BB FEBEHMT R

P RS AR

Semiconductor Manufacturing Technology

(%] Michael Quirk =

Julian Serda

2| TF 1IN & &AL ‘@*)p

‘ Publishing House of Electronics Industry
ey http://www.phei.com.cn w’ ?’,
4



Es R FEEEBEH R

FSEHIERAR
(H&H)

Semiconductor Manufacturing Technology

[£] Mif:hael Quirk %
Julian Serda

FF 314 & &AL
Publishing House of Electronics Industry
Jt3 - BEUING



nEAE T

TN FRGUR, BARMEIGEIEE B/RERIRETZE, RUAMARUENBLIHH . & HiEdme
R T A RE LR IR T L5 BB, EAR R T A REFRRX R —24 BaiET 5 L ATEE 2ln
B2l . BRHEM . 260 2058, EWRENATEREHENFEERGLREH, WERRE: 5
FFERIEMXHEMBAGS BARRBREN T AR, FNRERSE A HE N T ESEEERE /
EiRE— 1 ERLE; SREERACRE RIS T M. 1o, %ﬁ%}b&%‘%ﬁT?&ﬂ‘ﬁ%ﬁﬂﬂ%%ﬂﬁiﬁ
FERRIGRIRE, X SeHRRAERE il P B B SCRIFIAE

AHEGVEN BB THR L MBI, TR M Sk i STIRA R IS5 H S A R
Uil 53 T AOPRAESM o

English reprint Copyright © 2006 by PEARSON EDUCATION ASIA LIMITED and Publishing House of Electronics ‘
Industry.

Semiconductor Manufacturing Technology, ISBN: 0130815209 by Michael Quirk, Julian Serda. Copyright © 2001.
Published by arrangement with the original publisher, Pearson Education, Inc., publishing as Prentice Hall.

This edition is authorized for sale only in the People's Republic of China (excluding the Special Administrative Region of
Hong Kong and Macau).

A 535 SCRZ BN AR R AL F Tl Al A Pearson Education 3542 #UF HARTE WA FRA Bl &1 H AR . K2 H IRUE TioE
BEFAT, AFLMEM R E H SRS ZA BRI .

A E NG Pearson Education 354 3 F HARERABOEHIn L, TREENBHE,
MRS EREIES EF: 01-2006-3399
MBEREKRE (CIP) ¥iE

PRI HIER A = Semiconductor Manufacturing Technology / (3£ ) 5 (Quirk, M. ) %3,
dbEL: BF Tk RREE, 2006.6

([ BSres T 5EFEHM RS

ISBN 7-121-02710-0

I.%. 0.0%. N E:5&TE-#HH-3E3C IV. TN305
o [ i A B 4548 CIP BB+ (2006) %5 0558345

RS EETY & X
B Rl bR REFENRI
HAREAT: BF LA
IEETHRE A ER 173155 HE%: 100036
% SHFERE
F A 787 x 980 1/16 Epgk:. 43 FH: 1101 T
Bl K. 20064 6 A% 1 IRENRI
£ M 69.00C

JURSEE F Tap At R 45, A SRR, HRWERIE RS, FPEEE, HFERHETHEERR. KR
Big: (010) 68279077, FERIFHE LB E zits@phei.com.cn, HRFNEARE K IREZE dbgq@phei.com.cn,



Fr

200147 A 1A}, B Toll AL B GUR R S & R+ LOLE (5 SUs0r A2 I, d s
ESMEH IR 5 &R AR AR 4R, RFIRY, RREBEFEE . F5Rx
AERREFER B TERRE AL,

EMBREBBREFRRNEIBEANTZ . BE . HR—ARFHEH, BREFRT — 150
R, EEARIURNE M HEREEE . 20 22 40 FRMITHRE LR E RN —E 284 F 5
A, IR TFER . FRRXMBEEBORESIEA, RE—TREFNEITF,

RESFE T EMBER—EFEEN. 2012 0FR, ERABHAMRFZASNEAST, iC
ETRERRIVENEERFERNER, BE . MR T —KHMEh; BEBRROIRIEER S
mE, SRS T KRB NS E S, BB xR a8 TR TREFAER B4R, F
BHFREAWERARBELAR R CHEAE L, FRHMAST LRI %5, RN HEERNER,
RHRFER THMBFEEARRRHE, TUR BHARNSK, IFTERXFHER, ER_— UM
IWHB BRI R, SPOX AR, B TR EITANL ZREEH A A EROER B, 5im
HIR—EESMEF R T SiBfEEM, RHRRA RS MU, —REFIFAN.

—HEER, BT N TRE T, MR T4 “ES T 5@ EHEH RF"
WR4A, &Ik 7T EAELRANLFETRIEXTIE, ET BORFMIESEHM NS BAEA%R,
R T 100 RFFEREEHFES, KEH 20 R ERABMOBIRBRS, NPHET 40 L5, NE
FE, HE TEBELSNA. BE5R%. BFESAE. METF. GRS . B SHES
T, BEAIENEE R AR AR ENSEERY, UAENEXEUARKSERR ., b,
EHEH, FROBERTL, SRS EMEEROHN, DRBUTASEERER, FEX8H
FRE G| HE AN HH AR B BB (R B A B B R R — AR Ao

EXE, REBRHSMIENSMHR ., €X. 2M5SNEE. RBAHENREN. &
MEFRNARART ., PEAN . AFEF . PMABIBAEERENSE, ROMER T PEREIEE
I AR TAEE R RS-

FEREZT RN R RABESORKRBS , X RREE TSR BN ERIFE,
K, iginfr], BHUFs | RPN ITE, —ERRARENELR. SHMERCERR, &
BEEREE, AN, AEEWTENE, BRARY, BTiEEA%; 5I#MNBHEENRRH
FRENTE, X B —LHH NERIBRIBMRE, H B 58— e# MEER B
RXERMSES; BESENHROBHHERE, THFHIRESURRES BRI H, B
MBAEXEHMETERE LRER, FECIBRERENNRE L, ZE—EHER.

Bja, Bt “ESE T SEGEEM RS TEBERRY, ARES T 5EGEHFEMEGEELR
KRB LHE. GBYIREEEETXEBEOREZAL . FHEMFPFEMEE, BEERLM

i, UEHERTEIE,
v
P Y

PETERR L. HEREHIR
“ESNE T HEEEM RS MRER S FEE



tH R ¥ PA

A 21 LIk, REE B WAEAP MRS mE AR T 2R, HERNERE
FRBHSAE Lz — R, SttF FHMAGER L ENERAL, REERATER . $HH
W& WA EERRERE. HIRENAWTOFENAS R, RE(E B EinE B 5Esxt
FHIRPEAR o

R REGEE LA RH AR, BITRAKREELRBFERBARKERES M, HEL
51 #ESMEFE BT SEFEFERBEARBM ML BERERN TENERME £, %2000 FE
2001 4E 6], LSS MR E 4 HARA RS MR T 0 RFEM, ERT —F “BINTEEE
HH R, L EBR LR TR Z B T YR AEE, BB TIPSR RBUT SR
THEERTENERE.

BI M AR — L EAME B o F 5@ E 8, SUHRA M5 H—HISURMS, KA B
FREMEBEER A ERRSFRANEARAL WHA B TREENER T SEFEHFETES
R MR ERR A BT, MEEAGETLRIR . BEMCET “+H” PR ERFEEH
MR SRR R L) MR AR M AR B BB TN IR B A TP B, ROTBRET # “BSMEF
H@EEHM RS, HEFR T KRS T, HK5IHNESME T 5EEEM R A BRRES
AR, P HENEA A S —¥ . B AAS KRR AaFEHBELSNA . FS5R%. K
FAESAHE . T BERE . MBS SHES, R PEARL IREHM , WAPRAERE
B, LEERIARRIBER . ARk AR R REITAX B TR, T RITA AT B d M A md
G . BATEH SESMERRE —&, R — LB B R0, W RIRBUT R

o, “EsE T SEEEA RI” M5 IR TSR T ARS8 E ARSI SR
By, HhmEs s g Bl “HERRSFREFEEAF S TER U HFHEIRERR"
RB, FFERHERESHE IOMAE, AT ‘BERREHUFRARE—RMAFEBRE
SHERRZNBERB".

FREF R RV BB TAE, FATENE TR, JURR%E . JURERRRE . B R
K%, FEKRY. BERIGEAY . RERE, BEEFAEAE . mTRERE., PIRE. BR
BT K  FIRS0E KRS E4BRNOHBAE THIS 58N BRNFR T FS8URE
NEFS5EFESVIEEARENFE, B FENEEER, MR MEERMRAE ERIET
M BERBAN T AR TR SR, RATERSHOMMFEE TESRERE O A
o Mok, X FHEBREE, RITBAT Hbx0; SHFAEREHPRAKER, RITELS5E
RS . WK E T RENRRE R, BT TBIT; B, RAIEE . HEAR . EIGIRRHT T
FEREE X

4J5, BITE#—SIBRRERRATHEIRR, BH5HESNEMIFEMTEES
45, W RER T SEFEEM AR R K TS 1. i TRIDTENSME T SEFEHENRR
R — AR E RN, FEGERR . BRIE . RSN TR F SR Bl i)y, BiE
I A FEE 4R A B

B, Tl At



FMHMERS

¥ £ R% PETIERER L. HERFER
Bl 1T PREA bR ER K . IR, AT
HhTE BESEGERARK, PERFESELT. AEHEK
FEEFFSESHEE, B
HERFR BHERERE ., MEASN., EF TR I, BESHERAHK
HERHEFEA¥SIRELVHFEHRINEARER
(3 g R REERE. MEARIN, BTF¥EREMR
#EF FILE TR REHE. M ERN
P EBE¥SMHE . IEEES L
FRETBT REA¥FHE. HEESN, BahEFERERLRE EE
HRIER KBRAZRERK ., 8. BLERM
HEWHEFEFERES TR UHERSNEREER
BLEk By JLRAGE KA EEE . B4
HENSERHEAREERK . FERERTHIK
B % B # 0 & By SRR LA
B AR EMSHRKFHEE . LA, BT EEIRE¥EREK
HEWRE FEERNE SRR EELAEMIERHFER SN BRI FERR
HEETHEEEFHEE
HREE B RFRIRK , S8R, MEEFW
HERB T EESRR¥FRHEEREASER
HFetthtg FLEERERIRK . 82, B4R
HERHE A EENYE S TEETUHFERIRARBERER
[ =Fcd BTRHE AR, MEARN, EE5EBTRYRERK
HERBFEERESESEBREMPBEFRINERLSER
EER EEEREHE. AR, BT EESHSTRERBRK
HEBE T RESHAFRHFERIEREER
IR BT JEETHRE R | (P EmREE M (R )) REREE
A JFHERER R ER R BRI . BT
X ¥ FEEFFSBEFIKFNPEK, #BRET
ERE AR GERHLZER =T
HiIRE B Tk it R RIFE
TES KR RKFHE. BLASIN. SIS tRERBEPIRNTK
HERSSERB THRSEMEEH RSN ERASTIER
Tk MRELIWARSHTE. B LESH,. B FS5ERERMRRBK
WEE FIR RSl K 3% . BEASIW. B SEE TESERK

i
\an



PREFACE

This text started with a simple premise: as instructors, we need to teach relevant microchip
technology to students and employees in semiconductor manufacturing. Unfortunately, in the
semiconductor industry, changes in technology are measured in months, not years. Our challenge
was to write a relevant book that would not be outdated by the time it was published. With that in
mind, we researched the material and applied ourselves to writing the chapters and creating the
artwork. Following the aggressive pace of Moore’s law, the technical material in our book is at most
only 18 to 24 months old. This permits us to keep abreast of the changing technology nodes swirling
through the semiconductor industry.

This text is written for students in two-year and four-year technology programs at community
colleges and universities. The text will also be a practical reference as well as a standard text in
corporate and technical training classes. Students are expected to have an understanding of high
school chemistry, physics, and math. Chapters are organized around the broad technologies
applicable to semiconductor manufacturing.

ORGANIZATION OF THE TEXT

Our goal is to accomplish three objectives:

1. Help technology students grasp the fundamental technologies used in manufacturing
semiconductor devices.

2. Present some of the many challenges in microchip fabrication.

3. Instill in the reader an appreciation of the conceptual simplicity of semiconductor
manufacturing.

All fundamental technical information relevant to semiconductor manufacturing is first
presented in Chapters 1 to 8. Chapter 9 presents a process model overview with a general flowchart
that links the major areas in a wafer fab. Chapters 10 to 19 cover each of the major processes in the
fab. Finally, Chapter 20 provides an overview of the back-end process for IC assembly and
packaging. The content in the process chapters (Chapters 10 to 20) addresses critical process
technology, followed by the various equipment designs needed to support this technology. Each
process chapter concludes with a summary of quality measures and troubleshooting issues to
familiarize the student with the practical, day-to-day challenges encountered during wafer
fabrication.

The latest technologies for sub-0.25 pm processing are covered in detail. This includes
chemical mechanical planarization (CMP), shallow trench isolation (STI), chemically amplified
deep UV photoresists, step-and-scan systems, copper metallization with dual damascene, and the
widespread move to process integration with cluster tools. Throughout the text, we explain all
process and equipment technology in light of the long history of change in the industry. Early tools
and processes are described to clarify the development of current technology. In some cases, the
linkage between the latest equipment and earlier tools is obvious, while in other instances the
change is dramatic.

Professors, students, and other readers of this book can send comments or questions about this
text to the authors at the following website: http://www.smtbook.com. We look forward to any
exchange of information that can help advance semiconductor manufacturing education.
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