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Our Institution

Faculty IV: Electrical Engineering and 

Computer Science

6 Institutes:

HFT: Department of High-Frequency 

and Semiconductor System Technologies

12 Professors:

since 2012é

~10 people
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Our team at TU Berlin

Department IV: Electrical Engineering and Computer Science

HFT: Department of High-Frequency and Semiconductor System Technologies

TFD: Technology of Thin Film Devices

Prof. B. Szyszka

2 PostDocs, 3 PhDs, 3 Master-students,

1 Bachelor student, 1 engineer, 

1 technician, 1 Secretaryé
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Modernization of two cycles (MA, BA) of competence-based curricula in 

Material  Engineering according to the best experience of Bologna Process

Thin Films in Energy-Saving 

Technologies
ʊʦʥʢʠʝʧʣʝʥʢʠʚ ɻʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭʪʝʭʥʦʣʦʛʠʷʭ.

Dr. Ruslan Muydinov

ʢ.ʭ.ʥ. ʈʫʩʣʘʥ ʄʫʡʜʠʥʦʚ

(ʩʧʝʮʠʘʣʴʥʦʩʪʴ çʄʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝè, 

ʄɻʋ, ʍʠʤʠʯʝʩʢʠʡʌʘʢʫʣʴʪʝʪ)

ruslan.muydinov@tu-berlin.de
Tel. 030 31422909, Fax. 030 31424626

25 contact hours +     20 hours student workload

~12 lectures +   ~5 practicums 

2006ïPhD (MSU)

2007-2008ïPostDoc at Institute for

Surface Technology (IOT, TU Braunschweig)

2009-2012ïProject Manager at

PerCoTech AG (TU Braunschweig)

2012- é Senior Scientist at Department of

Thin Film Devices (HFT, TU-Berlin)

3 ECTS
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æ typically:

What are thin films?

R. Muydinov: Thin Films in Energy Saving Technologies
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Why thin films?

Χ to minimise
friction and

wearing

implantates:

anti-infective
coatings

thin film PV

decorative
coatings

Χ for fabrics

scratchresistant
coatings

opticalcoatings

large scale
depositionon 

glas

toolscoated
to enhance
their lifetime
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Why ESTs are important? Energy losses.

heat losses

resistivity losses

R. Muydinov: Thin Films in Energy Saving Technologies
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ENERGY TRANSFER
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Heike Kamerlingh

Onnes 1853 -1926

What is superconductivity?

R. Muydinov: Thin Films in Energy Saving Technologies
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ʇʣʦʪʥʦʩʪʴ ʢʨʠʪʠʯʝʩʢʦʛʦ ʪʦʢʘ ʯʝʨʝʟ 

ʛʨʘʥʠʮʫ ʟʝʨʝʥ ɺʊʉʇ(YBa2Cu3O7-d)

ɼʣʷʜʦʩʪʠʞʝʥʠʷʚʳʩʦʢʦʡʚʝʣʠʯʠʥʳjc ʥʝʦʙʭʦʜʠʤʦʜʦʩʪʠʯʴʚʳʩʦʢʦʡʩʪʝʧʝʥʠ

ʩʦʦʨʠʝʥʪʠʨʦʚʘʥʥʦʩʪʠʟʝʨʝʥʚɺʊʉʇ-ʤʘʪʝʨʠʘʣʝ.

3
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Superconductivity: extremely concentrated transport

Cu-wires SC-tapes

R. Muydinov: Thin Films in Energy Saving Technologies
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50% less electrical losses

Synchron Maschinen

ɖ= 97.0 % ɖ= 98.7 %
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Reibung & Statorkühlung

Cu SC

-50%
generator

cryo-losses

Ohm-losses on rotor

field scattering

Ohm-losses starter

Fe-core

frictions & stator cooling

Cu SC

-50%
inductive heater

primary coil AC
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36,5 MW ship motor

(American Superconductor)

Cu SC

-50%

50% leighter and smaller

R. Muydinov: Thin Films in Energy Saving Technologies
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grids

HF-magnets
motors

SC wires

magnetresonance-tomograph / Siemens

4 MW shipmotor / Siemens

Applications of SC-wires

torque motors / Oswald

industrial inductive heater / Zenergy Power

R. Muydinov: Thin Films in Energy Saving Technologies
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Japan, maximum speed 581 km/h

Near future concepts

HTS -equipment of CESSNA-172

HTS wire Bi-2223, N2 liq.

R. Muydinov: Thin Films in Energy Saving Technologies
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110 kV cables / Nexans or

nkt-cables, Sumitomo (~200 km wire per km)

Fault Current Limiter (moderate U)

/ Nexans, Siemens or Bruker

(~1 km wire per 1 MW)

transformators

new solutions

for grids

wind- & hydropower generator

Crucial parts of the future grids

R. Muydinov: Thin Films in Energy Saving Technologies
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ƀAt standard stable work the FCL does not affect the working circuit

ƀWhen the critical value of current is sponteniously exceeded the HTS-FCL 

almost instantly (~ 0.001s) generates its own impedance that limits current 

in a circuit up to the set value (today are the FCL realised with 

Ilim= 0,1é2,4 ʢɸat Isc>10 ʢɸand voltages 10é24 ʢV)

ƀAfter the breaking of circuit the automatic recovery of FCL takes place 

(recovery time < 30s)

steady

work

current

limiting

cooling of

FCL

steady

work

Superconductive FCL

R. Muydinov: Thin Films in Energy Saving Technologies
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Power of synchronic generator depends on magnetic field value

between rotor and stator.

without
reductor

Use of HTS allows incensement the e-m field and radically

decrease volume and mass preserving ist power

generator 5 ʄW:

permanent magnet: Bg ~ 0,9 ʊ  Ÿ Vrotor ~ 35 m3

HTS: Bg ~ 2,4 ʊ  Ÿ Vrotor ~ 13 m3

generator 10 ʄW:

m ~ 320 t m ~ 70-150 t

conventional HT

S

SC wind power

R. Muydinov: Thin Films in Energy Saving Technologies
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SC: world market development

R. Muydinov: Thin Films in Energy Saving Technologies



21
KU Leuven ïCampus De Nayer, 

10 -11 March,  2014

DVFU ïVladivostok

14-16 September, 2015

ú/kAm

F
C

L
s

m
a
g

n
e
ts

c
a
b

le
s

m
o

to
rs

tr
a
n

s
fo

rm
a
to

rs

p
o

w
e
r 

p
la

n
t 

g
e
n

e
ra

to
rs

actual marktprice: ~250 US $ / kAm for 2G HTS-wires

SC: entry price levels
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SuperPower (USA)
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My experience: MOCVD + HTS (2nd Gen. Wires)
IOT, PerCoTech AG, TU Braunschweig

in-line Multilayer-CVD at PerCoTech

Structure of HTS-wire 

Wire

Buffer-

layers

HTS-FilmAg ïcap layer
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Precursor vapours  to the reactor

Solvent

condensation

Solvent

Separation

MFC

MFC

Precursor

Evaporation

MFC

Solution 
Feeding

Heating

Lines

Analytics:

XRD, SEM/EDX, XPS,

inductive measurements of

Tc & jc (CRYOSCAN), 

direct Ic measurements

R. Muydinov: Thin Films in Energy Saving Technologies
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ENERGY GENERATION
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Why ESTs are important? Rise of consumption.

People population on the Earth and the primary energy consumption

people population, billions
Global primary energy consumption, EJ

primary energy consumption

2005 ïGJ/person

OECD: Organisation of Economical Collaboration and Development

Primary energy consumption refers to the direct use at the source, or supply to users without transformation, of crude energy, 

that is, energy that has not been subjected to any conversion or transformation process.

R. Muydinov: Thin Films in Energy Saving Technologies
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Life standards and energy consumption per person

Why ESTs are important? Rise of consumption.

BIP: Gross Domestic Product

PEB: Primary Energy Demand

R. Muydinov: Thin Films in Energy Saving Technologies
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Why ESTs are important? Ecological problems.

Evolution of greenhouse gases

R. Muydinov: Thin Films in Energy Saving Technologies
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global warming 

in detailé

Why ESTs are important? Global warming.

R. Muydinov: Thin Films in Energy Saving Technologies
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crude oil natural gascoal airslash-

and-burn

over resources

consumed

CO2 climb in air since 

1850

107 ppm or 234 Gt C 

Why ESTs are important? Limits of non-renewable resources.

worldwide energy resources in carbon mass

R. Muydinov: Thin Films in Energy Saving Technologies
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forecasting for Germany by 2020

coal

gas / oil

nuclear

renewables

hydropower

wind energy

PV

biomass

geothermal

Renewablesó market in Germany

R. Muydinov: Thin Films in Energy Saving Technologies
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Solar Energy ïunlimited?

ÂTotal energy demand (2010):
~1,5 x 1014 kWh/a 
~ 17 TW continiously
~ 540 EJ/a

Â electricity: ~60 EJ/a

Â till 2050: doubling of energy

demands are awaited

Â for it, the construction of
1 GW/day is necessary!

ÂThe main promise have the renewable 
energy sources!

source: International EnergyAgency (IEA)

R. Muydinov: Thin Films in Energy Saving Technologies
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Energy supply by PV

R. Muydinov: Thin Films in Energy Saving Technologies

source: International EnergyAgency (IEA)
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Why ESTs are important? The daily/season beat.

R. Muydinov: Thin Films in Energy Saving Technologies
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x 30-50 smaller 

energy densities 

as by gasoline

Why ESTs are important? Energy density factor.

R. Muydinov: Thin Films in Energy Saving Technologies
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Why ESTs are important? Use of solar energy.

Solar electrolysis:  solar cell delivers a potential sufficient 

for water splitting. Transformation of

photon energy into the chemical 

energy (storage of H2).

Solar Fuel Cells:     transformation of the chemical 

energy                        

to electricity.

3C + 3O2 -> 3CO2

CH4 + 2O2 -> CO2 + 2 H2O

R. Muydinov: Thin Films in Energy Saving Technologies
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Why ESTs are important? Simple Smart-Grid.

R. Muydinov: Thin Films in Energy Saving Technologies
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PHOTOVOLTAICS
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Photovoltaics (PV) is the direct conversion 

of solar energy 

into electrical energy.

Why ESTs are important? Use of solar energy.

R. Muydinov: Thin Films in Energy Saving Technologies
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PV: important terrestrial applications.

R. Muydinov: Thin Films in Energy Saving Technologies
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PV world market: 

annual production of solar cells (1999 ï2011)

R. Muydinov: Thin Films in Energy Saving Technologies
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PV world market: solar cell technologies in 2011

silicon solar cells are dominating on market (about 91 %)

R. Muydinov: Thin Films in Energy Saving Technologies



42
KU Leuven ïCampus De Nayer, 

10 -11 March,  2014

DVFU ïVladivostok

14-16 September, 2015

é module size is required 

to produce 1 kWp

PV world market: comparison of the commercially                      

available solar cell technologies

R. Muydinov: Thin Films in Energy Saving Technologies
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PV world market: up-scaling effect

R. Muydinov: Thin Films in Energy Saving Technologies
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average price of PV modules (05/2010-05/2011)

PV world market: module price development by 2011

R. Muydinov: Thin Films in Energy Saving Technologies
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Module costs[ϵ/m2]
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Â generationI:
crystallineSi

Â generationII:
thin film PV

Â generationIII:
αnew conceptsά

M. A. Green, UNSW 

PV world market: price/efficiency technological criteria 

R. Muydinov: Thin Films in Energy Saving Technologies
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Thin Film PV
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Thin Film PV: GEN II
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Process-chain at PVcomB
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Si Baseline

CIS   Baseline

Mo back contact

P1 laserscribe

Cu/In / Ga
sputtering

cleaning

Seevaporation

RTP

Chemical BathDeposition
CdS/KCN

i-ZnO/ Al
front contact

Glass cleaning

ZnO:Al
front contact

P2 laserscribe

PECVD
Si deposition

ZnO:Al/ Ag
back contact

Glass cleaning

P3 laserscribe

cleaning

etching

Encapsulation

SnO2:F/ZnO:Al
Pre-coatedGlass

Thin-film 
Silicon

CIGS 

Plasma-PVD

Wet Chemistry

Thermal-PVD

Plasma-CVD

What is PVcomB?

www.pvcomb.de
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Comparison of all solar cell technologies (2015)
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Michael M. Lee et al., Science 338, 643 (2012)

ABX3 A = CH3NH3, B = Pb, and X = Cl, I

7,6 % (AM1,5)

Ăscaffoldñ-Konzept

Hybrid Perovskite as very thin absorber (ETA concept)

zwei Konzepte

flach Konzept

nur mit dem TiO2 möglich

TiO2

leitend
Al2O3

isolierend

10,9 % (AM1,5)

12 % ?
15,4 % (AM1,5)8,6 % (AM1,5)

Mingzhen Liu, Michael B. Johnston & Henry J. Snaith, Nature 501, 395 (2013)

nur Ăsolution-processedñ möglich

Ăvapor

depositedñ 
Ăsolution-

processedñ 
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Hybrid Perovskite Absorber films: deposition routes

Mingzhen Liu, Michael B. Johnston & Henry J. Snaith, Nature 501, 395 (2013)

1) 2)

3) 4)

b

Wichtige Parametern:

Dampfzusammensetzung

CH3NH3I / PbCl2
1/1 ÷ 7/1 (Dicke 125 nm)

Best ETA für 4:1

Schichtdicke

125 ÷ 500 nm (3,5/1)

Best ETA für 330 nm

CH3NH3I
T = 120°C

PbCl2
T = 325°C

Pbasic = 10-5mbar

T = 21°C

5,3 ÅÖs-1

Spin-coating

Tempern:

Perovskite-Kristallisation

unter N2 Fluss

T = 100°C

t= 45 min

Vapor deposition
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Emerging Applications of TCOs
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TCOs ïbroad application.

2. Self healing, heatable

Anti-ReflexLow-E Films

6. Hydrophilic, 

antibacterialHead-Up  

Display glass

3. Switchable Anti-sun und   

Privacy-glazing

5. Low-E covered 

complex 3D-

Polymer glazing

9. High-energyςLEDs with

TCO Front Contact and lossless Mirrors

4. Active Noise-supressing  

Glaswith integrated 

Lightsource

1. TCO on CIS PV foil

integrated auto-

photovoltaic

7. Top emittingAM OLED Displays

with Touch-surface

8. Arrays from Oxide-based Gas-sensors 

for energy-efficient use of climate control

10.Engine-control via

Oxide-Electronics, RtR

R. Muydinov: Thin Films in Energy Saving Technologies
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singleAg Low-E
tV= 84 %, tE= 55%

double Ag 
Low-E Sun-Control
tV= 68 %, tE= 34 %

reflection of ideal 
Low-E film

reflection of ideal 
sun protection

Â solar Engineering: no overlapping of thermal IR- and solar- spectra

Â spectral selective films: combination of transparency & conductivity

What is low-E?

R. Muydinov: Thin Films in Energy Saving Technologies
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Si-Substrat

Ti-based
sublayerwith
high refractiveindex

SnO2

caplayer

transparent
blocker

crystalline
ZnO

Ag(~ 12 nm)

B. Szyszka et al., Glasstech Singapur 2004

HR-TEM, Low-E film on Si:

... weights0,1 g pro m².

... costs1,5 Cent pro m².

... reducesthe warm-lossesfrom 3 W/m²K 

to 1,1 W/m²K.

... savesduringheat-seasonfor single-familyhouse

(windows-area 20 m²) about350 l fuel oil.

... savesduringgarantiedǿƛƴŘƻǿΨǎlife-time (30 years) 

x 4000 moreenergythan was usedfor fabrication

of thin film (includngdepositionsystem).

What can single Ag-Film do?

R. Muydinov: Thin Films in Energy Saving Technologies
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