
|

In-situ metrology for advanced 
process control and 
equipment health monitoring 
in semiconductor epitaxy

Dr. Kolja Haberland

Chief Technology Officer
LayTecAG



|20 April 2016 APC|M Conference Reutlingen

2

Outline

APC|M                                                                                        

Introduction
-Two semiconductor industries
-Types of metrology

In-situ metrology and control in Compound Semiconductor Epitaxy
-Integration of metrology
-In-situ metrology techniques
-From data to information
-Application examples

Opportunities for in-situ metrology and control in Si Semiconductor Industry

Summary



|20 April 2016 APC|M Conference Reutlingen

3

Outline

APC|M                                                                                        

Introduction
-Two semiconductor industries
-Types of metrology

In-situ metrology and control in Compound Semiconductor Epitaxy
-Integration of metrology
-In-situ metrology techniques
-From data to information
-Application examples

Opportunities for in-situ metrology and control in Si Semiconductor Industry

Summary



|20 April 2016 APC|M Conference Reutlingen

4

The Semiconductor Industries

Introduction

Si Industry/ Semi CompoundSemiconductor

III/V on Si

αthe big brotherά αthe little brotherά

200mm/300mm
450mm (?)

нάκоά
100mm/150m

αsomethingfrom bothά

PECVD, ALD .... MOCVD, MBE

MOCVD
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Equipment and automation

Introduction

омȄпά4x300mm

FOUPs
andautomatedwafer loading

robot transferof manuallyloadedcarriers
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Wafer sizes

Introduction

19,6 cm2 44,2 cm2 78,5 cm2 176,7 cm2 314,2 cm2

2ɝ
3ɝ

4ɝ

150mm ~ 6ɝ

200mm ~ 8ɝ

Standard in 
optoelectronics

Standard in mature 
Si-Technology

Sapphire

SiC

Silicon

300mm ~ 12ɝ

706,9 cm2
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processn

processn+1

metrology

metrology

epi growth

in-situ 
metrology

Si semiconductor III/V compound

MES  
EES  
SPC

equipmentdata

equipmentdata

metrologydata

metrologydata

bare wafer

completeepi-wafer

equipment
andmetrology
data

equipment
data
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Compoundsemiconductorvs. Semimarket

Introduction

Still very different marketsςbut they are getting closer!

- In CS strong demandfor in-situ monitoring, control andautomation
- EstablishedAPC conceptsfrom Semi marketareenteringCS market
- In Semi, multi-layerEpifor nextgenerationdevices
- New applicationsfor in-situ monitoring
- Common goals: higheryield, lower cost

Compound(CS) Traditional Semi

Wafer size (2"), 3", 4", 6" 150/200/300mm,  (450mm)

Growth run duration ~6-8 hours ~1 min

Numberof layersper run ~20...>100 1

Numberof wafersper run 10...50 1

Level of automation Low,increasing Fully

Level of fab integration Low,increasing High

Yieldmanagingstrategies Evolving Excellent
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MetrologyΧ

Introduction

Virtual metrology
Χ ƳŜǘƘƻŘǎ to predict properties of a wafer based on machine parameters and sensor data of the 
production equipment, without performing the (costly) physical measurement on the wafer

Integrated metrology
Χ ǎǘƛƭƭ needs a universal definition, it has become the term associated with the slow migration from 
offline to inline and in situ measurements(ITRS 2013) ... anything "inside a tool"

Semi

In-line metrology
Χ ǇŜǊŦƻǊƳŜŘ ōŜǘǿŜŜƴ ǇǊƻŎŜǎǎ ǎǘŜǇǎΣ ƛΦŜΦ before/after growth or 
deposition, to characterize wafer/layer properties, 
e.g. in transfer chamber

In-situ metrology
Χ performed during process steps, i.e. duringgrowth or deposition,
to characterize wafer/layer and process properties,
i.e. in growth chamber

CS
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ITRS 2013 ςmetrologysection

- The fundamental challenge for factory metrology will be the measurement and 
control of atomic dimensions while maintaining profitable high volume 
manufacturing

- Although integrated metrology still needs a universal definition, it has become the 
term associated with the slow migration from offline to inline and in situ 
measurements. 

- The proper combination of offline, inline, and in situ measurements will enable 
advanced process control and rapid yield learning.

- The relationship between metrology and process technology development needs 
fundamental restructuring.

- Understanding the interaction between metrology data and information and 
optimum feed back, feed forward, and real time process control are key to 
restructuring the relationship between metrology and process technology. 

Introduction
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Process control: What is it all about?

APC in compound semiconductor epitaxy

20 April 2016

Youneedto monitor andcontrol:
Åpockettemperature andwafer temperature
Åwafercurvature/ waferbow
Ålayerthicknessanduniformity, ternarycomposition...

It's all about: 

Åcost reduction

Åimproving yield (e.g. LED emission 
wavelength being on target)

Åon-wafer uniformity

Åwafer-2-wafer uniformity

Årun-2-run control

Åtool matching

Åreduced downtime (e.g. for 
maintenance/calibration runs) 

ex-situ photoluminescence map
of 6" LED wafer after epi (example)
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LED Manufacturing ProcessOverview

APC in compound semiconductor epitaxy

acc. to Yole2014Υ άLED Front-End Manufacturing ¢ǊŜƴŘǎά 

prognosisof device
performance

in-situ metrology at work
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LED Manufacturing ProcessOverview

APC in compound semiconductor epitaxy

What isdifferent to Semiindustry?

Å High complexityandaddedvaluein epitaxy

Å All layersaredepositedin onesinglegrowth run (~ hours)

Å Simultaneousgrowth on multiple wafers

Å Layer structuresusuallytoo complexto becharacterizedex-situ

Å In-situ metrologyhasdeveloppedto be an essential part of processcontrol

Å Closedloop andfeedback proceduresbasedon in-situ dataavailablewithin tool

Å Nostrong differentiationbetweenαequipment/ tool dataά andαmetrologydataά ƛƴ 
processcontrol

Å However: in back end (chipprocessing) thingsaredifferent ...
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Status of APC in LED manufacturing

APC in compound semiconductor epitaxy

Source: Mike Plisinski, Rudolph Tech., Strategies in Light 2012

2012: In-situ datawerenot useddownstream...
2016: Things arechanging... fab-wideAPC isstarting... 


