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Au 

A
u 

100 nm
 

oxidized 

A
u 

A
u 

as deposited Problem
atic: G

old C
ontam

ination 

M
.C

. Putm
ann et al. N

ano Letters 8(10), 3109 (2008) 

Potential lim
its to electrical and optical device perform

ance 
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H
2 O
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Si(100)/(111), m
c-Si 

A
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c-Si 

H
N

O
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Top-dow
n: W

et-C
hem

ical Etching 
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. Sivakov et al.,  J. Phys. C
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V. Sivakov et al., Intech "N

anow
ires - Fundam

ental R
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Zinc 

A
lum

inum
 

Silicon 

Very hom
ogeneous distribution of ZnO

 inside the nanow
ire carpet  

A
LD

 Technology 
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A
pplication exam

ples: 
•

O
rganic light em

itting diodes (O
LED

) 
•

Liquid crystal displays (LC
D

) 
•

Touch panels 
•

Thin film
 solar cells 

 

Indium
 Tin O

xide  
•

Low
 specific resistivity:  10

-5 


cm
 

•
Poor raw

 m
aterial 

 


 high cost 

 

A
lum

inium
 Zinc O

xide 
•

Present specific resistivity:  10
-4 


cm

 
•

Better transm
ission in visible 

range 
•

Low
 cost 
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Transparent Conductive O
xides (TCO

) 



Farbication of A
l doped ZnO

 using A
tom

ic Layer D
eposition 

D
oping Sequence: 

N
 cycles D

EZ/H
2 O

 + 1 cycle TM
A

/H
2 O

 
 M
inim

al specific resistivity: 
 

8x10
-4 O

hm
 cm

 

Precursors:  
•

D
iethylzinc (D

EZ) 
•

Trim
ethylalum

inium
 (TM

A
) 

•
W

ater (H
2 O

) 

D
oping Ratio 

Zn [%
] 

O
 [%

] 
A
l [%

] 
1/10 

47.1 
52.9 

6.6 
1/20 

49.8 
50.2 

2.9 
1/30 

51.0 
49.0 

2.0 

Stoichiom
etry m

easurem
ent (w

ith RBS): 
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Transparent Conductive O
xides (TCO

) 

Best results:  
•
tem

peratures  ≥  200
°

C
 

•
1/15  ≥  best  ratio  ≥  1/20 



Flash A
nnealing 

•
Short im

pulslength of a few
 

hundred m
icroseconds 

•
H

igh energy up to 120 J/cm
²  

•
tem

perature sensitiv substrates 
possible 

Flash A
nnealing System

: 

©
 by D

resden Thin Film
 Technology 

•
Im

provem
ent of conductivity 

at all doping ratios 
•

Specific resistivity decrease up 
to 20%

 
 

Transparent Conductive O
xides (TCO

) 
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•
Band gap: 3.3 eV

 (375 nm
) 

•
about 90%

 in visible range 

•
independent of doping and 
deposition tem

perature 
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m
c-Si(p+) ~ 400 nm

 

m
c-Si(n) ~ 2 µm

 

m
c-Si(n+) ~ 300 nm

 

G
lass 

G
lass 

G
lass 

Schem
atic cross sectional view

 of the m
c-Si p-n junction layer stack on a glass substrate 

before and after “B
lack E

tch” treatm
ent. 

   V. Sivakov et al. N
ano Lett., 9 (4),1549–1554(2009)  

 

Solar C
ell Based on V

LS SiN
W
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grain orientation m
apping Seeded Solid phase crystallization 

100 
101 

111 
IPF [001] 

a-Si 
glass 

Laser 
cw

 
a-Si 

m
c-Si 

a-Si 

furnace 

m
c-Si 

m
c-Si 

EBSD  
TEM

 

G
row

th and A
nalytical Stidies 

on m
c-Si 
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G
row

th and A
nalytical Stidies 

on m
c-Si (i)

the distribution and 
qualitative com

parison 
of defect densities; 

(ii)
am

ount and sign of 
internal stresses; 

(iii)
the grain orientation 
and the grain boundary 
pattern; 

(iv)
 the distribution and 
am

ount of doping.  

R
am

an Spectroscopy 
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G
lass 
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N
on illum

inated and illum
inated (A

M
1.5) I-V

 curves of 
SiN

W
s etched into a m

c-p+nn+-Si layer on glass. SiN
W

 
are irradiated through the glass substrate (super-state 
configuration) 

and 
contacted 

by 
m

etal 
tips 

at 
four 

different sam
ple positions.  

V. Sivakov et al. N
ano Lett., 9 (4),1549–1554 (2009) 

PV
 properties of solar cell 

based on SiN
W

s 
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Photovoltaic C
oncept II 
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R
ealization of R

adial p-n junction 
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•
SiN

W
s are cone-shaped 

•
a-Si hom

ogeneously 
covers the SiN

W
s 

•
A

nnealing leads to 
partial crystallization of 
the a-Si 

•
A

nnealing tim
es of m

ore 
than three hours do not 
cause further structural 
changes 

TEM
 Studies 

R
ealization of R

adial p-n junction 
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•
C

haracterization w
ith I-V- and 

Suns-Voc-m
easurem

ents 
•

A
nnealing tim

es betw
een one 

and three hours are optim
al 

•
jsc  is relatively low

 (w
ith respect 

to the high absorption) 
•

Efficiencies of 5%
 could be 

realized
 

R
ealization of R

adial p-n junction 
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Photovoltaic C
oncept III 
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H
ybrid Solar C

ells 
m

otivation 
•

com
bining high conduction of 

nanostructured ISC
 w

ith the ease of 
processing of O

SC
 

•
Low

 cost processing for high efficient 
solar cells (aim

 10%
) 

•
charge carrier separation at 
organic/inorganic interface 

 Features of PED
O

T:PSS 
•

m
any approaches w

ith different 
polym

ers 
•

A
dvantages of PED

O
T:PSS: 

•
m

ost stable polym
er 

(chem
ically and therm

ally) 
•

C
onduction is orders of 

m
agnitudes higher than for 

other conjugated polym
ers 
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H
ybrid Solar C

ell Processing 

•
Fuctionalisation of SiN

W
 surfaces is 

necessary to obtain a hydrophilic surface 
•

other advantages of surface 
funtionalisation 


 Passivation 


 efficient charge injection 

•
M

orphology of PED
O

T:PSS on SiN
W

s 
depends strongly on spin-coating 
conditions/viscosity of PED

O
T:PSS 

M
. Y. Bashouti, et al., N

anow
ires - R

ecent A
dvances, 

ISBN
: 978-953-51-0898-6, C

hapter 9 (2012)  
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Funtionalization of SiN
W

 surfaces 
•

Si surface is term
inated by covalent bond betw

een 
Si and C

 atom
s 

•
different m

olecules change the surface dipole 
dram

atically (over a range of 0.9 eV
) 

•
Photoelectron Yield Spectroscopy (PY

S) reveals 
higher yield for C

H
3  –term

inated SiN
W

s and 
reduced density of gap states 
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Photovoltaic C
oncept IV

 
•

Sem
iconductor-Insulator-Sem

iconductor 
•

SiN
W

s as a light trapping and highly absorbative m
aterial 

   
  

    

Schew
chun et al., J. A

ppl. Phys. 49, S. 855 (1978)  

Sm
art concept 
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Backgroung:SIS-D
iode 

•
N

o pn-junction 
•

Insert tunnel barrier betw
een both sem

iconductors 
 ferm

i level pinning 
•


 charge carrier separation is based on quantum

 m
echanical tunneling of 

m
inority carriers through the barrier 

 

C
hallenge: 

Transfer the planar w
afer-based 

concept to a nanostructured 
substrate 


 R
each higher efficiencies 

because of better light absorption 
 

06.03.2014 

Song, D
. &

 G
uo, B. Journal of Physics D

: A
pplied Physics, 2009, 42, 025103 

V. Sivakov et al., Intech "N
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Planar SIS cells 
Best R

esults 
V

O
C  : 314.7 m

V
 

J
SC  : 17.04 m

A
/cm

2 

FF : 26.3 %
 

η  :  1.4  %
 

8 C
ycle TB ≙

 10 Å
  

@
 G

PC
 1,25 Å

/C
ycle 

06.03.2014 
D

r. V
ladim

ir Sivakov, IPH
T 



N
anow

ire SIS C
ells 
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Best SIS C
ells 

36 cm
2 

25 m
m

2 
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N
anowires based Solar Cell W

O
RKS 

Solar V
illage 
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The Proverbial A
pple 

The fam
ous story that N

ew
ton cam

e up 
w

ith the idea for the law
 of gravity by 

having an apple fall on his head is not 
true, although he did begin thinking 
about the issue on his m

other's farm
 

w
hen he saw

 an apple fall from
 a tree.  

Friedrich August Kekulé said that he had 
discovered the ring shape of the benzene 
m

olecule after having a reverie or day-
dream

 of a snake seizing its ow
n tail.This 

vision, he said, cam
e to him

 after years of 
studying 

the 
nature 

of 
carbon-carbon 

bonds.  

O
bservation of  N

ATU
R

E!!!!!! 

N
ew

ton's Law
 of G

ravity 
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Energy detachm
ent 

0
5
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solution T, °C

tim
e, m

in

 5 s; I S
tep

 15s I S
tep

 20s, I S
tep

 30s IS
tep
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tep

 60s; I S
tep

n-Si(100)Ph, 5-10 ohm
cm

0
5

10
15
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solution T, °C

tim
e, m

in

 60s; I S
tep

 35s I S
tep

 15s I S
tep

 7s I S
tep

p-Si(111), 0.005 ohm
cm

1l H
2 O

 1K
 

4.2 kJ/1.16 W
h 

V. Sivakov et al.,  J. Phys. C
hem

.  C
114, 3798–3803 (2010) 

V. Sivakov, Journal of N
anoelectronics and O

ptoelectronics, 
7(6) 583 (2012) 
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O
bservation 

˃10%
  H
ydrogen!!! 

H
ydrogen  

141,9 M
J/kg 

O
il 

 
46,7 M

J/kg, 
M

ethanol   
23,3 M

J/kg,  
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Sum
m

ary&
O

utlook 
 Yes, w

e can! 
 C
hem

ical  „B
lack  Silicon“  has a big future for photovoltaic, solar 

fuel, optolectronic and life science applications. 
 But, a lot to do…

…
. 
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