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CHAIRMAN’S FOREWORD

Welcome to EXMATEC '98 and to Cardiff, the capital city of Wales. We hope that
you will find the workshop entertaining and productive and that you will enjoy your
stay in our city. We have put together an interesting and stimulating programme of
presentations from researchers as far afield as Japan and the USA, and we would
like to thank those of you who are presenting papers for your contribution to the
workshop.

The research presented at the conference will be published in a special issue of
Materials Science and Engineering: B by Elsevier and we would like to thank the
Guest Editors Ali Rezazedah and Garth Swanson for their assistance. We are also
grateful to the members of the Programme Committee and other colleagues who
kindly agreed to referee the papers for the proceedings.

In addition we would like to give a special thank you to our sponsors who have
graciously provided financial support to the workshop. Their support has enabled us
to provide you with a number of special extras that we are sure will make a real
difference to your enjoyment of the workshop.

We have organised what we hope is a fairly relaxed but enjoyable social programme
and we would like to invite you all to participate in these activities. All registered
delegates and accompanying persons are invited to attend the conference dinner
and pre-dinner drinks which will be held in the Park Hotel in central Cardiff on
Tuesday evening, and the excursion to Techniquest in Cardiff Bay on Monday
evening, which includes a drinks reception sponsored by Bede Scientific Instruments '
Ltd.

Please note that the registration desk will be staffed at all times during the workshop
and the staff are there to help you so please do not hesitate to ask for assistance
with accommodation, workshop arrangements or information on Cardiff and the
surrounding area.

We wish you a successful EXMATEC '98 and a pleasant stay in Cardiff.

Roy Blunt
Chairman
On behalf of the Organizing Committee




CONFERENCE INFORMATION
CONFERENCE LOCATION

The conference sessions will all take place in the Trevithick Building, Cardiff School
of Engineering, The Parade, Cardiff. A registration desk will be set up in the foyer
and will be staffed throughout the conference. The technical sessions will take place
in the Faculty Lecture Theatre on the 2™ Floor. The exhibition will be located in the
Junior Common Room to the left of the Registration Desk. The poster sessions will
be held in Seminar Rooms 1 and 2 on the Ground Floor. Morning and afternoon teas
will be served in the Junior Common Room and lunch will be available in the
Refectory to the right of the Registration Desk.

POSTER SESSIONS

The poster sessions will be held on Tuesday in Seminar Rooms 1 and 2. Velcro and
scissors will be available from the Registration Desk and you shouid set up your
poster well before your designated poster presentation. Ask at the registration desk
for further assistance.

SOCIAL PROGRAMME

The social programme will start with a light buffet on Sunday evening at 5pm in the
Junior Common Room. On Monday evening there will be a drinks reception
sponsored by Bede Scientific Instruments at Techniquest, a hands on science
museum in Cardiff Bay, and on Tuesday a conference dinner at the Park Hotel in
Park Place. All delegates and any accompanying persons are invited to these
events.

PUBLICATION OF PAPERS

Final papers may be submitted at the conference. Please hand them to the
Registration Desk. If you do not have your final paper with you then please send it to
Cherrie Summers at the following address as soon as possible and not later than 10
July:

PO Box 917
Newport Rd
Cardiff CF2 1XH

ACKNOWLEDGEMENTS

The local organizing committee wishes to thank the following organisations for the
considerable support provided to EXMATEC '98.

Applied Solid State Chemistry Group of the Royal Society of Chemistry
British Association for Crystal Growth

Wafer Technology Ltd

IEM Technologies Ltd
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Workshop Programme

Sunday 21st June

Monday 22nd June

8.30 a.m. Registration, The Trevithick Building, The Parade, Cardiff

8.50 Welcome and Introduction
9.00 Latest developments in VGF technology: GaAs, InP, and GaP M Young

9.30 Photoelastic characterisation of residual strain in GaAs, wafers M Herms
annealed in different holder geometrics

9.45 Non destructive Mode index Measurement using Resonant Coupling C Miner
10.15 X-ray Characterisation of InP Substrates B Tanner

10.30 a.m. Coffee Break and Exhibition

fy and failtire analysis Issues”
11.00 Reliability issues due to hot electrons in GaAs and InP HEMTS R Menozzi
11.30 Optical and structural analysis of degraded high power C Frigeri

InGaA1As/As/A1GaAs lasers

11.45 Failure analysis of heavily proton irradiated p+-n InGaP solar M Romero Florez
cells by EBIC and cathodoluminescence

12.00 Electron irradiation and thermal annealing effects on GaAs solar cells X Xiang

12.15 Structural characterisation of InGaP/GaAs heterojunction T Martin
bipolar transistors

12.30 p.m. Lunch and Exhibition

on 3] Widebandgap materials 2.00 p.m. - 4.00p.m. Chai
2.00 llI-Nitrides for Red and IR applications C Abernathy
2.30 Large area GaN substrates O Kryliouk
2.45 Structural characterisation of InGaN/GaN layers by transmission electron D Cherns
microscopy
3.15 Point defect characterisation of GaN and ZnO D Look
3.30 Optical mapping of the net donor concentration in n-type SiC A Winnaker
3.45 Characterisation of deep level trap centres in 6H-SiC pn junction diodes Guillot
4.00 p.m. Tea and Exhibition

6.15 p.m. Bus leaves Trevithick forbTechniquest visit and Bede Scientific Drinks Reception

7.30 p.m. Bus returns from Techniquest to Trevithick Building




Tuesday 23rd June

'Session 4; Characterisation and monitoring I 8.30 a.m. - 10.30 a.

8.30 In-line and in-situ monitoring and control of semiconductor C Pickering
alloy device structures using spectroscopic ellipsometry

9.00 Optimisation of experimental conditions for variable angle S Colard
spectroscopic ellipsometry. Application to GaAs quantum
well characterisation

9.15 Real-time strain monitoring in thin film growth. Cubic R Clarke
Boron Nitride on Si (100)

9.30 The use of laser interferometry for MOCVD process control A Stafford

9.45 Luminescence imaging - a well established technique M Baeumler
to study material - and device - related problems

10.15 An optical study of the properties of AlGainP epitaxial G Jones
layers with varying composition and GaAs substrate orientation

10.30 a.m. Chell Sponsored Coffee Break and Exhibition
Poster Session A 11.00 a.m. - 12.30 p.m.

12.30 Lunch and Exhibition

-

TRl Sep i

ST CHaraEterisation and miontoring

2.00 Characterisation of HBT material E Richter

2.30 Contactless electroreflectance characterisation of | Calder
GalnP/GaAs HBT structures

2.45 InGaP/GaAs based HBT characterisation using non contact M Murtagh
electro-optic diagnostic tools

3.00 Production characterisation of HI/V epilayers C Meaton
3.30 p.m. Afternoon Tea

Poster Session B 4.00 p.m. - 5.00 p.m.

7.30 p.m. Drinks Reception at the Park Hotel, Park Place, Cardiff

8.00 p.m. Conference Dinner at the Park Hotel, Park Place, Cardiff
Entertainment sponsored by IEM Technologies



Wednesday 24th June

‘Materials; processing, and growth issues 8.30 a.m.-10.30.a.m. € riger
8.30 The upper limits of useful n- and p- type doping of R Newman
GaAs and A1As
9.00 Non-annealed ohmic contacts to p-GaSb grown by A Vogt

molecular beam epitaxy

9.15 Hydrogenation of buried passive sections in photonic E Rao
circuits. A tool to improve propagation losses at 1.56um

9.30 Higher yield of 1.55um lasers through MOVPE E Kuphal
growth under N, atmosphere with excellent homogeneity

9.45 Materials issues in GalnP laser diodes P Blood

10.15 Low temperature silicon nitride for InP HBT J Courant

10.30 a.m. Coffee

Characterisation and monitoring

11.00 Electrical characterisation of IIl/V semiconductors A Erickson
using scanning capacitance microscopy

11.30 Characterisation of surface states density and substrate/ V Mosser
epilayer interface states in pseudomorphic A1GaAa/InGaAs/GaAs
heterostructures

11.45 Assessment and the impact of structural parameters and W Prost

device technology on resonant tunnelling diode characteristics

12.00 Photoreflectance as a non-destructive room temperature P Panayotatos
technique for routine testing of PM-HEMT structures

12.15 Photoreflectance evaluation of MOVPE A1GaAs/GaAs ' A Majerfeld
multiple quantum wells on (111)A GaAs

12.30 a.m. Lunch

2.00 p.m. Close of Conference



Poster Session A
Characterisation of l1I-V Oxide Desorption by surface photoabsorption

Magnetoplasma resonances in microstructures with two-dimensional electron
Gas at 77K

Investigation of photo-stimulated diffusion for creation of thin doped layers in lll-V
semiconductor compounds.

Scanning probe microscopy characterisation of surface semiconductor nanostructures.

Multiple quantum wells GaAs/A1GaAs solar cells : Transport and recombination
properties by means of EBIC and Cathodoluminescence.

Comparison of GaAa/InA1As electroabsorption Modulator structures on (100) and (111)
InP Substrates

inGaAs layers of high quality grown on patterned GaAs substrates with trenches.
Contactless mapping of Mesoscopic resistivity variations in semi-insulating substrates

Analysis of hopping conduction in device-like structures on nonstoichiometric molecular
beam epitaxial GaAs.

Be diffusion in InGaAs, InGaAsP Epitaxial layers and across InGaAs/InGaAsP, InGaAs/InP
Heterointerfaces.

The change of rotation angular dependence (AD) of the second harmonic intensity of
CdTe epilayers on GaAs (100) substrate at the initial stage of heteroepitaxy.

Electrical and morphological properties of ordered InyGal_xP.

Capacitance-voltage profiling of Inhomogeneous multiquantum well structures
AlGaAs/GaAs.

Study of dopant-dependant band gap narrowing in semiconductor devices.

Influence of GaSb substrate qualities on the properties of GalnAsSb films grown by
MOCVD.

Microscopic Investigation of intimate metal -InyGaj_xAs dot contacts obtained at room and
cryogenic temperatures.

SigN4/Si Heterostructures used for field effect enhanced photoconductivity in PbS thin films.

High precision reflectometry : A method to evaluate the performance of photonic
components and circuits.

Tits in polycrystalline silicon : High performances obtained in unhydrogenated
in-situ doped films - Study of density of traps.

Formation of n-p junctions in a p-type MBE HgCdTe film by low temperature electrical
activation of implanted boron atoms.

Differential magnetoresistance method for the characterisation of electron and light-hole
concentrations and mobilities in narrow-gap p-Type HgCdTe.

The effect of interfacial layer on the relaxation of CdMnTE/CdTe multiple quantum
well structures in InSb substrates.

Presenter

D A Alwood

T Baturina

N Dolidze

V A Fedirko

D Araujo Gay

A Georgekilas

Y Hayakawa
W Jantz

P Kordos

S Koumetz

V | Liberman

J Novak

V Ovsyuk

V Palankovski

R Peng

F Peiro

| Pintilie

EVK Rao

H Sehil

N Talipov

N Talipov

B K Tanner



Poster Session B
Growth of TI-Containing Compounds by Gas Source Molecular Beam Epitaxy
Non-alloyed ohmic contacts using MOCVD grown InGa{-xAs on n-GaAs.

Process optimisation of the reactive ion etching of gallium nitride in methylchloride/hydrogen
using the orthogonal method.

SEM and AFM Characterisation of High-Mesa patterned GaAs and InP substrates prepared
by wet etching.

The use of Capitance-Voltage (C-V) Profiling to Investigate the High Field, Electron Capture
Characteristics of the EL2 Centre in GaAs.

Study of Silicon doped VGF-GaAs by DSL-Etching and LVM Spectroscopy.

Growth of Hg1.x(CD1-yZny)xTe epilayers on (100) Cd1.y ZnyTe/GaAs substrates by ISOVPE.

lon implantation induced defects in Si implanted GaAs studies by variable energy positrons
Photoemmission and Raman study of GaAs passivated in alcoholic sulfide solutions.
Investigation of MBE grown GaAs/A1GaAs/InGaAs heterostructures.

The measurement of substrate temperature in MBE System.

The optical reflectance spectral method for the evaluation of crystal quality of
CdTe films on and HgCdTe.

Preparation and characterisation of n- and p- type ytterbium doped in
InP epitaxial layers. '

Comparative Investigation of MBE and MOCVD PMHEMT Structures for high frequency.
Applications.

Effect of thermal annealing in different ambient on photoelectrical properties of chemical
Deposited CdS thin films.

Effect of rare earth addition on liquid phase epitaxial InP and GalnAsP
semiconductor layers.

Networks of GaAs quantum wires : Preparation and Characterisation.

Isoperiodical heterostructures GalnAsSb/GaSb LPE-grown from Sb-rich melts
in spinodal decomposition area.

Hydrogen plasma treatment of Germanium doped n-GaAs.

Some comparison of properties of thick GaN layers grown on sapphire and silicon substrates
by VPE.

Enhancement of the performance of GaAs planar photoresistors by sulphur passivation of the
surface.

Precise measurement of the temperature dependence of the mobility at the first order phase
transition in Ag 2Se layers.

The study of spectral photoconductivity response of MCT heterostructures by contactless
method.

Assessment of carbon in polycrystalline gallium arsenide using SSMS, FTIR and CPAA

Presenter
C R Abernathy
Farid Amin

M Dineen

P Elias

S Estill

C Hannig

| Ishikawa

A Knights

M Lebedev

R Melkadze
N.N. Mikhailov

N Mikhailov

J Novotny

P Panayotatos

D Petre

O Prochaxkova

V Samuilov

V Smirnov

K Somogyi

K Somogyi

K Somogyi

K Somogyi

VS Varavin

B Weidemann
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EXMATEC ‘98
Exhibition Stands

STAND 1
STAND 2
STAND 5
STAND 7
STAND 8
STAND 9
STAND 10
STAND 12
STAND 13
STAND 14
STAND 15
STAND 16
STAND 17
STAND 18
STAND 19

STAND 20

MATS UK

BEDE SCIENTIFIC INSTRUMENTS LTD

WEST ASSOCIATES (AMERICAN XTAL TECHNOLOGY)
OXFORD INSTRUMENTS PLASMA TECHNOLOGY
LEDA MASS LTD

JAPAN ENERGY

OXFORD INSTRUMENTS RESEARCH
NANOPROBE

PHILIPS ANALYTICAL

ELSEVIER SCIENCE

LOUGHBOROUGH SURFACE ANALYSIS LTD
WAFER TECHNOLOGY LTD

BIO-RAD MICROMEASUREMENTS LTD
EPITAXIAL PRODUCTS INTERNATIONAL

IEM TECHNOLOGIES LTD

CHELL INSTRUMENTS LTD




MATS (UK) LTD Stand 1

MATS is an independent analytical laboratory near Warrington. We offer a commercial service for
quantitative surface and interface analysis and materials characterisation, specialising in SIMS and
SNMS. In addition to SIMS and SNMS we also offer a wide range of complementary techniques,
including RBS, XPS, GDMS. ICPMS, Raman, FTIR. HRTEM, AFM and STM.

We serve the analytical needs of the manufacturing sector by solving quality control problems. We also
provide support for Universities and Corporate Research Organisations worldwide by providing
analysis and consultancy for their fundamental research and materials development projects.

Our laboratories are equipped with multi-technique SIMS instruments, complemented by a team of
experienced scientists. This combination provides a fast, clear, unambiguous and confidential
interpretation of results to solve a wide range of problems and provides answers to a variety of
materials science issues.

The MATS (UK) Stand at EXMATEC 98 will show applications of SIMS and SNMS depth
profiling to III/VI materials, including ultra-low detection levels of hydrogen, carbon,
nitrogen and oxygen.

Contact: Mats (UK) Ltd, Innovation House, Daten Park, Leacroft Road, Birchwood, Warrington, A3 6UT.
Tel : 44 (0) 1925 844777, Fax : 44 (0) 1925 844780, E Mail : info@mats-uk.com.

BEDE SCIENTIFIC INSTRUMENTS LTD Stand 2

Bede is a leading global manufacturer of analytical X-Ray characterisation equipment, now celebrating
its 20" anniversary. Bede’s product line includes high resolution X-Ray diffractometers for R&D as
well as quality control: the new Microsource® X-Ray generator: analysis software; and expert service.

For further information please come and visit us on Stand 2.

Contact: Bede Scientific Instruments Ltd, Headquarters, Bowburn South Industrial Estate, Bowburn,
Durham, DH6 5AD. Tel : 44 (0)191 3772476, Fax : 44 (11191 3779952, E Mail : info@bede.co.uk

WEST ASSOCIATES Stand $§
(AMERICAN XTAL TECHNOLOGY)

West Associates acts as a European agent for AXT as well as some complementary gas handling
products :

American Xtal Technology — Epiready GaAs & InP wafers. vertical gradient freeze grown for
extremely low EPDS.

UltraPure — Point of use and bulk gas purifiers configurable for hybrids, inerts and a range of other
gases.

CS Clean Systems — Dry bed gas scrubbers.

Emergency Containment Systems — Gas cylinder containunent vessels. for pressure and vacuum tight
storage and transport of hazardous gases.

All of these products can be seen at our website : www.westassociates.co.uk.

Contact: West Associates, 46 Leigh Road, Cobham, Surrey, KT11 2LD
Tel : 44 (0)1932 868006, Fax : 44 (0)1932 860932, E Mail : westonwebra compuserve.com




OXFORD PLASMA TECHNOLOGY Stand 7

Oxford Plasma Technology is a leading supplier of plasma and ion beam processing
equipment for the semiconductor industry. Products range from small stand alone units aimed
at the R&D market to fully clustered cassette to cassette platforms for high throughput
production processing. The Plasmalab range consists of seven models covering all major
plasma technologies, including ICP and RIE, and the IonFab range consists of two models
covering ion beam etching, chemically assisted ion beam etching and ion beam and ion
assisted sputter deposition.

OPT has over 17 years experience in plasma and ion beam processing and is one of the worlds leading
suppliers of plasma processing equipment to the compound semiconductor industry, with key processes
developed for both the Opto and Microelectronics markets. The company maintains close collaborative
links with both academia and industry and attributes much of its success in the compound
semiconductor market (o joint ventures into leading edge projects such as high density plasma etching
of III-V materials and dry etching of Gallium Nitride and related compounds.

The company is based near Bristol. UK, and forms part of the Oxford Instruments Group which
employs over 1500 people worldwide with an annual turnover of approximately £160 million plus a
joint venture with Siemens of approximately £75 million. OPT has a 4000m*° factory with on-site
manufacturing., two clean rooms/laboratories for demonstration purposes as well as sales offices
located throughout the world. The Applications laboratory is equipped with the latest systems and has
facilities for demonstrating ICP. RIE or PE mode etching; PECVD of low stress layers and ion beam
etching; sputter decomposition and chemically assisted ion beam etching.

Contact: Oxford Instruments Plasma Technology, North End, Yatton, Bristol, BS49 4AP
Tel : 44 (0)1934 833851, Fax : 44 (0)1934 834918, E Mail : bedwyr.humphreys@oxinst.co.uk

LEDA-MASS LTD Stand 8

JAPAN ENERGY/NIMTEC Stand 9

Japan Energy/NIMTEC supplics scmiconductor materials ranging from high purity metals to
compound semiconductor wafers and sputtering largets to customers the worldwide.

Japan Energy started as a mining and refining company almost 100 years ago. Based on its accrued
knowledge and experience as well as its untiring R & D it is continuously providing the highest quality
materials to semiconductor industries. guaranteed by using advanced technical instruments specially
prepared for the quality assurance of semiconductor materials.

e ICP Atomic Emission Spectrometer

e ICP Mass Spectrometer

¢  Atomic Absorption Spectrometer Flame Atomizer
s  Spectrophotometer

e Atomic Absorption Spectrometer Metal Atomizer
e Oxygen and Nitrogen Analyser

e  Hydrogen Analyser Carbon Analyser

e X-Ray Fluorescence Spectrometer

e SEMand EDXS EPMA

e  Spark Source Mass Spectrometer

e  Auger Electron Spectrometer

e  X-Ray Photoelectron Spectrometer

e  Glow Discharge Mass Spectrometcr




Japan Energy/NIMTEC’s main products are as follows:

¢  Compound Semiconductor Wafers : InP,CdTe, Epitaxial Wafers (MBE,MOCVD)
e High Purity Metals : In(6N, 7N), Cd (6N, 7N), Te (6N, 7N), Cu (6N)
e  Sputtering Targets : Ti, Al, WSi, Ni, Co, Cu, Ta, Au, Pt, Pd

Contact: Japan Energy Ltd (UK) Ltd, 39 Dover Street, London, W1X 3RB
Tel : 44 (0)171 6293602, Fax : 44 (0)171 4956349, E Mail : kotsuki@jais.co.uk

OXFORD INSTRUMENTS ' Stand 10

Oxford Instruments is a leader in the field of design, manufacture and supply of specialist products for
electron microscopy. We have particular expertise in the fields of cathodoluminescence (CL) and
cryogenics, and we will be highlighting our products for characterizing semiconductors using

CL, EBIC and helium stages.

CL together with EBIC can be used to characterize both the optical and electronic properties of devices
at sub micron resolution. MonoCL 2 is a new CL system for high resolution CL imaging and
spectroscopy over a wide spectral range. EBI Quant allows simultaneous quantitative EBIC linescans,
area scans and images of the same devices. These techniques are particularly effective when applied at
cryogenic temperatures, when the radiative recombinations of electron-hole pairs are maximized.
Applications include analysis of quantum structures in materials developed for laser diodes, wide

band gap materials such as GaN and also solar cell material.

Contact: Oxford Instruments, Research Instruments, Tubney Woods, Abingdon, Oxon. OX13 5QX.
Tel : 44 (0) 1865 393200, Fax : 44 (0) 1865 393333, E Mail : info.ri@oxinst.co.uk

NANOPROBE Stand 12

Contact: 39 Rue Alain Chastien, France, 75015
Tel : 33 (0)142317441, Fax : 33 (0)142537632, E Mail : maurice.quillec@wanadoo.fr

PHILIPS MATERIAL
CHARACTERISATION SYSTEMS Stand 13

Philips Material Characterisation Systems (MCS) is part of Philips Analytical, a major supplier of
analytical instrumentation for research and industry. Our instruments form a suite of characterisation
tools covering the optical, structural and electrical properties of compound semiconductors. Our
equipment improves epitaxial growth processes, increases yields and boost your profitability. Philips
MCS products :

e Control the quality of your incoming substrates

e Rapidly optimise your growth conditions by providing fast feedback on epilayer composition and
quality.

e  Screen the uniformity of your epi-wafers

o  Help estimate yields.

Our products are made with one purpose in mind - fo help our customers achieve better yields through
better measurements.

Contact: Philips Analytical, York Street, Cambridge, CB1 2QU
Tel : 44 (0)1223 374411, Fax : 44 (0)1223 374266, E Mail : sally.fuller@axr-cmb.be.philips.com




ELSEVIER ADVANCED TECHNOLOGY Stand 14

Elsevier Advanced Technology. publishers of I1I-Vs Review magazine, are presenting their range of
market and technical information sources dedicated to the semiconductor industry worldwide. Free
sample copies of I1I-Vs Review and information on the Advanced Semiconductors Buyer’s Guide will
be available.

Contact: Elsevier Advanced Technology, P O Box 150, Kidlington, Oxford, OXS 1AS.
Tel : 44 (0)1865 843848 or 843000, Fux : 44 () 1865 843971, E Mail : d.prosseri@elsevier.co.uk

LOUGHBOROUGH SURFACE
ANALYSIS Stand 15
Contact: P.O. Box 5016, Unit FC, Gas Research and Technology Centre, Ashby Road,

Loughborough, LE11 3WS. Tel : 44 (0)1509 283069, Fax : 44 (0)1509 283067,
E Mail : D.E.SYKES@lsaltd.co.uk

WAFER TECHNOLOGY LTD Stand 16

Wafer Technology. based in Milton Keynes, offers the world’s broadest range of III-V
materials in a variety of forms and orientations. The company focus is on forming
partnerships with its customers and on providing on time delivery of competitive quality,
value for money products.

Contact: Wafer Technology Ltd, 34 Muryland Road, Tongwell, Milton Keynes, Bucks, MK15 8HJ
Tel : 44 (0)1908 210444, Fax : 44 (0)1908 210443, E Mail : klambt@ wafertech.co.uk

BIO-RAD Stand 17

Bio-Rad Micromeasurements Systems are used throughout the world in the development. control and
characterisation of state of the art semiconductor processes.

The range of equipment includes systems for profiling of carrier concentration (Electrochemical CV
and Differential Hall). detecting contaminants (DLTS and PL) and measuring the electrical properties
of wafers (Hall).

On show for the first time in Europe will be the new RPM2000 rapid photoluminescence mapper
capable of spectral mapping a 2 inch wafer with Imm spatial resolution (~2500 points) in less than 30
seconds.

Other systems available include the measurement of overlay error and critical dimensions. FTIR for
epitaxial thickness and dopant concentration measurement is also available.

Contact: Bio Rad Micromeasurements Ltd, Bio Rad House, Maylands Avenue, Hemel Hempstead, HP2
7TD, Tel: 44 () 1442 232552, Fax : 44 (0) 1442 391717, E Mail : sms_sales‘@bio-rad.com




EPITAXIAL PRODUCTS INTERNATIONAL _ Stand 18

Epitaxial Products International is now firmly established as the world’s foremost supplier of HI-V
epitaxial semiconductor structures for application in optoelectronic. optical. electronic and microwave
applications. EPI -provides the widest range of I1I-V materials capabilities from which customer
specific structures are grown and characterised and guaranteed to meet customer specification.

The bulk of EPI's business is focused towards optoelectronic products. EPI is widely recognised as
having the world leading position in this business sector, having developed an excellent reputation for
first class research capabilities with short time to markel; excellent development capabilities to fine
tune products for mass production; and world class production processes from which large volume, low
cost, epiwafer production business is serviced.

EPI only manufactures epitaxial wafers. It does not manufacture devices or any other down stream
products that may compromise its confidential close working relationship with its key customers who
are prominent players in the optoelectronics industry. Both customer specifications and customer
identity are confidential to the extreme.

EPI’s production capabilities encompass InP based structures for use in telecom emitters and detector
applications, GaAs based edge emitting lasers and VCSEL structures. visible laser and visible high
brightness LEDs, and some electronic products focused to high volume application such as HBT
structures.

EPT’s customers will be companies who can process such epitaxial wafers into devices and it is EPI’s
desire to establish a close working business partnership with companies who desire to address large
volume chip and/or device manufacture with commitient.

Contact: Epitaxial Products International, Cypress Drive, St. Mellons, Cardiff, CF3 O5G
Tel : 44(0)1222 794422, Fax : 44 (0)1222 779929, E Mail : gjones@epitaxial-products.co.uk

LE.M. TECHNOLOGIES LTD Stand 19

LEM. is dedicated to the provision of high quality products and services for the Semiconductor
industry world-wide. The Company operates in three areas :

Air Pollution Control Plant Manufacture

The Company custom designs. manufactures and conunissions. air pollution control plant for wafer
fabs and many other Semiconductor applications. The Company has also undertaken a number of plant
upgrades for increased efficiency or for refurbishment purposes. We have installed equipment at many
of the world’s leading Semiconductor plants.

Stainless Steel Installation Service

Using specialist orbital welding equipment. the Company offers a full installation service for stainless
steel pipeworks, for hook ups. process gas lines. bulk gas lines. high vacuum systems and chemical
piping systems.

Maintenance
We provide maintenance for Air Pollution control systems. plant installation, refurbishment, upgrade
and removal. Pigging for stainless pipework.

Please visit our stand number 19 for further information.
Contact: LE.M. Technologies Ltd, Manuflex House, Evercreech Way, Walrow Road Industrial Estate,

Highbridge, Somerset, TA9 4AW.  Tel : 44 (1)1278 795678, Fux : 44 (0)1278 795677, E Mail :
IEMukl@aol.com



CHELL Stand 20

Chell has many year's experience developing novel flow and pressure control systems for MOCVD
process systems. The EPR in-line bubbler pressure controller on the Chell stand is a direct result of this
work.

PlasmaChrom. also being shown, is a tristimulus optical chromaticity sensing instrument that has
shown great promise as an in-situ process endpoint. film thickness and uniformity monitoring system.

In a technical and distribution link-up between Chell and SMC Pneumatics, several new products and
process techniques have been developed. Amongst these is a novel exhaust pressure control system that
provides pressure stabilities of 1 part in 10° and very fast slew rates. if required — all at a substantially
lower cost.

Chell has provided a calibration and repair service for Mass Flow Meters and Controllers, together with
Capacitance Manometers and pressure controllers for over 20 years. The latest developments in
transfer standard performance are reflected in Chell's Table of Uncertainties which are only one step
removed from the appropriate National Standard.

Contact: Chell Instruments Ltd, Tudor House, Grammar School Road, North Walsham, Norfolk, NR28
9JH. Tel: 44 (0)1692 402488, Fax : 44 (0)1692 406177, E Mail : ron.mitchella chell-instruments.co.uk
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CONFERENCE (SIOE 99)
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Latest Developments in VGF Technology: GaAs, InP, and GaP

M. Young and X. Liu
American Xtal Technology, 4311 Solar Way, Fremont, CA 94538, USA

Abstract

VGF technology produces the world’s highest quality III-V semiconductors, including GaAs, InP, and
GaP. The technology is playing an increasingly important role in the II-V semiconductor substrate
industry. VGF is also the preferred technology in order to grow large-diameter crystals. The technique is
now producing up to 6-inch diameter GaAs, 3-inch InP, and 3-inch GaP. The low thermal gradient and
thermal dynamically-stable growth system allow the growth of these materials with the highest crystal
quality. In this paper, we will report the recent progress in crystalline improvement, ion-implantation
results, mechanical strength, and device data in the GaAs material. We will report the growth and
characterization of VGF grown (100) InP ingots and wafers. We will also report the recent achievements
of VGF grown GaP. More than two orders of magnitude reduction of EPD have been observed in the
VGF-grown GaP as compared to the LEC grown materials. Preliminary results show up to ~10%
increase in intensity for LEDs manufactured on these lower-EPD substrates.



Photoelastic Characterization of Residual Strain in GaAs
Wafers Annealed in Different Holder Geometries

M. Herms*, M. Fukuzawa, M. Yamada, G. Zycliowitz“), and J. R. Niklas®

Kyoto Institute of Technology, Dpt. of Electronics and Information Science,
Matsugasaki, Sakyo-ku, Kyoto 606-8585, JAPAN
¢) Freiberg University of Mining and Technology, Institute of Experimental Physics,
D-09596 Freiberg/Sa., GERMANY

The properties of semiconductor crystals used as substrates for microelectronic and photonic
devices are usually homogenized and optimized by multi-step annealing procedures. Post-growth
annealing is indispensible in order to reduce frozen-in residual strains for instance in view of
subsequent loss-free sawing and polishing steps. The success of annealing is determined, on the
one hand, by the thermodynamics of microdefects and strains but, on the other hand, by the
thermal properties of all the set-up components. At present, most of substrates commercially
available are ingot-annealed but wafer annealing has been under discussion to an increasing
degree [1,2]. The free surface of a cylindrical wafer arrangement is up to 100 times larger
than that of a cylindrical ingot of the same mass. Therefore, the wafer annealing arrangement
interacts much more intensively to the vapour ambient than the ingot. The heat flow by thermal
radiation is proportional to the radiating surface. More rapid heating-up and cooling-down steps
are feasible. Consequently, multiple wafer annealing (MWA) seems to be more efficient and
cheaper than ingot annealing. However, each wafer-holder configuration is more unsymmetrical
and more non-uniform than an ingot. In this paper, we present photoelastic measurements on 2
inch GaAs wafers multi-step annealed in different holders as racks and rings made of quartz and
graphite. By use of an high-sensitive scanning infrared polariscope (SIRP) [3] we have found
that different holder geometries affect level and spatial distribution of residual strains. Thus, the
SIRP maps of residual strain are suitable to provide information about the spatial distribution of
temperature during MWA. Based on thermocouple measurements on wafer dummies of graphite
the radial temperature gradients during heating-up and cooling-down steps will be additionally
discussed. We conclude that inhomogeneities of the spatial distribution of microdefects and
strains are mainly caused by the inhomogeneous distribution of temperature during heating-up -
and cooling-down steps.

[1] O. Oda et al., Semicond. Sci. Technol. 7 (1992), A215-A223.

[2] O. Oda et al., Proc. 10th IPRM, Hyannis, MA (1997), 404-7.

[3] M.Yamada et al., Proc. 8th Conf. Semi-Insulating III-V Materials, Warsaw, (1994),
World Scientific Publishing. 95-8.

*on leave from the Freiberg University of Mining and Technology

e-mail:herms@elcirc.dj.kit.ac.jp

submitted to EXMATEC-1998, June 21-24, 1998, Cardiff, Wales, UK




NON-DESTRUCTIVE MODE INDEX MEASUREMENT USING
RESONANT COUPLING

Carla Miner, Scott Campbell, Greg Pakulski and Kina Davitt

One of the challenges of the emerging dense wavelength division
multiplexing optical communications market is the reliable targeting of
emitters so as to precisely match closely spaced frequency grid points. In
practical material terms, this translates into being able to monitor and
control the mode index of a DFB laser cavity mid-way through the
fabrication sequence so that the grating pitch can be adjusted
appropriately.

A non-destructive method, based on resonant grating coupling, that
satisfies the needs will be described. The method is demonstrated to have
the accuracy and precision to measure mode index to 1 part in 10 thousand
and a wavelength targeting accuracy of +/- 0.5 nm in the device
manufacturing environment.




X-RAY CHARACTERISATION OF lNDIij PHOSPHIDE SUBSTRATES

C.D.Moore* and B.K.Tanner
Department of Physics, University of Durham, South Road, Durham, DH1 3LE, U.K.
Phone - 0191-374-2137; Fax - 0191-374-2111; email - B.K.Tanner @durham.ac.uk

X-ray scattering techniques have been used to study the orientation, surface polishing
and lattice perfection of (001) oriented LEC and VGF InP substrates. A novel method
of determining precisely the wafer misorientation from the (001) plane using a
combination of grazing incidence X-ray reflectivity and high resolution diffraction is
described. Results are in excellent agreement with etching and optical methods. White
beam X-ray topography showed that all VGF wafers except one had zero dislocation
density, the exception having only a low density of approximately 200 cm™?.  This
compared favourably with the LEC substrates where the dislocation density was up to
10* cm™ in parts of the wafer. These dislocations, located in the four <100> quadrants,
arc associated with slip from the cdges of the wafer. No growth striations were
observed in the topographs of the VFG samples, in contrast to the LEC samples.
Measurements of curvature were made by mapping the angular position of the Bragg
peak as a function of position on the wafer and by step-scanning double axis X-ray
topography. Results from the two techniques are in very good agreement , there being
no systematic difference between the VGF and LEC wafers.

Symmetric reflection triple axis reciprocal space maps show that the lattice strain
normal to the surface does not vary with sample preparation but that the tilt
distribution does vary greatly. Grazing incidence specular and diffuse X-ray scattering
measurements have been used to study variations in surface roughness. Excellent
agreement between experimental and simulated data is achieved only when graded
surface layers typically 30A in thickness, and' of higher density than the bulk material,
are included. Figuring was found on all samples and the width of the specular peak in
specimen-only scans rose as the width of the triple axis asymmetric 224 diffraction
rocking curve increased. A similar relation was found between lateral correlation
length and symmetric 004 rocking curve width.

* Now at: School of Engineering and Applied Science, University of California Los Angeles, US.A.
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RELIABILITY ISSUES DUE TO HOT ELECTRONS
IN GaAs AND InP HEMTs

Roberto Menozzi
Dipartimento di Ingegneria dell'Informazione, University of Parma
Viale delle Scienze, 43100 Parma, lfaly
Tel. +39-521-905832 / Fax +39-521-905822 / e-mail roberfo@ee.unipr.it

High Electron Mobility Transistors (HEMTs) play a major role in state-of-the-art
microwave and millimeter-wave communication systems, which can benefit from
their high cutoff frequency, low noise figure and large associated gain. Both
AlGaAs/InGaAs Pseudomorphic  structures (PHEMTs) on GaAs and
InAlAs/InGaAs/InP HEMTS (either lattice-matched or pseudomorphic) are currently
employed in Monolithic Microwave Integrated Circuits (MMICs) like low-noise and
power amplifiers, oscillators, mixers, etc., operating well into the millimeter-wave
frequency range. While GaAs PHEMTs have been a commercial reality for a few
years, InP HEMTs are still more of a laboratory product, with good potentials in
important niche markets like the military and aerospace. As is the case for other
compound semiconductor technologies, a powerful boost is also expected in the
next future due to the advent of widespread personal communication devices.

In both cases (GaAs and InP), quite a few papers have been published in the last
10-15 years on reliability issues, but the vast majority of them was focused on
temperature-accelerated degradation mechanisms, such as ohmic or Schottky
contact instabilities, carrier deconfinement due to dopant migration, etc.

Another important but sometimes overlooked reliability concern is the occurrence of
hot electron (HE) and impact-ionization (1) conditions, due to the large electric field
in the device channel. Such conditions are likely to develop in HEMTs because: i)
in analog applications, the devices are biased in the saturation region, and the
drain bias must be pushed up to get good output power; ii) in order to be operated
at microwave and millimeter-wave frequencies, the HEMTs must have very short
gates (typically < 0.25 um), which causes the peak channel electric field to soar to
very high values even for relatively low drain bias; iii) for good carrier confinement,
the channel layer must have a small bandgap, which favors impact-ionization; iv)
the large electron mobilities that give HEMTs many of their attractive features also
make the channel electrons quite easy to heat up. It is therefore very important to
assess the reliability of HEMTs also from the standpoint of HE/Il issues.

This paper will give an overview of this topic. First it will describe the physical
phenomena taking place in the HEMT when HEs are created. This will introduce
the main electrical and optical techniques for the detection and characterization of
HE/Il conditions: particular attention will be devoted to Electroluminescence
measurements on GaAs and InP HEMTs for the important information they can
provide. Next, the main device instabilities caused by HEs in GaAs PHEMTs and
InP HEMTSs will be described:; these include threshold voltage shifts, breakdown
walkout, transconductance and cutoff frequency degradation, and power slump.
Finally, some indications will be given as to the main requisites for HE-robust
HEMTSs.




OPTICAL AND STRUCTURAL ANALYSIS
OF DEGRADED HIGH POWER InGaAlAs/AlGaAs LASERS

C. Frigeril, M. Baeumler?, A. Migliori3, S. Miiller?, J. L. Weyher? and W. Jantz?2

1 CNR-MASPEC Institute, via Chiavari 18/A, 43100 Parma, Italy
T/F**39 521 269235/269206  Email: frigeri@maspec.bo.cnr.it
2 Fraunhofer-IAF, Tullastrasse 72, D79108 Freiburg, Germany
T/F **49 761 5159511/5159423 Email: Baeumler@iaf.fhg.de
3 CNR-LAMEL Institute, via Gobetti 101, 40100 Bologna, Italy
T/F **39 51 6399151/6399216 Email: migliori@lamel.bo.cnr.it

We have investigated the failure of high power lasers operated at elevated
driving current beyond rollover, in order to stimulate and analyse degradation
processes encountered during accelerated lifetime testing.

The MOCVD grown lasers, emitting at 808 nm, contained an InGaAlAs double
quantum well (DQW) structure sandwiched between AlGaAs confinement and
cladding layers. The investigation combined plan view RT photo-luminescence
microscopy (PLM), cross-sectional transmission microscopy (TEM) in the dark
field mode and X-ray microanalysis (TEM-EDX).

After degradation the laser facets were checked and found undamaged. Next, the
devices were prepared for PLM investigation by removing the GaAs substrate with
selective chemical etching [1]. Plan view images of the active area taken at 800 nm
revealed sharply defined dark lines extending from the output laser facet in
perpendicular direction (i.e. along <110>) into the inner part of the device. Outside
_of the dark lines the PL intensity appeared to be unchanged, indicating that laser
performance degradation was exclusively due to these lines.

Cross-setional TEM specimens were prepared using the degraded device material,
so that the dark lines intersected the specimen surface perpendicularly. Dark field
imaging revealed nearly elliptic damaged areas of different sizes and
excentricities, bisected by the active layer and extending symmetrically into both
confinement layers. The original DQW structure was altogether destroyed within
these areas. Instead of the two QWs separated by an AlGaAs barrier layer, just one
thin line with dark TEM contrast was observed. Clearly the PL a