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» Economic aspects of CC production
» Technical implications on PVD
» Yield and process control

> Design rules for PVD equipment
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Why talking about PVD ?

> PVD consistently produces the best CCs (I, x L)

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

PVD will play the major role in CC production

THEVA

» is an engineering company
> is strong in process development (ISD, e-beam evaporation etc.)

> has centered on smart solutions for CCs
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Technology follows economy

Key factors determining cost

» Automation
> Sevice life » Complexity
» Maintainability > Smart design

Labour Equipment > Throughput
10% 21%

T

> Reliability
» Process stability

Rejects*
22%

> Process control

* 95 % yield in each of 9 process steps Material
47%
» Architecture, film thickness
> material efficiency
» Recycling, storage, waste
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Cost structure of CCs — cost of vacuum

What contributes to the equipment costs ?

H Automation & control

6%

Labour
10%

3% 5% Mechanics
59, B Vacuum
M Others

associated to PVD

Waste
22%

Material
47%

,vacuum‘ accounts for about 6% of the total cost
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Throughput is the key

Equipment cost share = capital investment / throughput

Throughput = volume production rate

= A xR =LxWxR
processing thickness tape tape
area growth rate length width

f

physically limited
(material property)

THEVA

?

Key to lowering cost

=vxWxD
tape film
speed thickness

X

\ 4
—

_ =
creating the future » 5




How will future PVD equipment look like ?
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Tape winder — extending deposition area

is a must for A T

{i; BUNDESREPUBLIK () Offenlegu “gSSChrift @ I OL%
DEUTSCHLAND o DE 10001637 A1 B&5H 23/02

processing narrow tape

& Akterzeichen: 10081 697.5
@ Anmeldeteg: 17. 1. 2000
DEUTSCHES @) Offenlegungstag: 2112 2000
PATENT- UND

covering large deposition area wansanany

DE 10001637 A1

6 Innara Pricritt:

improving uniformity s e Fo A

@ Anrisldar
Thava DinnschichHechnik GrrbH, ES3848 Eching,
DE

@ varrater: e i |
Patant- | | Bda b ‘ |:
4 [

Dost, Altenhul Geigsler, Isenbrucl( 816?9
Mincher i CC)

P

|
, i L
Do folgenden Angeben sind den vom Anmet T ~n .
Priifungsantrag gem. § 44 Petl3 iat geatzih ! :
i g und zum iten einee Ban:
Abrisssungen 4 )
G Dle worlagends Erfindung betrlfft elne Vorrlshtang und Za
win e rfah 'en zum Yerarbsiten sines Bandas (10) in sinem 2ok
Wararbaltungsteralsh mi1 begranean Abrmessungen, und
inshesandare dis Herstellung elms Bandaes {10, das mit 21h
minam | lochtsmpa-atur-Supralsitar baschichtat ist. Crt- 24a A2
h alne Ind zwel T | {em,
rqeceh Br, Dies Band (101 wind in siner Yielzahl von
Wlndungen urn dre 2 indeet Twel Tisnaportals merte
tm z'l)trans::n ttist, sa dafk das Band (1U) indam Yarar
turgebarsich vararheitst wardan kann. Cina unbash-
sch Agte saftliche Beweflunfi dee Bandss 110}, senkracht
e (213, 20b)
wlrd durch dee Schr&astellen dar Trsnsporalemente (a0,
11 umn einen Winkel (2} oder durch das Steuern der Go
schwindighait der Trarapartal smate, an daf desGend in C e )
gletterdan Kontakt mit den Trangsortalamenten let oder
durch das Aufte len der Transportslements in Segmente,
dle sankrechi 2ur Tranporblchtung bewes llch alnd, ver.
hindart.

DE 10001637 A1

Foto: THEVA 1999

THE\/A creating the future .’»' 3




Capacity scaling of PVD equipment

Equivalent in throughput

(same area A)

but
)

different capacity

— suboptimial design

Vv <<V

process storage

Separate storage from vacuum processing !

v
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Modular equipment design

S ]

PVD tape processing
Standard design
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Modular equipment design

Tape geometry ideal for

atm to atm vacuum processing

/ <1l/s (W=12mm)
Process control

@

Benefits
» permanent accessibility
» high flexibility

» easy service and maintainability

» cheaper non-vacuum components

» more control options
v
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High speed tape heating

Heating curves of steel tape (10x0.1mm?, o = 0.2)

800°
800 - — R .
- Equilibrium -o0c EQuilibrium heating slow
o 797 20 s =56 cm
o 600°
: 600 @ 100m/h
| 99 T o
S 5004 500
S ] 400°
8_ 400 - -
(S ' e : :
g 3001 Non-equilibrium heating risky
& 200+ :
= ] » overheating
= 100'_ > thermal inertia
0 - . - . - . - 1 » depends on IR-reflectivity
0 20 40 60 80
Time (s) » depends on tape speed
ATsubstrate = Tsubstrate (1 - Av/ V)
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Imagine a beam of energy ...

Goals: rapid tape pre-heating

compact tape winders

E-beam heating
» independent of IR-properties
> high power density > 50 W/cm?
> spot size 1 — 2 cm?
> no inertia & easy to control
» extreme temperatures accessible

> operating pressure < 10-3 mbar*

*differential pumping available

THEVA

Pierce e- gun
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... and what you can do with it

speedometer 4

Tape pre-heating € _ _ e,
R equilibrigg
> high power density - '- ater

short heating zone

oT
ot > 700 K/s

» fast duty cycle

deposition

no risk of damage

»high dynamics
feedback P = P(v)

pierce e-gun Patent pending

\ 4
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Localized e-beam heating

speedometer

Support heating

spatial power adjustment .
by controlling dwell time '

Compensating for

> edge effects pre-heating

» change of IR - reflectivity t heati
support heating

[ | 4
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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(® influence cost ?

Labour Equipment

10% 21% 95 % vyield

Rejects
22%

(1) "
47% 8% 17%

Rejects

36% .
Material 80 % YIe|d
39%
Labour Equipment
Yield is a real issue ! 6% 13%

Reduction of rejects easily

Material

compensates for higher investment 289

Rejects
53%
\ 4
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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

\ 4
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Film crystallinity and quality

» Crystallinity: RHEED

Surface sensitive

better than XRD:
much faster
more information

> Film thickness: spectral reflection analysis

Fiber Optic Cable

I[ l}] ‘;:I::ﬂvr
' .

Light Source

Spectromeler

.....

| wﬁ. Tl.ﬁl‘ﬂTﬂ.ed and
reflected light
Spot size: 20pm — 1.5mm
Thickness range: 150nm — 50pm
Sampling time: <1sec
Accuracy: 0.4%

THEVA
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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

\ 4
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Critical current assessment

» Tapestar: rapid, high resolution I, -measurement

Scanning speed: 50 — 200 m/h
Resolution: 0.5 mm
Capacity: >1000 m

AR

HEVA

Y
A

400 600 800 1000
Position (cm)

v
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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 THEVA ™~
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