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Microelectronics manufacturing is fueling the informetion handling and sroc

revolutio
endeavor.,
electroni

essing

i which is sweeping the world by impacting on virzually all aspects of human
Universities have not been able to provide-enough properly precared micro-

¢s manufacturing engineers to meet the needs of industry. Therefore, it is
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most appropriate that a tutorial session of the SME ETMAS ‘83 Conference be devoted to
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‘recoanized UA program in this area, and finally 3) t¢ seek advice, suggestion

rtant and timely topic. The objectives of this presentation are to provide
ners with: ‘1) the results of a survey to show what is happening rationaily
Tectronics manufacturing education, 2) specifigs about the internaticnally
S, and
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aid from the practitioners regarding future.emphasis,.programs and plans.
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parts as outlined below: -
Dr. Roy H. Mattson, Professcr and Head of the University of Arizona Elec-
summarize the results of a survey of
The survey requested information about courses
e number of students involved.
i1

1so discuss the basic.concepts guiding the UA program which wii] be descriped

st of the speakers.

Dr. James N. Fordemsalt, Director of the UA Microelectronics Lavoratory, will
UA microelectronics education as related to processing as weil as *he facil-

f. L ' » . ":ﬁ1

Pr. Bogdan Wilamowski, Visiting Professor of ECE
espects of the educational program.

» will describe the devices

Dr. William J. Kerwin, Professor of ECE, will present the circuits related
the program,

Dr.. Jakob H. Hohl, Adjunct Professor of £CE and an I8M ﬁdvisory Engineér;

ribe the integrated circuit engineering related paris of the progran.
Dr. Fredrick J. Hill, Professor of ECE, will describe the. Computer Aided

pects of the program as related to VLSI design,

-

Br. Olgierd Palusinski will describe the CAD-SimuTation aspects of the
ith emphasis on circuit simuiations. :
Dr. Douglas J. Hamilton, Professor of ECE, will deseribe the new M.S. degres
program in Electronic Packaging Engineering vhich will secome an integral
h2 iicroelectronics manufacturing educationa’i- p.ogram. :
Or. John S. Ramberg, Professor and Head of the Systems znd Industirizl Engi-
‘epariment, will cescribe the existing educational pregram in tnet derartment
s plans for the future. -

INTROCUCTION AND SURVEY RESULTS
consensus opinion of ecucators concernsd With microelection cturing
plimization of such manufacturing requires an intimate relz betwzen
“3 of the chip desizn and fabrication activities. Thuec. ms glelironics
ring ecucaticn must show the studenis how enginedring design relzias %o naonu-
. This has been a basic tenet of the UA preogram. O institutior uic
O tnz same thing except for the lack of talent and r o3 cac rezts
sary laboratory environment. Industry hzs recognize 3 ciem and is
g actions to deal with it such as the AfA Feiiowsnip Progrem, the Semicon-
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ductor Research Council Program of the SIA, and the IBM Manufétturing Technologies
Program. - These will soon have a major impact on microelectronics manufacturing
education. ’ L S S . : o

MICROELECTRONICS MANUFACTURING EDUCATION IN THE USA

A brief questionnaire was sent to 300 EE department heads in the USA asking for
information-about their courses in microelectronics manufacturing. = The information

requested wes for the number of courses, the number of students and a one sentence
course cescription. There were 95 responses and 36 of these had no courses in micro-

electronics manufacturing. -

One of the respondents from Rochaster Institute of Technology reported on a
unigue B.S. degree granting program in Microelectronic Engineering.

"The objec
. .the studen
hl

electrical

t of the Microelectronic Engineering program is to provide

ts with the basic skills in optics, chemistry, photoscience,
erngineering, Computers, statistics and mathematics needad
to be productive employess i3 a micreelectronics processing facility.
Ke intend to emphasi the protoiithegraphic aspects of I.C. process-
“ing. Cue to RIT expertise in shetographic scierce, RIT can offer

& truiy unigue program with & photolithographic emphasis.
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Most of the courses in the curricuium emphasize basic principies of
microelectronic processing,  Only one of the courses 1is primarily
concerned with technoiogv (I.C. Processing Lab). As a result we fee]
that graduates of the program will have the broad technical background
necessiry o continue their study of microelectronics in graduat
scheol as an alternative to immediate industrial employment.”
depariments, 58 in all, reportad oFfering courses ir microelers-
trond g. OF these 43 reported courses with Taboratory invelvemenz. Tk
0ther ctiure ses only
rses with 320 students inve
33n rces included., Hine of the
tion Zories reported empn id activities such as thick
prec ¢ht of the inst tutions eported using the Carver-Meacde ma<_ri
{0 d : : )

tutions offer 98 courses with 2137 students invoived. Tru-
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“on offering such courses has about 38 studentz in 1.£62 course
07 courses and siudents are distributed over the 5% rescanden:
s enroll in about 1 course per institution.
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ico manutecioeing with a resylt aF over stuc

reported plans for edding such coursss an cnes

o Use an incustrial Teboratory as nert e Troe

Grme rego concern about the availsbility of rescur ard %2t
evziop such & course. '

EZ83 - 127



I.C. PROCESSING COURSES
Pr. James N. Fordemwalt

The University of Arizona offers two courses in-microelectronics processing. .
The first of these, EE 457, Introduction to IC Laboratory, is a senior elective. It
may also be taken by entry level graduate students who did not take it or an equiva-
lent course as an undergraduate. It is not assumed thatthe students have any prior
experience in fabricating silicon integrated circuits, so taped lectures on the funda- -
mentals of IC processing constitute the first few meetings of the lab. After that the
students perform seven experiments in the laboratory. Of these the first six are
relatively short, taking from bne to three lab periocds.. In these the students Tearn
the basic fundamentals of processing. These experiments encompass wafer cleaning,
diffusion and diffusion evaluation, oxidation and oxidation evaluation, metallization
and photolithography. The first six experiments take approximately the first half of
the semester. The seventh experiment is the fabrication of an ECL gate. The students
are given a set of wafers with an epitaxial layer already grown and set of masks. The
balance of the semester is spent fabricating'and’testing the ECL gates.

An intensive, two-week version of EE 457 is offered as a "hands-on" wafer pro-
cessing course for anyone desiring to learn the basics of IC processing. It:fs '
offered for credit or non-credit by arrangement anytime during the year. This course
has proven particularly popular with attendees from not only many piaces in the USA
but also from Germany, UK, India, China, Korea and Jdapan.

The Advance IC Laboratory Course, EE 558, is offered second semester each-year
“only. It is a non-structured project oriented cource. in this course stulents are
organized into project groups in which they "start from scratch." They determine the
circuit function they wish t6 nerform then decide on the process technology o be
usec. From there they design the circuit, computer simulate it to confirm.oparaiion,
iay out the chip, cut the rubylith, make the masks and process the wafers. .Finaily,
they test the wafers and confirm operation. The precess techncicgies presently
aveilable in the lab include bipolar linear and digital {ECL), metal & Si cate CNOS,
and metal & Si gate N-MOS with enhancement and depletion mode transictors.

RSTANDING OF SOLID ZVICES

SETTER UNDERS STATE D
PROVE MANUFACTURING PROCESSES

70 IM
Or. Bogdan M. Wilamowski

_University of Arizona's teaching program in the field of semiconductor d

onduc svice
} be divided into four different levels. First, the basic level course {357)
G students the general knowledge about the most cammonly used semiconductor
devices, terminal characteristics and mathematical modeis for the purpcse of circuit
analysis and design, . :
Stugents interested in microelectronics can take advanced undergraduate courses
av ine second level (452, 457, 458). One of thcse courses, 452, is the Solid Stute
Cevice Design whare basic device physics and design methodslcoy are oresented. The
manutacture procass variation is also analyzed so ine optimal dezign cas he orocesded,
Sel7-alignment methods using different techniques (local cxidation of siiicen, poly
silicon, silicen nitride, dopped silicon oxide and others) are presented in order to
TECYCVe cevice parameters and yield of integrated circui=z. The specizal. davice
gecmetry and the special mask design rules are also distussed. Obtaininz integrated
circuits insensitive to mask alignment, even if the self-alignment process is no*



A

used, iS'possiETé because the-exierna1~parameters of IC are rather function areas

ratio of internal devices, not device parameters.-

. At the graduate level, the courses for better understanding-of microelectronic
and‘other electron devices are offered. .The Microelectronics course (551) deals with
‘the circuit aspect of device design.. The Physical Electronics course (556) helps .~
- students to understand the physics of such manufacturing processes as diffusion,

platma etching and deposition< low pressure effects and others. It is our hope that
aft.~ this course the engineer will be able to modify the basic manufacturing process
in order to improve the device and IC parameters, as well as to improve the yield.

The most advanced device -aspect course (653) deals with the basic physical
phenomena in semiconductors; each of the phenomenon can create useful semiconductor
gevices. For example, carrier velocity Towering with increasing the electrical field
is used in the Gunn diode. Limited carrier velocity allows us to create microwave
oscillators (IFPATT and TRAPATT diodes). The depletion layer thickness variation
with applied voltage plays a‘basic role in varicap and varactor diodes, and in JFET
as well. The carrier-injection over the potential barrier is the basic mechanism in
the bipolar transistor, but also the other devices 1ike Static Induction Transistor
or Punch-Through Transistor may use the same mechanism for their operaticn. Also, in
the case of a VLSI short channel MOS transistor in subthreshold mode, the carrier in-

Jection over a pofential barrier is the main conduction mechanism.

The purpdse of the advanced level device is to prepare our students not only to
understznd all useful and parasitic effects in existing devices, but also to be able
to create novel devices which will use new combinations of physical phenomena in
semiconductors. o : : '

CIR:UITS‘EDUCATION PROGRAM
W. J. Kerwin

The circuits educatiecn program in the Electrical tngineering Depariment at ¢
University of Arizona begins with EE 101 zs a freshmar first course in electrical
engineering. This is an introductory course in electrical engineering emphasizing
the practice of electrical engineering. The second ccurse is FE 171 emphasizing
digital circui<s and including computer organization. This is f2llowed by EE 221,
the first course devoted specifically to steady state AC and DC circuit analysis, and
it includes some work on magnetic circuits and transformers. .- -

In the junior year, EE 321a,b complete the required undergraduate circuit
sis curriculum, This series introduces the Laplace transform, the Fourier se
transform methods in gencral. ‘A beginning in passive and.aciive network swnthe
included in 321t and an introduction to sensitivity is inciuded. This is, of
course,. of great importance to manufacturability. :
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At the conclusion of EE 321b, the computer program SPICE is introduced and used
to analyze networks for both steady state and transient response, and in particuiar
e study. the effect
widely different

eftect on manufactu
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of component tolerances and temperature coefficients and %
ent sensitivities in both passive and active circuits
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Senior elective courses in circuits are EE 422 ¢n active and passive fiiter
Cesign, which includes sections on passive and active element sensitivity, and EE 426.

on sigral processing which also includes a study of active RC c1rcuxts andg their
sensitivities.

At the graduate level, EE 552 and EE 553 sLudy the practical design (that is,
Tow seos1t}v1ty design) of broad band active low pass circuits (EE 552) and active.
band pass circuits (EE 553). EE 552 and EE 553 -aiso include feedback amplifier design
and control system design. Another circuit course emphasizing sensitivity (manu-
- facturability) is EE 522, -on active RC filters. This course emphas1zes computer a1ded
des1gn\and computer use in sensit1v1ty matrix caTcuTat1ons. . .

INTEGRATED CIRCUIT ENGINFERING PND LAYOUT
Dr. Jakob H Hohl -

Integrated circuit design is different in many ways'from design with discrete
components. In integrated circuits the selection of circuit components is Timited
to transistors, diodes, resistors and small capacitances. The cost relations between
these elements -are entirely different, favoring integrated transistors very s*rong]y
over integrated resistors or capacitors. The element parameters within a chip can be
expected to be highly uniform, while large variations of their characteristics from
ciip to chip occur. Also, integrated circuits contain an abundance of parasitic
elements, wh1ch ‘have no counterparts in circuits with d1screte components.

The results of the circuit design activities are tyPTCally represented by
schematic diagrams and mathematical expressions. . These descriptions emphasize the-
conceptual and functional aspects of the design, while they are usuaily irccvpi
Toasmuch as they disregard most parasitic e]emen»s, which will be present in she

tegrated c1rcu1t '

The TaVOLt can be considered as the overiap of the design and the fabrication

orecess of the. ntegrated circuit. wWhile the watTer processing steps establish the
gioba! physical and electrical parameters, the layout determines the charazcieristics
of the individual components anc¢ of the paras.t1c elements of the p‘wsma1 cirguiz:
On the surface the Tdyout activity may appear simply as that of cramming a g1veu
number of components into the smallest area oOSSTbTe but in reakxtg it comprises
many civerse, crucial, and often intricate cons1darat1ons of circuit deSTgn. ‘h
layout &lso must be'compatio]e with the capabilities of the fabrication steps in
crder to ensure a reasonable yield of good, reliable ¢ircuits. The processing
limitations are reflected by the layout ground rules, which specify ail minimum .
dimensions of iclands and spaces in the masks for the photciithographic process steps.
The Integratad Circuit Enginearing and Luyou course has the obJectzve of zc-
guainling the stucents with the engineering probiems associated with the layout of
integrated circuits in both, bipolar and MOS FET tecnnoTog1es, and of oeach1ﬂg them
the methods for avoiding or so]v1ng these problems .

tarts out with a review of the thecry of semiconductor davices zand
in t processing steps, with e TpﬁaSTS on mask-making and photolithog-
rz processes oracticed at the University of Arizona licrceiectronics
La example. In these lectures the wminimum siructural dimensicns for
rs elements as well as the dimensicnal tolerances of the paiterns
] ally engraved onto the wafer are estgblished.

EE83 - 127
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These geometric parameters are Lhen used to demonstrate the defe]
sistent 1ayout ground rules ‘for bipolar and MOSFET technolagies for,
three sigma design." This means that the statistical dependence or
dimensional tolerances is considered in determining cumulative toler:
the minimum feature sizes still allow for variations of ‘the d1mens1o

graved patterns up.to' three standard dev1atlons of the reSpﬁct1ve dis

Circuit design and layout. techniques- for bipolar circuits are studied mainly by
the example of a commercial operational amplifier. We acknowiedge the suprort of
Bury.Brown Research Corp. of Tucson, Arizona, who furnished schematic diagram, photo-
micrograph; and all mask drawings as well as process specifications for one of their
operational amplifier designs. We also have been fortunate to obtain six video-taped
guest lectures by William F. Davis, Senior Technical Staff Member, Motorola Semi- -
concductor Products, Inc., Mesa, Arizona, on more subtie layout related problems in
anaiog bipolar integrated circuits. (Video tapes of *these lectures are available
from MICRCCAMPUS, University of Arizona.)

Circuit design and layout techniques for MOSFET circuits are taught mainiy with
axamples of digital circuits. The students are introduced to computer-aided design
(CAD) teckniques by solving MOSFET circuit layout and design problems using UAMASK
and SPICE, two programs residing on the CYBER computer at the University Computer
Center. UAMASK 1s a simple graphics program, which provides an undersuand1“g 0¥ the
basic principies of layout with interactive graphics $ystems. The circuit simulation
program SPICE is used to calculate Lranslont responses of simple MOSFET logic cir-
cuits, giving the student insight into the characteri stics of these circuits as weld
as some apyrecwatwon of the realities of a CAD environment. Simulations of circuits
szt the 1imits of processing and geometrical tolerance ranges vividly demonstrate the
trade-offs between yield of good circuits and tight performance to?erances.

&

The course is offered through IETS {Interactive “ducation Televisior System) and
WMICROCAMPUS oF the University of Arizona tc students From industry which dc not have
the cpportunity to take it on campus.

CAD OF LOGIC
Dr. Fredrick J. Hill

Hardware Description Language and Function Level Simulation - Because of tie
ever increasing complexity of digital systems which can be realized on a single in-
tegrated circuit rhwp, 1nt rast in more efficient design and Zescription c¢f digital

vstem continues to increase as well. Cne such des c*«pt1or tochnigue which is alse
uitzble as a medium for func»won Tevel simuiation 15 the register transfer level
arouage (RTL). An RTL, calied AHPL, is introduced in both seﬂ.o, z:\ai and graduzie
avegl courses at the University of Arﬂzona.

A function Tevel simulator (HPSIM) for the language, ﬁHFL. has been developed
a2t the-university. This swmulator is used b/ stude“bs as-a means of evaiunting
dasigns written in AHPL with respect to satisfacticn of dps1gr obiectives. This
soTIware has 21s0 been di st ibuted to 2pproximately 75 other instituticns and eleaz-
Tronics companies,

Under development as a research D“o:ec: is a proceam wnich will be capable of
tranzlating descoriptions written in AHPL directly to @ dats o from which the masks

o 53 far integrated circuit wealization of the doscrihed cysiom can bo aonpv-
2 de ; d i

veloprent of thic program is complete 1% will be integrate




Test Generation for Digital Integrated Circuits - As digital integrated cir-
cuits increzase in complexity, the problem of efficiently testing theSe circuits
becomss one of ever greater concern. The fundamental concepts of both fault detec-
tion testing and fault location in digital systems are taught in a spec1a1 graduate
" course at the University of Arizona. Special emphasis is placed on the appiication

of artificial 1nte111gence techn1ques to the generat1on of test sequences for digital
integrated c1rcu1ts : . :

Students have hands on experience with an aueomat1c test generat1on program
called SCIRTSS (sequential circuit test search system). This program which was
developed at the university requires, as input, only an AHPL. description of the . |
circuit to be tested and values of certain. huer15t1c gu1dance parameters

CAD ACTIVITIES -'SIMULATION TECHNIQUES
'Dr O]gierd A. Pa]uSinskf

: Several software simulation tools are presented in the course "CnD TECHNIQL_S
FOR INTEGRATED CIRCUITS." Students use the programs in the series of small class
projects. Fach student participating in the course performs also more invclved term

. paper. During the work on term paper students learns in depth about a particular
tool and rakes its mod1f1cation or adaptation to new output devices.

. The s1mu1at1on programs presented range from hardware descrxpt1on on instructien
and register levels to circuit and device simulatior,. The students learn about ISPS
develcped at the Carnegie-Mellon University and AHPL developed at the Universii of
Arizona. Using our software they can gﬂnera.e'device piacement drawings which can
be used as basis for layout. The Tayout is facilitated by the UAMASK program run in
a batch mode on the CYBER 175 computer. This program is based on previous work done
at the University of Florida. The hand copies of layouts are generated using raster
or CALCOMP plotters. The CALCOMP plotter generates color copies, to help in visual-
izing different mask layers. Simulation on gate level is based on the use of LOGIC
program supplied by the Western Design Center [4DC). ‘Available logic states are low,
nigh and undeterminec. Aljowed medelling ClEmEhLa gre clocks, standard and c]oexed

‘ogic gates, ROMs, RAMs and PLAs. - :

On thz circuit level we use CIRCUIT2 again suppiied by WDC and SPI

CE2.G de vel-
oped &t Berkeley. In simulation we concentrate on circuits corntaining MOSFEZT's and
we talk zbout standard models {10n and larger geometries) and short channel effect

The cevice simulation is based on MINIMOS program deve]oped at the Techniczl
Universiev of Vienna. The program simulates MOS dev1ces in 2-dimensions, assuming .
singie rectangular geometries..

ELE”'TONIC PACKAGIN ENGINEERING
Dr. Doug gias J. Hamiltcn

With the advent of high- speed systems of large conp?eA1ty, electronic packacing
is rapiciy becoming an expensive aspect of system design. However, Electronic Pack-
&ging Engineer1ng has received ]1Lt1e attention in unxver31ey curricula.

tlectrical Engzneer?nﬂ Department of the dnxversxty of Arizona s initi=
soectal program in Electronic Packaging Engineering, aimed at industrial
s well 25 on campus students. Courses being developed wiil address pachzgin
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problems at all Tevels from the silicon chip to the complete system, and will include
both theoretical and practical considerations. Several technologies, such as printed
circuit boards, thick-films, thin-films and integrated electronics will be covered.
... Thermal, environmental, mechanical, electrical, CAD, and mater1als aspects w111 be
‘ con51dered at both +he c1rcu1t and system Tevels.» : SRR -

Kev eleTents of the program are course offer1ngs for regu1ar graduate credit; the
use of MICROCAMPUS to video tape and deliver the courses; and participation by in-
dustrial representatives both in p‘ann1ng courses and giving 1ectures.

“Long-term plans 1nc1ude the deve?opment of an M.§. program available to any

. student with a B.S. degree in engineering or science.. This program would inciude a
3-course sequence on Electronic Packaging Engineering, together with additional
courses in related discip1ines. We also plan to develop'a 1aboratory:faci1ity.

Short-term plans include the dﬂvelopment of a 3-unit Electronic Packaq1ng Appli-
cations course in the Electrical Engineering Department. This will be available for
senwor elective or graduate credit, and will be offered beginning in_the fall semester

€83. The course is being planned with industrial assistance and TeCtures will be
'c1ven by industry personnel. Care is being taken to avoid emphasvz1ng a.particular
segment of industry or a particular technology.

. ‘Students at industrial sites remote from the University of Arizona -- indeed,

. anywhere in the world -- will be able to obtain regular graduate credit for this and
other courses by taking them through the MICROCAMPUS program. MICROCAMPUS, a part of
the Division of Madia and Instruztional Serv1ces, has been in operation for 10 years.

it provides two "Candid Classroom/Studios" in which courses can be video teped or
trarnsmitted live on the Interact1ve Education Televisicn System (IETS). MICROCAMPUS
2iso provides all necessary equipment, personnel and coordination for video-production;

video playback carrels for on campus use, and merketing and distribution service far
delivering courses to users.

MANUFACTURING SYSTEMS ENGINEERING FOR MICROELECTRONICS

Dr. John S. Ramberg

From beginnings as the dnxvor51‘v Numerical Ana1ys1s Laoorauory, tnrough estab-
Tishment in 1961 by A. mayne Wymcre as the nation's first Department of Systems Engi-
neering, znd including the 1972 addition of a modern, non-traditional, industriai
engineering curriculum, the Department of Systems and Industrial Engwnemr ng has con-
sistently emphasized and taught the interdisciplinary design of large-scale systems
irvolving ceople, machines and software. Curricula stress the integrated application
ef the 7rxormatxow technelogies of computing, opt 1m12atxon, gecision anu control which
are the necessary keys o ex p oiting adV nced physical technalogies for manuxact ~ing.

The irdustirial engwneerwnn program was cr eated ir response to the growth of manu-
facturing in Arizona. Over the last two years, the Deparinent has increased s long-
term commitment to system design for manufact uring by hiring four new “'*TLy ~olding
coctorates in industrial engineering, and by cdeveloping en undergraduate industrizl
gngineeming program with an option in manufecturing systems engineering.

. The roies of the modern manuf facturing systems engineer are to design, ins*tall,
impiement, improve anc mangge computer integrated s manvfacturing en ch roies
reguire scecializad knowiedge of systems and indusirial ergineari a at
the University of aArizona, with an interdiscipiinary techoround w3




manégement and computingifie1ds,

The Department of Systems and Industrial Engineering view the boundary of the
manufacturing systems enhgineering program as beginning with order entry and ending
with product shipment and consumer services.- In particular, the aspects of manu-

facturing systems eng1neer1ng with spec1a1 reference to h1gh technology f1e1ds that
are emphasized are: .

® general concept and design of computer integrated manufacturing systems"
through system design methodologies for manufacturing,

o optimization of manufactur1ng systems and opt1ma1 decision making in
manufacturing,

] reliabi]ity, qua]ity_assurance, and tes;fng for mandfacturing systems, -

o information systems design and management fﬁ;manufacturing; and

o manufaciufing procéss designs for high técﬁno]dgy fie]ds

These aspects of the currxcu]um are 1ntended to prov1de 1ndusbry with highly
.trained graduates with a balanced view of theory and.practice. The challenge wil}
52 the integration of these areas through laboratory projects and industrial ex-

periences. The department is working closely with manufacturers, through an

Industrial Advisory Committee to create a manufacturing systems curr1cu1um responsive
to the needs of industry. '
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