










p-

p n



p n





p n



h =Eg h >Eg h <Eg
x

p-n p n
p-n



I-V

C-2-V
C-2-V













I42d

I4 I42m

2a

2d 2c

V



2a

V

2b

X

oC



a= Å c= Å c/2a=

oC

M

cm-1 eV

p

cm-3

RF

RF

oC oC oC

X

oC oC



cm-1

eV

p

cm-3 cm2/V.s

PLD

112

a= Å c= Å

cm-1

p

cm-3

K K K K

K K

K

K

K

a nm c= nm

eV

K

K



eV

eV

oC oC

oC
oC oC

 nm nm

oC

oC

-cm



cm2/V.s

cm-3

m

oC

oC AM

K K K K K

K

K K

K



oC
oC oC

oC oC

oC oC

112
oC

nm nm

eV eV

oC

nm
oC



eV

AM

oC

pH

 eV

oC,
oC ve oC�

K

p





eV

Eg

eV

n n



p p

p-n

E



EF kB

ni pi

Nc Nv



d

J(p)sürüklenme

e dp



a E mp
*

p

cm2V-1s-1

dn n



t



cn



(a) Örgü Saçlmalar:



c11 D

mn,p

AL

L, mn,p T

(b) yonize Saçlmalar:

I , mn, p T

dI

IL



(c) yonize Olmayan Saçlmalar:

NN

(d) Optik Saçlmalar:

(e) Kirlilik Saçlmalar: Nd

D IS

h q P



n p



~T±n n

~T-3/2

~T-3/2 - T-5/2

~T+n n

~T-n

n



n

E

L A

n

Jn

In

E

J



a) Çok Dü ük Scaklk Bölgesi

b) Dü ük Scaklk Bölgesi

c) Ara Scaklk Bölgesi

d) Yüksek Scaklk Bölgesi



x

x

n(x) x x

th l

c

x=-l

c x=0 x=0

F1

x=l x=0

F2



F

l

Dn= thl

-q



x x

x

x

x



p

x z

x

Ey

y y

Ey xBz x

y

y w

z A y

Jp RH

RH p



p

n n



n

n

n

m-3s-1

n

~ n

n

0,5<n<1



n=

n

h Eg

h Eg

h Eg

Eg h

I0

I I I0



E-k

k

k=0

h =Eg h >Eg h <Eg

x



k=0

A*

n 1/2 3/2



p

EFm EFs Evs

Ecs Evac



e m

e s

e s

s- m

p

W

s> m p

V0



p

b

Eg

m- s



s V0

Na V

V>0 V<0

A VR

C-2

VR

Na

V0

Vi C-2 VR

Vn



p-n

q(V0-V)



p0 V0

V

p0 Nv

b

Jsm

m*

A*



V

Jms

Jms

V

Jms J0 V

J0

p-n



p-n p-n

p-n p-n

p-n p n

e e sn

e sp



p n

p-n

p n

p

n

n

p n

p Wp n

Wn

W



p-n (a) p n

(b) p-n



p-n

E0

Dp p(x)

p Dp

p-n

p n

n p n p

nn0 n Nc



Nv pp0 p



nn0 np0 n p

np0 p pn0

n

V0

p-n



A p-n Na Nd

p-n

p

x=0

Vp n n

n



Vn

Wp 0

0 Wn

Vp Vn

V

V0 V0-V

p-n

n p

p

E

p-n

V0

eV0 e(V0-V)



n

p p-n

J0



p-n V=-Vr

Vr

V0

e(V0+Vr)

E0+E E

n p

Vr

p-n

p n p n

PV

n

p

p

p n





VOC ISC FF)

P

ISC

VOC



PV

Id Id

ISC

I=0



P ISC VOC

FF

Vmp x Imp Voc x Isc





mm mm

mm

HNO3

oC



oC

mm2

oC

H2O2

HNO3



N2

p n

mm2

MHz



A

Å/s

m



kV

oC



kV

Å/s m

oC oC oC



mm2

p

m

mm2

oC oC oC

m



V=IR

oC

p-n



n p

n

n d

X



CuK

Å

2

ICDD

Å



EDS

EDS



nm

cm-1

K



R12,43



RA RB

t f(RA/RB)

V31,42(+B), V13,42(+B), V42,13(+B), V24,13(+B), V31,42(-B), V13,42(-

B), V42,13(-B) V24,13(-B) V31,42(+B)



VH p

n

p

cm2



C-V

C-V

C-V

C-V

kHz

mA

K

K



K

mA



nm

p-n

AM

h2



h2

AM1

AM0

AM1,5

AM1,5



p-n

EDAX

X



2 101 2 112

2 204 220 2 312 2

400 008 2 316 332

112

oC

112





oC

m

oC oC
oC, oC oC

oC

2 110 2 200

2 204

2 oC

110

2



101

oC
oC

112

101 110

204

112 200 204 312



nm

cm-1�

cm-1 cm-1

cm-1 cm-1



K

oC

-cm -cm -cm

-cm -cm

-cm -cm

oC

-cm -cm



o Ea

k

Ln( )-(1000/T)

Ea

meV, meV meV

meV meV

meV

K

p



K

cm-3 cm-3�

cm-3



~T±n n



cm2V-1s-1 cm2V-1s-1 cm2V-1s-1

oC

cm2V-1s-1

cm2V-1s-1

cm2V-1s-1

K  T3,09 n

T K

 T-1/2



K  T1,07

K

 T-0,88

K  T0,67

K

 T-1,42

n



K

mA





K K K

Iph
n n

n

n

n

n

n





nm

h

A Eg

n

h h

hv hv

eV eV eV eV



eV

eV

K K K K

K

eV

eV



oC oC

K



=1,54 Å

2 101 2 110 2 200

2 220\204 2 008
oC 110 200 204

2

101 oC



101 112 200 220 312

oC

101 200 220 316

oC

112 220 312 008

nm

cm-1

cm-1 cm-1



cm-1 cm-1 cm-1



K

I-V

oC

-cm -cm -cm

-cm

-c -cm



-cm

K



K





cm-

cm-3

oC

cm2V-1s-1 cm2V-1s-1 cm2V-1s-1

cm2V-1s-1

cm2V-1s-1

 T1,92

K

 T-1,06



K  T0,66

K  T-0,42

K  T1,94





mA





Iph
n

oC

n

n





nm

h

hv ( hv

eV eV eV eV

eV eV



oC oC oC
oC

eV

oC

eV eV

p

cm2



Mo/Cu2ZnSnSe4/Al Yaps:

I-V



(b) Mo/Cu2ZnSnSe4/Ag Yaps:

I-V

n V

I-V

n



p

n

n

n

I-V

n

n



A A*
b

I-V

V I0

I0 A

b

eV

(c) Mo/Cu2ZnSnSe4/In Yaps:

I-V

V

V



n

I0 A

b eV

n b

C-V

V0 s

Na V

C-V C-2 VR

C-2-V

Na=2,49x1019 cm-3



Vo V

C-2-V

Na=1,031x1019 cm-3

Vo V

C-2-V

C-2-V



p n

p-n

AM1,5

n

oC oC oC oC oC

n

p-n

I-V

p-n



n p p-n

oC, oC oC

112

oC
oC 110

oC 101)



cm-1�

-cm -cm

oC, oC oC

meV, meV meV

meV meV

meV

p

cm-3 cm-3

oC, oC oC cm2V-1s-1

cm2V-1s-1 cm2V-1s-1

eV

eV eV eV

oC



101)

cm-1

-cm- -cm
oC, oC

oC

cm-

cm2V-1s-1 cm2V-1s-1

eV eV eV eV

I0

A b eV



I0 A b eV



Chalcogenide Letters

Electron Microscopy Principles
and Fundamentals

ASTM Int

ASTM
Int

Kathal Fizi i

Progress
in Photovoltaics: Research and Applications 20

. Phys. D: Appl. Phys.,

Solar
Energy Materials & Solar Cells

Solar Energy
Materials & Solar Cells,

Handbook of Deposition Technologies for Films and Coatings
Science, Technology and Applications

Journal of Crystal Growth



Advanced
Powder Technology

Springer Series in Materials Science,

Materials Science in Semiconductor Processing,

Yariletkenler ve Optoelektronik Uygulamalar

Department of Engineering Sciences,

The11th
Conference on Ternary and Multinary Compounds,

Optical Propertles of Solids,

Prog.
Photovolt: Res. Appl

Semiconductor Devices for High-Speed Optoelectronics

Solid-State Electronics

Phys. Scr.,

Mol.
Cryst. Liq. Cryst.

Electronic Properties of Materials



Thin Solid Films

Thin Solid Films,

Orta Do u Teknik Üniversitesi Fen Bilimleri Enstitüsü

Orta
Do u Teknik Üniversitesi Fen Bilimleri Enstitüsü

Principles of Electronic Materials and Devices

Thin Solid Films

Materials Science and Engineering
B

Electronic Materials Letters,

., Renewable and Efficient Electric Power Systems

Journal of Physics and Chemistry of Solids,

Applied Surface Science

Semiconductor Device Physics and Design



Solar Energy Materials &
Solar Cells

Journal of Crystal Growth

Semiconductor Physics and Devices Basic Principles,

The Materials Science Of Thin Films,

Journal of Alloys and Compounds

J. Phys. D: Appl. Phys.

Optical Process in Semiconductors

Materials Letters

Russ. Chem. Rev.,

Solar Energy Materials & Solar Cells

Metal�Semiconductor Contacts

Applied Science Research



Semiconductor Material and Device Characterization,

Physics Procedia

Progress in Photovoltaics: Research and Applications

Prog.
Photovolt: Res. Appl.

Electronic and Optoelectronic Properties of Semiconductor Structures

Semiconductor Optoelectronics Physics and Technology

Solid State Electronic Devices

Physics of Semiconductors Devices,

Semiconductor Devices Physics and Technology

 Chalcogenide Letters

Materials Science in iconductor Processing

International
Journal of Photoenergy

phys. stat. sol. (a),



Journal of Physics and Chemistry of Solids

Journal of Physics and
Chemistry of Solids

Materials
Chemistry and Physics,

Semiconductors

Orta
Do u Teknik Üniversitesi Fen Bilimleri Enstitüsü

Solar Energy,



Materials Chemistry and Physics

Chalcogenide Letters


