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Abstract

The UC Berkeley Microfabrication Laboratory (Microlab) in Cory Hedl its opening
dedication ceremony on 23 March 1983. It was officially closed on 31 December 2010.
Technical Report No. UCB/EEC&L3158 is the documentation, in wide swathes, of 28 years
of operation, including management of resources: facilities, ftedhces, and related
activities of control, communications and planning.

Thisreportis the Appendix td'echnical Report No. UCB/EEG&L3-158. It is acollection of
theyeate nd reports Katalin Voros submita382d to t
through 2012Starting 1990, the professional staff of the Microlab also submittedeysar

reports. These can be seenthe Microfabrication Laboratory Archive Portdicrolab Staff

and Reportshttp://microlab.berkeley.edu/people/staffpage.html

2013


http://www.eecs.berkeley.edu/Pubs/TechRpts/2013/EECS-2013-158.html

Table of Contents

1987 Year ENG REPOIL......coouiiiiieiiiiii ettt e et e e e e eeeneeenne 3

1988 Year ENGU REPOIL......uuiiiii ettt ettt e e e e e e e e e e et e e e eaa e aeeennns 17

1989 Year ENU REPOIL .. ...ttt ettt e e et e e e e e e e e e e e e e e e e e e annnes 28
Evolution of the Microfabrication Laboratory Berkeley .............coooeveiiiiiiiiiiiiieeiiis 42
1990 Year ENd REPOIT ......cooiiiiiiiiiiiiiiee ettt e eeeeeeeeeeeeeeeeeesmenee i
L =T T =l oo I =T oL AU SPPRSR 87
1992YaAr ENG REPOIL.. ..ttt e e e et e e e e e e e e e e e e e e s e e e aannnes 97
LS A =T Tl =l oo I =T oL A 105
1994Y e Ar ENGA REPOIL... .ttt e e et e e e e e e e e e e e e e e e s e e aaannes 114
R L LA =T Tl = () I L= Lo 130
1996Y AN ENGA REPOIL.. ..ttt r e et e e e e e e e e e e e e e e e s e e aannnes 142
R L A =T Tl =l aTo I =T oL o A 157
1998Year ENG REPOIL... ..ttt e e e e e e e e e e e e e e e e e 164.....
LTS A=Y T =l oo I =T oL o A 175
Microfabrication Research iN ERL .........coooviiiiiiiiiiiiiiieee et 178.....
Trends in MiICrolab SUPPOIT ........ovviiiiiiie e e e 181......
2000YaAr ENA REPOIL... .ottt r e et e e e e e e e e e e e e e e e e aannes 187
2001Year ENA REPOIL......ooeeeiiiiiiiei ettt e e e e e e e e e e e e e e e e e e e e e e aaeeaeees 206
2002Y Al EMI REPOIT... .o e e e e e e e e e e e e e e e e a e e 214
2003Year ENA REPOIL......coeieeiiiiei it e e e e e e e e e e e et e e b e e e e e e e aaeaaaees 223
2004YEar ENA REPOIL... .ottt e e e e e e e e e e e e e e e e e e e 234
60 UpGHNAIREDOI ... e e e e e e e e e eees 1....24
Integrated Materials LaboratofyFinal MemO ..........cccuvuiiiiiiiiiiiiiiiie e 258
2005Y€ar ENA REPOIL.....cooeeeeiieiicce e e e e e e e e et e e e e e e e aaaaeaes 266
2006YeaAr ENA REPOIL... .ottt e e e e e e e e e e e e e e e e s e 273
2007Year ENA REPOIL........ooeeiieiiiieee et e e e e e e e e 79.....2
2008YeEAr ENA REPOIL... .ot r e e e e e e e e e e e e e e e e s e e 286
2009Year ENA REPOIL.......ooeeiiiieiciie et e e e e e 293
20102011Year ENA REPOIL... oottt e e e e e e e e e e e e s 301
2011:2012Y€ar ENG REPOIL.....uiiii it e e e emean 308



1987Year End Report

Katalin Voros
Microlab Manager

To: Prof. Ping K. Ko, Facultyn-Charge
From: Katalin Voros, Microlab Manager
Subject: Performance Appraisal

Date: March 2, 1988.

Cc: W. G. Oldham, E. Wong, W. Zeilinger

Following isa description of what has been done in the Microlab during the past year, to
assist you in writing my A&PS Employee Performance Appraisdarted working for the
Microlab as an Associate Development Engineer, Process Engin8epegvisoy on 14
Januay 1995 and was named Microlab Manager on 1 Dec. 1986.

SUPERVISION OF STAFF
Management Style

1. During the past year | put in a concentrated effort to develop awareness of several
basic principles which, | believe, are essential for the wellbeing of thelslicand
its staff. Some of these ideas are very simple; such as: The Microlab provides a
service for the students; we are here becautdeaf and not the other way around.
We have to do our best to keep the lab open and machinery working so thatamser
come in at any time and do their work successfully. They, in turn, are the basis of our
support. They provide the lab's income through the recharge system, and provide us
our jobs.

2. | believe in us fully maintaining the machinery, with an absatutgmum of outside
service. We have the talent and skills needed in all areas of semiconductor processing
equipment maintenance and we can learn what we do not yet know. This, however,
requires that everyone pull their own weight and cooperate with lileesot

3. | believe that a certain amount of discipline is indispensable in a smoothly working
unit. This must come from within the members of the group rather than from
enforcement by supervisors. If everyone behaves responsibly, starting with arriving to
work on time and keeping breaks to proper lengths, doing their work conscientiously,
and caring for the wellbeing of the unit, life will be much more pleasant for everyone.

4. Everyone's job is equally important in the Microlab, and everyone's work redlects
the performance of the whole group. | expect respect for each other and a positive
attitude towards the group effort. This also means that everyone represents the whole
unit in dealing with students, professors or outside groups, and what kinadf rep
card we are getting depends on all of us.



5. | believe in keeping the communication lines open and in taking care of personnel
problems immediately. | am available to the staff at any time if they ask for a private
discussion and | do not hesitatestate my request/comments in clear and
unambiguous terms.

Communications with Staff

1. The above ideas were developed and discussed during the regular monthly staff
meetings; weekly meetingsgith individual staff membergrivate discussions and
annual perfamance evaluations. Communication often occurs through computer
messages or distributing/circulating relevant information in hard copy. | make a point
to immediately distribute good news items, positive comments from within
EECS/ERL or outside.

2. Performance reviews are being given on time, and after careful preparation. | believe
that the evaluation has to be extended to both the strong and the weak points in an
employee's performance. It is always harder to write a negative evaluation which has
to be wdl substantiated to be fair and effective; thus, | find myself spending
considerable amount of time writing reviews. With the introduction of the new
Administrativeand Professional Staff program, this managerial responsibility has
increased.

Employee Deelopment

| am working with Bob Hamilton, the supervisor of our maintendecknicians to develop
his supervisory skills. While excellent in masthnical areas, his talents in organization,
prioritization, employeeevelopment, need to be enhancede && making progress, | am
happy tosay. Comparing his actions now to those of a year ago, thgreaisimprovement.

Analysis of Staff Allocation and Action

After taking over the management of the Microlab a little more than aagedranalyzed all
areas of the operation to find the weak pointstaridentify needed improvement8esides
the budget mess (see belpW3pent a great deal of time on examining staff allocatiomas
obvious that with employesalaries and benefits comprising morartthalf of the budget,
this expenditurdaad to be cut if we were going to make a dent in the deficit. First, the
process development engineering position | vacated was not fillerdl; one of the two
overlapping Principal Electronics Technician positisras eliminated. The person with the
lower seniority was laid off as &ept. 1987. We took up the slack by redistributing the work
load andncreasing the efficiency dhe operation by cross training; however, it must be
understood that we ae¢ the mnimum staffing level necessary for required services in the
lab.

Results of Staff Reduction
At this point, we have a balanced budget at the expense of cuttipgooass development

work. Whatever little of it there is, is carried out the processingtaff under my direct
supervision. They also provide neededvice to the students who require help with the
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introduction of more and mosophisticated machinery. Process characterization
operational maintenance is also the process staff's rebpiysilong with performing
special services for researchers from other departments.

Administrative Staff

Office administration, accounting, purchasing, and inventory is taken cdrg Rbsemary
Spivey in an AAI position. Clearly the servicing ofghinit encompasses at least AAll
responsibility; unfortunately,have been unable in two attempts to have the position
reclassified. It i®f paramount importance for our successful operation to have a higher level
off ice manageand | will try all avemies to secure an AAll position for the Microlab.

Steady State Operation

After a year of hard work we have progressed to an acceptable level of Stadyperation
and | am satisfied with staff performance in general.

e Everyone puts in an honasay's work, at the level expected of them. Toane
about their job and show dedication to the Microlab.

e Productivity ancefficiency increased noticeably; but, there is still room for
improvement.

e Staff members are pleasant to the students and ajtentgf theirway to help them.

e Celebration of special occasions such as employment anniversarieslpdnéin
fostering group spirit. Last year we celebrated Bob Hamilt@ath and James
Parrish's 10th year anniversary at the University. dfganize holiday staff
luncheons; maintain a coffee club; and celebbatédays once a month. | encourage
staff to take part ilDepartmental/College/University events like Breakfast with the
Dean and UGStaff Picnic.

We have a good group and | amdyta be part of it.

ADVISING OF STUDENTS
Advising in General

The most pleasant aspect of my job is advising of students. | holcbffaily hours to

discuss long term projects or to answer simple "how ckmthis" questions for a large

number of studnts. Out of the 130 or segistered users | usually see and talk tetG@

week, either in myffice, or, when | am in the lab, in the hallway, in seminars, or on my way
out, sometimes even at home. Reducing student advising strictly totaffice des not

work for me; | simply cannot turn them away if | can help.

Students from other departments such as Material Science, Geology, Basld@hemistry
come in to discuss the possibility of applying microfabricatetniques to their projects.
They require more guidance and help tldtis; but their presence is beneficial from the

point of view of wideninghe scope of research in the lab.



CIM

With the expansion of Prof. Hodges' Computer Integrated Manufacturing (@dycts, |
became verynuch involved with providing the users' pointwaéw in developing silicon
processing software.

¢ Improvement and extension of t"¢AND andSTAFF programs have been ongoing
tasks for the past two years and provided the staff with excellent lab management
tools.

e FLIP (Facilities Layout Information Program) is currently being developed to give us
ready access to accurate lab equipment layout afidiés connection information.

e BLIMP (Berkeley Lab Infrastructure Monitoring Program) will provide capability of
monitoring important facilities such as DI water level, gas line pressures, etc.

e PARTSINVENIis a much needed spare pantgentory program.
| am advising a student in developisiguctures to test the statistical process simulator
FABRICS on ourCMOS process.

¢ BIPS (Berkeley Intelligent Processing System) will helpptimizing the poly
silicon deposition process in both the current tftlanl1l) and in the new tube
(tylan16) being built by staff.

Lab Orientation

We are holding lab orientation courses regularly every other month toradevstudents to
become members. This way the places of graduating studidriie filled with new

students and our job of training them can stawar againThe hardest part of this

procedure is to make studeatscept lab safety rules and behave in a responsible manner; to
respect theights of others and to keep their work area clean and im.oMkaredoing
everything possible to accommodate all 130 researchers with somelasieisg interests. |
had to learn to be a patient mediator and to provadenced support to all groups involved.

It is not easy.

INTERACTION WITH FACULTY ANIRESEARCH GROUPS

There are several major research groups working in the lab whose space and equipment
requirements are only partially overlapping. When one group's activities expand or take on a
new direction we have to be aware of what is needed to guppm. We had several

meetings with professors and students this past year to discuss equipment and space
problems.

Sensors
Increased activity in the sensors group necessitated the installaticeadrad pohySi

deposition system (séACILITIES DEVELOPMENT section) and modification of the
siliconnitride tube We discussed equipment use policies and eliminated some restrictions.



Cryo

The cryoelectronggroup's activities in the field of the ndwgh-temperature

superconductors placed new dewtsion our sputteringystems and furnaces. The crowding
problem has been resolved to sagmeent by strict adherence to scheduling and by assigning
a technician tehange targets. Also, some of tugivities were moved to the Physics
department and LBLThe group was assigned a dedicated furnace tube (tyf@amiheir

critical annealing procedures.

Deep UV

The Deep UV project required the complete rearrangement of room Glatigoding
service chases.

Compound

A new plasma etcher, on loan frdmckheedResearch Laboratory, was installed for the
exclusive use of the compoursdmiconductor group.

SAFETY

The question of safety from both the occupational and environmental points of view is
constantly being addressed and being kept in the forafrdhé Microlab. The following
programs illustrate our commitment to safety, submitted by Bob Hamilton:

1. All students, staff and visiting scientists who work in the lab are required to take a lab
orientation course, a major part of which concerns sathigation. During this
course the newcomers are instructed by staff on the safety procedures to be used in
the lab, the equipment that is available to exercise safety, and further information they
can obtain both on procedures to be used in the lab, tiygneent that is available to
exercise safety, and further information they can obtain both on procedures and
chemicals. Currently, it is required that all users wear safety glasses at all times in the
lab, and in addition, that they wear a face shield] eesistant gloves and apron when
handling chemicals. This is being enforced by the staff of the Microlab.

2. We are in contact with the office of EH&S and OH&S. They have inspected the
Microlab on several occasions after which we reviewed their obsarsatial took
corrective actions. | personally contacted the new director of EH&S, Elaine Bild, and
invited her, and her staff to visit our facility. They were here on March 5, 1987.

3. Dr. James P. Seward, Occupation Health Physician of the OH&S, visitéacdity
several times with other occupational and environmental health professionals as part
of his efforts to educate his peers through seminars and continuing education courses.
He uses the lab to demonstrate semiconductor industry safety practices.

We have a firm policy on areas of service that have a high risk associated with them. It
forbids lab users from doing electrical wiring, changing gas cylinders and making
modifications to equipment without permission from the lab management. Summary of
following safe practices:



1. Electrical wiring is done only by staff and it is done to California Electrical Code
standards. "Wigglers" are provided to staff members and have been purchased for use
by machine personnel so that a reliable method of testiegbltage is always
available.

2. Gas cylinders are changed by staff members trained in cylinder safety. We have had
seminars on this subject from Ed Sawicki, former Safety Director at Intel and also
from our gas vendor, Liquid Carbonic. Cylinders amagis chained and toxic and
corrosive cylinders are operated in venseégkl cabinets. The Microlab has also
purchased two SCUBA units and has 3 staff members certified by the Lawrence
Berkeley Lab to use them for rescue. SCUBA is used by certifiechs¢sfibers
when changing toxic gases.

3. The lab has developed its own "low center of gravity" transportation carts for
chemicals, and maintains a stringent policy for the transportation of chemicals.
Mandatory safety glasses are now required in the lab.

4. Bulletins provided by vendors and bulletins from Environmental Health and Safety
are routed with a sign off sheet to staff members. We also ketpdate MSDS
(Material Safety Data Sheets) on all chemicals used in the lab. They are available to
the labusers and a duplicate set is kept in the office.

We are actively pursuing safety in the lab. We are responding rapidly to any safety problems
that we become aware of. Many of the steps we have implemented are new to the University
and we are considatea model by the offices of Environmental Health and Safety and
Occupational Health.

STAFF PROJECTS

Staff projects are carried out by the process staff (Tom Booth/SRAI, Kim Chan/SRAII,
Marilyn Kushner/LAlll, Jules Nagy/LAl, Robin Rudell/SRAII) under myetit guidance.

These projects involve wafer processing for students using our silicon base line processes.
The technology installed in the Microlab the past two years, during which most of the
training of the processing staff also took place, was suinathin a 102 page ERL report,
MOS Processes in the Microfabrication Laboratdsy,Katalin Voros and Ping K. Ko.
(Memorandum No UCB/ERL M87/12, 10 March 1987.)

Processing

1. We have processed this past year several CMOS lots for students of Profesgors Gra
and Hodges; NMOS lots for BSAC (Berkeley Sensors and Actuators Center) students.
Partial processing was done for students of Professors Hu, Ko, VanDuzer, Clarke,
Oldham and Neureuther.

2. Simple layouts anghoto masksre routinely made by staff for seits. Tom Booth
operates the electron microscope as a service; Jules Nagy operates the ion implanter.



CIM

Students are instructed to discuss special processing requests with me; this results in
an ETR, (Engineering Test Request) a digstep descriptionfovhat has to be

done. While carrying out the work, the staff is in direct contact with the students; I
am called in to help solve problems or to resolve ambiguities.

We completed masks and a simple two level process feglbatronic researchers at
theUniversity of Utah. We are also doing some processing for DrYGhg Fu at

the Lawrence Livermore Laboratory. Cmos/sensors wafers were processed for Prof.
Dennis Polla at the University of Minnesota.

The staff is also very much involved with the CIM projects. Dick Chan JE, has been
working on installation of sensors and data collection hardwaiLfidiP . A

student engineering aide, James Hoplemaintaining and expanding tiéAND
andSTAFF prograns; however, the majority of his time is spent on making
measurements in the lab and inputting datd&tdP , under my supervision. A
systems analyst, David Mudie, wrdRcSERVEand is in the process of writing the
PARTSINVEN using our input.

Besides allting staff time to support these projects, the CIM work must be
coordinated with the other researchers in the lab to avoid disasters. This is no small
feat. When the computer controlling the furnaces was modified for BIPS to allow for
SECS communicatiowith the lab computers, the whole system had to be shut down
placing everyone on hold. When it came up all old programs had to be modified to
run with the new software. We are still finding bugs and the whole project is just
beginning.

Expanding the QW1 program required upgrading of the main computer (a VAX 750)

and changing to a distributed system, comprised of several SUN work stations. The
SUNSs are connected through the ETHERNET with the file server (a SUN 3/280,
called 'argon’) maintaining a commadata base. The changeover is still in progress

and, in spite of all precautions, the process is rather disruptive, with either the old or
the new machines dying on us; bugs cropping up everywhere. | believe, however, that
we have to do it to keep Berkelaythe forefront of CIM research; | just wish we

were past this part.

PUBLIC RELATIONS

Policy

| believe that participation in public relations activities arengportant part of the Microlab
manager's job; thus, during this past yeaave beenvorking on developing a systematic
approach to the issudarst of all, we had to realize that the Microlab cannot be an open
housefor anyone who comes to Berkeley, (to the San Francisco area, to the Bditey) to
Disneyland, to the U.S. or to tharerican Continent)Handlingvisitors not only takes a lot

of time, it is disruptive for the staff arstiudents and introduces unnecessary contamination in
the ultracleanarea.



After discussing the subject with Prof. Ping K. kacultyin-Charge, androf. Oldham,

ERL Director, we agreed that we shadicept only selected visitors. These are our supporters
in industry,visiting professors and scientists in our field. We are also cooperating

with the EECS Graduate Admissions Office by giving touthéomostesirable graduate
prospects and affirmative action candidates.

Slide Show

We have worked out several presentations containing different levai$oomation for
groups ranging from bright high school students to medicedors doing work ifcH&S.
Robin Rudell is my main help in this effoA.10 minute slide show with tape recorded
explanation is utilized whenevpossible for small groups in the lab lobby. Larger groups
are accommodated the Hughes roomiVe also have an extra set of skdfor professors to
borrow for their own presentations.

Booklet

In cooperation with the ILP office weave published a new informational booklet, called
Microfabricaion atBerkeley. Prof. Ko and | worked closely with the editonsthe text and
factualdata, and staff contributed the pictures . Theresdlt is an attractive publication
which presents accurate informatiabout the Microlab. We had 4500 copies printed; ILP
mailed out about 100@nd the Microlab sent out about 200 to our industryamat Visitors
are being given a copy when they come in.

Display Cases

This past year the Department decided to update the second floor dspdsyand the

Microlab was given a section to fill. We supplied all thehnical information, texpictures

and other items to be included amdrked with the summer employee, an anthropology
major, who was hired b¥ECS to assemble the presentation. The display is up now and will
last agood 5 years.

Conferences

Whenever | am attending technicainferences or even during privatavels, | try to include
visits to other university or industrial reseatahoratories. Last year | had a chance to visit
the Submicron Facility aornell and Philips Research Laboratories at Eindhoven. These
occasimshelp me in keeping myself up to date on which way the industry is gehrege we
are in the picture, and it gives me a chance to talk abowvankr Invariably, people are
very interested in what is happeningBatkeley.

Other Labs

Often we receig telephone calls, computer mail or visitors from oth@versity laboratories
inquiring about our facility, how we built iinformation about equipment vendors, etc. Bob
Hamilton and | are trying tbelp them as much as we can and often encouragalteeto
spend a dagr two with us, and see the operations in action. The lab manager from the
Pennsylvania State University liked the lab information system so mudhethaguested a
copy of theW AND andSTAFF and is trying to install it imis own Bb. We are spreading
the Berkeley gospel.
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FISCAL CONTROL

When | took over the management of the Microlab last December (1986) we were half way
through the fiscal year and $19K in the red. In addition, there was and still is the looming
$400K+ debt whibh was accumulated during the building and startup of the new lab. While
| made it very clear to the Director thatdnnot accept the responsibility for recovering such
a huge deficit in the projected time of 6 years, | said | will try to break evesci frear

86/87. After that, | will see about possible recovery when | make upethidoudget. This

will require that current BMA/ERL/EECS support is maintained.

Reduction of Expenses

Expenditures for lab operation were reduced watching every patieyeduced inventory of
slowly moving items and looked for alternate vendorget better prices. We bought
nothing that was not absolutely necesdarymaintaining lab activities. We made sure that
all recharges werproperly recorded and collecteaydathat we were not overcharged for
services from other units, especially the Machine Shop. As it wallithelab paid out
$40K for Machine Shop work. We closed fiscal year 8&/&f only $2,190.00 on the minus
side.

The new budget (FY 87/88) contaian 8% cut in S/E, 21% reductionsalaries, and is

based on $205K BMA support and that two FTE's are paleHyS and one by ERL
(maintaining the previous level). With thasrangement we predicted a $50K debt reduction.
The Supplies/Expenses budgeasvmade leal o facilitate the reduction of salary
expenditures principal electronics technician's position was elimindtedddition, we had

to maintainor increase income to reach our goal.

Increase of Income

The most straightforward way to incesaincome was to have more userthalab. Our
number one priority became to provide students with workiaghinery and processes and
to reduce down time as much as possible. Wheist a long way in maintaining and
increasing income. There is no doabout it: our basic group of clientele, students who
cannot do theiresearch anywhere else, will come in and support the lab if it supipents
The number of users from other departments, outside of EECSnaisased as a result of
people learnig about the technology and about ldig; however, this did not represent a
significant increase in incomAlthough 30% of registered users are k8, they provide
only 10% of the income.

Balanced Budget
Seven months into the current fiscal year wenaaetaining our budgeThe enclosed charts
show that we are ahead by $57K, effectively fulfillthg projected deficit reduction. If our

income remains at this level wall be able to make some much needed, expensive
equipment repair angpbgradingduring the rest of the fiscal year.
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SUPPORT OF EE43

The IC laboratory in 218 Cory is a small independent facility whadergraduate students
build NMOS devices as part of the course EE3.Phil Guillory has been assigned and
trained to providenaintenance anskrvice support. The course is given each semester with
at least 6 lalsessions per week; thus, the lab must be in running condition at all times. To
assure proper instruction | am recruiting TAs from among those graduate stuberds

their research in the Microlab. They report problems for EEMBie computer judike any
other machine problem; those &nen taken caref by a MicrolabtechnicianSupplies and
gases are bought through the Micro#adal recharged to the Department.

New Process

Last summer as a staff project we redesigned the EE143 chip to bringeitup to date with
current industrial processes. Robin Rudell didldyeut; the technology is now a pely
silicon gateNMOS process

and we wrote, with Professor Kan extended characterizatiprocedure. Each lab group
comes to the Microlab to deposit paificon (for which there is no provision in 218) and has
a chance to see an advansediconductor facility in operation. The new process was
successfullyntroduced in the Fall of 1987; some students had ewsn @evicesvorking.

PROCESS DEVELOPMENT
Process Development at a Halt

Development of new processes in the Microlab dropped to a minimum level when | took over
management. There are simply not egtohiours in the day to take care of everything and to

do development work at the same time. This makes me sad, but | cannot help it. We are
maintaining whatever processes we have and will adopt any new ones from students;
unfortunately, this does not@ar too often. We had one successful new project when Kim
Chan worked with graduate student,-PeiPai on the double metal process. This was then
incorporated into the existingyell CMOS process.

Associated Researets

The cryoelectronggroup tales care of their development work by supporting an Associate
Development Engineer. While he is considered Microlab staff from the administrative point
of view, Dave Hebert reports to Prof. VanDuzer for assignments and projects. Professors
Oldham and Neurgher have opened a position for a similar arrangement in conjunction with
their Deep UV project.

FACILITIES DEVELOPMENT

Equipment Budget

The funds available for replacing/upgrading equipment in the Microlab are rather limited.

We were given a BMA doniain of $120K for the past and current fiscal year to buy new
equipment. Anyone vaguely familiar with the semiconductor industry knows that prices start

12



at $100K even for simple machinery. On occasion professors buy equipment for their own
research but,ven though the unwritten rule has been that equipment maintained by staff is
available for everyone, it cannot be used by all members becacsEsstontamination

caused by different processes.

Equipment Donations

To supplement our own resources weaatvely recruiting equipment donations from
companies. We have to be careful, however, of what we accept, to avoid the trap of
collecting irrelevant machinery and junk, dsalve seen at some other university laboratories.

ANewO Equi pment

All'in all we managed to obtain and install seven new pieces of instruments, (login names:
cpa, lam2, microstrip, as200, semi, hld, rga) and retrofitted two Tylan furnaces (tylan10 and
tylan16). We also took otine installation and maintenance of the new cold proligein

Device Characterization Lab (407 Cory).

EquipmentUse Analysis

During this past year | had reviewed the facilities status from several points of view.

1. What do we need to complete the equipment requirements for a standard silicon
CMOS process?
What an we do to alleviate users crowding on certain apparatus?
How much maintenance is needed to keep a machine up?
What is the number of users a machine serves, to determine servicing priorities?
What type of modifications are feasible considering our ress@rc

absrown

Action: Equipment Requirements for a Complete CMOS Process

1. The donation of a-Barget sputtering machine by CPA greatly enhancedtamdard
metallization capabilities in the VLSI area. Installation waspleted last February
and the cpa has beap, except for minor repairspntinuously. Prof. Hu bought a
titanium target and Prof. Howe a tungstarget for their groups' research.

2. The acquisition of a SiO2 plasma etcher, at a reduced priabjed us to increase the
reliability and reproducility of several processes, by restricteigorinated gas
processes to lam1 and fluorinated gases to thenmeshine, lam2.

3. We bought a Microstrip plasma etcher to facilitate photoresist removal with O2 gas
and save on acetone expenses.

4. A very much needelelium leak detector was bought for servicing the vacuum
systems. We also paid for half of a residual gas analyzer for Prof. Oldham's Si
epitaxial growth project (tylan10). This instrument will be turned over to general use
after the project is compied.

Action: Avoiding Conflicts
1. Prof. VanDuzer bought a Semigroup reactive ion etching system, which is restricted
to the use of cryoelectrorscesearchers.

2. The expansion of sensors research increased the demand and toll on-gikcpaly
depositiortube (tylan11) to such an extent that obtaining a second system was

13



unavoidable. The decision to build onehiouse was most unfortunate (see
discussion below); however, we are now close to completion and to making both the
BSAC and the Device and Proc@sschnology groups happy.

3. One of the analytical instruments which is used by all lab users, the Alphastep
profilometer, needed upgrading and more flexibility to accommodate measuring
samples of varying size¥/e were able to buy, at a reduced price, aoraated
instrument; thus, diminishing aggravation caused by having to change settings
between the Si and GaAs samples.

Action: OldMachines Retired

We have some old machines in the Microlab which are simply worn out. Maintaining these is
an unending joland at one point we have to decide that we cannot afford to do so any longer.
One prime example is the MRC zinc oxide sputterer which serves a rather limited clientele.
Our discussions with the BSAC professors resulted in them including a requestefor a
sputterer in one of their research proposals. These type of requests have been and will be
communicated to the professors, many of whom seem to be oblivious to the fact that
equipment has a limited lifetime and patgh jobs will not resurrect themadm the junk pile.

Action: Service Priorities

Establishing priorities in servicing equipment used by different groups turned out to be quite
a balancing act. We were made aware on several occasions that a professor was unhappy
with the service his groupasgetting, or that the service is not in proportion to the support
his student are providing for the lab. Well, what can we do? Bob Hamilton and | are trying
to do our best to satisfy every need; but, sometimes certain jobs have to take lower priority.
There is no partiality here, only limited resources. We asked Dave Mudie to write us the
TECHJOB program which lists the projects for each technician in order of priority. Every
morning we review the list together and discuss what is the most efficagnive can handle

the problems. Inevitably, some jobs will not get done rightyattas not for lack of trying.

Action: InnHouse Modifications

One of the nice things about our lab, visitors often say, is the freedom students have in
accessing equipmerin requesting changes to accommodate some special need. Flexibility
is a key word here and we are really trying to do everything to help researchers. Some
equipment modification, upgrade, is going on all the time. Major ones we completed last
year wee:
¢ Modification of the ion implanter (rewiring for automation of vacuum system and
control panel);
e Upgrading of the Plasmatherm RIE to accept 4" wafers and to handle corrosive gases,
such as Hl and HBr;
¢ Retrofitting of one of the Lindberg furnaces &amospheric silicon nitride deposition
for the compound semiconductor group;
Conversion of three vacuum systems (nrc, ionmill, dw) to-puamps;
Modification of the Eaton Wafer Track to spin on contrast enhancement material,
Remodeling of sinks 2 arfl according to special requests;
Installation of special gas lines, Ar, NHBto tylan6.
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With the rapidly advancing sophistication and availability of semiconductor processing
equipmentthe long standing philosophy of building our own machinery rbagiut to rest.
While we may have the design capability to build certain systems we certainly do not have
the manpower to execute it without a great burden to the rest of the operations. The new
poly-silicon deposition system turned out to be just thee are near completion now but a
list of other jobs, including preventive maintenance, had to be put on hold and all we were
able to do these past four months was to keep our head above water. When | took over the
management | made the statement tosthé that we are not in the equipmdntilding

business and | will not accept such jobs. After a year we are still not completely done with
winding down what | inherited. We certainly did not save any money. The cost of
retrofitting tylan16 cost $25kKni parts only.

New Liquid Nitrogen Vessel

We took an active part in helping the Department to build the new MBE lab (155 Cory). Bob
Hamilton and Dick Chan served as consultants to the Department Engineer and the
Development Engineer in the new lab, J&@@masso. We had to arrange for a larger LN tank
(3000 gal) to also servidbe new lab. Chemical and other supplies are obtained by them
through the Microlab.

COMMENTS

| have spent a considerable amount of thought and time on formalizing the reqiiigiees
manager's job in this unit. | was given the charter of "running the lab", which, as | learned
during this past year, meant tham to "operate it without creating problems for

EECS/ERL; make it transparent to professorsewdything to furtheresearch projects; do it
within a budget which includes partial repayment of inherited deficit; and smile!" | translated
this into the job description, which in turn served as the outline for these notes. In-the sub
sections | presented some of my thougimnt®ach subject and what we have done in that area.
This process gave me an opportunity, in fact made me do it, to place everything in
perspective and to formulatensrkable system for "running the lab”, the way | know how.

Microfabrication Facility Staff

|
Professor Ping K. Ko 1
Faculty-in-Charge |
Katalin Voros
Manager
Senior Development Engineer
Maintenance Staff Process Staff
Bob Hamilton
Maintenance Supervisor Tom Booth
Associate Development Engineer Staff Research Associate |
Kim Chan
Dick Chan Staff Research Associate Il
Junior Development Engineer Dave Hebert |
Phillip Guillory Associate Development Engineer, |
Development Technician V Cryoelectronics
Steve Hoagland Marilyn Kushner
Principal Electronics Technician Laboratory Assistant Il
Robert Norman Dave Mudie
Development Technician IV Programmer/Analyst II
James Parrish Robin R. Rudell
Principal Laboratory Mechanician Staff Research Associate |l
Rosemary Spivey
Administrative Assistant

August 1987
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TO:

FROM:

SUBJECT:

DATE:

ce

Yet another year passed in the life of the Microlab, and mine, and it is time for another performance
evaluation. Actually, this is a good occasion to summarize what happened during 1988 and to put it in per-
spective to see if any trends or possible predictions developed. To assist you in writing my A&PS Perfor-
mance Appraisal, T will be following, same as last year, the sequence of entries in my job description,

1988Year End Report

MEMORANDUM

Prof. Ping K. Ko, Faculty-in-Charge

Katalin Voros, Microlab Manager K([}rm

Microlab Status Report
Information for Performance Appraisal (1988)

January 17, 1989

N. Cheung

D. Hodges
W.G. Oldham
E. Wong

which covers fairly exhaustively the work involved in managing the lab.

SUPERVISION OF STAFF

This arca of responsibility continues to take up quite a large chunk of my time and efforts. As can be seen
in the attached staff chart we have 20 staff members (8 A&PS) directly involved with the Microlab
(although not all of them are paid by the lab), all of whom have to be supervised/managed, reviewed, and

have their problems taken care of.

1. Maintenance Staff

Under the supervision of Robert Hamilton we now have a high level technicians’ staff who are
expected to and are capable of maintaining equipment {rom a simple bake éy%n foa sophisticated
exposure tool or ion 1mplamer Their area of responsibility also includes FagHities- “stich as the DI
water plant, gas supplies, air handling, etc. The equipment list contains 135 machines with mechani-
cal and/or electronic subassemblies and controls, and a total of 82 vacuum pumps (a mixture of both
low and high vacuum pumps).

We found that the job classification best suited to the lab’s needs is the Development Technician’s
series, which requires having a wide range of skills encompassing mechanical /electrical/electronical
repair and design capability. Thus, when Dick Chan, Junior Dev. Eng. resigned, we retired his
classification and hired a Dev. Tech. V. After the reclassification of Robert Norman from level IV 1o
V, we now have three Dev. Tech, V’s, Phillip Guillory, Robert Norman, and new hire Evan Stateler.

With the two other, more specialized technicians, Steve Hoagland, Principal Electronics Technician,
who takes care of complex electronics subassemblies; and James Parrish, Principal Laboratory
Mechanician, who services, rebuilds all the vacuum pumps, we now have good maintenance cover-
age and only rarely need to call outside services. From the first, this was my goal and we have come
as close 1o it as possible with available resources.
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