELU�HOHNWURQXQ� LOHWLP�EDQGÕQD�JHoHELOPHVL�
LoLQ�� ELU� IRQRQXQ� DEVRUSODQPDVÕ� YH\D� VDOÕQPDVÕ� JHUHNLU� �6PLWK�� ������ .LWWHO��
1976). 

 

'LUHNW� EDQW� JHoLúWH� VR÷XUPD� NDWVD\ÕVÕ� .� LOH� JHOHQ� IRWRQXQ� HQerjisi hv 

DUDVÕQGDNL�ED÷ÕQWÕ�� 
 

n0.K�a�K��– Eg)
n              

(5.6) 

 

ile verilir. Burada n0� NÕUÕOPD� LQGLVLGLU� YH� GLUHNW� EDQW� JHoLúOL� ELU� \DUÕLOHWNHQ� LoLQ�
JHoLúLQ� L]LQOL� YH\D� L]LQVL]� ROPDVÕQD� ED÷OÕ� RODUDN� Q ���� YH\D� ���¶ dir (Mott and 

Davis, 1971; Sze, 1981). 

 

<DUÕLOHWNHQOHULQ�\DVDN�HQHUML�DUDOÕNODUÕQÕQ�EHOLUOHQPHVLQGH�NXOODQÕODQ�RSWLN�
PHWRW�D\QÕ�]DPDQGD�RSWLN�JHoLúOHU�KDNNÕQGD�GD�ELOJL�YHULU��%X�PHWRWWD�\DUÕLOHWNHQ�
PDO]HPHQLQ� \DVDN� HQHUML� DUDOÕ÷Õ�� WHPHO� VR÷XUPD� VSHNWUXPX� NXOODQÕODUDN� oL]LOHQ�
�.K��2aK�� GH÷LúLP� JUDIL÷LQGHQ� EHOLUOHQLU�� %X� GH÷LúLPLQ� OLQHHU� NÕVPÕQÕQ�
GR÷UXOWXVXQXQ� KY� HNVHQLQL� �.K��2 �¶� GD� NHVWL÷L� QRNWDQÕQ� HQHUML� GH÷HUL��
\DUÕLOHWNHQLQ�\DVDN�HQHUML�DUDOÕ÷ÕQÕ�YHUPHNWHGLU��3DUDJXD\�HW�DO��������1DJ�������� 
 

 

 

 



 

5.3. SnO2 Filmlerinin Optik Özellikleri 

 

)DUNOÕ� WDEDQ� VÕFDNOÕNODUÕQGD� �UHWLOHQ� 6Q22 filmlerinin geçirgenlik 

VSHNWUXPODUÕ� ���–���� QP� |Oo�P� DUDOÕNOÕ�8QLFDP� �-89�6SHNWURIRWRPHWUH� FLKD]Õ�
(double-EHDP�� NXOODQÕODUDN� DOÕQPÕúWÕU�� 6Q22� ILOPOHULQLQ� JHoLUJHQOLN� VSHNWUXPODUÕ�
NXOODQÕODUDN� \DQVÕPD� NDWVD\ÕODUÕ� �5�� YH� OLQHHU� VR÷XUPD� NDWVD\ÕODUÕ� �.��
KHVDSODQPÕúWÕU�� $\UÕFD� 6Q22� ILOPOHULQLQ� RSWLN� |]HOOLNOHULQLQ� WDEDQ� VÕFDNOÕ÷ÕQD�
ED÷OÕ� RODUDN� GH÷LúLPLQL� LQFHOHPHN� DPDFÕ\OD� JHoLUJHQOLN�� \DQVÕPD� YH� OLQHHU�
VR÷XUPD� NDWVD\ÕVÕQÕQ� GDOJDER\XQD� J|UH� GH÷LúLP� JUDILNOHUL� oL]LOPLúWLU�� 7�P�
ILOPOHULQ�\DVDN�HQHUML�DUDOÕNODUÕ�RSWLN�PHWRW�NXOODQÕODUDN�KHVDSODQPÕúWÕU� 

 

SnO2� ILOPOHULQLQ� \�]GH� JHoLUJHQOLNOHULQLQ� GDOJDER\XQD� J|UH� GH÷LúLP�
JUDILNOHUL�ùHNLO�����¶�GH�YH�EX�JUDILNOHUH�DLW�YHULOHU�dL]HOJH�����¶�GH�YHULOPHNWHGLU��
ùHNLO� ����� YH� dL]HOJH� ����� LQFHOHQGL÷LQGH�� 6Q22 filmlerinin geçirgenlik 

GH÷HUOHULQLQ� G�ú�N� ROGX÷X� J|U�OPHNWHGLU�� 6Q22 filmlerinin görünür bölgede 

\�NVHN� JHoLUJHQOL÷H� ����-���� VDKLS� ELU�PDO]HPH�ROGX÷X� ELOLQPHNWHGLU� �5DMSXUH�
et.al., 2000; Zhou at al., 2001). SnO2 filmleriniQ� JHoLUJHQOLN� GH÷HUOHULQLQ�
EHNOHQHQGHQ� oRN� GDKD�G�ú�N� oÕNPDVÕQÕQ� VHEHELQLQ�� HOGH� HGLOHQ�6Q22 filmlerinin 

NDOÕQOÕNODUÕQÕQ� E�\�N� ROPDVÕQGDQ� ND\QDNODQGÕ÷ÕQÕ� G�ú�QPHNWH\L]�� d�QN�� ELU�
PDO]HPHQLQ� NDOÕQOÕ÷Õ� DUWWÕNoD� R� PDO]HPHQLQ� JHoLUJHQOL÷L� D]DOPDNWDGÕU�� 0��
filmOHULQGH� J|]OHQHQ�� GL÷HU� ILOPOHUH� J|UH� QLVSHWHQ� \�NVHN� JHoLUJHQOL÷LQ�
PDO]HPHQLQ� NULVWDO� \DSÕVÕQGDQ� ND\QDNODQGÕ÷ÕQÕ� G�ú�QPHNWH\L]�� ;5'�
LQFHOHPHOHULQGHQ� J|U�OG�÷�� JLEL� 0�� ILOPOHULQLQ� |]HOOLNOH� 0�� YH� 0��
ILOPOHULQLQNLQH� J|UH� G�ú�N� NULVWDOOHúPH� VHYL\HVL� VHEHEL\OH� ROXúDELOHFHN� ERúOXN�
úHNOLQGHNL� NXVXUODUÕQ� JHoLUJHQOL÷L� DUWWÕUGÕ÷Õ� V|\OHQHELOLU�� $\UÕFD� 6(0�
J|U�QW�OHULQGHQ� DoÕNoD� J|U�OG�÷�� JLEL� 0�� YH� 0�� ILOPOHUL� GDKD� L\L� ROXúXPD�
VDKLSWLUOHU��%X� ILOPOHUGH� GDKD� VÕNÕ� SDNHWOHQHQ� WDQHOHULQ� VR÷XUPD\Õ� DUWWÕUGÕ÷ÕQÕ� YH�
bu duruPXQ�GD�JHoLUJHQOL÷LQ�G�ú�N�ROPDVÕQD�QHGHQ�ROGX÷XQX�G�ú�QPHNWH\L]��0��
YH� 0�� ILOPOHULQLQ� RSWLN� JHoLUJHQOLNOHULQGHNL� NHVNLQ� D]DOPD� \DNODúÕN� ���� QP�
FLYDUÕQGD� J|]OHQPHVLQH� UD÷PHQ�� 0�� YH� 0�� ILOPOHUL� LoLQ� JHoLUJHQOLNWHNL� D]DOÕú�
\DNODúÕN� ���� QP¶GHQ� LWLEDUHQ� 0�� YH� 0�� ¶GHNL� GH÷LúLPH� J|UH� GDKD� \DYDú� ELU�



úHNLOGH� ROPDNWDGÕU�� 0�� ILOPLQGH� ���� QP¶� GHQ� E�\�N� GDOJDER\ODUÕQGDNL�
JHoLUJHQOLN�GH÷HUOHULQLQ�GL÷HU� ILOPOHULQNLQGHQ� IDUNOÕ�RODUDN�EDVDPDNOÕ�ELU� úHNLOGH�
GH÷LúLPLQLQ�� PDO]HPH� LoHULVLQGH� EXOXQDQ� IDUNOÕ� HQHUMLOHUGHNL� WX]DN� seviyelerinin 

DUWDQ� HQHUML� LOH� VÕUDOÕ� ELU� úHNLOGH� DEVRUSODPD� ROD\ÕQD� NDWÕOPDVÕQGDQ�
ND\QDNODQGÕ÷ÕQÕ�G�ú�QPHNWH\L]� 

 

�
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0� 0�

 

 
ùHNLO������SnO2�ILOPOHULQLQ�\�]GH�JHoLUJHQOLNOHULQLQ�GDOJDER\XQD�J|UH�GH÷LúLPL� 

 

Çizelge 5.1. SnO2 filmlerinin IDUNOÕ�GDOJDER\ODUÕ�LoLQ�\�]GH�JHoLUJHQOLNOHUL� 
���QP� M1 M2 M3 M4 

300 0.47 1.60 0.20 0.25 

400 6.11 25.55 1.80 2.45 

500 9.73 32.81 5.45 7.95 

600 13.81 36.81 10.54 14.06 

700 18.78 42.95 15.70 19.20 

800 23.89 45.10 19.62 23.50 

900 29.57 50.04 23.21 27.34 

 



 

SnO2� ILOPOHULQLQ� \�]GH� \DQVÕPDODUÕQÕQ� GDOJDER\XQD� J|UH� GH÷LúLP�
JUDILNOHUL�ùHNLO�����¶�GH�YH�EX�JUDILNOHUH�DLW�YHULOHU�dL]HOJH�����¶�GH�YHULOPHNWHGLU��
ùHNLO� ����� YH�dL]HOJH� ����� LQFHOHQGL÷LQGH�� 6Q22� ILOPOHULQLQ�\DQVÕPD�GH÷HUOHULQLQ�
\�NVHN� ROGX÷X� EHOLUOHQPLúWLU�� %X� GXUXPXQ� GHMHQHUH� ELU� \DUÕLOHWNHQ� RODQ� 6Q22 

ILOPOHULQLQ� VHUEHVW� HOHNWURQ� NRQVDQWUDV\RQXQXQ� \�NVHN� ROPDVÕQGDQ�
ND\QDNODQGÕ÷ÕQÕ� G�ú�QPHNWH\L]�� 0�� ILOPOHUL� GL÷HU� ILOPOHUH� J|UH� GDKD� G�ú�N�
\DQVÕPD�GH÷HULQH�VDKLSWLU��%X�GXUXPXQ�0��ILOPOHULQLQ�\�NVHN�JHoLUJHQOL÷H�VDKLS�
ROPDVÕQGDQ� YH� NULVWDO� \DSÕVÕQGDQ� ND\QDNODQGÕ÷ÕQÕ� V|\OH\HELOLUL]�� 0�� YH� 0��
ILOPOHULQLQ� \�]GH� \DQVÕPD� GH÷HUOHUL� 0�� YH� 0�¶� \H� J|UH� \�NVHNWLU�� 6(0�
LQFHOHPHOHULQGHQ� GH� EHOLUOHQGL÷L� JLEL� EX� LNL� ILOPLQ� \�]H\OHULQLQ� GDKD� G�]J�Q�
ROPDVÕ� YH� GDKD� VÕNÕ� ED÷OÕ� LQFH� WDQHFLNOHULQ� EXOXQPDVÕQGDQ� GROD\Õ� PDO]HPHQLQ�
\DQVÕWÕFÕOÕN� |]HOOL÷LQLQ� DUWWÕ÷ÕQÕ� G�ú�QPHNWH\L]�� ùHNLO� ����¶� GHQ� W�P� ILOPOHU� LoLQ�
GDKD� NÕVD� GDOJD� ER\ODUÕQGD� \DQVÕPDQÕQ� DUWWÕ÷Õ� J|U�OPHNWHGLU�� .ÕVD�
GDOJDER\ODUÕQGD� JHOHQ� ÕúÕ÷ÕQ� HQHUMLVL� DUWDFDN� YH� PDO]HPH� HOHNWURQODUÕ� LOH� GDKD�
ID]OD�HWNLOHúHFHNWLU��%X�GXUXP�NÕUÕOPDQÕQ�DUWPDVÕQD�VHEHS�ROXU�YH�ELOLQGL÷L��]HUH�
\�NVHN� NÕUÕFÕ� |]HOOL÷H� VDKLS� PDO]HPHOHU� D\QÕ� ]DPDQGD� \�NVHN� \DQVÕWÕFÕOÕ÷D� GD�
sahiptirler. 
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ùHNLO������SnO2 filmlHULQLQ�\�]GH�\DQVÕPDODUÕQÕQ�GDOJDER\XQD�J|UH�GH÷LúLPL� 



 

 

Çizelge 5.2. SnO2�ILOPOHULQLQ�IDUNOÕ�GDOJDER\ODUÕ�LoLQ�\�]GH�\DQVÕPDODUÕ� 
���QP� M1 M2 M3 M4 

300 78 69 83 82 

400 55 32 68 65 

500 48 27 56 51 

600 43 25 47 43 

700 38 21 41 37 

800 33 20 37 34 

900 29 18 34 31 

 

SnO2� ILOPOHULQLQ� OLQHHU� VR÷XUPD� NDWVD\ÕVÕQÕQ� GDOJDER\XQD� J|UH� GH÷LúLP�
JUDILNOHUL�ùHNLO�����¶�GH�YH�EX�JUDILNOHUH�DLW�YHULOHU�dL]HOJH�����¶�GH�YHULOPHNWHGLU��
M1 ve M2 filmlerinin 350–����QP�GDOJDER\X�DUDOÕ÷ÕQGD�G�ú�N�VR÷XUPD\D�VDKLS�
ROGXNODUÕ�YH�EX�ILOPOHU�LoLQ�VR÷XUPD�GH÷HUOHULQGHNL�NHVNLQ�DUWÕúÕQ�\DNODúÕN�RODUDN�
���� QP¶� GHQ� GDKD� NÕVD� GDOJDER\ODUÕQGD� JHUoHNOHúWL÷L� J|U�OP�úW�U�� 0�� YH� 0��
filmleri için ise 500–���� QP� GDOJDER\X� DUDOÕ÷ÕQGD� G�ú�N� VR÷XUPD\D� VDKLS�
ROGXNODUÕ�YH�EX�ILOPOHU�LoLQ�VR÷XUPD�GH÷HUOHULQGHNL�EHOLUJLQ�DUWÕúÕQ�\DNODúÕN�RODUDN�
���� QP¶� GHQ� GDKD� NÕVD� GDOJDER\ODUÕQGD� JHUoHNOHúWL÷L� J|U�OP�úW�U�� 0�� YH� 0��
ILOPOHULQLQ�WHPHO�VR÷XUPD�NHQDUÕQÕQ�\DNODúÕN����–����QP�DUDVÕQGD�ROGX÷X�YH�0��
YH�0��ILOPOHULQLQ�WHPHO�VR÷XUPD�NHQDUODUÕQÕQ�GDKD�\�NVHN�GDOJDER\ODUÕQD�ND\GÕ÷Õ�
EHOLUOHQPLúWLU�� %X� GXUXP� DoÕN� ELU� úHNLOGH� 0�� YH� 0�� ILOPOHULQLQ� \DVDN� HQHUML�
DUDOÕNODUÕQÕQ� D]DOGÕ÷ÕQÕQ� ELU� J|VWHUJHVLGLU�� 0�� YH� 0�� ILOPOHULQLQ� 0�� YH� 0��
ILOPOHULQH� J|UH� OLQHHU� VR÷XUPD� NDWVD\ÕODUÕQGDNL� DUWÕúÕQ� EX� ILOPOHULQ� NULVWDOOHúPe 

VHYL\HOHULQLQ�GDKD�L\L�ROPDVÕQGDQ�YH�GL÷HU�LNL�ILOPH�J|UH�WDEDQD�L\L�WXWXQPXú�VÕNÕ�
ELU�\DSÕ\D�VDKLS�ROPDODUÕQGDQ�ND\QDNODQGÕ÷ÕQÕ�G�ú�QPHNWH\L]� 
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ùHNLO� ����� SnO2� ILOPOHULQLQ� OLQHHU� VR÷XUPD� NDWVD\ÕVÕQÕQ� GDOJDER\XQD� J|UH�
GH÷LúLPi. 

 

Çizelge 5.3. SnO2�ILOPOHULQLQ�IDUNOÕ�GDOJDER\ODUÕ�LoLQ�OLQHHU�VR÷XUPD�NDWVD\ÕODUÕ�� 
���QP� M1 M2 M3 M4 

300 5820 5030 13494 15675 

400 3034 1660 8724 9704 

500 2530 1360 6318 6624 

600 2149 1220 4886 5133 

700 1816 1030 4021 4318 

800 1555 969 3537 3789 

900 1323 842 3172 3393 

 

7�P� ILOPOHULQ� ���� QP� GDOJDER\X� LoLQ� JHoLUJHQOLN�� \DQVÕPD� YH� OLQHHU�
VR÷XUPD� NDWVD\ÕVÕ� GH÷HUOHUL� dL]HOJH� ����¶� GH� YHULOPHNWHGLU�� %X� oL]HOJH�
LQFHOHQGL÷LQGH�� 0�� ILOPOHULQLQ� HQ� L\L� JHoLUJHQOL÷H�� HQ� G�ú�N� DEVRUSODPD� YH�
\DQVÕPD� |]HOOL÷LQH� VDKLS� ROGXNODUÕ� EHOLUOHQPLúWLU�� %X� GXUXPXQ� 0�� ILOPOHULQLQ�
NULVWDOOHúPH�VHYL\HOHULQLQ�|]HOOLNOH�0��YH�0��¶H�J|UH�N|W��ROPDVÕQGDQ�YH�\DSÕGD�



ERúOXN� úHNOLQGH� NXVXUODUÕQ� ROXúPDVÕQGDQ� ND\QDNODQDELOHFH÷LQL� G�ú�QPHNWH\L]��
%|\OHFH� J|QGHULOHQ� ÕúÕN� LOH� PDO]HPH� DWRPODUÕQÕQ� HWNLOHúPH� RODVÕOÕNODUÕQÕQ�
D]DOGÕ÷ÕQÕ� YH� GROD\ÕVÕ\OD� ÕúÕ÷Õ� JHoLUPH� |]HOOLNOHULQLQ� GDKD� L\L� ROGX÷XQX�
V|\OH\HELOLUL]�� *HoLUJHQOL÷LQ� \�NVHN� ROPDVÕ� LVH� ILOPLQ� DEVRUSODPD� |]HOOL÷LQLQ�
G�ú�N�ROPDVÕQÕ�JHUHNWLULU��d�QN��ELU�PDO]HPH�D\QÕ�DQGD�KHP�\�NVHN�JHoirme hem 

GH�\�NVHN�VR÷XUPD�|]HOOL÷LQH�VDKLS�RODPD]�� 
 

Çizelge 5.4. SnO2�ILOPOHULQLQ�����QP�LoLQ�ED]Õ�RSWLN�|]HOOLNOHUL� 
� ����QP M1 M2 M3 M4 

%T 12 35 8 11 

%R 46 26 52 47 

.��FP-1) 2348 1280 5599 5799 

 

 

5.4. SnO2�)LOPOHULQLQ�<DVDN�(QHUML�$UDOÕNODUÕQÕQ�%Hlirlenmesi 

 

 SnO2� ILOPOHULQLQ� \DVDN� HQHUML� DUDOÕNODUÕQÕ� EHOLUOHPHN� LoLQ� RSWLN� PHWRW�
NXOODQÕOPÕúWÕU��%XQXQ� LoLQ�KHU�ELU� ILOPLQ� �.K��2∼K��GH÷LúLP�JUDILNOHUL� oL]LOPLúWLU��
%X�JUDILNOHULQ�OLQHHU�NÕVÕPODUÕQÕQ�GR÷UXOWXODUÕQÕQ�K��HNVHQLQL��.K��2 �¶�GD�NHVWL÷L�
noktDQÕQ�HQHUML�GH÷HUOHUL�ILOPOHULQ�\DVDN�HQHUML�DUDOÕNODUÕ�RODUDN�EHOLUOHQPLúWLU�� 
 

0��ILOPOHULQLQ��.K��2∼K��GH÷LúLP�JUDIL÷L�ùHNLO�����¶�GH�YHULOPHNWHGLU��%X�
úHNLO� LQFHOHQGL÷LQGH�0�� ILOPOHUL� LoLQ� OLQHHU� VR÷XUPD� NDWVD\ÕVÕQÕQ� ����–3.50 eV 

HQHUML� DUDOÕ÷ÕQGD� \DYDú� ELU� úHNLOGH� DUWWÕ÷Õ� YH� ����� H9� GH÷HULQGHQ� VRQUD� KÕ]OÕ� ELU�
úHNLOGH� DUWPD\D� EDúODGÕ÷Õ� �WHPHO� VR÷XUPD� E|OJHVL�� J|U�OPHNWHGLU�� *UDILNWHQ� K��
HNVHQLQL�NHVHQ�GR÷UXQXQ�EX�HNVHQL�NHVWL÷L�QRNWD\D�NDUúÕOÕN�JHOHQ�HQHUML�GH÷HUL�����
H9� RODUDN� EXOXQPXúWXU�� %X� HQHUML� GH÷HUL� 0�� ILOPOHULQLQ� \DVDN� HQHUML� DUDOÕ÷ÕQÕ�
vermektedir.  

 

 

 



0�� ILOPOHULQLQ� �.K��2∼K�� GH÷LúLP� JUDIL÷L� ùHNLO� ����¶� GH� YHULOPHNWHGLU��
ùHNLO� ����� LQFHOHQGL÷LQGH�0�� ILOPOHUL� LoLQ� OLQHHU� VR÷XUPD�NDWVD\ÕVÕQÕQ�����–3.65 

H9�HQHUML�DUDOÕ÷ÕQGD�\DYDú�ELU�úHNLOGH�DUWWÕ÷Õ�YH�GDKD�VRQUD�KÕ]OÕ�DUWÕúÕQ�J|U�OG�÷��
WHPHO� VR÷XUPD� E|OJHVLQLQ� JHOGL÷L� J|U�OPHNWHGLU�� %X� JUDILN� NXOODQÕODUDN� 0��
ILOPOHULQLQ�\DVDN�HQHUML�DUDOÕ÷Õ�����H9�RODUDN�EXOXQPXúWXU�� 

 

0�� ILOPOHULQLQ� �.K��2∼K�� GH÷LúLP� JUDIL÷L� ùHNLO� ����¶� GD� YHULOPHNWHGLU��
ùHNLO� ����� LQFHOHQGL÷LQGH�0�� ILOPOHUL� LoLQ� OLQHHU� VR÷XUPD�NDWVD\ÕVÕQÕQ�����–2.88 

H9�HQHUML� DUDOÕ÷ÕQGD�\DYDú�ELU� úHNLOGH� DUWWÕ÷Õ� YH������H9�HQHUML�GH÷HULQGHQ�VRQUD�
KÕ]OÕ� ELU� úHNLOGH� DUWPD\D� EDúODGÕ÷Õ� J|U�OPHNWHGLU�� 0�� ILOPOHULQLQ� \DVDN� HQHUML�
DUDOÕ÷Õ�����H9�RODUDN�EXOXQPXúWXU�� 

 

0�� ILOPOHULQLQ� �.K��2∼K�� GH÷LúLP� JUDIL÷L� ùHNLO� ����¶� GH� YHULOPHNWHGLU��
ùHNLO� ����� LQFHOHQGL÷LQGH�0�� ILOPOHUL� LoLQ� OLQHHU� VR÷XUPD�NDWVD\ÕVÕQÕQ�����–2.88 

H9� HQHUML� DUDOÕ÷ÕQGD� \DYDú� ELU� úHNLOGH� DUWWÕ÷Õ� YH� GDKD� VRQUD� OLQHHU� VR÷XUPD�
NDWVD\ÕVÕQÕQ� KÕ]OÕ� ELU� úHNLOGH� DUWWÕ÷Õ� WHPHO� VR÷XUPD� E|OJHVL� J|U�OPHNWHGLU�� 0��
ILOPOHULQLQ�\DVDN�HQHUML�DUDOÕ÷Õ�����H9�RODUDN�EXOXQPXúWXU�� 

   

 

ùHNLO������M1 filmleri için (.K��2 a�K��GH÷LúLP�JUDIL÷L� 
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ùHNLO������M2 filmleri için (.K��2 a�K��GH÷LúLP�JUDIL÷L� 
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ùHNLO������M3 filmleri için (.K��2 a�K��GH÷LúLP�JUDIL÷L� 
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ùHNLO������M4 filmleri için (.K��2 a�K��GH÷LúLP�JUDIL÷L� 
 

SnO2 filmleri için hesaplanan direkt bant DUDOÕ÷Õ� HQHUML� GH÷HUOHUL� �(gd) 

dL]HOJH� ����¶� GH� YHULOPHNWHGLU��%X� oL]HOJH� LQFHOHQGL÷LQGH�0��YH�0�� ILOPOHULQLQ�
GLUHNW� EDQW� DUDOÕNODUÕQÕQ� D]DOGÕ÷Õ� J|U�OPHNWHGLU�� %XQD� J|UH� WDEDQ� VÕFDNOÕ÷ÕQÕQ�
ILOPOHULQ�EDQW�DUDOÕ÷Õ��]HULQGH�|QHPOL�ELU�GH÷LúLPH�QHGHQ�ROGX÷X�V|ylenebilir.    

 

Çizelge 5.5. SnO2�ILOPOHULQLQ�GLUHNW�EDQW�DUDOÕ÷Õ�HQHUML�GH÷HUOHUL� 
Malzeme Egd (eV) 

M1 3.6 

M2 3.7 

M3 3.2 

M4 3.1 

 

SnO2� ILOPOHULQLQ� GLUHNW� EDQW� \DVDN� HQHUML� DUDOÕ÷Õ� GH÷HULQLQ� ���-4.0 eV 

FLYDUÕQGD�GH÷LúWL÷L�ELOLQPHNWHGLU (Lin and Wu, 1996; Amanullah et.al., 1998). Bu 

oDOÕúPDGD� 0�� YH� 0�� ILOPOHULQLQ� \DVDN� HQHUML� DUDOÕNODUÕ� OLWHUDW�U� LOH� X\XPOX�



GH÷LOGLU�� 0�� YH� 0�� ILOPOHUL� LoLQ� WHPHO� VR÷XUPD� NHQDUÕQÕQ� GDKD� E�\�N�
GDOJDER\ODUÕQD� ND\PDVÕQÕQ�� \DQL� \DVDN� HQHUML� DUDOÕ÷ÕQÕQ� D]DOPDVÕQÕQ�� DUWDQ� WDEDQ�
VÕFDNOÕ÷Õ� LOH� GRQ|U� RODUDN� GDYUDQDQ� DUD\D� VÕNÕúPÕú� 6Q� YH�YH\D� RNVLMHQ�
ERúOXNODUÕQÕQ� NRQVDQWUDV\RQXQXQ� DUWPDVÕQGDQ� YH� EXQD� ED÷OÕ� RODUDN� GRQ|U�
EDQGÕQÕQ� JHQLúOH\HUHN� LOHWLP� EDQGÕQD� oRN� \DNODúPDVÕ� YH� EHONLGH� LOHWLP� EDQGÕ�
LoHULVLQH� JLUPHVLQGHQ� ND\QDNODQGÕ÷ÕQÕ� G�ú�QPHNWH\L]�� d�QN�� GHMHQHUH�
\DUÕLOHWNHQOHUGH� \�NVHN� GRQ|U� NRQVDQWUDV\RQODUÕQGD� LOHWLP� EDQGÕ� LOH� GRQ|U�
EDQGÕQÕQ� oDNÕúPDVÕ� GXUXPXQGD� \DVDN� HQHUML� DUDOÕ÷ÕQÕQ� N�o�OG�÷�� ELOLQPHNWHGLU��
gUQH÷LQ� ��19 cm-3� PHUWHEHVLQGH� NDWNÕ� VHYL\HVLQH� VDKLS� *H¶� XQ� \DVDN� HQHUML�
aUDOÕ÷ÕQÕQ�����H9¶�GDQ�����H9¶�D�G�úW�÷��J|U�OP�úW�U��3RO\DNRY��������� 
 

)LOPOHULQ� GLUHNW� EDQW� \DSÕODUÕQÕQ� LQFHOHQPHVL� VRQXFXQGD� DUWDQ� WDEDQ�
VÕFDNOÕ÷Õ� LOH� PDO]HPHOHULQ� EDQW� \DSÕODUÕQGD� |QHPOL� ELU� GH÷LúLP� ROGX÷X�
EHOLUOHQPLúWLU� 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



6. SnO2  )ø/0/(5ø1ø1�(/(.75ø.6(/�g=(//ø./(5ø 
 

�����*LULú 
 

 %LU� PDO]HPHQLQ� HOHNWULNVHO� LOHWNHQOL÷L� YH� |]GLUHQFL� R� PDO]HPHQLQ�
NDUDNWHULVWLN� ELU� |]HOOL÷LGLU�� 3HN� oRN� HOHNWULN� YH� HOHNWURQLN� X\JXODPDODUÕ� LoLQ��
PDO]HPHQLQ�EX�NDUDNWHULVWLNOHULQLQ�GHWD\OÕ�ELU�úHNLOGH incelenmesi ve belirlenmesi 

JHUHNLU��gUQH÷LQ��IRWRYROWDLN�J�QHú�SLOOHULQGH�NXOODQÕODQ�\DUÕLOHWNHQ�PDO]HPHOHULQ�
G�ú�N�HOHNWULNVHO�|]GLUHQFH�YH�\�NVHN�RSWLNVHO�JHoLUJHQOL÷H�VDKLS�ROPDODUÕ�DUDQDQ�
en önemli  özellikleridir (Askeland, 1988). 

 

�����<DUÕLOHWNHQ�Malzemelerin Elektriksel Özellikleri 

 

%LU�\DUÕLOHWNHQ�PDO]HPHQLQ�HOHNWULNVHO�|]HOOLNOHULQL�EHOLUOH\HQ�LOHWNHQOLN�YH�
|]GLUHQo� X\JXODQDQ� HOHNWULN� DODQ� �YROWDM��� VÕFDNOÕN�� D\GÕQODWPD� JLEL� GÕú� HWNLOHUH�
ED÷OÕ� RODUDN� GH÷LúWLULOHELOPHNWHGLU�� %X� GÕú� HWNLOHU� \DUÕLOetkenin tipine göre izinli 

GROX� EDQWODUGDQ� LOHWLP� EDQGÕQD� HOHNWURQODUÕQ� JHoLúLQH� QHGHQ� ROXU� YH� E|\OHFH�
LOHWNHQOL÷H�NDWNÕ�VD÷OD\DQ�VHUEHVW�\�N�ROXúXPX�VD÷ODQÕU� 
 

 <DUÕLOHWNHQOHULQ� � HOHNWULNVHO� |]HOOLNOHUL� KDNNÕQGD� ELOJL� VDKLEL� ROPDN� LoLQ�
incelenen malzemeniQ� DNÕP-voltaj (I-9�� NDUDNWHULVWL÷LQGHQ� \DUDUODQÕOÕU��
0DO]HPHQLQ� DNÕP-YROWDM� GH÷HUOHULQL� HOGH� HGHELOPHN� LoLQ�PHWDO-\DUÕLOHWNHQ-metal 

NRQWDNODU� ROXúWXUPDN� JHUHNPHNWHGLU�� .RQWDN� PDO]HPHVL� RODUDN� IDUNOÕ� Lú�
IRQNVL\RQXQD�VDKLS�PHWDOOHU�NXOODQÕOPDNWDGÕU��øNL�PHWDO�NRQWD÷D�VDKLS�\DUÕLOHWNHQ�
PDO]HPH� LoLQ�� DPSHUPHWUH� YH� J�o� ND\QD÷ÕQGDQ� ROXúDQ� EDVLW� ELU� HOHNWULN� GHYUHVL�
NXOODQÕODUDN� NRQWDNODU� DUDVÕQD� X\JXODQDQ� YROWDMD� NDUúÕOÕN� DNÕP� GH÷HUOHUL� |Oo�O�U��
%X�|Oo�POHULQ�DOÕQPDVÕQGD�JHQHOOLNOH�LNL�Xo��9DQ�GHU�3DXZ�YH�G|UW�QRkta uç gibi 

GHQH\VHO�WHNQLNOHU�NXOODQÕOPDNWDGÕU��øNL�Xo�WHNQL÷L�JHQHOGH�\�NVHN�|]GLUHQFH�VDKLS�
\DUÕLOHWNHQOHULQ� |]GLUHQoOHULQLQ� YH\D� LOHWNHQOLNOHULQLQ� |Oo�OPHVLQGH�
NXOODQÕOPDNWDGÕU��%X� WHNQLNWH� G�ú�N�YROWDMODU� LOH� oDOÕúPDN�GDKD� VD÷OÕNOÕ� VRQXoODU�
verir (Ata\���������øNL�Xo�WHNQL÷L�NXOODQÕODUDN�PDO]HPHQLQ�ρ�|]GLUHQo�GH÷HUL� 
 



( )
( ) L

ld
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V .
×

∆

∆
=ρ               (6.1) 

 

LIDGHVLQGHQ� KHVDSODQDELOLU�� %XUDGD� û9� YH� û,� VÕUDVÕ\OD� YROWDM� YH� DNÕP�
GH÷LúLPOHULQL�� G� PDO]HPHQLQ� NDOÕQOÕ÷ÕQÕ�� O� KHU� ELU� NRQWD÷ÕQ� X]XQOX÷XQX�� &�l 
PDO]HPHQLQ�NHVLW�DODQÕQÕ�YH�/�LVH�LNL�NRQWDN�DUDVÕQGDNL�X]DNOÕ÷Õ�J|VWHUPHNWHGLU� 

 

2OXúWXUXODQ�PHWDO-\DUÕLOHWNHQ-PHWDO�NRQWDNODU�\DUGÕPÕ\OD�HOGH�HGLOHQ�,-V 

NDUDNWHULVWLNOHULQGHQ�\DUDUODQDUDN��\DUÕLOHWNHQLQ�RKPLN�\D�GD�VSDFH�FKDUJH�OLPLWHG�
(SCL) gibi iletiP� |]HOOLNOHULQGHQ� KDQJLVLQH� VDKLS� ROGX÷X� EHOLUOHQHELOLU�� 6&/�
DNÕPÕ�� RKPLN� NRQWDN� |]HOOL÷LQGHNL� PHWDO-\DUÕLOHWNHQ-PHWDO� \DSÕODUÕQGD�
J|]OHQPHNWHGLU�� 6&/� DNÕPÕQÕQ� ROXúDELOPHVL� LoLQ� \DUÕLOHWNHQH� \HWHUL� NDGDU�
WDúÕ\ÕFÕQÕQ� J|QGHULOPHVL� JHUHNLU�� .RQWDN� E|OJHVLQH� Eir elektrik alan 

X\JXODQGÕ÷ÕQGD��X\JXODQDQ�HOHNWULN�DODQÕQ�E�\�NO�÷�QH�ED÷OÕ�RODUDN�DN�P�ODV\RQ�
E|OJHVLQGHQ�\HWHUL�NDGDU�HOHNWURQ�PDO]HPH�LoHULVLQH�X]D\�\�N�\OH�VÕQÕUODQGÕUÕOPÕú�
ELU� DNÕP� úHNOLQGH� HQMHNWH� HGLOLU�� %X� DNÕP�6&/� DNÕPÕ� RODUDN� WDQÕPODQÕU� �$\EHN��
1996). 

 

<DUÕLOHWNHQOHULQ� \DVDN� HQHUML� DUDOÕ÷Õ� LoHULVLQGH� NULVWDO� \DSÕVÕQGD� EXOXQDQ�
NXVXUODU� YH� VDIVÕ]OÕNODUGDQ� ND\QDNODQDQ� WX]DN� RODUDN� GDYUDQDQ� HQHUML� VHYL\HOHUL�
EXOXQXU��%X�WX]DNODU�)HUPL�HQHUML�VHYL\HOHULQLQ��VW�QGH�LVH�VÕ÷�WX]DN��)HUPL�HQHUML�
seviyesinGH� YH\D� DOWÕQGD� LVH� GHULQ� WX]DN� RODUDN� DGODQGÕUÕOÕUODU�� 6Õ÷� YH� GHULQ�
WX]DNODU� V|]� NRQXVX� ROGX÷XQGD� 6&/� LOHWLPL� IDUNOÕ� GDYUDQÕú� VHUJLOHU�� %LU�
\DUÕLOHWNHQLQ� ,-9� NDUDNWHULVWL÷L� ,∝ Vm � LIDGHVLQH� ED÷OÕ� RODUDN�� Pa�� LVH� RKPLN�
iletim, m~2 ise 6&/�LOHWLP�|]HOOL÷L�J|VWHULU��6Õ÷�YH�GHULQ�WX]DNOÕ�6&/�LOHWLPL�LoLQ�
I-9�NDUDNWHULVWLNOHUL� VÕUDVÕ\OD�ùHNLO� �����D�� YH� �E�¶GH�YHULOPLúWLU��ùHNLO� �����D�� ¶GD���
,��E|OJHGH�VHUEHVW�\�N�WDúÕ\ÕFÕODUÕ�NULVWDO�LoHULVLQH�HQMHNWH�HGLOHQ�\�N�WDúÕ\ÕFÕODUÕQD�
oranla daha� ID]ODGÕU�YH�EX�E|OJHGH�RKPLN� LOHWLP�EDVNÕQGÕU�� ,,��E|OJHGH� LVH�YROWDM�
DUWWÕUÕOGÕ÷ÕQGD� NULVWDO� LoHULVLQH� HQMHNWH� HGLOHQ� \�N� WDúÕ\ÕFÕODUÕQÕQ� VD\ÕVÕ� NULVWDO�
LoHULVLQGHNL� VHUEHVW� \�N� WDúÕ\ÕFÕODUÕQ� VD\ÕVÕQGDQ� GDKD� ID]OD� ROXU�� %X� E|OJHGH�
tuzaklar etkilidir ve sHUEHVW� WDúÕ\ÕFÕODU� ERú� WX]DNODU� WDUDIÕQGDQ� \DNDODQÕU�� %X�
E|OJHGH� DNÕP� a92 LOH� GH÷LúLU� YH� |Oo�OHQ� HQ� \�NVHN� DNÕP� GH÷HUL� WX]DNODUÕQ�



WDPDPHQ� GROGX÷X�9TFL YROWDMÕQGD� J|]OHQLU�� ,�� E|OJHGHQ� ,,�� E|OJH\H� JHoLú� YROWDMÕ�
Vtr ile gösterilir. III. bölgede VTFL� YROWDMÕQGDQ� LWLEDUHQ� WX]DNODUÕQ� WDPDPHQ�
GROPDVÕQGDQ�ND\QDNOÕ�HQ�N�o�N�YROWDM�DUDOÕ÷ÕQGD�DNÕPGD�NHVNLQ�ELU�DUWÕú�PH\GDQD�
JHOPHNWHGLU�� ,9��E|OJHGH� LVH�DNÕP�WUDS-IUHH�VTXDUH�\DVDVÕQD�X\DU�YH�)HUPL�HQHUML�
VHYL\HVL�WX]DN�VHYL\HVLQH�\DNODúÕU� 

 

'HULQ� WX]DNOÕ� 6&/� LOHWLPL� için I-9� NDUDNWHULVWL÷L� LVH� ùHNLO� ����� �E�� ¶GH�
J|U�OG�÷��úHNLOGHGLU��%X�GXUXPGD�RKPLN�E|OJHGHQ��,��VRQUD��WX]DNODUÕQ�WDPDPHQ�
GROX� ROGX÷X� 7)/� E|OJHVL� �,,�� JHOLU�� 7X]DNODUÕQ� GROPDVÕ� VRQXFXQGD� )HUPL� HQHUML�
VHYL\HVL� LOHWLP� EDQGÕQD� \DNODúÕU� YH� DNÕP� WUDS-free sqXDUH� �,,,�� \DVDVÕQD� X\DU�
(Lampert and Mark, 1970; Kao and Hwag, 1979) 

 

ùHNLO�������D��6Õ÷��(b) GHULQ�WX]DNOÕ�6&/�LOHWLPL�LoLQ�,-9�NDUDNWHULVWL÷L� 
 

 %LU� PDO]HPHQLQ� HOHNWULNVHO� LOHWNHQOL÷LQL� HWNLOH\HQ� GL÷HU� ELU� IDNW|U� GH�
VÕFDNOÕ÷D� J|UH� GH÷LúLPLQL� LQFHOHPHNWLU��%XQXQ� LoLQ� |QFHOLNOH� VHUEHVW� \�N� WDúÕ\ÕFÕ�
NRQVDQWUDV\RQXQXQ� YH� PRELOLWHQLQ� VÕFDNOÕ÷D� QDVÕO� ED÷OÕ� ROGX÷XQXQ� ELOLQPHVL�
JHUHNLU��<DUÕLOHWNHQOHUGH� VDGHFH�PXWODN� VÕIÕUGDQ�\�NVHN�VÕFDNOÕNODUGD� VHUEHVW�\�N�
WDúÕ\ÕFÕODUÕ�ROXúXU�YH�HOHNWULNVHO�LOHWNHQOLN�V|]�NRQusu olur. 

  

+DV� \DUÕLOHWNHQOHUGH�� VHUEHVW� HOHNWURQ� YH� KRO� NRQVDQWUDV\RQX� ELUELULQH�
HúLWWLU�� 6HUEHVW� \�N� WDúÕ\ÕFÕODUÕQÕQ� NRQVDQWUDV\RQX� VÕFDNOÕ÷D� ED÷OÕGÕU� YH� ÕVÕO� |UJ��



WLWUHúLPOHULQLQ� HQHUMLVL�� YDODQV� EDQGÕQGDQ� LOHWLP� EDQGÕQD� ELU� HOHNWURQXQ� JHoPHVL�
için yetHUL� GHUHFHGH� \�NVHNWLU�� 6HUEHVW� \�N� WDúÕ\ÕFÕ� NRQVDQWUDV\RQX�� GDKD� \�NVHN�
VÕFDNOÕNODUGD� HNVSRQDQVL\HO� RODUDN� KÕ]OÕ� ELU� úHNLOGH� DUWDU�� <DUÕLOHWNHQLQ� \DVDN�
HQHUML� DUDOÕ÷ÕQÕQ� EHOLUOHQPHVL� LoLQ�� \�N� WDúÕ\ÕFÕ� NRQVDQWUDV\RQXQXQ� VÕFDNOÕ÷ÕQ�
WHUVLQH� J|UH� oL]LOHQ� GH÷LúLP� JUDIL÷LQLQ� H÷LPLQGHQ� ID\GDODQÕOÕU� �3RO\DNRY�� ������
Bar-Lev, 1993). 

 

.DWNÕOÕ�\DUÕLOHWNHQOHU� LoLQ�GH�VHUEHVW�\�N� WDúÕ\ÕFÕ�NRQVDQWUDV\RQX�VÕFDNOÕ÷D�
ED÷OÕ� RODUDN� GH÷LúPHNWHGLU�� ùHNLO� �����D�� YH� �E�¶� GH� Q-WLSL� ELU� \DUÕLOHWNHQ� LoLQ��
VÕUDVÕ\OD� WDúÕ\ÕFÕ� NRQVDQWUDV\RQXQXQ� VÕFDNOÕ÷ÕQ� WHUVLQH� J|UH� GH÷LúLPLQLQ� úHPDWLN�
J|VWHULPL�YH�\�N�JHoLúOHUL�YHULOPHNWHGLU��3RO\DNRY�������� 

 

ùHNLO� ����� �D�� 7DúÕ\ÕFÕ� NRQVDQWUDV\RQXQXQ� VÕFDNOÕ÷ÕQ� WHUVLQH� J|UH� GH÷LúLPLQLQ���
úHPDWLN�J|VWHULPL���E��\�N�JHoLúOHUL� 

 

0XWODN� VÕIÕU� VÕFDNOÕ÷ÕQD� \DNÕQ� GH÷HUOHUGH�� NDWNÕOÕ� \DUÕLOHWNHQLQ� LOHWLP�
EDQGÕQGD� KLoELU� \�N� WDúÕ\ÕFÕVÕ� \RNWXU�� Q-WLSL� \DUÕLOHWNHQGH� VÕFDNOÕN� DUWWÕUÕOPD\D�
EDúODQGÕ÷ÕQGD��LOHWLP�HOHNWURQODUÕ�KDV�LOHWLPL�PH\GDQD�JHWLUHQ�HOHNWURQODUGDQ�GDKD�
|QFH�ROXúXU��d�QN��GRQ|U�VHYL\HVLQGHQ�LOHWLP�EDQGÕQD�ELU�HOHNWURQXQ�oÕNPDVÕ�LoLQ�
JHUHNHQ�HQHUML�YDODQV�EDQGÕQGDQ�LOHWLP�EDQGÕQD�ELU�HOHNWURQXQ�oÕNPDVÕ�LoLQ�JHUHNOL�
HQHUMLGHQ�GDKD�N�o�NW�U��'RQ|U�VHYL\HVLQGHQ�LOHWLP�EDQGÕQD�ELU�HOHNWURQXQ�JHoLúL��
ùHNLO������E�¶�GH� ,� LOH�J|VWHULOPLúWLU��6ÕFDNOÕN�GDKD�ID]OD�DUWWÕUÕOGÕ÷Õ�]DPDQ�� LOHWLP�



EDQGÕQD� oÕNDQ� VDIVÕ]OÕN� HOHNWURQODUÕQÕQ� VD\ÕVÕ� DUWDUNHQ�� GRQ|U� VHYL\HOHULQGH�
EXOXQDQ� HOHNWURQODUÕQ� VD\ÕVÕ� D]DOÕU� YH� VDIVÕ]OÕN� VHYL\HVL� W�NHQPH\H� EDúODU��
7�NHQPH�VÕFDNOÕ÷Õ�RODUDN�WDQÕPODQDQ�EHOOL�ELU�7t�VÕFDNOÕ÷ÕQGD��Gonör seviyesindeki 

KHPHQ�KHPHQ�E�W�Q�HOHNWURQODU�LOHWLP�EDQGÕQD�JHoHUOHU�YH�EX�GXUXP�ùHNLO������D�¶�
GD� DE� E|OJHVL� LOH� WHPVLO� HGLOPHNWHGLU�� 7�NHQPH� VÕFDNOÕ÷ÕQGDQ� GDKD� E�\�N� ELU�
VÕFDNOÕN� DUDOÕ÷ÕQGD� LVH� VHUEHVW� HOHNWURQODUÕQ� VD\ÕVÕ�KHPHQ�KHPHQ�VDELW�ROXU�YH�Eu 

GXUXP� ùHNLO� �����D�¶� GD� EF� E|OJHVL� LOH� J|VWHULOPHNWHGLU�� %X� GXUXP�� VDIVÕ]OÕN�
VHYL\HOHULQLQ� WDPDPHQ� W�NHQPHVLQGHQ� YH� ÕVÕO� |UJ�� WLWUHúLPOHULQLQ� HQHUMLVLQLQ�
YDODQV� HOHNWURQODUÕQÕ� X\DUPDN� LoLQ� \HWHUOL� ROPDPDVÕQGDQ� ND\QDNODQPDNWDGÕU��
6ÕFDNOÕN� DUWÕúÕ� GHYDP� HWWL÷LQGH�� ùHNLO� ����� �E�¶� GH� ,,� LOH� J|VWHULOGL÷L� JLEL�� YDODQV�
EDQGÕQGDQ�LOHWLP�EDQGÕQD�oRN�VD\ÕGD�HOHNWURQ�JHoLúL�RODFDNWÕU��%X�GXUXPGD��NDWNÕ�
DWRPODUÕQÕQ� WDúÕ\ÕFÕ� \R÷XQOX÷XQGD� ELU� DUWÕú� ROPD\DFD÷ÕQGDQ� LOHWLP� EX� E|OJHGH�
\DUÕLOHWNHQLQ�\DSÕVDO�|]HOOL÷L�RODQ�KDV�LOHWNHQOLN�úHNOLQGH�ROXU��Tc VÕFDNOÕ÷Õ��\�NVHN�
NDWNÕOÕ� YH\D� JHQLú� \DVDN� HQHUML� DUDOÕNOÕ� \DUÕLOHWNHQOHUGH� GDKD� E�\�N� ROPDNWDGÕU�
(Polyakov, 1985; Streetman, 1980; Shur, 1996). 

 

%LU� \DUÕLOHWNHQLQ� HOHNWULNVHO� LOHWNHQOL÷L�� \�NVHN� VÕFDNOÕNODUGD� YH� G�ú�N�
VÕFDNOÕNODUGD�VÕUDVÕ\OD�\DVDN�HQHUML�DUDOÕ÷ÕQD�YH�DNWLYDV\RQ�HQHUMLVLQH�ED÷OÕ�RODUDN�
LIDGH�HGLOHQ�LNL�WHULPGHQ�ROXúXU�YH� 

 

( ) ( )TkEexpTk2Eexp BaoeBgoitop −σ+−σ=σ             

(6.2) 

 

denklemi ile ifade edilir. Burada oiσ  ve oeσ �VÕFDNOÕ÷D�]D\ÕI�RODUDN�ED÷OÕ�VDELWOHUL��
Eg� \DUÕLOHWNHQLQ� \DVDN� HQHUML� DUDOÕ÷ÕQÕ� YH� (a� LVH� VDIVÕ]OÕN� DWRPODUÕQÕQ� DNWLYDV\RQ�
HQHUMLVLQL� J|VWHUPHNWHGLU�� %XUDGD� ELULQFL� WHULP� \�NVHN� VÕFDNOÕNODUGD� EDVNÕQ� RODQ�
KDV� LOHWNHQOL÷L� YH� LNLQFLVL� LVH� G�ú�N� VÕFDNOÕNODUGD� EDVNÕQ� RODQ� NDWNÕOÕ� LOHWNHQOL÷L�
J|VWHUPHNWHGLU�� 6ÕFDNOÕ÷D� ED÷OÕ� RODUDN� KHUKDQJL� ELU� WHULP� LKPDO� HGLOGL÷LQGH�� EX�
HúLWOLN� KHP� (g hem de Ea¶� QÕQ� EHOLUOHQPHVL� LoLQ� NXOODQÕOÕU� �5XGGHQ� DQG�
:LOVRQ�������� ùHNLO� ���¶� GH� LOHWNHQOL÷LQ� VÕFDNOÕ÷ÕQ� WHUVLQH� J|UH� GH÷LúLP� JUDIL÷L�
úHPDWLN� RODUDN� YHULOPHNWHGLU�� *UDIL÷LQ� DE� YH� FG� E|OJHOHULQLQ� H÷LPOHUL� ( nγ ve iγ ) 

NXOODQÕODUDN�� VÕUDVÕ\OD� VDIVÕ]OÕN� DWRPODUÕQÕQ� DNWLYDV\RQ� HQHUMLVL� YH� \DUÕLOHWNHQLQ�



\DVDN�HQHUML�DUDOÕ÷Õ�KHVDSODQDELOLU��2PDU��������0DWDUH� 1971). 

 

 

ùHNLO������øOHWNHQOL÷LQ�VÕFDNOÕ÷ÕQ�WHUVLQH�J|UH�GH÷LúLPLQLQ�úHPDWLN�J|VWHULPL� 
 

ùHNLO� ���¶� GHNL� EF� E|OJHVLQGH�� VÕFDNOÕN� DUWÕUÕOPDVÕQD� UD÷PHQ� LOHWNHQOLN�
D]DOPDNWDGÕU�� %X� E|OJH� KHPHQ� KHPHQ� E�W�Q� VDIVÕ]�ÕN� DWRPODUÕQÕQ� L\RQODúPÕú�
ROGX÷XQX� YH� ÕVÕO� WLWUHúLP� HQHUMLVLQLQ� KDV� LOHWNHQOL÷L� ROXúWXUPDN� LoLQ� \HWHUOL�
ROPDGÕ÷ÕQÕ� J|VWHULU�� 7�NHQPH� E|OJHVL� RODUDN� DGODQGÕUÕODQ� EX� E|OJHGH� DUWDQ�
VÕFDNOÕ÷D� ED÷OÕ� RODUDN� WDúÕ\ÕFÕ� NRQVDQWUDV\RQX� KHPHQ� KHPHQ� VDELW� NDOPDNWDGÕU��
)DNDW� ÕVÕO� |UJ�� WLWUHúLPOHULQGHQ� GROD\Õ� PRELOLWH� D]DOGÕ÷Õ� LoLQ�� EXQD� ED÷OÕ� RODUDN�
LOHWNHQOLN�GH�D]DOPDNWDGÕU��3RO\DNRY��������5XGGHQ�DQG�:LOVRQ�������� 

 

6.3. SnO2�)LOPOHULQLQ�øOHWLP�0HNDQL]PDODUÕ�YH�,-V Karakteristikleri 

 

 SnO2 ILOPOHULQLQ� X\JXODQDQ� YROWDMD� ED÷OÕ� RODUDN� LOHWLP�PHNDQL]PDODUÕQÕQ�
incelenmesi için SnO2� ILOPOHUL� �]HULQH� SODWLQ� XoODU� EDVWÕUÕODUDN� NRQWDNODU�
ROXúWXUXOPXú� YH� RGD� VÕFDNOÕ÷ÕQGD� YDNXPGD� ,-V ölçümleri Keithley 6487 

3LFRDPPHWHU�9ROWDJH�6RXUFH�FLKD]Õ�NXOODQÕODUDN�NDUDQOÕNWD�DOÕQPÕúWÕU��(OGH�HGLOHQ�
filmlere 0.01-���9�DUDOÕ÷ÕQGD�YROWDM�GH÷HUOHUL�X\JXODQPÕúWÕU��%X�ILOPOHU� LoLQ�HOGH�
HGLOHQ�|Oo�P�VRQXoODUÕQGDQ�ID\GDODQÕODUDN�KHU�ELU�PDO]HPHQLQ�ORJDULWPLN�VNDODGD�
I-9�NDUDNWHULVWLNOHUL� oL]LOPLúWLU��%X�NDUDNWHULVWLNOHUGHQ�6Q22 filmlerinin hangi tip 



LOHWLP� PHNHQL]PDODUÕQD� VDKLS� ROGXNODUÕ� LQFHOHQPLúWLU�� ����-��� 9� DUDOÕ÷ÕQGD�
X\JXODQDQ� YROWDM� GH÷HUOHULQH� NDUúÕOÕN� HOGH� HGLOHQ� |Oo�P� VRQXoODUÕ� NXOODQÕODUDN�
SnO2 ILOPOHULQLQ�LOHWNHQOLN�YH�|]GLUHQo�GH÷HUOHUL�KHVDSODQPÕúWÕU� 
 

M1 filmlerinin I-9�NDUDNWHULVWL÷L�ùHNLO������¶GH�J|U�OPHNWHGLU��%X�JUDILN�
incelHQGL÷LQGH�� ����� 9� LOH� ��� 9� DUDVÕQGD� DNÕPÕQ� X\JXODQDQ� YROWDMOD� ,a90.85 

úHNOLQGH� GH÷LúWL÷L� YH� EX� YROWDM� DUDOÕ÷ÕQGD� RKPLN� LOHWLPLQ� HWNLQ� ROGX÷X�
J|U�OPHNWHGLU�� %XQD� J|UH� VHUEHVW� WDúÕ\ÕFÕODU� PDO]HPH� LoHULVLQH� HQMHNWH� HGLOHQ�
WDúÕ\ÕFÕODUGDQ�GDKD�ID]ODGÕU��%|\OHFH�DNÕPÕ�VHUEHVW�\�NOHU�ROXúWXUPDNWD�YH�HQMHNWH�
HGLOHQ� \�NOHULQ� NDWNÕVÕ� GDKD� D]� ROPDNWDGÕU�� %X� ILOPOHU� LoLQ� WX]DNODUÕQ� YDUOÕ÷ÕQÕ�
J|VWHUHQ� 6&/� LOHWLP� E|OJHVL� J|]OHQHPHPLúWLU�� %XUDGDQ��0�� ILOPOHUL� LoLQ� RKPLN�
LOHWLPLQ�HWNLQ�ROGX÷X�VRQXFXQD�YDUÕOPÕúWÕU�� 

 

M1 filPOHULQLQ� |]GLUHQo� YH� LOHWNHQOLN� GH÷HUOHUL� (úLWOLN� ����� NXOODQÕODUDN�
VÕUDVÕ\OD�������
�FP�YH�����[��-1��
�FP�-1�RODUDN�EXOXQPXúWXU�� 
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ùHNLO������M1 filmlerinin I-9�NDUDNWHULVWL÷L� 
 



M2 filmlerinin I-9� NDUDNWHULVWL÷L� ùHNLO� ����¶� Ge verilmektedir. Bu 

JUDILNWHQ�0��ILOPOHULQLQ�LoHULVLQGHQ�JHoHQ�DNÕPÕQ�X\JXODQDQ�YROWDMD�ED÷OÕ�RODUDN�
�����9�LOH����9�DUDVÕQGD�,a90.88�úHNOLQGH�GH÷LúWL÷L�YH�EX�YROWDM�DUDOÕ÷ÕQGD�RKPLN�
LOHWLPLQ� HWNLQ� ROGX÷X� J|U�OPHNWHGLU�� %XQD� J|UH� VHUEHVW� WDúÕ\ÕFÕODUÕQ� PDO]eme 

LoHULVLQH� HQMHNWH� HGLOHQ� WDúÕ\ÕFÕODUGDQ� GDKD� ID]OD� ROGX÷X� VRQXFXQD� YDUÕODELOLU��
%|\OHFH� DNÕPÕ� VHUEHVW� \�NOHU� ROXúWXUPDNWD� YH� HQMHNWH� HGLOHQ� \�NOHULQ� DNÕPD�
NDWNÕVÕ� GDKD� D]� ROPDNWDGÕU��%X� ILOPOHU� LoLQ� GH� WX]DNODUÕQ� YDUOÕ÷ÕQÕ� J|VWHUHQ�6&/�
iletim bölgesi g|]OHQHPHPLúWLU�� %XUDGDQ��0�� ILOPOHUL� LoLQ� RKPLN� LOHWLPLQ� HWNLQ�
ROGX÷X�VRQXFXQD�XODúÕOPÕúWÕU�� 

 

.DUDQOÕNWD� ����–��� 9� DUDOÕ÷ÕQGD� X\JXODQDQ� YROWDM� GH÷HUOHULQH� NDUúÕOÕN�
HOGH� HGLOHQ� |Oo�P� VRQXoODUÕQGDQ�0� ILOPOHULQLQ� |]GLUHQo� YH� LOHWNHQOLN� GH÷HUOHUL�
VÕUDVÕ\OD��.62x101��
�FP�YH�����[��-2��
�FP�-1�RODUDN�EXOXQPXúWXU� 
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ùHNLO������M2 filmlerinin I-9�NDUDNWHULVWL÷L� 
 

 



M3 filmlerinin I-9�NDUDNWHULVWL÷L�ùHNLO�����¶�GD�J|U�OPHNWHGLU��%X�JUDILN�
LQFHOHQGL÷LQGH�� ����� 9� LOH� ��� 9� DUDVÕQGD� DNÕPÕQ� uygulanan voltajla I~V0.94  

úHNOLQGH� GH÷LúWL÷L� YH� EX� YROWDM� DUDOÕ÷ÕQGD� RKPLN� LOHWLPLQ� HWNLQ� ROGX÷X�
EHOLUOHQPLúWLU�� %XQD� J|UH� VHUEHVW� WDúÕ\ÕFÕODUÕQ� PDO]HPH� LoHULVLQH� HQMHNWH� HGLOHQ�
WDúÕ\ÕFÕODUGDQ� GDKD� ID]OD� ROGX÷X� V|\OHQHELOLU�� %X� ILOPOHU� LoLQ� GH� 6&/� LOHWLP 

E|OJHVL�J|]OHQHPHGL÷L�LoLQ�WX]DNODUÕQ�YDUOÕ÷Õ�KDNNÕQGD�ELOJL�HGLQLOHPHPLúWLU�� 
 

M3 ILOPOHULQLQ�|]GLUHQo�YH� LOHWNHQOLN�GH÷HUOHUL� VÕUDVÕ\OD�����[��2� �
�FP�
ve 2.24x10-3��
�FP�-1�RODUDN�EXOXQPXúWXU�� 
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ùHNLO������M3 filmlerinin I-V�NDUDNWHULVWL÷L� 
 

M4 filmlerinin I-9�NDUDNWHULVWL÷L�ùHNLO�����¶�GH�J|U�OPHNWHGLU��%X�JUDILN�
LQFHOHQGL÷LQGH�� ����� 9� LOH� ��� 9� DUDVÕQGD� DNÕPÕQ� X\JXODQDQ� YROWDMOD� ,a90.89 

úHNOLQGH� GH÷LúWL÷L� YH� EX� YROWDM� DUDOÕ÷ÕQGD� RKPLN� LOHWLPLQ� HWNLQ� ROGX÷X�
görülmektedir. SerEHVW�WDúÕ\ÕFÕODUÕQ�PDO]HPH�LoHULVLQH�HQMHNWH�HGLOHQ�WDúÕ\ÕFÕODUGDQ�
GDKD� ID]OD� ROGX÷X� V|\OHQHELOLU�� %|\OHFH� DNÕPÕ� EDVNÕQ� RODUDN� VHUEHVW� \�NOHULQ�



ROXúWXUGX÷X� EHOLUOHQPLúWLU��%X� ILOPOHU� LoLQ� GH�6&/� LOHWLP�E|OJHVL� J|]OHQHPHGL÷L�
LoLQ�WX]DNODUÕQ�YDUOÕ÷Õ�KDNNÕQGD�ELOJL�HGLQLOHPHPLúWLU�� 

 

M4 ILOPOHULQLQ�|]GLUHQo�YH� LOHWNHQOLN�GH÷HUOHUL� VÕUDVÕ\OD�����[��2� �
�FP�
ve 1.61x10-3��
�FP�-1�RODUDN�EXOXQPXúWXU�� 
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ùHNLO������M4 filmlerinin I-9�NDUDNWHULVWL÷L� 
 

Tüm filmler için hesaplanan özdirenç YH�LOHWNHQOLN�GH÷HUOHUL�dL]HOJH�����¶�
GH�YHULOPLúWLU��dL]HOJH������LQFHOHQGL÷LQGH�WDEDQ�VÕFDNOÕ÷ÕQÕQ�HWNLVL\OH�LOHWNHQOL÷LQ�
D]DOGÕ÷Õ� J|U�OPHNWHGLU�� )LOPOHULQ� \DSÕVDO� YH� \�]H\VHO� |]HOOLNOHULQLQ� LQFHOHQPHVL�
VRQXFXQGD�DUWDQ� WDEDQ�VÕFDNOÕ÷ÕQD�ED÷OÕ�RODUDN�NULVWDOOHúPH�VHYL\HVLQLQ�DUWWÕ÷Õ�YH�
ILOPOHULQ� VÕNÕ� WXWXQPXú� N�o�N� WDQHOL� ELU� \DSÕ\D� VDKLS� ROGX÷X� J|U�OP�úW�U�� %X�
GXUXPXQ� GHMHQHUH� ELU� \DUÕLOHWNHQ� RODQ� 6Q22� ILOPOHULQLQ� WDúÕ\ÕFÕ� \R÷XQOX÷XQX�
DUWWÕUGÕ÷ÕQÕ� G�ú�QPHNWH\L]�� $QFDN� \DSÕGD� oRN� VD\ÕGD� LOHWLP� HOHNWURQX�
buOXQPDVÕQGDQ�GROD\Õ�HOHNWURQODUÕQ�oDUSÕúPD�V�UHOHUL�YH�PRELOLWHOHUL�D]DOÕU��%XQD�
J|UH� L\LOHúHQ� \DSÕVDO� YH� \�]H\VHO� |]HOOLNOHUH� UD÷PHQ� LOHWNHQOL÷LQ� D]DOPDVÕ�� WÕSNÕ�



PHWDOOHUGH� ROGX÷X� JLEL�� VHUEHVW� HOHNWURQODUÕQ� PRELOLWHOHULQLQ� D]DOPDVÕQD�
ED÷ODQDELOLU��� 

 

Çizelge 6.1. SnO2�ILOPOHULQLQ�HOHNWULNVHO�LOHWNHQOLN�YH�|]GLUHQo�GH÷HUOHUL� 
Malzeme 1��
�FP�-1 !��
�FP� 

M1 5.40x10-1 1.85 

M2 3.82x10-2 2.62x101 

M3 2.24x10-3 4.46x102 

M4 1,61x10-3 6.21x102 

 

 

6.4. SnO2�)LOPOHULQLQ�(OHNWULNVHO�øOHWNHQOLNOHULQLQ�6ÕFDNOÕ÷D�%D÷ÕPOÕOÕ÷Õ 
 

 SnO2� ILOPOHULQLQ� VÕFDNOÕ÷D� J|UH� DNÕP� GH÷HUOHUL� NDUDQOÕNWD� 9 ��� 9� ¶OXN�
VDELW� ELU� SRWDQVL\HO� IDUN� DOWÕQGD� ��-���� .� DUDOÕ÷ÕQGD� VÕFDNOÕN� GH÷HUOHUL�
X\JXODQDUDN� DOÕQPÕúWÕU�� 7�P� ILOPOHULQ� VÕFDNOÕNOD� DNÕP� GH÷HUOHULQLQ� |Oo�OPHVLQGH�
Lake Shore 332 Temperature Controller ve  Keithley 6487 Picoammeter/Voltage 

6RXUFH� FLKD]ODUÕ� NXOODQÕOPÕúWÕU�� 7�P� ILOPOHU� LoLQ� OQ1∼�����7� GH÷LúLP� JUDILNOHUL�
oL]LOPLú� YH� NDUDQOÕNWD� DNWLYDV\RQ� HQHUMLOHUL� LOH� GRQ|U� JLEL� GDYUDQDQ� WX]DNODUÕQ�
HQHUMLOHUL�KHVDSODQPÕúWÕU� 
 

M1 filmlerinin� OQ1∼�����7� GH÷LúLP� JUDILNOHUL� ùHNLO� ����¶� GH�
YHULOPHNWHGLU��%X�JUDILNWHQ�J|U�OG�÷��JLEL�W�P�VÕFDNOÕN�DUDOÕ÷Õ�,��E|OJH����–50 K), 

ve II. bölge (50–����.��ROPDN��]HUH�LNL�IDUNOÕ�E|OJH\H�D\UÕODUDN�LQFHOHQPLúWLU�� ,��
E|OJHGH� DUWDQ� VÕFDNOÕ÷D� UD÷PHQ� LOHWNHQOLN� GH÷HUOHULQGH� oRN� N�o�N� ELU� D]DOÕúÕQ�
ROGX÷X� J|U�OPHNWHGLU�� %X� E|OJHQLQ�� ��.� VÕFDNOÕ÷ÕQGDQ� |QFH�PXKWHPHOHQ� LOHWLP�
EDQGÕQÕQ�KHPHQ�DOWÕQGD�EXOXQGX÷XQX�G�ú�QG�÷�P�]�GRQ|U�RODUDN�GDYUDQDQ�DUD\D�
VÕNÕúPÕú� 6Q� DWRPODUÕ� YH�YH\D� RNVLMHQ� ERúOXNODUÕQGDQ� ND\QDNODQDQ� ELU� Lletimin 

EDúODGÕ÷ÕQÕ�YH���.�VÕFDNOÕ÷ÕQGDQ�LWLEDUHQ���.¶�H�NDGDU�VÕFDNOÕN�DUWWÕUÕOGÕNoD�GRQ|U�
HWNLVL� \DUDWDQ� EX� GXUXPODUÕQ� W�NHQGL÷LQL� J|VWHUGL÷LQL� G�ú�QPHNWH\L]�� $QFDN� ,��
E|OJHGH� WHUPDO� WLWUHúLPOHULQ� HQHUMLVLQLQ� \DVDN� HQHUML� DUDOÕ÷ÕQÕQ� GDKD� GHULQ�



seviyeleriQGH�EXOXQDQ�GRQ|U�JLEL�GDYUDQDQ�WX]DNODUÕQ�L\RQODúPDVÕQÕ�VD÷ODPDN�LoLQ�
\HWHUOL� ROPDGÕ÷ÕQÕ� V|\OH\HELOLUL]�� %|\OHFH� WDúÕ\ÕFÕ� NRQVDQWUDV\RQX� DUWDQ� VÕFDNOÕN�
LOH� ELUOLNWH� KHPHQ� KHPHQ� VDELW� NDODFDNWÕU�� 7�NHQPH� E|OJHVLQGH� LOHWNHQOL÷LQ�
VÕFDNOÕ÷D� ED÷ÕPOÕOÕ÷Õ� WDúÕ\ÕFÕ� PRELOLWHVLQLQ� VÕFDNOÕ÷D� ED÷ÕPOÕOÕ÷Õ� LOH� EHOLUOHQLU��
7HUPDO� |UJ�� WLWUHúLPOHUL� WDUDIÕQGDQ� VDoÕOPD� W�NHQPH� E|OJHVLQGH� WHPHO� LOHWLP�
PHNDQL]PDVÕGÕU�� %X� PHNDQL]PD\D� J|UH� WDúÕ\ÕFÕ� NRQVDQWUDV\RQX� GH÷LúPHNVL]LQ�
WHUPDO� |UJ�� WLWUHúLPOHULQGHQ� GROD\Õ�PRELOLWH� YH� LOHWNHQOLN� D]DOPDNWDGÕU�� %|\OHFH�
DUWDQ� VÕFDNOÕ÷D� UD÷PHQ� LOHWNHQOLNWHNL� N�o�N� ELU� D]DOÕú� PRELOLWHGHNL� N�o�N� ELU�
D]DOPD� LOH�DoÕNODQDELOLU����.¶�GHQ�GDKD�\�NVHN�VÕFDNOÕNODUGD�\DQL� ,,��E|OJHGH� LVH�
LOHWNHQOLN� GH÷HUOHULQGH� NHVNLQ� ELU� DUWÕúÕQ� ROGX÷X� J|U�OP�úW�U�� %X� DUWÕúÕQ� \DVDN�
HQHUML� DUDOÕ÷ÕQD� GD÷ÕOPÕú� GRQ|U� JLEL� GDYUDQDQ� WX]DNODUÕQ� L\RQODúPDVÕQGDQ�
ND\QDNODQGÕ÷ÕQÕ� V|\OH\HELOLUL]�� *UDIL÷LQ� ,,�� E|OJHVLQLQ� H÷LPL� \�NVHN� VÕFDNOÕN�
E|OJHVL� LoLQ�GRQ|U�JLEL�GDYUDQDQ�WX]DNODUÕQ�HQHUMLVLQL�YHULU��*UDILNWHQ�HOGH�HGLOHQ�
EX� H÷LP� GH÷HUL� NXOODQÕODUDN�� \�NVHN� VÕFDNOÕN� E|OJHVL� LoLQ� GRQ|U� JLEL� GDYUDQDQ�
WX]DNODUÕQ�HQHUMLVL�������H9�RODUDN�EXOXQPXúWXU�� 
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ùHNLO������0��ILOPOHULQLQ�OQ1∼�����7�GH÷LúLP�JUDILNOHUL� 
 

I. Bölge 

II. Bölge 



 0�� ILOPOHULQLQ� OQ1∼�����7� GH÷LúLP� JUDILNOHUL� ùHNLO� ����� ¶GD� J|U�OG�÷��
JLELGLU�� %X� JUDILNWHQ� J|U�OG�÷�� JLEL� W�P� VÕFDNOÕN� DUDOÕ÷Õ� LNL� E|OJH\H� D\UÕODUDN�
LQFHOHQPLúWLU�� ,�� E|OJHGH� G�ú�N� VÕFDNOÕNODUGDQ� \�NVHN� VÕFDNOÕNODUD� JLGLOGLNoH�
LOHWNHQOLN� GH÷HUOHULQGH� DUWÕúÕQ� ROGX÷X� J|]OHQPHNWHGLU�� ,,�� E|OJHGH� LVH� Drtan 

VÕFDNOÕNOD� ELUOLNWH� LOHWNHQOLNWHNL� DUWÕú� GDKD� EHOLUJLQGLU�� ,�� YH� ,,�� E|OJHOHULQ�
H÷LPOHULQGHQ�0��ILOPOHULQLQ�DNWLYDV\RQ�HQHUMLVL������PH9�YH�GRQ|U�JLEL�GDYUDQDQ�
WX]DNODUÕQ�HQHUMLVL�������H9�RODUDN�EXOXQPXúWXU� 
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ùHNLO���9.�0��ILOPOHULQLQ�OQ1∼�����7�GH÷LúLP�JUDILNOHUL� 
 

 0�� ILOPOHULQLQ� OQ1∼�����7� GH÷LúLP� JUDILNOHUL� ùHNLO� ������ ¶GD�
YHULOPHNWHGLU�� 7�P� VÕFDNOÕN� DUDOÕ÷Õ� ,�� E|OJH� ���–70 K) ve II. bölge (70–320 K) 

ROPDN��]HUH�LNL�IDUNOÕ�E|OJH\H�D\UÕODUDN�LQFHOHQPLúWLU��0��ILOPOHri için I. bölgede 

J|]OHQHQ� LOHWNHQOL÷LQ� DUWDQ� VÕFDNOÕNOD� D]DOÕúÕ� 0�� ILOPOHULQLQNLQH� EHQ]HU� ELU�
GDYUDQÕú� VHUJLOHPHNWHGLU��$QFDN�ùHNLO������¶�GDQ�DoÕNoD�J|U�OG�÷��JLEL���-70 K 

VÕFDNOÕN� DUDOÕ÷ÕQGD� 0�� ILOPOHULQGHNLQGHQ� IDUNOÕ� ELU� |]HOOLN� J|VWHUPHNWHGLU�� 0��
fiOPOHULQGH� EX� VÕFDNOÕN� DUDOÕ÷ÕQGD� VÕFDNOÕNWDNL� DUWÕúD� UD÷PHQ� LOHWNHQOL÷LQ� EHOLUJLQ�
ELU� úHNLOGH� D]DOGÕ÷Õ� J|]H� oDUSPDNWDGÕU�� ,�� E|OJHGH�� G�ú�N� VÕFDNOÕNODUGD� GRQ|U�

I. Bölge 

II. Bölge 



RODUDN� GDYUDQDQ� DUD\D� VÕNÕúPÕú� 6Q� DWRPODUÕQÕQ� YH�YH\D� RNVLMHQ� ERúOXNODUÕQÕQ�
L\RQODúWÕ÷ÕQÕ� YH� WHUPDO� WLWUHúLPOHULQ� HQHUMLVLQLQ� GRQ|U� JLEL� GDYUDQDQ� WX]DNODUÕ�
L\RQODúWÕUPDN� LoLQ� \HWHUOL� ROPDGÕ÷ÕQÕ� G�ú�QPHNWH\L]��7�NHQPH�E|OJHVLQGH� WHPHO�
LOHWLP� PHNDQL]PDVÕ� WHUPDO� |UJ�� WLWUHúLPOHUL� WDUDIÕQGDQ� VDoÕOPD� ROGX÷X� LoLQ��
WDúÕ\ÕFÕODUÕQ� PRELOLWHVL� D]DOPDNWD� YH� EXQD� ED÷OÕ� RODUDN� GD� LOHWNHQOLNOHUL�
D]DOPDNWDGÕU�� %|\OHFH� DUWDQ� VÕFDNOÕ÷D� UD÷PHQ� LOHWNHQOL÷LQ� D]DOPDVÕ� WDúÕ\ÕFÕODUÕQ�
PRELOLWHOHULQLQ� D]DOPDVÕQGDQ� DoÕNODQDELOLU�� � ��.¶� GHQ� GDKD� \�NVHN� VÕFDNOÕNODUGD�
LVH� VÕFDNOÕN� DUWWÕNoD� LOHWNHQOLN� GH÷HUOHULQGH� EHOLUJLQ� ELU� DUWÕúÕQ� ROGX÷X�
J|U�OPHNWHGLU�� %X� DUWÕúÕQ� GRQ|U� JLEL� GDYUDQDQ� WX]DNODUÕQ� L\RQODúPDVÕQGDQ�
ND\QDNODQGÕ÷ÕQÕ� G�ú�QPHNWH\L]�� ,,�� E|OJHQLQ� H÷LPLQGHQ� GRQ|U� JLEL� GDYUDQDQ�
WX]DNODUÕQ�HQHUMLVL�������H9�RODUDN�EXOXQPXúWXU��� 
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ùHNLO������ M��ILOPOHULQLQ�OQ1∼�����7�GH÷LúLP�JUDILNOHUL� 
 

0�� ILOPOHULQLQ� OQ1∼�����7� GH÷LúLP� JUDILNOHUL� ùHNLO� ������ ¶GH�
YHULOPHNWHGLU�� %X� JUDILNWHQ� J|U�OG�÷�� JLEL� ,�� E|OJHGH� VÕFDNOÕN� DUWWÕNoD� LOHWNHQOLN�
\DYDú� ELU� úHNLOGH� DUWDUNHQ�� ,,�� E|OJHGH� LOHWNHQOLNWHNL� DUWÕú� EHOLUJLQ� ELU� úHNLOGH�
ROPDNWDGÕU��,��YH�,,��E|OJHOHULQ�H÷LPOHULQGHQ�0��ILOPOHULQLQ�DNWLYDV\RQ�HQHUMLVL�YH�

I. Bölge 

II. Bölge 



GRQ|U� JLEL� GDYUDQDQ� WX]DNODUÕQ� HQHUMLVL� VÕUDVÕ� LOH� �����PH9� YH� ������ H9� RODUDN�
EXOXQPXúWXU� 
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ùHNLO�������0��ILOPOHULQLQ�OQ1∼10���7�GH÷LúLP�JUDIL÷L� 
 

OQ1∼�����7� GH÷LúLP� JUDILNOHULQLQ� LQFHOHQPHVL� VRQXFXQGD� GHMHQHUH�
\DUÕLOHWNHQ�RODQ�6Q22� ILOPOHULQLQ�JHQLúOHPLú�GRQ|U�EDQWODUÕQD�VDKLS�RODELOHFH÷LQL�
YH� GRQ|U� RODUDN� GDYUDQDQ� DUD\D� VÕNÕúPÕú� 6Q� DWRPODUÕQÕQ� YH�YH\D� RNVLMHQ�
ERúOXNODUÕQÕQ� NRQVDQWUDV\RQXQD� ED÷OÕ� RODUDN� EX� GRQ|U� EDQWODUÕQÕQ� \DVDN� HQHUML�
DUDOÕ÷Õ�LoHULVLQGHNL�NRQXPODUÕQÕQ�GH÷LúHELOHFH÷LQL�G�ú�QPHNWH\L]� 

  

Tüm filmler için hesaplanan aktivasyon enerjisi (Ea) ve donör gibi 

GDYUDQDQ� WX]DNODUÕQ� HQHUMLVL� �(t) Çizelge 6.2.’ de verilmektedir. Bu çizelge 

LQFHOHQGL÷LQGH� 0�� ILOPOHULQLQ� DNWLYDV\RQ� HQHUMLOHULQLQ� 0�� ILOPOHULQLQNLQH� J|UH�
N�o�N�ROGX÷X�J|U�OPHNWHGLU��%X�GXUXPXQ�0��ILOPOHULQGH�GRQ|U�RODUDN�GDYUDQDQ�
DUD\D� VÕNÕúPÕú� 6Q� DWRPODUÕQÕQ� YH�YH\D� RNVLMHQ� ERúOXNODUÕQÕQ� NRQVDQWUDV\RQXQXQ�
M2 fiOPOHULQLQNLQH�J|UH�GDKD�\�NVHN�ROPDVÕQGDQ�ND\QDNODQGÕ÷ÕQÕ�G�ú�QPHNWH\L]��
<DQL� GRQ|U� NRQVDQWUDV\RQXQXQ� \�NVHN� ROPDVÕ� GXUXPXQGD� EDQW� LoLQH� GRQ|U�
VHYL\HOHULQLQ� JHQLúOHPHVL� GRQ|U� EDQGÕQÕ� LOHWLP� EDQGÕQD� GDKD� oRN� \DNODúWÕUDFD÷Õ�

I. Bölge 

II. Bölge 



için, donörlerin aktivasyon enerjiVLQGH�ELU�D]DOÕú�ROGX÷XQX�V|\OH\HELOLUL]��dL]HOJH�
����¶� GH� YHULOHQ� (W� GH÷HUOHUL� LQFHOHQGL÷LQGH� DUWDQ� WDEDQ� VÕFDNOÕ÷ÕQD� ED÷OÕ� RODUDN�
G�]HQOL� ELU� DUWÕú� \D� GD� D]DOÕúÕQ� ROPDGÕ÷Õ� EHOLUOHQPLúWLU�� %XUDGDQ� oÕNDUWÕODELOHFHN�
GL÷HU� ELU� VRQXo�� WDEDQ� VÕFDNOÕ÷ÕQÕQ� HWNLVL\OH� GRQ|U� JLEL� GDYUDQDQ� WX]DNODUÕQ� KHP�
VD\ÕVÕQÕQ�KHP�GH�\DVDN�HQHUML�DUDOÕ÷Õ�LoHULVLQGH�GD÷ÕOÕPÕQÕQ�GH÷LúWL÷LGLU� 
 

Çizelge 6.2. SnO2 filmlerinin Ea ve Et�GH÷HUOHUL� 
Malzeme Ea (meV) Et (eV) 

M1 - 0.049 

M2 2.10 0.057 

M3 - 0.082 

M4 0.28 0.063 

 

 

SnO2 filPOHULQLQ�HOHNWULNVHO�LOHWNHQOLN�W�UOHUL�6RORPRQ�PDUND����:DWW¶�OÕN�
havya ve CEM DT-���%�GLMLWDO�PXOWLPHWUH�NXOODQÕODUDN�VÕFDN�Xo�WHNQL÷L�LOH�Q-tipi 

RODUDN�EHOLUOHQPLúWLU� 
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�����7DUWÕúPD 

 

%X� oDOÕúPDGD�6Q22 filmleri U.3� WHNQL÷L� LOH� ����� ����� ����YH����±5 °C 

WDEDQ�VÕFDNOÕNODUÕQGD�PLNURVNRS�FDP�WDEDQODU��]HULQH�a��PO�GN�S�VN�UWPH�KÕ]ÕQGD�
a���GN�S�VN�UW�OHUHN�HOGH�HGLOPLú�YH�ILOPOHU�VÕUDVÕ\OD�0���0���0��YH�0��RODUDN�
DGODQGÕUÕOPÕúWÕU��(lde edilen SnO2 filmlerinin elektrik ve optik özellikleri, kristal 

\DSÕODUÕ�� \�]H\� PRUIRORMLOHUL� YH� PLNURDQDOL]OHUL� �]HULQH� DUWDQ� WDEDQ� VÕFDNOÕ÷ÕQÕQ�
HWNLVL�LQFHOHQPLúWLU� 
.  

 SnO2� ILOPOHULQLQ�NDOÕQOÕNODUÕQÕQ�����–������P�DUDVÕQGD�GH÷LúWL÷L�YH� WDEDQ�
VÕFDNOÕ÷Õ�DUWWÕUÕOGÕNoD�NDOÕQOÕNODUÕQÕQ�D]DOGÕ÷Õ�EHOLUOHQPLúWLU�� 
 

0���0���0�� YH�0�� ILOPOHULQLQ� \DSÕVDO� |]HOOLNOHULQL� LQFHOHPHN� DPDFÕ\OD�
;5'� GHVHQOHUL� � �������Ö� GDOJDER\OX� &X..� ÕúÕQÕ� NXOODQÕODUDN� WR]� PHWRGX� LOH�
20°≤��≤100°� DUDOÕ÷ÕQGD� DOÕQPÕúWÕU�� %X� GHVHQOHULQ� LQFHOHQPHVL� VRQXFXQGD� W�P�
filmlerin tetUDJRQDO� YH� SROLNULVWDO� \DSÕGD� ROGXNODUÕ� EHOLUOHQPLúWLU�� XRD 

GHVHQOHULQGH� HQ� úLGGHWOL� YH� HQ� NHVNLQ� SLNOHU� EHOLUOHQHUHN� KHU� ELU� ILOPLQ� WHUFLKOL�
\|QHOLPOHUL� EHOLUOHQPLúWLU�� %XQD� J|UH� 0�� LOH� 0�� ILOPOHULQLQ� WHUFLKOL�
\|QHOLPOHULQLQ� ������ GR÷UXOWXVXQGD� YH� 0�� LOH� M4 filmlerinin tercihli 

\|QHOLPOHULQLQ� ������ GR÷UXOWXVXQGD� ROGX÷X� EHOLUOHQPLúWLU�� %|\OHFH� WDEDQ�
VÕFDNOÕ÷ÕQÕQ� DUWPDVÕ� LOH� ILOPOHULQ� WHUFLKOL� \|QHOLPOHULQLQ� GH÷LúWL÷L� J|]OHQPLúWLU��
$UWDQ� WDEDQ� VÕFDNOÕ÷Õ� LOH� ELUOLNWH� KHP� SLN� úLGGHWOHULQLQ� DUWWÕ÷Õ� KHP� GH� \DUÕ� pik 

JHQLúOLNOHULQLQ� D]DOGÕ÷Õ� WHVSLW� HGLOPLúWLU�� 7�P� ILOPOHULQ� WHUFLKOL� \|QHOLPOHUL� LoLQ�
UDG\DQ�RODUDN�\DUÕ�SLN�JHQLúOLNOHUL�|Oo�OP�ú�YH�6FKHUUHU�IRUP�O��NXOODQÕODUDN�WDQH�
E�\�NO�NOHUL� KHVDSODQPÕúWÕU�� %X� GH÷HUOHU� LQFHOHQGL÷LQGH� WDEDQ� VÕFDNOÕ÷Õ�
DUWWÕUÕOGÕNoD�� WHUFLKOL� \|QHOLPOHULQ� \DUÕ� SLN� JHQLúOLNOHULQLQ� D]DOGÕ÷Õ� YH� WDQH�
ER\XWODUÕQÕQ� LVH� DUWWÕ÷Õ� J|U�OP�úW�U�� %XQD� ED÷OÕ� RODUDN� NULVWDOOHúPH� G�]H\LQLQ�
DUWWÕ÷Õ� EHOLUOHQPLúWLU�� %XUDGDQ� DUWDQ� WDEDQ� VÕFDNOÕ÷ÕQD� ED÷OÕ� RODUDN� ILOPOHULQ�
NULVWDOOHúPH�G�]H\LQLQ�L\LOHúWL÷L�YH�WDEDQ�VÕFDNOÕ÷ÕQÕQ�ILOPOHULQ�\DSÕVDO�|]HOOLNOHUL�
�]HULQH�ROXPOX�ELU�HWNL�\DSWÕ÷Õ�J|U�OP�úW�U� 



Tüm SnO2�ILOPOHULQLQ�6(0�LOH�\�]H\�PRUIRORMLOHUL�LQFHOHQPLú�YH�('6�LOH�
GH� PLNURDQDOL]OHUL� \DSÕOPÕúWÕU�� SEM görüntülerinin incelenmesi sonucunda elde 

edilen fLOPOHULQ� \�]H\OHULQGHNL� KRPRMHQOL÷LQ� WDEDQ� VÕFDNOÕ÷ÕQÕQ� DUWPDVÕ\OD�
QLVSHWHQ�DUWWÕ÷Õ�IDNDW�JHQHO�RODUDN�|]HOOLNOH�G�ú�N�VÕFDNOÕNODUGD�ILOPOHU�LoLQ�EHOLUOL�
ELU� JHRPHWUL\H� VDKLS� ROPD\DQ� IDUNOÕ� E�\�NO�NOHUGHNL� JHOLúLJ�]HO� GD÷ÕOÕPÕQ� V|]�
NRQXVX�ROGX÷X� WHVSLW� HGLOPLúWLU��$\UÕFD� WDEDQ�VÕFDNOÕ÷ÕQÕQ�DUWPDVÕQD�ED÷OÕ�RODUDN�
ILOPOHULQ� N�o�N� WDQHOL� VÕNÕ� ELU� \DSÕ\D� VDKLS� ROGXNODUÕ� J|]OHQPLúWLU�� %X� GXUXP��
WDEDQ� VÕFDNOÕ÷ÕQÕQ� DUWPDVÕ� LOH� WDEDQD� WXWXQPDQÕQ� NXYYHWOHQGL÷L� VRQXFXQD�
XODúPDPÕ]Õ�VD÷ODPÕúWÕU�� 

 

EDS mikroanalizleri sRQXFXQGD�� EDúODQJÕo� S�VN�UWPH� o|]HOWLVL� LoLQGH�
bulunan 6Q� YH� 2� HOHPHQWOHULQLQ� EHNOHQLOGL÷L� JLEL� NDWÕ� ILOPOHULQ� \DSÕVÕQGD� YDU�
ROGX÷X� YH� DWRP� \�]GHOHUL� LQFHOHQGL÷LQGH� \DSÕGD� ELU� 6Q� DWRPXQD� NDUúÕOÕN� LNL� 2�
DWRPX� EXOXQGX÷X� LoLQ� ELOHúL÷LQ� VWRNL\RPHWULN� ROGX÷X� EHOLUOHQPLúWLU�� $\UÕFD�
ILOPOHULQ� \DSÕVÕQGD� 6Q� YH� 2� KDULFLQGH� WDEDQ� RODUDN� NXOODQÕODQ� PLNURVNRS�
FDPÕQGDQ�JHOGL÷LQL�G�ú�QG�÷�P�]�6L�YH�1�HOHPHQWOHULQLQ�GH�ROGX÷X�J|U�OP�úW�U� 

 

7�P�ILOPOHULQ�RSWLN�|]HOOLNOHULQL�LQFHOHPHN�DPDFÕ\OD�JHoLUJHQOLN��\DQVÕPD�
ve lineer VR÷XUPD�NDWVD\ÕODUÕQÕQ�GDOJD�ER\XQD�J|UH�GH÷LúLP�JUDILNOHUL�oL]LOPLúWLU��
)LOPOHULQLQ� JHoLUJHQOLN� VSHNWUXPODUÕQGDQ� J|U�Q�U� E|OJHGHNL� JHoLUJHQOLN�
GH÷HUOHULQLQ� G�ú�N� ROGX÷X� EHOLUOHQPLúWLU�� 6Q22� ILOPOHULQLQ� G�ú�N� JHoLUJHQOLN�
GH÷HUOHULQLQ� HOGH� HGLOHQ� ILOPOHULQ� NDOÕQ� ROPDVÕQGDQ� ND\QDNODQGÕ÷ÕQÕ�
G�ú�QPHNWH\L]�� hUHWLP� SDUDPHWUHOHUL� GH÷LúWLULOHUHN� GDKD� LQFH� ILOPOHU� HOGH�
HGLOGL÷LQGH� ILOPOHULQ� JHoLUJHQOLN� GH÷HUOHULQLQ� DUWWÕUÕODELOHFH÷L� LQDQFÕQGD\Õ]�� 0��
ILOPOHULQGH�J|]OHQHQ��GL÷HU�ILOPOHUH�J|UH�\�NVHN�JHoLUJHQOL÷LQ�PDO]emenin kristal 

\DSÕVÕQGDQ� ND\QDNODQGÕ÷ÕQÕ� V|\OH\HELOLUL]�� %X� ILOPOHULQ� G�ú�N� NULVWDOOHúPH�
VHYL\HVLQH� VDKLS� ROPDODUÕ� VHEHEL\OH� ROXúDQ� ERúOXNODUÕQ� JHoLUJHQOL÷L� DUWWÕUGÕ÷ÕQÕ�
G�ú�QPHNWH\L]�� %XQXQOD� EHUDEHU�� 6(0� LQFHOHPHOHULQGHQ� DoÕNoD� J|U�OG�÷�� JLEL�
M3 ve M4 fLOPOHUL� GDKD� L\L� ROXúXPODUD� VDKLSWLUOHU�� %X�PDO]HPHOHUGH� GDKD� VÕNÕ�
SDNHWOHQHQ� WDQHOHULQ� DEVRUSVL\RQX� DUWWÕUGÕ÷ÕQÕ� YH� EX� GXUXPXQ� GD� JHoLUJHQOL÷LQ�
G�ú�N�ROPDVÕQD�QHGHQ�ROGX÷XQX�G�ú�QPHNWH\L]� 

 



SnO2� ILOPOHULQLQ� \�]GH� \DQVÕPDODUÕQÕQ� GDOJDER\XQD� J|UH� GH÷LúLP�
grDILNOHUL� LQFHOHQGL÷LQGH�� 6Q22� ILOPOHULQLQ� J|U�Q�U� E|OJHGHNL� \DQVÕPDODUÕQÕQ�
\�NVHN�ROGX÷X�EHOLUOHQPLúWLU��0��ILOPOHUL�GL÷HU�ILOPOHUH�J|UH�\�NVHN�JHoLUJHQOL÷H�
VDKLS� ROGX÷X� LoLQ�� EX� ILOPOHULQ� GDKD� G�ú�N� \DQVÕPD� GH÷HULQH� VDKLS� ROGX÷X�
J|U�OP�úW�U�� 0�� YH�0�� ILOPOHULQLQ� \�]GH� \DQVÕPD� GH÷HUOHULQGH� LVH� |QHPOL� ELU�
GH÷LúLPLQ� ROPDGÕ÷Õ� J|]OHQPLúWLU�� %X� ILOPOHULQ� \�]H\OHULQLQ� GDKD� G�]J�Q� ROPDVÕ�
YH�\DSÕODUÕQGD� L\L�SDNHWOHQPLú� WDQHOHULQ�ROXúPDVÕQGDQ�GROD\Õ�0�� ILOPOHULQH�J|UH�
\DQVÕWÕUOÕN� |]HOOLNOHULQLQ� DUWWÕ÷Õ� EHOLUOHQPLúWLU�� 7�P� ILOPOHU� LoLQ� NÕVD� GDOJD�
ER\ODUÕQGD�\DQVÕPDQÕQ�DUWWÕ÷Õ�J|U�OP�úW�U�� 

  

SnO2� ILOPOHULQLQ� OLQHHU� VR÷XUPD� NDWVD\ÕVÕQÕQ� GDOJDER\XQD� J|UH� GH÷LúLP�
JUDILNOHUL�LQFHOHQGL÷LQGH��0��YH�0��ILOPOHULQLQ����-����QP�GDOJDER\X�DUDOÕ÷ÕQGD�
G�ú�N�VR÷XUPD\D�VDKLS�ROGXNODUÕ�YH�EX�ILOPOHU�LoLQ�VR÷XUPD�GH÷HUOHULQGHNL�NHVNLQ�
DUWÕúÕQ� \DNODúÕN� RODUDN� ���� QP¶� GHQ� GDKD� NÕVD� GDOJDER\ODUÕQGD� JHUoHNOHúWL÷L�
J|U�OP�úW�U��0��YH�0�� ILOPOHULQLQ� LVH����–����QP�GDOJDER\X�DUDOÕ÷ÕQGD�G�ú�N�
VR÷XUPD\D� VDKLS� ROGXNODUÕ� YH� EX� ILOPOHU� LoLQ� VR÷XUPD� GH÷HUOHULQGHNL� DUWÕúÕQ�
\DNODúÕN�RODUDN�����QP¶�GHQ�GDKD�NÕVD�GDOJDER\ODUÕQGD�0��YH�0�¶�\H�J|UH�\DYDú�
ELU� úHNLOGH� JHUoHNOHúWL÷L� J|U�OP�úW�U�� 0�� YH� 0�� ILOPOHULQLQ� WHPHO� VR÷XUPD�
NHQDUÕQÕQ����–����QP�DUDVÕQGD�ROGX÷X�YH�WDEDQ�VÕFDNOÕ÷Õ�DUWWÕNoD�ILOPOHULQ�WHPHO 
VR÷XUPD�NHQDUODUÕQÕQ�GDKD�\�NVHN�GDOJDER\ODUÕQD�ND\GÕ÷Õ�J|U�OP�úW�U� 

 

SnO2 filmlerinin optik özelliklerinin incelenmesi sonucunda, M2 

ILOPOHULQLQ�HQ� L\L�JHoLUJHQOL÷H��HQ�G�ú�N�DEVRUSODPD�YH�\DQVÕPD�|]HOOL÷LQH�VDKLS�
ROGXNODUÕ�EHOLUOHQPLúWLU��0��ILOPOHULQLQ özellikle M3 ve M4 filmlerine göre daha 

G�ú�N� NULVWDOOHúPH� VHYL\HVLQH� VDKLS� ROPDODUÕQGDQ� GROD\Õ� \DSÕGD� ERúOXNODUÕQ�
ROXúDELOHFH÷LQL� YH� E|\OHFH� J|QGHULOHQ� ÕúÕN� LOH� PDO]HPH� DWRPODUÕQÕQ� HWNLOHúPH�
RODVÕOÕNODUÕQÕQ�D]DOPDVÕQGDQ�GROD\Õ�ÕúÕ÷Õ�JHoLUPH�|]HOOLNOHULQLQ�GDKD�L\L�ROGX÷XQX�
G�ú�QPHNWH\L]����� 

 

Tüm filmlerin (.K��2 a�K��GH÷LúLP�JUDILNOHULQGHQ�GLUHNW�EDQW�\DSÕVÕQD�VDKLS�
ROGXNODUÕ�EHOLUOHQPLúWLU��)LOPOHULQ�\DVDN�HQHUML� DUDOÕNODUÕ�RSWLN�PHWRW�NXOODQÕODUDN�
3.1–����H9�DUDVÕQGD�EXOXQPXú�YH�0��LOH�0��ILOPOHULQLQ�HQHUML�DUDOÕNODUÕQÕQ�0��LOH�



0�¶� \H� J|UH� D]DOGÕ÷Õ� EHOLUOHQPLúWLU�� %X� GXUXPXQ� DUWDQ� WDEDQ� VÕFDNOÕ÷Õ� LOH� GRQ|U�
RODUDN� GDYUDQDQ� DUD\D� VÕNÕúPÕú� 6Q� YH�YH\D� RNVLMHQ� ERúOXNODUÕQÕQ�
NRQVDQWUDV\RQXQXQ�DUWPDVÕQGDQ�YH�EXQD�ED÷OÕ�RODUDN�GRQ|U�EDQGÕQÕQ�JHQLúOH\HUHN�
iletim� EDQGÕQD� oRN� \DNODúPDVÕ� YH� EHONLGH� LOHWLP� EDQGÕ� LoHULVLQH� JLUPHVLQGHQ�
ND\QDNODQGÕ÷ÕQÕ�G�ú�QPHNWH\L]�� 

 

Tüm filmlerin logaritmik skalada çizilen I-V karakteristikleri 

LQFHOHQHUHN�������9�LOH����9�DUDVÕQGD�DNÕPÕQ�X\JXODQDQ�YROWDMOD�Pa��LOH�GH÷LúWL÷L�
ve bu voOWDM�DUDOÕ÷ÕQGD�W�P�ILOPOHU�LoLQ�RKPLN�LOHWLPLQ�HWNLQ�ROGX÷X�J|U�OP�úW�U��
%XQD� J|UH� VHUEHVW� WDúÕ\ÕFÕODUÕQ� PDO]HPH� LoHULVLQH� HQMHNWH� HGLOHQ� WDúÕ\ÕFÕODUGDQ�
GDKD� ID]OD� ROGX÷X� V|\OHQHELOLU�� %�W�Q� ILOPOHU� LoLQ� 6&/� LOHWLP� E|OJHVL�
J|]OHQHPHGL÷LQGHQ�WX]DNODUÕQ�YDUOÕ÷Õ�KDNNÕQGD�ELOJL�HGLQLOHPHPLúWLU� 
 

SnO2� ILOPOHULQLQ� RGD� VÕFDNOÕ÷ÕQGD� HOHNWULNVHO� LOHWNHQOLN� YH� |]GLUHQo�
GH÷HUOHUL� LNL-Xo� PHWRGX� NXOODQÕODUDN� KHVDSODQPÕúWÕU�� )LOPOHULQ� LOHWNHQOLN�
GH÷HUOHULQLQ� ����[��-1-2.24x10-3 (
�FP�-1� DUDVÕQGD� GH÷LúWL÷L� YH� DUWDQ� WDEDQ 

VÕFDNOÕ÷Õ� LOH� LOHWNHQOLNOHULQLQ� D]DOGÕ÷Õ� EHOLUOHQPLúWLU�� ;5'� GHVHQOHULQLQ� YH� 6(0�
J|U�QW�OHULQLQ�LQFHOHQPHVL�VRQXFXQGD��ILOPOHULQ�\DSÕVDO�YH�\�]H\VHO�|]HOOLNOHULQLQ�
DUWDQ� WDEDQ� VÕFDNOÕ÷ÕQD� ED÷OÕ� RODUDN� L\LOHúWL÷L� J|U�OP�úW�U�� 6Q22 filmleri zaten 

dejenere mDO]HPHOHUGLU� YH� NULVWDOOHúPH� VHYL\HVLQLQ� YH� \�]H\VHO� |]HOOLNOHULQLQ�
L\LOHúPHVL� LOH� 6Q22� ILOPOHULQLQ� VHUEHVW� WDúÕ\ÕFÕ� \R÷XQOX÷XQXQ� GDKD� GD�
DUWDELOHFH÷LQL� G�ú�QPHNWH\L]�� %|\OHFH� \DSÕGD� oRN� VD\ÕGD� LOHWLP� HOHNWURQX�
EXOXQDFD÷Õ� LoLQ� HOHNWURQODUÕQ� oDUSÕúPD� V�UHOHULQLQ� YH� PRELOLWHOHULQLQ� D]DOGÕ÷ÕQÕ�
V|\OH\HELOLUL]��%XQD�J|UH�DUWDQ�WDEDQ�VÕFDNOÕ÷Õ�LOH�LOHWNHQOLNWHNL�D]DOÕú�PRELOLWHQLQ�
D]DOPDVÕ�LOH�DoÕNODQDELOLU�� 

  

SnO2� ILOPOHULQLQ�VÕFDNOÕ÷D�J|UH�DNÕP�GH÷HUOHUL�NDUDQOÕNWD�VDELW�9 ���9¶�
OXN� SRWDQVL\HO� IDUN� DOWÕQGD� ��-���� .� DUDOÕ÷ÕQGD� VÕFDNOÕNODU� X\JXODQDUDN�
|Oo�OP�úW�U��+HU�ELU�ILOPLQ�OQ1∼�����7�GH÷LúLP�JUDILNOHUL�NXOODQÕODUDN�DNWLYDV\RQ�
HQHUMLOHUL� YH� GRQ|U� JLEL� GDYUDQDQ� WX]DNODUÕQ� HQHUMLOHUL� KHVDSODQPÕúWÕU�� )LOPOHULQ�
aktivasyon enerjilerinin ve donör gibi davranan tuzDNODUÕQ� HQHUMLOHULQLQ� VÕUDVÕ\OD�
0.28–2.10 meV ve 0.049–������ H9� DUDVÕQGD� GH÷LúWL÷L� J|U�OP�úW�U�� $\UÕFD�



OQ1∼�����7�GH÷LúLP�JUDILNOHULQLQ�LQFHOHQPHVL�VRQXFXQGD�W�P�ILOPOHULQ�JHQLúOHPLú�
GRQ|U� EDQWODUÕQD� VDKLS� ROGX÷X� YH� GRQ|U� RODUDN� GDYUDQDQ� DUD\D� VÕNÕúPÕú� 6Q�
DWRPODUÕQÕQ�YH�YH\D�RNVLMHQ�ERúOXNODUÕQÕQ�NRQVDQWUDV\RQXQD�ED÷OÕ�RODUDN�EX�GRQ|U�
EDQWODUÕQÕQ�JHQLúOHPH�PLNWDUÕQÕQ�YH�\DVDN�HQHUML�DUDOÕ÷Õ�LoHULVLQGHNL�NRQXPODUÕQÕQ�
GH÷LúWL÷L� EHOLUOHQPLúWLU�� %XUDGDQ� WDEDQ� VÕFDNOÕ÷ÕQÕQ� HWNLVL\OH� DUD\D� VÕNÕúPÕú� 6Q�
DWRPODUÕQÕQ�YH�YH\D�RNVLMHQ�ERúOXNODUÕQÕQ�YH�GRQ|U�JLEL�GDYUDQDQ�WX]DNODUÕQ�KHP�
VD\ÕVÕQÕQ� KHP� GH� \DVDN� HQHUML� DUDOÕ÷Õ� LoHULVLQGH� GD÷ÕOÕPÕQÕQ� GH÷LúWL÷L� VRQXFXQD�
YDUÕOPÕúWÕU� 

  

7.2. Sonuç 

 

 %X� oDOÕúPDGD�� 8.3� WHNQL÷L� LOH� IDUNOÕ� WDEDQ� VÕFDNOÕNODUÕQGD� HOGH� HGLOHQ�
SnO2 filPOHULQLQ� HOHNWULN�� RSWLN�� \DSÕVDO� YH� \�]H\VHO� |]HOOLNOHULQLQ� WDEDQ�
VÕFDNOÕ÷ÕQD�ED÷OÕ�RODUDN�|QHPOL�GH÷LúLNOLNOHU�J|VWHUGL÷L�EHOLUOHQPLúWLU��� 
  

Elde edilen SnO2 filmlerinin optiksel geçirgenliklerinin literatüre göre 

G�ú�N� ROGX÷X� EHOLUOHQPLúWLU�� '�ú�N�PRODULWH\H� VDKLS� o|]HOWL� NXOODQÕOPDVÕ�� WDEDQ�
VÕFDNOÕ÷ÕQÕQ� GDKD� \�NVHN� VHoLOPHVL�� S�VN�UWPH� V�UHVL� YH� DNÕú� KÕ]ÕQÕQ� X\JXQ�
GH÷HUGH�EHOLUOHQPHVL�úHNOLQGH�ILOP��UHWLP�SDUDPHWUHOHULQLQ�GH÷LúWLULOPHVL�LOH�GDKD�
LQFH�ILOPOHU��UHWLOHELOLU�YH�GROD\ÕVÕ\OD�JHoLUJHQOLN�GH÷HUOHUL�DUWWÕUÕODELOLU�� 

 

%X� oDOÕúPDGD� ILOPOHUL� o|NW�UPHN� LoLQ� WDEDQ� RODUDN� PLNURVNRS� FDPODUÕ�
NXOODQÕOPÕúWÕU��0LNURVNRS� FDPODUÕQ� \HULQH�6L�� NXDUW]�JLEL� WDEDQODUÕQ�NXOODQÕOPDVÕ�
KDOLQGH�ILOPOHULQ�IL]LNVHO�|]HOOLNOHULQLQ�GDKD�L\L�RODFD÷ÕQÕ�YH�E|\OHFH�GDKD�NDOLWeli 

ILOPOHULQ�HOGH�HGLOHELOHFH÷LQL�G�ú�QPHNWH\L]�� 
   

(OHNWULN� |Oo�POHUL� DOÕQÕUNHQ� LNL� Xo� PHWRGX� \HULQH� G|UW� Xo� PHWRGXQXQ�
NXOODQÕOPDVÕ�YH�NRQWDNODU�ROXúWXUXOXUNHQ�VDQGYLo�PHWRGXQXQ�X\JXODQPDVÕ�KDOLQGH�
|Oo�POHULQ�GDKD�VD÷OÕNOÕ�DOÕQDELOHFH÷L�LQDQFÕQGD\Õ]� 

 

BX� oDOÕúPDGD� ���-350 °&� DUDOÕ÷ÕQGD� VHoLOHQ� WDEDQ� VÕFDNOÕNODUÕ� DUDVÕQGD��
250 °C de elde edilen SnO2� �0��� ILOPOHULQLQ� \�NVHN� JHoLUJHQOL÷H�YH� LOHWNHQOL÷H�



VDKLS� ROPDODUÕQGDQ� GROD\Õ� IRWRYROWDLN� J�QHú� SLOOHULQGH� SHQFHUH� PDWHU\DOL� RODUDN�
NXOODQÕODELOHFH÷LQL� V|\OH\HELOLUL]��$QFDN� \DSÕVDO� YH� \�]H\VHO� |]HOOLNOHU� DoÕVÕQGDQ�
HQ� ROXPOX� HWNLQLQ� J|U�OG�÷�� ���� °&� WDEDQ� VÕFDNOÕ÷ÕQGD� HOGH� HGLOHQ� 6Q22 (M4) 

ILOPOHULQLQ�X\JXQ�GHQH\�SDUDPHWUHOHUL� VHoLOHUHN�YH�NDWNÕODPD�\DSÕODUDN�LOHWNHQOLN�
YH� JHoLUJHQOLN� GH÷HUOHULQLQ� DUWWÕUÕOPDVÕ� durumunda, bu filmlerin M2 filmlerine 

J|UH�IRWRYROWDLN�X\JXODPDODUGD�YHULPOLOL÷L�DUWWÕUDFD÷ÕQÕ�G�ú�QPHNWH\L]�� 
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