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Introduction 4
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Introduction

Equipment and automation

andautomatedwaferloading
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Wafer sizes
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Introduction

Sisemiconductor

I/ compound

e barewafer
equipmentdata .
procesa equipment ‘
andmetrology
l data
metrologydata
equipment epigrowth
1 data
1 equipmentdata ‘
processn+
] completeepiwafer
metrologydata

¥

20 April 2016 | APC|M Conference Reutlingen

b4

LAT=C

Knowledge is key



Introduction

Compoundsemiconductorvs. Semimarket

CompoundCS) TraditionalSemi

Wafersize (2", 3", 4", 6" 150/200/300mm, (450mm)
Growthrun duration ~6-8 hours ~1 min

Numberof layersper run ~20...>100 1

Numberof wafersper run 10...50 1

Levelof automation Low,increasing Fully

Levelof fab integration Low,increasing High
Yieldmanagingstrategies Evolving Excellent

Still very different markets¢ but they are getting closet

New applicationdor in-situ monitoring
Commongoals higheryield, lower cost
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Introduction

Metrology X

o )
Virtual metrology Semi
X Y S (it préelisit properties of a wafer based on machine parameters and sensor data of the
production equipment, without performing the (costly) physical measurenoegrthe wafer

Integrated metrology
X  aneedd afuniversal definition, it has become the term associated with the slow migration frop

offline to inline and in sitimeasurementgITRS 2013) ... anything "inside a tool"
. J

In-line metrology a Lo A
X LISNF2NXYSR 0SS0 g SteidrediiiBranvthdE a i X HS o
deposition, to characterize wafer/layer properties, 141 114 114
e.g. in transfer chamber |y i

Step 1 Step 2 Step 3

In-situ metrology

X performedduring processteps, i.eduringgrowth or deposition,
to characterizevafer/layer and process properties,

l.e. in growth chamber
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Introduction

ITRS 2018 metrology section

manufacturing

The fundamentathallengefor factory metrology will be theneasurementand
control of atomic dimensionsvhile maintaining profitablenigh volume

Althoughintegrated metrology still needs a universal definitiomt hasbecomethe
term associated with thalow migration from offline to inline andn situ
measurements

Thepropercombinationof offline, inline, andin situ measurementswill enable
advancedprocess control and rapid yieldarning.

Therelationship between metrology and process technology development needs
fundamentalrestructuring.

Understandinghe interaction betweenmetrology data and information and
optimu

n feed back feed forward, andreal time process control are keto
restructUlibgL

he relationshipbetween metrology and process technology.
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APC in compound semiconductepitaxy

Process control: What is it all about?

It's all about:
A cost reduction

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

A on-wafer uniformity

A wafer-2-wafer uniformity
A run-2-run control
1 11— 11 A tool matching
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ex-situ photoluminescence map A reduced downtime (e.g. for
of 6" LED wafer aftezpi (example) maintenance/calibration runs)

Youneedto monitor andcontrol:
Apockettemperatureandwafer temperature
Awafer curvature/ wafer bow

Alayerthicknessand uniformity, ternary composition... )=  AST=C
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APC in compound semiconductepitaxy

LED

acc to Yole2014Y LED FrorEnd Manufacturing
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LED dies

= Die Attach & Interconnections
= Phosphors

= Encapsulation & optics

» Testing & Binning

Manufacturing’rocesOverview

in-situ metrology at work
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irrors

ED dies-on-wafer Mesa LED structure
Flip Chip LED structure
Vertical LED structure
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Back-End level 1 - Packaging

Yf

LED systems and applications
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APC in compound semiconductepitaxy

LED Manufacturind’rocesOverview

. . -
SiC / Sapphire / Silicon /
Bulk GaN / Composite
substrate

LED epi-wafer

Whatis differentto Semiindustry?

Highcomplexityand addedvaluein epitaxy

All layersare depositedin one singlegrowth run (~hours

Simultaneougyrowth on multiplewafers

Layerstructuresusuallytoo complexto be characterizedex-situ

In-situ metrologyhasdeveloppedto be an essentiapart of processcontrol
Closedoop andfeed backproceduresbasedon in-situ dataavailablewithin tool

No strongdifferentiation betweenoequipmenttool datadand ametrologydatad A Yy
processcontrol

A However in back enddhip processinyjthingsare different ... ¢
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APC in compound semiconductepitaxy

Statusof APC in LEhanufacturing

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

2012: Insitu datawere not useddownstream...
2016: Thingsrechanging.. fab-wide APQs starting...
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