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Why talking about PVD ?

PVD consistently produces the best CCs (IC x L)

PVD is used in every production route (even in MOD) 

PVD will play the major role in CC production

is an engineering company

is strong in process development (ISD, e-beam evaporation etc.)

has centered on smart solutions for CCs 



creating the future 3

Technology follows economy
Key factors determining cost

* 95 % yield in each of  9 process steps

Rejects*
22%

Material
47%

Equipment
21%

Labour
10%

Architecture, film thickness
material efficiency
Recycling, storage, waste

Automation
Sevice life
Maintainability

Reliability
Process stability
Process control

Complexity
Smart design
Throughput
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Cost structure of CCs – cost of vacuum

What contributes to the equipment costs ?

Waste
22%

Material
47%

Equipment
21%

Labour
10%

„Vacuum“ accounts for about 6% of the total cost

Waste
22%

Labour
10%

Material
47%

5%
6%

3%6%
Automation & control
Mechanics
Vacuum
Others 

associated to PVD
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Throughput is the key

Equipment cost share = capital investment / throughput

Key to lowering cost
Throughput ≡ volume production rate

⇓
physically limited
(material property) 

P  =  A  × R

processing 
area

thickness
growth rate

≡ v × W × D

tape 
speed

film 
thickness

= L × W × R

tape 
width

tape 
length
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How will future PVD equipment look like ?
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Tape winder – extending deposition area
... is a must for

processing narrow tape

covering large deposition area

improving uniformity

0.4 m
Foto: THEVA 1999
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Capacity scaling of PVD equipment

Equivalent in throughput
(same area A)

but
⇔

different capacity

Vprocess << Vstorage

⇒ suboptimial design

Separate storage from vacuum processing !
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Modular equipment design

Standard design
PVD tape processing
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Modular equipment design

Process control

permanent accessibility

high flexibility

easy service and maintainability

cheaper non-vacuum components

more control options

atm to atm vacuum processing
Tape geometry ideal for

< 1 l/s (W = 12mm)

Benefits
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High speed tape heating

Equilibrium heating slow
20 s  ≡ 56 cm

@ 100m/h

Non-equilibrium heating risky

∆Tsubstrate = Tsubstrate (1 - ∆v/v)

overheating 

thermal inertia

depends on IR-reflectivity 

depends on tape speed

Heating curves of steel tape (10×0.1mm2 , α = 0.2) 
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Imagine a beam of energy ...

rapid tape pre-heating

compact tape winders

Goals:

E-beam heating

independent of IR-properties

high power density > 50 W/cm2

spot size 1 – 2 cm2

no inertia & easy to control

extreme temperatures accessible

operating pressure < 10-3 mbar* Pierce e- gun
*differential pumping available
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... and what you can do with it

speedometer

v

deposition

equilibrium heater

pierce e-gun Patent pending

∂T
∂t > 700 K/s

high power density
short heating zone 

fast duty cycle
no risk of damage

Tape pre-heating

high dynamics
feedback P = P(v)
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Localized e-beam heating

pre-heating

support heating

speedometer

v

deposition

equilibrium heater

Support heating
spatial power adjustment 
by controlling dwell time

Compensating for
edge effects
change of IR - reflectivity 
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Compact, continuous metal deposition
E-beam heated crucible with wire feeding

small source     (1 cm3)

huge capacity (Ag: 10 kg/d)

high deposition rate > 5nm/s

smooth films – no splashing

minimum heat radiation

long filament life
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Cost structure of CCs – importance of yield
How does yield in every process step(9) influence cost ?

Equipment
21%

Material
47%

Labour
10%

Rejects
22%

Equipment
17%

Material
39%

Labour
8%

Rejects
36%

Equipment
13%

Material
28%

Labour
6%

Rejects
53%

95 % yield

90 % yield

80 % yield

Yield is a real issue !

Reduction of rejects easily 
compensates for higher investment
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In-line process control
Monitor whatever is accessible

Vacuum:
pressure and gas flow

Temperature: 
pyrometer or IR-imaging

Tape transport: 
speed, tension

Deposition parameters: 
rate, composition, source operation

Film growth: 
crystallinity, thickness, surface, phys. properties

Process accessibility is a priceless advantage of PVD
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Film crystallinity and quality

Crystallinity:  RHEED

Surface sensitive
better than XRD:

much faster
more information

Film thickness:  spectral reflection analysis

Spot size:               20µm – 1.5mm 
Thickness range:  150nm – 50µm
Sampling time: < 1sec
Accuracy:    0.4%
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Surface roughness analysis

Surface light scattering

Continuous tape surface analysis

Many malfunctions lead to enhanced surface roughness
Light scattering is extremely sensitiv to roughness

Spot size: 0.9 mm – scanning possible
Sampling time: 0.5 ms



creating the future 20

Critical current assessment

Tapestar: rapid, high resolution IC -measurement

Scanning speed: 50 – 200 m/h
Resolution: 0.5 mm
Capacity: > 1000 m
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Golden design rules of PVD processing

Maximize deposition area & rate

Design modular

put only in vacuum what needs vacuum

separate functions 

(deposition, process control, drive, storage)

Don‘t save on reliability and process control

... or simply ask
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