HANDBOOK OF
MULTILEVEL
METALLIZATION FOR

INTEGRATED CIRCUITS

Materials, Technology, and
Applications

Edited by

Syd R. Wilson
and
Clarence J. Tracy

Materials Research Organization
Motorola Semiconductor Products Sector
Mesa, Arizona

John L. Freeman, Jr.
Advanced Custom Technologies

Motorola Semiconductor Products Sector
Mesa, Arizona

M NOYES PUBLICATIONS
p Park Ridge, New Jersey, U.S.A.

DOC KET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

Copyright © 1993 by Noyes Publications
No part of this bock may be reproduced or utilized in [
any form or by any means, electronic or mechanical, i
including photocopying, recording or by any
information storage and retrieval system, without |
permission in writing from the Publisher.

Library of Congress Catalog Card Number: 93.26689

ISBN: 0-8155-1340-2

Printed in the United States

Published in the United States of America by
Noyes Publications
Mill Road, Park Ridge, New Jersey 07656

10987654321

Library of Congress Cataloging-in-Publication Data

Handbook of multilevel metallization for integrated circuits : materials, ’
technology, and applications / edited by Syd R. Wilson, Clarence J. Tracy,
John L. Freeman, JIr.
p- cm. |
Includes bibliographical references and index. ;
ISBN 0-8155-1340-2 (
1. Integrated circuits—Design and construction. 2. Metallizing. |
I. Wilson, Syd R. IL Tracy, Clarence J. 11l Freeman, John L
TK7874.H3493 1993
621.3815--dc20 93-26689
CIP

Find authenticated court documents without watermarks at docketalarm.com. 2



https://www.docketalarm.com/

cy
;onductor Products

er
sonductor Products

ner
(ins University
Laboratory

conductor Products

3
eering Department

sity

. publication is
' responsibility

consequences
rinformational
‘oducts does not
' the Publisher.
tion or product
that use, is the
yone intending
ures mentioned
suitability, and
ydards.

DOC KET

_ ARM

Table of Contents

1

2.0

3.0

4.0
5.0

INTRODUCTION ..ccvveiiimmmmnanmsmnsemsmsransssesssassssssassssasassssannsas .1
Syd R. Wilson, Clarence J. Tracy, and John L. Freeman, Jr.
MLM TERMINOLOGY AND STRUCTURE .....ccccvinnninnniniiinninnns 1
1.1 Structure Nomenclature ...........ccoovvvviinniiioniinmmninnsinnin, 2
1.2 Process or Fabrication Nomenclature .........ccoceviinniiininninn. 4
1.8 Properties/Behavior Nomenclature ......c..cocveevininnenieeeeeninn 6
WHAT ARE THE USES OF METAL LAYERS
IN AN INTEGRATED CIRCUIT? .coiivviniinisivnnsissniniesnienessinnniens 7
2.1 Contact of the Devices and Other Elements ..........cccoivinns 7
2.2 Connecting Devices Together To Create Functions ........... 7
2.3 Connecting Functions to Form Integrated Circuits ............. 8
2.4 Power Distribution and Interface to the Package................ 8
WHY USE MULTIPLE LAYERS OF METAL .....ccovivnniinniniiinninnn 8
3.1 Allow a Tighter Packing of Devices.........ccccoocuneiurennecennnenn. 9
3.2 Reduce the Chip Size or Increase the Number of

Functions Per Chip ... PP T TOTTRNN | {
3.3 Reduce the RC Time Constant of lhe

Interconnect System .........cccoivieciiiiicininiiiie i 10
TRENDS IN MULTILEVEL METALLIZATION ....coovvviniriiniinnena 10
METHODOLOGY FOR DEVELOPING AN MLM SYSTEM ....... 15
5.1 Definition of the Target Technology .........cccccriiinniinniiinnns 15
5.2 Cholca ot Matal PRER .ciciiniasiiininiitiiniuiiiassiiadsiin 17

xlil

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

xiv Contents

5.3 Determination of the Metal Line and
ILD Dimensions from Performance Modeling..........c.coo0n0. 17
| 5.4 Taking Account of the Effects of Processing and
. Reliability on Metal Line Dimensions and ILD Thickness.. 20
| 5.5 Choice of Materials for Use in the MLM System .............. 22
5.6 Defining the Preliminary Design Rules
| and Process Targets ... T R TR B D
5.7 Process Integration Test Vehlcle ........................... T 27
_:5 5.8  Final Design RUIES ..o e 28
B 6.0 SUMMARY ooooooovossvooeesreessresirenessssssssseesssssss 28
l REFERENCES .....covimmiieiisennisiimimiissimss .. 29
: 2 SILICIDES AND CONTACTS FOR ULSI ..ccvvrismimiraramnsssanssnssss 32
j George E. Georgiou
: 1.0 INTRODUCTION ..cooviiirimiiiminimmimisissinesseessmnmnssinassnns s 32
[l 1.1 Metallization and Device Performance ............ccovimeeiiinnns 32
1.2 Al-Si Reaction, Device Scaling and Barrier Materials........ 35
1.3 Sputtering Step Coverage and Need for
CVD Metallization .. T TLTT IR, |
1.4 Planarization and Metalltzanon ........................................ 40
. 1.5  Chapter OULINE .......vvevvimmisesineimis i 42
2.0 SILICIDES FOR APPLICATION TO SALICIDE
AND POLYCIDE ....ccuiiriieisieisisiinenmissmsrmmmminmmsn s sensssnn 42
2.1 Salicide—TiSi, and CoSi; ... .. 44
2.2 Polycide—WSiy or TaSiy.... .. 53
! 2.3 CMOS and Bipolar Contact Slhcrdes v DO
i 3.0 SPUTTERED BARRIER MATERIALS BE'IWEEN
; AL AND Si OR SILICIDE ...ocvvvvurerisssresssssssssssssssssssssssssssssssrssns 99
i 31 Tiand Ti-W ......co.e. e e e oo TR 60
' 3.2 TIN-and TIN R Tlisnseimsinissarivisssnnssssssassossy 63
g 4,0 CVD BARRIER MATERIALS ...ccccovvvienimneniinimninmnnnsnsins 67
f QA CVD TN carocseasunimsssmmsisatsinsisissssssinsssssssssssvsstontasmasisisvonsss 68
} 40  Baloctive CNDY W'. o emrsimomstismsreassierssisisdsiisioss sbimmssisats 73
. 43 Blanket CVDW .. B oy
5.0 LOCAL lNTERCONNECTS AND MULTILEVEL
METALLIZATION 1o ivveerriimresseisensisnsiessaserssanssnsrassssasnsisissansssrans 82
6.0 CONCLUSION AND FUTURE TRENDS ............... w87
REFERENGCES ... coeicitieiiiseiinreesssssessonssaibassbasasanssssssasssasabs dhsarsnsssssss 90
i 3 ALUMINUM BASED MULTILEVEL METALLIZATIONS
IN VLSI/ULSICS ....cccovimmnmmnmimnirimmsssssisnssrssssnsiassiimmssinisisis 97
K. Ramkumar, Sumanta K. Ghosh, and Aqun N. Saxena

1.0 INTRODL
2.0 REQUIRE
2.1 Cor
3.0 APPLICA
KEY PRC
31 Co
3.2 Hol
3.3 Vel
3.4 Inte
4.0 PROPEF
41 Ma
42 Ele
4.3 Al
44 La
45 Tu
46 ML
47 ADI
48 Al
49 Al
50 CURREI
METALL
51 De
52 Et
53 PI
54 Fc
6.0 KEYRE
METALI
6.1 Hi
6.2 Vi
7.0 FUTUR
71 N
72 A
73 E
8.0 SUMM/
REFERENCE

4 INORG
Chiu H.

1.0 INTROI
2.0 CVDPI
21 C
22 F
23 F

DOC KET

_ ARM

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

BN tsiavineannie 17

sing and

dILD Thickness.. 20
System ... 22
.. e 23
!\;a': ........................ 27
L.. ...................... 28
B i shnssssssssassas 28
L 29

DOC KET

_ ARM

Contents xv

1.0 INTRODUCTION .. 97
2.0 REQUIREMENTS lN MULT!LEVEL METALLIZATIONS “ 100
2.1 Conductors/Metals........cucsvserirsrsssssnesserssssasassnsnsassassnssises 100
3.0 APPLICATIONS OF AIX IN MULTILEVEL METALLIZATIONS AND
KEY PROBLEMS .....ccoimniiemssnnissnsivanssssssinassinassissessaisnsssssssnisns 102
3.1 COMACES ....ocviisisisisirviriiviirinssresmnssinpspbisennioessaiaseasssngssos 104
3.2 Horizontal INterconnects ... 105
3.3 Vertical Interconnects (Via) .......cooivimnisssmersncnnnnnnnn 106
3.4 Interlevel DIelectriCs ..cviimiiiemmmiiiresnni . 106
40 PROPERTIES OF Al, AIX AND RELATED MATERIALS......... 107
4.1 Material Properties ............c.ccusssnsnsvmsnnissssassrssssassssnseess 107
42 Electrical Properties .......ccummsesssissssisssssssasssisseseres 116
4.3 Aluminum Alloys... sssreriad 1089
4.4 Layered Inlerconnecls Wlth Bamer Melals skmssvene 121
4.5 Tungsten Clad AIX INterconnects .......ccumsiermsnniiiesians 124
4.6 Multilayer Interconnects ..., 124
4.7 AlX Interactions With Barrier Metals .............coooeniiiinn 124
4.8 AlX Interactions With ILDS ..., 125
4.9 AlX Interactions With Silicides .......ccceviviciiiiinninninan. 126
5.0 CURRENT STATUS OF AI-BASED MULTILEVEL
METALLIZATIONS ......coccceiessamsmanasnnsssnsessssssasasassssss basansnss 6655s 126
5.1 Deposition TEChNOIOGY .....cocicemsmmmmsmrmnmresssssssnsessisssaseanane 127
5.2 Etching of Al and Its AllOYS .........ccevimimminm. 143
5.3 Planarization for Multilevel Metallization ...........c..cciniuns 151
5.4 Four-Level Metallization SyStems ...........coeieaeiimmmennins 168
6.0 KEY RELIABILITY ISSUES IN AIX-BASED MULTILEVEL
METALLIZATIONS AND SOME SOLUTIONS ........coccienniinnns 170
6.1 Horizontal Interconnects ............. O Ao I 1.
6.2 Vertical Interconnects (Contacts and Vlas} .................... 176
20 BUTURE DEECTIONS S 184
7.1 New DOpPants/AllOYS.........cumnismeisssssssnsasasasssnsacssassarss 184
7.2 Alternate Metallizations ..........ccceeseerisnsssssssssenssasnenenenes 187
7.3 EQUIPMENt oo 189
B.0  SUMMARY ...ccccoissriiesrmsasarsmssssasssasssrsssssssansarsssassssssssassssnsenssris 191
REFERENCES .....coiviiiiviientiiisesiiamissmeninssnsssssssssissnssismmismmrsmsss s 193
4 INORGANIC DIELECTRICS .....ccoriruenmsmssssnsnssmssssssnsansnssaesnssases 202
Chiu H. Ting
1.0  INTRODUGCTION sousunissssissrsvammermasssssssasasisasassssissitssisassssiamisassos GO
20 OCVDPROCESS.....ccccciiaivisissssasssonsssanssiaisasansssnsossssaasssassssaiss 203
2.1 Deposition Chemistry P T D NSRRI RN ENRRRRPNIRNG: . ¢ .
2.2 Fundamental Reactions ........ccverreeeimnnnniim. 205
93 PECVD..osesmsmsaresmrsonmeicvssinivssiossuissisnssssiiranssiaomsiyssssivsnnins 212

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

Nsights

Real-Time Litigation Alerts

g Keep your litigation team up-to-date with real-time
alerts and advanced team management tools built for
the enterprise, all while greatly reducing PACER spend.

Our comprehensive service means we can handle Federal,
State, and Administrative courts across the country.

Advanced Docket Research

With over 230 million records, Docket Alarm’s cloud-native
O docket research platform finds what other services can't.
‘ Coverage includes Federal, State, plus PTAB, TTAB, ITC
and NLRB decisions, all in one place.

Identify arguments that have been successful in the past
with full text, pinpoint searching. Link to case law cited
within any court document via Fastcase.

Analytics At Your Fingertips

° Learn what happened the last time a particular judge,

/ . o
Py ,0‘ opposing counsel or company faced cases similar to yours.

o ®
Advanced out-of-the-box PTAB and TTAB analytics are
always at your fingertips.

-xplore Litigation

Docket Alarm provides insights to develop a more
informed litigation strategy and the peace of mind of

knowing you're on top of things.

API

Docket Alarm offers a powerful API
(application programming inter-
face) to developers that want to
integrate case filings into their apps.

LAW FIRMS

Build custom dashboards for your
attorneys and clients with live data
direct from the court.

Automate many repetitive legal
tasks like conflict checks, document
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks
for companies and debtors.

E-DISCOVERY AND

LEGAL VENDORS

Sync your system to PACER to
automate legal marketing.

WHAT WILL YOU BUILD? @ sales@docketalarm.com 1-866-77-FASTCASE




