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Workshop Summary

On August 3, 1993 Lawrence Berkeley Laboratory (LBL) hosted a workshop for a
national audience on local and national opportunities to develop high-aspect-ratio 3D
microstructures in the U.S. The best example of an application for this technology is
micro-electro-magnetic-mechanical systems (MEMMS). Locally, this opportunity is
based on a unique combination of resources: the newly commissioned Advanced Light
Source (ALS) and the Center for X-ray Optics (CXRO) at LBL; the contiguous UC
Berkeley campus and its Berkeley Sensor and Actuator Center (BSAC); and the broad
industrial base in microfabrication in nearby Silicon Valley. It is generally believed that in
the near future applications for micro-electromagnetic mechanical systems sensors and
actuators will be ubiquitous and incorporated into all major industries, including
aerospace, transportation, data storage, and biomedicine.

This workshop was divided in two parts. In the first half, a variety of speakers from
industry, academia and national laboratories expressed their views on the applications and
technological challenges of MEMMS devices. Participants also outlined the resources
their organization could provide for this national initiative. Copies of each speaker's
viewgraphs are reproduced here. In the second half of the day, interested participants
met to develop a consensus on the next steps required to implement the vision for a
robust HAR-MEMMS capability in the U.S. In order to accomplish this locally, the
participants agreed to a four point plan (outlined below). A Participating Research Team
(PRT) was formed by BSAC, LBL, Lawrence Livermore National Laboratory (LLNL),
Jet Propulsion Laboratory (JPL) and Sandia National Laboratories (SNLL) one week after
the conference to initiate activities at the ALS.

Keith Jackson of LBL's CXRO opened the meeting with a report on the plans for the
ALS facility, which is in three phases. First a temporary white light beamline will be
built as an extension of the existing "microprobe" beamline and hutch on bending magnet
10.3. This will be available in the first quarter of 1994 for exposures. The PRT will
implement this station. In the second phase, two dedicated bending magnet beamlines
will be buift with planar and aspheric optics to permit research and normal incidence 4"
wafer exposures respectively. In the third phase an exposure station based on a "wiggler”
will be built, which will have shorter wavelengths to simultaneously expose thick resists
in minutes.

Chantal Khan-Malek, also of CXRO, gave a talk introducing the basics of deep-etch x-
ray lithography. She showed how the 3-9 KeV x-rays from the ALS or other light source
can penetrate deeply in a resist medium and allow the construction of 3D microstructures
that can be mass produced. She also outlined the mask requirements and resist processing
issues that will be addressed at LBL.

Glen Dahlbacka of LBL's Industrial Program Development outlined the goals of the
industrial program which were to develop stable and reliable processes based on the
philosophy that drove the CMOS revolution. He presented cost estimates showing the
substantial economies that can be achieved using this massively parallel manufacturing
technology. One ALS beamline can potentially manufacture a billion 300pm x 300pm
"widgets" per year at an estimated cost of microdollars each.

JPL and LLNL, founding members of the PRT, presented the goals and capabilities of
their microfabrication programs. They both have immediate applications in x-ray optics
where deep-etch x-ray lithography is uniquely suited. LLNL has committed to make its
extensive electroplating and diamond turning facilities available to the program. These




along with the LBL electrochemical capability for research (see Phil Ross's talk) and
plating Au, Cu and Ni will provide substantial capability for materials selection. SNLL &
JPL also have electroplating capability available. JPL also will make available its e-beam
writer for precision mask writing.

Richard Muller of BSAC outlined the fundamentals of micromachines and pointed to
the HAR-MEMMS capability to provide higher forces, greater accuracy and increase
materials choice in microfabrication. Richard White, also of BSAC, presented a novel and
important application for microfabrication with his work in polymerase chain reaction
(PCR) chambers. Using microfabricated reaction chambers the PCR reaction can be
driven 3-4 times as fast and 100 times more efficiently (wrt energy) than conventional
equipment.

Bob Warrington of Louisiana Tech outlined a sister program that is starting at the
Louisiana State University Center for Advanced Microstructures and Devices. Close
collaboration between the ALS and LTU programs and others in the US will provide
rapid development and duplicative infrastructure that will be important in
commercialization, since industry will require backup sources for exposure during
manufacturing runs.

IBM outlined their interest in this technology for precise head positioning for hard
disk drives. IBM also has applications in shock and acceleration detectors to eliminate
spurious writing and in track following. The hard disk market is a large potential market
for this manufacturing technology.

Cheryl Fragiadakis, Head of the Technology Transfer Department at LBL outlined
several mechanisms that industrial users can use to work with LBL. During this
discussion, the issue of proprietary work on the ALS was raised. Industry proprietary
data will be protected, both physically and intellectually. The ALS is a controlled access
tacility that will require badges. The mezzanine of the facility has space for locked
offices with locked cabinets for secure storage. Proprietary data exchange agreements can
be executed between key LBL staff that might assist in proprietary effort and an
industrial user. A cost recovery fee is charged for proprietary users that will be
$100/hour for the ALS use (light) and appropriate charges for other services as rendered.

The workshop participants met after the presentations and developed a consensus on
four key issues. First, that the HAR-MEMMS community needs a bending magnet
facility and a wavelength shifting wiggler at the ALS. This equipment will provide a high
throughput deep x-ray lithography exposure facility suitable for industrial prototype
development, a branchline for the further development of exposure systems, and a white
radiation beamline for resist exposure modeling. Later in the program, the wiggler
"wavelength shifter" will provide tunable higher energy radiation so that two wavelengths
of exposure can be used simultaneously and optimally for the thickness of resist used.
Second, that initiating MEMMS activities at LBL now will further establish the U.S. as a
serious competitor in this emerging technology. Third, that in addition to the beamlines
and exposure systems, there must be a baseline processing capability onsite in mask
fabrication, resist processing, and electroplating. This will allow conceptual designs to be
fabricated while more advanced processes are being developed. Fourth, that support of
research in the areas of electro-plating, x-ray resists, mold release agents, and process
modeling must be recognized as a critical part of any MEMMS program.
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Mask Fabrication for Deep Etch Lithography

1 Step Fabrication Process

o — Resist (10-20 ym)
M < Plating base
' " Mask membrane

Photolithograpiy
or e-beam lithography

1
Expusure

Development

Au electroplating
(5-15:um)

Resist and plating base removal
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Movabis, Flexible and Free Microstructures: SLIGA |8

Conductive
Sacrificlal layer — sacrificial layer
ypropantlon Adhesion layer
> Substrate
3 l & & l i l l
e “# — X-ray mask
DXRL resist
exposure L’;’;’:‘ resist
Resist
development
Metal
Emmform,ng Sacrificial
layer
Stripping of Movable iparis
resist and of . .
sacrificlal layer Pvced e
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HAR-MEMMS at LBL

MEMS Activities at Berkeley

Sensor and Actuator Center

Richard Muller
UC Berkeley

August 3, 1993
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MISSION:

TO DEVELOP A SCIENCE AND ENGINEERING
BASE FOR MICROSENSORS, MICROACTUATORS
AND MICROELECTROMECHANICAL SYSTEMS.



SERKELEY
SENSOR &mmnon CENTER

An NSFW cooperatwe Research Cenier

o INTERDISCIPLINARY -
. Electrical Englneering
Mechanical Englneering

Materials Science

¢ RESEARCH CONCENTRAT!ON AREAS
Integrated microsensors
Microactuators
Microdevice technologies
Microflow Systems
Microelectromagnetic Systems (MEMS)
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MICROSENSORS & MICROACTUATORS

R.S. Muller, A.P. Pisano, R.M. Whire Oxford University

July, 1991

SURFACE MICROMACHINING TECHNOLOGY:
BASIC PROCESS SEQUENCE

1. SPACER LAYER DEPOSITION
SPACER LAVER

SILICON SUBSTRATE

2. BASE PATTERNING (MASK 1)
BASE WINDOW ‘

SPAC!'H LaY..s
/ /
/ / \

SILICON SUBSTRATE




MICROSENSORS & MICROACTUATOR
R.S. Muller, A.P. Pisano, R.M. White S Oxford }JJ;iyVG;;iJ{

SURFACE MICROMACHINING TECHNOLOGY (Cont.)

3. MICROSTRUCTURE LAYER DEPOSITION
" MICROSTRUCTURE LAYER

/

SILICON SUBSTRATE

4. PATTERN MICROSTRUCTURE LAYER (MASK 2)

SILICON SUBSTRATE
T

§. SELECTIVE ETCHING OF SPACER LAYER

FREESTANDING MICROSTRUCTURE

SILICON SUBSTRATE




MICROSENSORS & MICROACTU
AT
RS, Muller, A.P. Pisano, R.M. White oRS Oxford University
July, 1991

1st Polysllicon

1st PSG &
Kj %/ v4 /‘m

G 2nd PSG st Polysiliccn

Surie mge o
Ll\r"' ///17*"7117-\_

20nd PSG  2nd Polysilicon 1st P1olysl‘.lcon

\ F///////L

1st PSG




MICROSENSORS & MICROACTUATORS Oxford Universisy
R.S. Muller, A.P, Pisamo, R.M. White July, 1991
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MICROSENSORS & MICROACTL
RS. Muller, A.P. Pisano, RM. wm::m ATORS

Oxford University
July, 1991

tst Polysliicon

2nd PSG
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EXAMPLES OF MICROMECHANICAL STRUCTURES
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supplicdd by Prof Marnore Hoy and Mr Tim Pri<nail UC Berkoiey'
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Vertical vs. Lateral Oscillation
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Dinglesement vs. Applied Voltage
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Surfme—mnmmwhmm Fme-lahncc_ Accelerometer
R.S. mnmltxﬂt. mmm Acmtors 1991,

Society of Axtmmtiv: Knginpers, Byrols, Mich. February 1991,

ammmmrmm,
inteprated BHCMNOS Nler citli

o Electmsmk hrc&hhnce, self-tut capability
: T ,I 100 g range (lirtq mloymem)

Tcﬁhegs

(Moving Plates) [/ >/%ed =015

Anchors
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Mlmthdnuiu. all oa ene ckip. Designad for £ swagive
nrh;dep _meal, the ADXLEY's pr & ot ubmﬂlwﬂw
whose commen plm mives ia the plane o sne chip.

* ¢ -
«

RSN




s e e e
. s
SR g

a,{.a;gy

R ﬁ..:..t..:-




. This microgripper, made by C.-§. Kim, A.2. Pisano and R.S. Mu
of Berkeley Sensor & Actubtor Center, hoids an Eugliene (@ sir
cell protozoa, 7x40 um), preserved by K.D. Lee. The SEN pict
has been taken with the heip of V. Gutnik.
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Estimated Gripping Force of 0.4mm-Long Gripper
10°N

/
100
/

Initial jaw disp = OE-6 m /
Initial jaw disp = 2E-6 m /
80 — 1 Initial jaw disp = 4E-6 m / 1
——— il jaw disp = 6E-6m 7 +
¥

70 .
7
60 - ;

.

..
] (]
g ¢
‘. ‘
5 0 Pi 2
3
$
J

<4
-
“
So

'.
.l
."'

o / [

. / & / ’/

10 ; ‘ :
D ¢
| / Py 4 ’
o
/! ! /

- 0 r) /

c'.‘ 4 Vi
0 — .

0 10 20 30 40 50 Volts

Fig. 5.3 Estimated gripping force of the 400um-long-(300um-long driver amm and
100pm-long extension arm) microgripper as-a function of dniving voltage
and with the initial jaw displacement (depending on object size) as a
parameter.
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Fig. 3.7 Comparison of three elastic models of gripper arm.
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POLYSILICON LINEAR MICROVIBROMOTORS

Abraham P. Lee", D.J. Nikkel, Jr.T, and Albert P. Pisano

Department of Mechanical Engineering
University of California at Berkeley
Berkeley Sensor & Actuator Center

An NSF/Industry/University Research Cooperative

tLawrence Livermore National Laboratory

4 oblique pointer PeaVe g
converter

e : ? = U :
nuim?t'u wlln'l'nn inpd & l'l? T

Fig. 1 Design layout of the linear microvibromotor with oblique
pointer extended from converter.
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1aKY 199,60 I T

agedae
ig. 2 SEM micrograph of linear microvibromotor with close-up
of the converter oblique pointer tips. Notice the double
layer rim on the side of the slider.

£ ~:
RN
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b PR AN G (R e N T oy

g. 3 SEM micrograph of linear microvibromotor with oblique
pointer extended from microslider.

he comb finger drives of the converters are designed such that the
ectrostatic force will push the pointers toward the slider instead
carlier designs (7] that pull away from the rotor. The folded
hm flexures are 1.6 pm wide and 200 pm long. The microslider
a hollow rectangular block constrained to move in the horizontal
ion by a flange in the middle. The block is 360 pm x 58 um
d the hollow portion is 320 pm x 18 pm. The flange is 211 pm
ng which leaves a 109 pm total drive range of the microslider.
ouble layer side rims are on both drive sides of the slider to
fovide a larger impact target. These rims are 4.3 pum high. The
prtical clearance between the microslider and the flange is 0.9 um
hile the lateral clearance is 2 wm. Dimples are evenly distributed
fong the converters and the slider, and the height of the dimples is
.S'u-i_ta_. Figure 2 is an SEM micregraph of this type of linear

microvibromotor with a close-up of the oblique pointers by the side
of the microslider.

Another type of microvibromotor is an inverted designed
with the oblique flexures extended from the microslider. A
horizontal portion of the flexures provide an impact target for the
converters,  Figure 3 is an SEM micrograph of this type of
microvibromotor.

CONVERTER
(rasonator)

SLIDER

CONVERTER
(resonstor)

4

Fig. 4 Actuation principle of linear microvibromotor.

ACTUATION PRINCIPLE

Figure 4 illustrates the actuation principle of lincar
microvibromotors.  When the two coaverters are driven in phase
towuddwnﬁaosﬁder.dtcobliqmpoimbegin(odd\igaas
contact impac. force is induced betweea the oblique pointer and the
microslider. This deflection kinematically results in a2 forward
displacement cf the pointer tp, dragging the microslider elong by
means of friction force. The impact force is balanced with the
inertial mc mentum of the converters, the bending forces of the
oblique pointer and folded beam flexure, and the electrastetic
driving force. Combined with the friction and impact sustained
between the flange and the microslider, the system beccmes very
nonlinear in nature. An attempt to explain some design sspects as
well as a simplified forward motion analysis will be made.

For a static analysis, Fig. S illustrates a simplified madel 0
represent the actuation principle of the microvibromotor. The act
vertical force exerted on the converter is represented by F and the
net horizontal force exerted on the slider is F;.  One end of the
oblique pointer is assumed to be clamped to the converter mass
while the other end is hinged on the microslider. Assume the
width of the beam negligible compared to the length of the beam
and F, equal to zero. That is, assume the resisting friction force of
the microslider nonexistent.  The displacements can then be
derived from the flexure of the oblique pointer as:

-
‘S

e



reS0IULON. BAICRK CrECloNn OF INC PLALE SECINeS 085 YASARLY 1RGN SN0 0CPOSSI-
bic by agitation during rinsing. An SEM showin ! tevali of -these hinged str tures
with slotied-lock retainers are shown in Fig. L11.C. use for these structures

A concept
in a two-axis gyro is shown in Fig. 111.C.6. Whe combined results of the research we
propose will eventually make such a system possible. .

die
" Figure ntcs. v.nmzs%vwz( I ' .
structures M at
MGS Concept for « hinged

T":s‘wmumoimm- ~ Figwe .h‘wwd":‘”

Microcmnng and Joining. By .uizﬁ-.. con cal ol idgre,

mechasical separation can be achicved i‘ joiniag i} possitle

bymweddet MEMS 1991} waponswl.: »

MICROMACHI MING METH oDS

Wmmmnemtm'mumml-:m
m.m.umnmxed ity Mages anj the 1.000 , cabl3 w
uniuduamm; ph.hlxteoinplacew-m

Figurs HL.D.1.

Mkmmmm Research on thermal coting sl Iusadag of
con will lead o very useful microfsbricetion nrocedures. WSRO S S ~isa 5wl



Possible Applications

Micro fine tuning head of magnetic disk head.
Micro positioner/manipulator/robot.

Optical shutter.

Abrzhem P, Lee
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MICROACTUATION

e Electrostatic

e Piezoelectric

e Pneumatic

e Thermal Bimorph

e Fluidic Phase Change
e Ultrasonic

e Magnetic

e Shape Memory Alloy




BATCH FABRICATION AND ASSEMBLY OF
MICROMOTOR-DRIVEN MECHANISMS
WITH MULTI-LEVEL LINKAGES

Yogesh Gianchandani and Khalil Najafi

Center for I:itegrated Sensors and Circuits
University of Michigan
Ann Arbor, Michigan 48109-2122

S——

LA X144 1G0rm NO3S

Ba2I 3.TKY

TWO SILICON-, ONE GLASS- WAFER |
FOR ASSEMBLED MECHANISMS

UNIV. of MICHIGAN - MEMS’§2
81




*eleancccccacacensey

wn st swcom

'n) Etch bonding posts (anchors) and bushings using RIE or KOH on the first silicom wafies.

e

ROTOR we STATOR

b) Perform desp boron diffusion and define microstructures (rotor, stator, amd Wb}

using RIE.
PINS j

SEOMBEIICON

c} Pecfren a @oep antsotropic RIE etch on the second silicon wafer te defime pins. .

BAR
LINKAGE WRFER

e) Electrostatically bond the first silicon wafer to a glass wafer petcernegd with the
interconnect metal and dissolve undoped silicon in EDP to free the a:d}{o’r_,_cnd gear.

Restraints prevent devices from floating away at this stege in the process.

f) Electrostatically bond the second silicon wafer to the glass wafer, dissolve the
undoped silicon in EDP to free the entire structure. The mechanism is batch-
assembled and fabricated at this point. The bar linkage allows the motor power to
be coupled out to the outside world. The restraints are blown out either
electrically or by laser.

Figure 1: Process sequence {or batch fabrication and assembly of micromotor-driven mechanisms.




What can HARMEMS

Bring to Actuated Microstructures?

e Increased Force

e Increased Strength

e Power Train Possibilities
e New Degrees of Freedom

NEEDED RESEARCH

e Materials Studies
e Electronics Compatibility Studies

- 83




HAR-MEMMS at LBL

DNA Amplification with a

Microfabricated Reaction

Chamber
Dick White

Berkeley Sensors and Actuators Center

UC Berkeley

August 3, 1993
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292 Part Three: Microbial Genetics

Targeted -

CYCLE 1

Steps
1and 2

CYCLE 3

tand2

P —

L

Figme 148  The Polyersse Chaia Beaction. In three cyches, the
targeted sequence tes been amplified ©0 produce dight capies. Sex text for
dernili,

Figure 14.9 A Moders PCR Machise. PCR machines are sow fully
automated and microprocessor controlled. They can process up to0 96
samples at a time.

of a specific DNA and provide sufficient material for aces
rately sequencing the fragment or cloning it by standard tech
niques. Undoubtedly PCR will be used extensively to aé
genetic mapping in the human genome project. PCR-based di
agnostic tests for AIDS, Lyme disease, chlamydia, the hums
papilloma virus, and other infectious agents and discases ar
being developed. PCR is particularly valuable in the detectio
of genetic diseases such as sickle cell anemia, pheaylketonsrie
and muscular dystrophy. The technique is already haviag ®
impact on forensic science where it is being used in crimime
cases. It is possible to exclude or incriminate suspects wsim,
extremely small samples of biological material discoversd &
the crime scene.

Preparation of Recombinant DNA

There are three ways to obtain adequate quantities of & D067
fragment. One can extract all the DNA from an ezguaiden
fragment it, isolate the fragment of interest, and finally ebve:
it. Alternatively, all of the fragments can be cloned by mss
of a suitable vector, and each clone (the population of idhwtic:
molecules with a single ancestral molecule) can be sestud %
the desired gene. One also can directly synthesias ths i
DNA fragment as described carlicr, and then clume .

89




203090 J01BTIOY PUB JOSUIS Aojonog

"waysKs agen[ead o) od£1-010id
IJIAJ(] disey

Qo




JUNLIVYIdNIL

- . oLl

0IAJP [N GT 10J 9935/D O < JO SN [[ej/osU
901AJP [N (S 10J 998/D T < JO sowm [[ej/osut
:SOTISLIAIOBIBYD ANJRIAWR], g

| Suip£H samjesaduwa],

B



101U0)) JOTRMIOY PuUs JOSUIS A1

MO00ZT-0S TeduRWo)) -
M1 < :90IA3-OIIA -
sjuswAinbay Jomod <=

SUTW(p 19[4
[edLIPWwIo)) -
UIwIg ¢ | :901A(J-OIOTA -
$91049 T
10J W], UOT}ORY =

9OIA(J-OIOTN

I9[04D) [erorowwIo))

piepuels 3pIS

SISy YOd




COLLABORATORS

Jeff Kortright
Center for X-ray Optics
Lawrence Berkeley Laboratory

and

Mike Toney and Owen Melroy

IBM Almaden Research Center
San Jose CA

LBL investigators supported by Office ot Energy
Research, Oftfice ot Basic Energy Sciences, Division of
Materials Sciences, U.S. Department of Energy. (BM
investigators supported by a grant from the Office of
Naval Research. Experimenis were conducted at the
Stanford Synchrotron Research Laboratory, which is
operated as a national user facility by Stantord
University for the U.S. Department of Energy, Office of
Energy Research, Office of Basic Energy Sciences,
Chemical Sciences Division.
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ROADMAP

. ELASTIC WAVE AND DEVICE FUNDAMENTALS

. OPTIONS — OPEN OR CLOSED, GELS, CHANNELS, ...

. SENSING: '
VISCOSITY — FLUIDS; MOLECULAR WEIGHT EFFECT
GRAVIMETRIC — LIQUID DENSITY; MOLECULES; CELLS

. KINETIC EFFECTS:

MICROTRANSPORT —~ GRANULES IN GAS; LIQUIDS
STIRRING AND MIXING
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Top vm{ of chip: |

' metal ground
. plane (0.2-0.5um) IDTs (A, 0.2-0.5 um)

Cross section A-A”: er ZnO (0.3-1.5 um)

Silicon nitride

(0.8-4 uym)

oo'oc'-o.oo'c-oloc'-toouctcotocQIuc-d.clQCltc'-'Icr'u.....!".n'tcu.q

lQ‘.l...COCOCOCICIICOICOGOU60OCQCICI'0.“'IIQ.‘....C.'......III.I.QOC

o)
N




Lo, i e

i |22

w

: w2
fles =75

22 1s e






96

Why Plate Waves?

]

W )} Qum)

o Low velocity
* low frequency
e no radiation in liquids — low-loss
operation
e High sensitivity
e Large amplitude — Pump solids and liquids
e Micromachinable

n ‘Berkeley Sensor & Actuator Center__.__
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VIDEO: ULTRASONIC MICROTRANSPORT -
LOOKING DOWN ONTO MEMBRANE WITH TRANS-DUCERS
TO LEFT AND RIGHT:

LINEAR DRIVE ROTATIONAL DRIVE

= HICCI S I

103
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VIDEO: ULTRASONIC MICROTRANSPORT

LOOKING DOWN AT MEMBRANE - TRANSDUCERS L & R:

- IN AIR, DRIVING BOTH TRANSDUCERS CAUSES
ROTATION OF POLYCRYSTALLINE SILICON FLAKE
(MEASURES 1 MICRON x 300 MICRONS x 300 MICRONS).
DRIVING ONE TRANSDUCER MOVES FLAKE IN ONE
DIRECTION ATUP TO 3 cm/s

- WATER WITH 2.5-MICRON POLYSTYRENE SPHERES IS
PUMPED AT UP TO 300 micron/s

« WITH STANDING WAVES, BACTERIA IN WATER
ARE TRAPPED (AND SPUN!)



HAR-MEMMS at LBL

Electrochemistry Research

at

LBL

Phil Ross
Materials Sciences Division
LBL

August 3, 1993
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BERKELEY ELECTROCHEMICAL RESEARCH CENTER
Elton Cairns, Head
INVESTIGATORS :
Elton Cairns (electrode optimization)
Lutgard De Jonghe (solid electrolytes, Li polymer batteries)
Kim Kinoshita (carbon electrodes)
Rolf Muller (ellipsometry, interfacial layers)
John Newman (modelling)
Phil Ross (x-ray methods, interfacial layers)
Charles Tobias (electrochemical engineering)

PFUNDING:
DOE/CRE (Transportation) $2 M
USABC CRADA $ 1.3 M
DOE/BES 0.6 M
STAFFING:
GSRA 10
Postdoc 7
- Staff Scientists 4
Technical 3




JOB AFFILIATIONS OF FORMER GRADUATE STUDENT ASSOCIATES
OF CHARLES W. TOBIAS

BATTERY INDUSTRY, INCLUDING RESEARCH LABORATORIES: 8

NATIONAL LABORATORIES, BATTERY RELATED RESEARCH: |
&,

. e . OTHER FUNCTIONS: 5

UNIVERSITY FACULTY, INVOLVED WITH BATTERY RESEARCH: - 8
. OONCERNED WITH DESIGN, METAL DESPOSITION, -- e

CORROSION, MODELING: 10
IBM, BELL LABS: 9
OTHER HIGH TECH INDUSTRIES: 6
CHEMICAL INDUSTRY:

14

OWN BUSINESS UNDERTAKING:

TOTAL: 68*
*Further two graduate students haven't as yet complete their degree requirements.

May 21, 1991




Chemical Engineering Departments with
Recoznized Research Programs in Electrochemical tﬁineer.‘.ni

o Johns Eopkins Universicy

oo University of California (Berkeley University of Michigan
¢ University of California (Los Angeles) o Univergity of Minnesota
Clarkson University +North Carolina Sctate Universicy
o Brigham Young University + South Carolina State University
¢ Carnegie-Mellon University o University of Rochester
o Case-Western Reserve Universicy +Texas A ¢ X
© Columbia University ¢ Texas Tech
++ University of Houston + Universicy of Virginia
¢ Uaiversity of Illinois (Urbana) + University of Wisconsin (Madison)
¢ Illinois Institute of Technology University of Texas(iustin)

Rutgers University

In Universities carked by (o) the faculty ir charge is a former studeat of Tobias"s

" " " " (+) * " is a fcormer student of a student " "

/0%
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J. Electrochem. Soc., Vol. 140, No. 7, July 1993 & The Eackachemcal Socwsty, Inc.
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Electrodeposibion of Pb Memelager on AgCuo)

2+ - dwo dubinct
Ph + 2e - PB { ¢,ucubm¢v- «fatet

3
Vv
E oo/l
Pﬁ"cw*\.&l
Pb wenelayer
4 w wiﬂt, ’
n

\*/kj Pb en Aj(m) K1
(. H%k 2 metit on low 2 svbsirite

2 v&pt' depn;c.('cd. siructure  well= [enown
' M

3. Ihccnmtusvrt‘C 16"’6"’“"3 |
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HAR-MEMMS at LBL

MEMS Activities at LLNL

Dino Ciarlo
Micro Technology Center
LLNL

August 3, 1993
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Metal Finishing Facilit
Chris Steffani, Supervisor
(510) 423-1780

Electrolytic processes

Anodizing - Type II and I1I, many colors available, thicknesses to .004",
for decoration, color coding, wear and corrosion resistance.
Black Nickel - thin, decorative nickel zinc alloy.
used as light absorbing coating, good corrosion resistance.
Copper - Bright or Dull, dead soft to 80 KSI tensile strength, thicknesses to > .500"
for brazing, electrical/thermal conductivity, single point diamond machinable.
Gold - high purity, 99.99+, soft, thicknesses to >.300'
for corrosion resistance, electrical conductivity, reflectivity.
Indium - malleable, matte white, thicknesses to 050"
excellent as a sealing gasket low temperature solder.
Iron - pure, magnetic, thicknesses to .250".
good for building up worn surfaces, magnets.
Nickel - Bright or Dull, Hard or Soft, to 175 KSI tensile strength, thicknesses to > .500".
magnetic, corrosion resistant, strong.
Platinum - Bright, silvery, hard, thin coatings only.
excellent electrical conductivity, best corrosion resistance.
Rhodium - Bright, silvery, hard, thin coatings only
excellent electrical conductivity, very wear and corrosion resistant.
Silver - Bright or Dull, thicknesses to >.050"
for anti galling, electrical conductivity, reflectivity.
Tin - pure or 60/40 SnPb, matte, thicknesses to .050"
excellent solderability, can be reflowed.
Zinc - pure, matte, thicknesses to .050"
excellent corrosion resistance

Black oxide - on copper, steel, SST, brass, aluminum,
produces black, corrosion resistant coating with a minimal dimensional change.
Cleaning - UHV processing.
reduce outgassing contamination and pumping time.
Chemical Milling - Parts can be fabricated from your artwork.
allows zero stress fabrication of thin (.0001” to .100”") metallic parts.
Electroforming - any metal can be used to form your component.
fabricate your parts to size on a mandrel of your design,
Electropolishing - SST, Copper, Aluminum, many refractories and alloys.
provides smooth, clean, passivated surfaces.
Electroless nickel - High or low phosphorus, dull or bright, thicknesses o .003"
very uniform thickness, hardenable via heat treatment, diamond turnable.
Passivation - for SST alloys
provides maximum corrosion resistance.

Qther processes

Mechanical Finishing - Buffing, graining, sand and bead blasting.
Broken tap and drill removal - saves expensive assemblies.

Full Machine shop services.
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HAR-MEMMS at LBL

Space Microsensors and

Microinstruments

Michael Hecht
Jet Propulsion Laboratory

August 3, 1993
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Nanotechnology & Science Group
Michael Hecht, Supervisor

o New Technologies (Michael Hecht)
-~ Soil Chemistry Probes
- Electron & Ion Optics (Energy & Mass
Analyzers)
- X-ray Optics (Modulation Collimators, Lobster
eyes, HARMM)
» Microinstruments (Bill Kadser)
~ Seismommeter

- wmmwrm
temperature, wind, anrosols)

- Adaptive Optics (deformable mirrors, edge

Sensors)

- Scanned Probes (BEEM, TTM, STM,AFM)
e Tunnel Sensors (Tom Kenny)

- Magnetometers

- Accelerometers

— Infrared Sensors

Nanofabrication (Paui Miaker)

= Electron Beam Lithography
= Netrology

- Bimary Optics




|+ Mix of R&D _
" ~ ~25% Baske Research (BEEM, HARMM)
~ ~25% Advanced Development (MESUR)
-~ ~50% Novel Instruments

o Customer Mix (~$3.7M Total)
- ~50% NASA
e ~40% CodeC
e ~40% Code S
e ~20% DDF, etc.
~ ~50% DoD (SDIO, Navy)
~ Technology Affiliates (Boeing, Eaton, etc.)

e New principles
-~ BEEM
- Tunnel Sensors
& New Techniques

TR ey g v e TeTrr—
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HYGROMETER PHOTO (CSMT 93032)

I e,
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This photograph shows the hygrometer mounted on a thermo-electric cooler, wh
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B. SECTION OF ACTUAL SINGLE BLADE
- AND SPACERS FOR ANE GRID.




SILICON 1S ETCHED AWAY (EAVING ALL METAL GRID :
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Mask
Fabrication (JPL,
E-Beam)

'

DEXL
(JPL, SSRL/ALS/NSLS)

v

MetalForming
(Metal Surfaces)

l

W CVD
(Ultramet) ~

Y
Metrology (JPL,
GSFC)
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4

Fine Grid Status

Demonstration Structure

- 3" Cu grid, ~10:1 (0.1 mm)
Au Electroforming (Metal Surfaces, Inc.)
CVD Tungsten (Ultramet)

— Test blanks fabricated
- Uniform deposition demonstrated

— Diffusion barrier required to eliminate
undercutting ‘

Mold Fabrication
-~ Probe limits of sawed molds
» 0.1 mm, 20:1 obtainable
' — Fabricate chemically micromachined molds
» Problem 1: Support Structures
» Problem 2: Flaws in material
— Fabricate Acrytic molds (Deep Etch X-Ray
Lithography)
» E-Beam Mask Fabricated
» Multiple Exposure Test
» Plexiglass sheet test
» ALS facility under construction
Solid vs. Free-Standing

p)

v




HAR-MEMMS at LBL

The Advanced Light Source

Brian Kincaid
Advanced Light Source
LBL

August 3, 1993
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Light

///
Advanced
Source

Advanced Light Source Schedule

ELEMENT

FYs?

FY88

1.1 Project Mgmt.
& Administration

1.2 Special Facilities
1.2.1 Storage Ring

1.2.2 Injector System

1.2.3 Control System

1.2.4 ingertion Devices

1.2.5 Beam Lines
1.3 Conventional
Facilities
1.3.1 Building Constr.

1.3.2 Thermal
StabilizatiorvAC

Milestones

* Project Start

4

+ Beneficial Occupancy,

FY89

FY90

FY91 FY82

- :
+ + . * . . .
* . . . * . .

:

FY93

-

Design

L]
Proc/Fab TestAnstall

start injector installation

¢ Complete Injector system

;
:
:
A
:
:
:
.

instaliation

¢ Finish Building 6 addition,start

storage ring installation

* Complete storage ring

installation

:
:
ol
:

* Project Completion

e
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Lawrence Berkeley Laboratory — April 10, 1993

Lawrence Berkeley Laboratory Scores
Engineering Triumph

A week ahead of schedule,
the Advanced Light Source (ALS)
at Lawrence Berkeley Laboratory (LBL) ex-
ceeded the baseline performance require-
ment for project compietion while remaining
within budget. The ALS achieved 65 milliamperes (mA) of
electron-beam current in its storage ring, well above the
§0-mA goal calied for in the project plan. On March 31, 1993,
the actual deadline, the beam current far sumpassed all
expectations, reaching 290 mA. By April 9, the current ex-
ceeded the 400-mA design goal, reaching 407 mA. This
performance is a testimony to the team of engineers, physi-
cists, and technicians working N
on the project, whose near-
perfect work in design, assem-
bly, alignment, and electronic
control enabled the ALS to op-
erate as soon as it was tumed
on. This is a rare occurrence in
high-tech projects as complex
as this one. ‘

Built with $100 million in
DOE construction funds, the
ALS is a national user facility
providing high-brightness
beams of ultraviolet and soft x-
ray light. It has been eagerly
awaited by researchers in the
physical, chemical, materials,
and e sciences. Its principal
component is a storage ring
200 meters in circumference.
A stored electron beam circulates in the ring at neady the
speed of light. The beam is guided and focused by hundreds
of precision etectromeagnets situated around the ring. Special

AAAAAAAA

/74

undulator magnets cause the electron beam
o produce synchrotron radiation, making
the ALS the world's brightest ultraviolet and
soft x-ray light source.

The most remarkable aspect of com-
missioning the ALS storage ring is the speed with which it
progressed (see table). For a project as large and complex as
the ALS, this imetable would have been impossible if not for
the high quality of the engineering that tumed the ideas of
physicist planners into reality. The fact that electronbeam was
stored on the same day the rf system was tumed on clearty
attests to this quality.
' Once the conceptual de-
sign was established, perhaps
the greatest angineering chal-
lenge was the requirement for
extremely tight tolerances in
building and aligning compo-
nents. For instance, the typi-
cal tolerance for aligning the
magnets around the storage
ring was 150 um (barely the
thickness of two human hairs),
and the tolerance for machin-
ing the 10-meter aluminum
sectors that make up the stor-
age-ring vacuum chamberwas
about the same.

At a time when some say
U.S. expertise in science and
technology is slipping, the ALS
proves we have the knowl-
edge, skill, and dedication to build a worid-class scientific
facility on time, within budget, andto alevel of perfection rarely
achieved on a comparable scale. &




LBL ALS SR Beam Current

A April 30, 1993
[mA] from 3:40 am

500

400

300

200

100

0 60 120 180 240 300
T [min]
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THE SECRETARY OF ENERGY
WASHINGTON. D.C.

March 30, 1993

Dr. Charles Shank

Director

Lawrence Berkeley Laboratory
University of California
Berkeley, California 94720

Dear Dr. Shank:

‘Congratulations om the successful completion of the new
Advanced Light Source. Please convey my appreciation
to the Lawrence Berkeley Laboratory staff members who
coatributed to this effort, especially DPrs. Brian
Kincaid and Jay Marx who guided the project. Achieving
the first stored beam in the storage ring with all
systems operating was a crucial milestone.

We are proud that tkis project will soor contribute to
the Nation’s techmrology base.

S§E9é£;1¥4{ s /7
¢;//”qﬁf?ﬁ[ﬁblﬁ7Leary
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RECOMMENDATION:

ATTACHNENTS

APPROYED: —®

-ps VO WwEM |J 3/3

“P{38Rn EIS SAN pl

Department of Energy
Waghington, DC 20586

S es B
ACQUISITION EXECUTIVE~ ~~

JAMES F. DECKER S
ACTING DIRECTOR, OFFICE of ENERGY RESEARCH "

ACTION: Appreval of Key Dectsfon 4 - Approvel to Commence
Operatien of the Advanced Light Source

The 1-2 Ga¥ Symchretren Radfation Source Project (also mewm as
the Advasced Light Seurce) s conplats, tested, and veady to begin
operation. The Preject Kanagenent System (DOE Ovrder 400.1)

- requives approval by the Acquisition Executive to Gagdnm eperation
for expecriments. '

. The Advanced Light Source at Lawrance Berkeley Laboratery was
reviewed (atta t 1) by a Departmaat of Energy Rewiew
Cosmittes on May 25, 1993, and was found to have aat its
technical comissiontng goals.

- The close-out review of the construction project was followed
by a safety raview (attachment 2). to detsrutne vhether this
factlity had the necessary safeguards and procedyres {m place
to be operated safely and to be a safs place for sciemtists to
carry out experivents. The result of the safety review s
that the necessary sifeguards are in place and that the staff
have environment, health, and safety uppermost in their comcern
in operating the facility.

e Many user scientists fram Lawrence Berkeley Laboratory,
industry, unfversities, and ather Federal labaratories are
anxfous to begin experiments usin? the unique gualities of
synchrotron light tn the vacuum ultraviolet and X-ray spectral
regions. They have coummitted substantial efforts and resqdvces
toward the design and fabricatton of sophisticatad
instrumentatfon which will lait the syachrotroa 1light
generated by the Advanced Light Scurce.

I recossend that the Acquisition Executive approve Kéy
Decision 4 to begin oparation of the Advarnced Light Source.

o 2

DISAPPROVED:

L

DATE: duly 19, 1998

CONCURRENCES :

/82
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Booster
Synchrotron

* Will change to U10 in 1995

XBL 928-5341A
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HAR-MEMMS at LBL

Institute for Micromachining

Robert Warrington
Louisiana Tech University

August 3, 1993
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MICROMANUFACTURING INITIATIVES IN LOUISIANA
1985 AT&T Foundation Planning Grant for Mariufacturing

1986-89 AT&T Foundation Grant for Manufacturing Systems
Engineering

1986 Focus on micromanufacturing: micro fluids and heat
transfer, miniaturized cryogenic probes

1988 Award from the DOE for the Establishment of the
Center for Advanced Microstructures and Devices
(CAMD)

198992 AT&T Foundation Grant; Manufacturing Systems
Engineering, Phac I, Focus Micromantlu:hu'ing -

1990 Start Construchon of CAMD Facility

1991 DOE Development Grant for Miicromanufacturing
First Injection for CAMD Storage Ring

1992 DOE Infrastructure Grant for M
CAMD Synchrotron Operational

1992-93 State Appropriation for Equipment for the IfM
State Line Item Funding for the IfM

199295 AT&T Foundation Grant, Phase 111
Award from DOE for the Establishment of the IfM

i
¥

1993 X-ray Transport Lines and Exposure Station Ordered |

1998 Groundbreaking IfM Facility




MICROMANUFACTURING

A set of processes for the creation of structures,
devices or systems with feature sizes typically

on the order of micrometers.
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o THE INSTITUTE FOR MICROMANUFACTURING

; “A resource for the development of fabrication
~ processes for the Industrial Utilization of Micro-
Structures, Devices, or Systems.

»  Diversity in process research activities with the
ability to malch the best miniaturization
techuologies for the economic manufacture of small

iy, |

. .W amd flexible organization cypable
of aufiaptiing o mcet the needs of industry.

. Committed to partmerships with imdwstry.

o«  Curricula development and edgcation i the
micromanufacturing techaologhes.

193




A 40,000 ft? building dedicated to MEMS with 20,000 ft* of
- environmentally controlled amd vibrationally isolated
laboratory space. Initially, 2, 500 fi® of cleanroom will be
installed with future expansion capamty to 5,000 ft2.

State supported positions for the Ins_utute.( ;

Conventional photolithography and chemical etch for
surface and bulk mlcromachmmg of slhcon |

Teachmg laboratories for 'MEMS processmg wxll be‘
included. o | 2

X—ray rmcromachmmg using the CAMD synchrontmn
(critical wavelengths of 4.8 angstroms have been achieved
at 1.5 Gev; 125 ma and 200 ma at 1.5 Gev appears
possible). The beamline and exposure station have been
ordered and the IfM effort should be operational in early
1994.

Post Processing for LIGA (lithography, electroplating and
injection molding) for the prodection of high aspect ratio
parts in plastics, metals, m.) will be available at the IfM in
late 1993. . .

Alternative mlcromadhmmg capablhtles W111 include
diamond tuming, microdrifling, micro edm, focused ion

- :m m ﬂ*pnwim sawmg




The Institute for
Micromanufacturing

%
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College of Engmeeng . ;day’x Dream ¢ Louisiana Tech University
omervow’s ..B]u.

OPTICAL AND X-RAY LITHOGRAPHY PROCESSES
Institute for Micromanufacturing - Louisiana Tech University

OPTICAL MASK FABRICATION (F): The Institute will have the ability to generate

eptical masks. A pattern generator capable of 1pm resolution will be used to create the .
diesiiind: featupes on reticle emulsions.  Then these will be developed to produce the -

desined reticles and masks. Applications: contact, proximity and projecuon printing, and
step-and repeat-printing.

X-RAY MASK FABRICATION (F): The Institute will have the ability to fabricate X-ray

masks for micromaching applications (mot secessarily sub-micron feature sizes). These

‘masks will be a multilayer metal Ta/AwTa absorber on polyimide structure. Applications: =

Exposure of high-aspect ratio microstractsees im polymethylmethacrylate at the CAMD
synchrotron in Baton Rouge, LA.

BULK PROCESSING (F): The Institute will have the necessary equipment to perform

- poth: isotropic and aniisotrepic etching of silicon wafers using wet and dry processes. The
Iestitute will also bave the capability to perform anodic wafer bonding. Applications:

Create single-crystal struehures in Si and to release microsturctures from the wafer
substrate.

SURFACE PROCESSING (F): The infrastractare to deposit surface and sacrificial layers

will be available in the Insimee. Film deposition will be done by both CVD and
sputtering while film removal will be accomplished with both dry etching with RIE and
wet etching facilities. Application: the falwieation of MEMS devices and actuators using
polycrystalline material.

X-RAY LITHOGRAPHY (C/F): A Linac linear accelerator and a synchrotron storage
ring have been commissioned at CAMD, in Bason Rouge, Louisiana. The Institute has
purchased a beamline and exposure station fior s synchrotron. The Institute’s beamline
amd exposure station are dedicated to the fabmicaton of high-aspect ratio microstructures
(ot VLSD. Applications: creation of deep wemches with aspect ratios better than 10.1
amd seviiml tundied microns in depth.

ibcﬁa gmﬁﬂ%ﬂ’l\m developraent.
KniretifAvelipndiditing too:




*¥ ELECTROPLATING (C/F): The trench-like features created in the resist exposed to x-
rays in the synchrotron can be "filled" with metal by electroplating. Removal of the resixst
yields metallic microstructures. These metallic structures can be the final structure or
they can in turn be used to create other microstructures by- extrusion. Applications:
researchers have already used this technique to make micromotors, microvalves,
micronozzles, etc.

#%  INJECTION MOLDING (F): The microstructures made by electroplating can be used as
positive molds to generate polymeric female microstructures by.injection molding of the
polymeric bulk material. Applications: mass production of microstructures using the x-
ray-made master parts.

COMPLEMENTARY MCROMANUPACIURHVG PROCESS CAPABIIJHES

hau MICRODIAMCOND MACHINING (C): Maclumng a variety of materials with dxamond :
cuiting edge dimensions are typically 100 micrometers or less. Very small precision
features are possible with excellent surface finish. Applications: Ultra-high flux-
microcompact heat exchangers, Actively cooled metal optics, Post-processmg of .
photoresist and LIGA molds, Direct machmmg of nucromechamcal parts,... ,:_- G

e+ FOCUSED ION BEAM MACHINING (C): Machining any material with a focused beam
of high encrgy ions. Couples a relatively high material removal rate with micrometer-
sizmd fieatures with nanometer tolerances. Applications: Special tips for scanning probe

micaoscnpy, Fabrication of micromechanical and diamond tooling, Post-pnmg of - - .

patis: produced by LIGA, Direct writing of surface featums,

=  MICRODRILLING/MICROMILLING (C): Mechanical dnllmg and milling with micro
tepls below 100 micrometers in diameter. Cobalt steel or tungsten carbidis tonik: ppewvide
very clean holes in metals and plastics. Applications: Nozzles, mpms. «m © 25
mivomemrs diameter, Optical fiber commectors, Convection and drag
mediaction in micro heat transfer,...

a  MICRO ELECTROPLATING (C): The mass fabrication of metaflic micro parts is’

ppssilile by eclectroplating material into dics/molds madie with lithographic or

processes. The molds are of any suitable matenial which may be etched

away %o release the parts. Applications: Microelectriical: wischanical systems (MEMS)
ocerapowents, Micro gears, motors, sensors, actuators, flow controls,...

b MICRO ELECTRICAL DISCHARGE MACHIMING (C/F): Micro-EDM allows
production of micro features (holes, slots, etc.) in any electrically conductive material. :
Can be adapted for micro turning opemtions. Applications: Especially suitable for
Jificalt materials such as titanium, caibides, etc.,, Production of round parts of non-
difond: machinable aels,...

(©)  Riviess aapabitity ity \in ‘routine wse.
D Proves: eayalsihtyou"ﬁé‘ﬁ'ﬂyib‘élng-aeunundcr development.
Bloess captifity o e Scquiredieneloped during 1994,
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LASER ABLATIVE/CURING MICROMACHINING (C/F): The use of ultraviolet
(excimer) laser light to vaporize material at high energy density or to cure photoresist at
low energy density. Spot size can be sub-micrometer in diameter. Applications: Direct
writing on ceramics, diamond, or other “easy” materials, Direct-write curing of UV resists
(polyimide, etc.) for LIGA mwold making, Rapid prototyping of micromechanical parts.,,,

MICRO INJECTION MOLDING (F): Injection molding of plastics or low melffing point
metals around lithography-fabricated “cores” to form die/molds for subsequent
electroplating of micro parts, Allows mass-fabrication of micromanufactured parts from
a single x-ray lichogmphy exposure. Applications: Mokt fabrication for mass production

ofmmmmmwmmmam”mfu

valves, insulators, WS, GI5.,....
MICROMETROLOGY CAPABIIJTIES

SCANNING ELECTRON MICROSCOPY

AMRAY 1830/T4 with LaB6 source configured for electron beam writing' with

features ranging from 3 Angstroms to 100 micrometers peak-to-valley. Field of
view from 190 micrometers square to 2 millimeters square with 2-D linescan and

*s (C)
RAITH/ELPHY 1I, Multi-level Aligmment, and Proximity Correction. TV rate
scanning for teal-ume dxm m ‘of microdevices. ) ¢

** (O) CMB&IDGE 250 with LAB6 mm configured for x-ray microanalysis wuh
KEVEX SESAME system.

= @ LD EMISSION scanning electron microscope configured for low-voltage

' imaging of photoresists and other insulators and electronsensitive materials.
Comiputer enhancement and critical dimension measurement package.

SICANINING PROBE MICROSCOPY

** (1) WYKO MicroProbe 3-D scanning probe microscope with atomic force, scanming
amneling, nanolithography and atomic resolution capability. Speciaily configured
input and output modeule for maximum user flexibility and dedicated nesearch.
Research test-bed for custom tip fabrication using complementary
micromanufacturing processes.

ARGERAMNGE VERTICAL METROLOGY

Kkl (G)) WYKO Roughness/Step Tester {(RST) non-contact miscroscopy for vertical

197




** (F) Stylus Profilometer for contact metrology of thin, transparent films and large
vertical features. Measurement range from Angsioms to approximately 300
micrometers. Extra-low contact force head for sensitive materials such as resists.

IN-PROCESS METROLOGY

s F ) Long Working Distance Microscopes with phete, video, and computer imaging
capabilities. Microscopes will be used to monitor microdiamond machining
operations, clectroplating and micro injection molding, and
microdrilling/micromilling. - Vision: systems will also be used in the continued
deveiopment of automated hmmhn and quality control of nucromanufacnmng

-~
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CURRENT PROJECTS

SMART BEARING

SURFACE DRIVER
ELECTROSTATIC POSITIONER

DIAMOND TURNED MICROHEAT
EXCHANGER

FOCUSED ITON BEAM
MICROMILLING

MEMS SIMULATION/MODELING

OPTICAL TWEEZERS FOR
MICROASSEMBLY

LIGA PROCESSING

CHARACTERIZATION OF MEMS
SURFACES USING FRACTALS

" STEREO LITHOGRAPHY AT THE

MICROSCALE

PROCESS IMPLEMENTATION

<1
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CAMD Status May, 1993

Building

Linac Injector

Storage Ring

Accept. of Acc. System

XRL Beamline

Basic Sciences Beaml.
LNLS Beamline

TNT Beamline

SURA Beamline

Louis. Tech. Beamlines(2)
Harder X-Ray Beaml.

Clean Room

Exposure Tool/Stepper
Ancillary Equipment
LIGA Stepper (Loui.Tech)

S'C-Wiggler
Circ. Pol. Undulator

completed, May 1991

in Operation since 9/91

first Injection Oct. 27/91
Beam ramped to 1.2 GeV
June 3, 1992;

311 mA @1.3 GevV10/22/92
157 mA @1.4 GeV 8/25/92
115 mA @1.5 GeV 8/25/92
200 mA @1.3 GeV Routine

August 29, 1992

Commissioning
Commissioning
Operation
Delivery June
Design Phase
Installation End of 1993
August 1993 (?)

1993

Installation compl. Mar. 93
Delivery June 1993

Partly aquired or funded

May 1994
Proposal completed
Proposal completed
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EDUCATIONAL INITIATIVES IN MICROMANUFACTURING

1. Technical Enrichment Program

Micromanufacturing learning modules designed for
undergraduates, typically sophomores and juniors

2. Senior level technical electives

Micromanufacturing I and II covering lithographic
processes, complementary micromachining processes and
micrometrology

3. Five new graduate courses will be developed over
the next several years

Fundamentals of Microengineering

Metrology and Prqpe Microscopy

Complementary Micromachining Processes
Microsensors in Automated Manufacturing
Advanced Topics in Micromanufacturing Processes




*

ENGINEERING FOUNDATION CONFERENCE
. ON
THE MANUFACTURE OF
MICROELECTROMECHANICAL SYSTEMS

Late Summer/Fall 1994
Banff, Alberta, Canada

A conference which will focus on the problems and
opportunities for the manufacture of
microelectromechanical systems, including the
transfer/management of the technology. The roles of
Industry, Government, and Universities will be examined

and the development of support infrastructure will be
discussed.

<135




HAR-MEMMS at LBL

IBM MEMS Interests

Longshen Fan
IBM Almaden

August 3, 1993

17




MEMS for DATA STORAGE

Owverview

Micromotors

Shock, Acceleration Detectors
Track-Registration Servo Devices
Flying Height Adjustment Devices
Suspensions

Load/Unload Mechanisms

Si-based Sliders

Opt'ical Storage Applications
Advanced Data Storage Applications




Storage Hierarchy

Decreased Cost Increased Performance

S ' N

100 ns

/
/ Magretic Disk mes

/ Library (Optical Disk, Mag. Tape) x 10s

/ Offline Storage \

L.S.Fan (March 1993)

) B S LD Gy e »
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Components for Magnetic Data
Storage -

Rotating
Magnetic Disk

\

Suspension

AN

Rotary Actuator +
Voice-coil Motor

_ ‘\-‘I Slider +
Spindle _—

Read/Write Head
Motor

ASME TALK 04/93 (T. C. Relley, L. S. Fan)
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Trends in Magnetic Data
Storage”

@ Higher areal densities

e Higher data transfer rates

e Lower power consumption

@® Smaller form factor; lower drive height
@ Lower flying heights

@® Decreased disk spacing

¢ Ruggedized products

ASME TALK 04/93 (T. C. Relley, L. S. Fan)




Elecirostatic Micromotors

® Several groups (UCBerkeley, Case, MIT, U. Neuchatel, U.
Michigan, Karlsruhe, U. Tokyo, IBM, ...)

® Primarily low-torque devices, commonly a few um Si
® Potential torque improvements:

— Wobble motor (harmonic motor)
— Increase height

¢ [BM-Research/U. Tokyo collaboration; Furuhata, et al., 1993

— Initial structure: 7 um thick Ni, 100 ym diameter, 10,000
rpm, ~10%s lifetime.

— Recent structure: 20 ym thick Cu, 1-6 mm diameter,
constructed at IBM-Almaden, under evaluation.

ASME TALK 04/93 (T. C. Reiley, L. S. Fan)
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Microactuators for Storage
e Spindle motors for small disk
e Positioning actuator for small HSA

® Tracking fine actuator

08/92 (L.S.Fan)
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ELECTROSTATIC WOBBLE
MOTOR

A complete electrical excitation cycle causes only a
fraction of a rotation, effectively amplifying torque.

ASME TALK 04/93 (T. C. Reiley, L. S. Fan)







Micro motor

Fabrication sequence of low frictional drive
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Plated Electrostatic Wobble Motor

T. Furuhata, T. Hirano, L. H. Lane, R. E. Fontana, L. S. Fan, H.
Fujita, Feb., 1993
Toc P V2hAdS

EXP 127

ASME TALK 04/93 (T. C. Relley, L. S. Fan)




Plated Electrostatic Wobble Motor

T. Hirano, T. Furuhata, H Fujita, Feb., 1993
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Shock, Acceleration Detectors

® Primarily to eliminate spurious writing

e Cost may limit sophistication of MEMS device

e Potential future application: accelerometer to
assist in track following

ASME TALK 04/93 (7. C. Relley, L. S. Fan)

<31
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Gigabit Demonstration

1 0 Glgabi t? Microactuator

Slider

Slider

/(<25 nm




Microactuator for Two-Stage Track Registration Servo

e L. S. Fan, L. H. Lane, N. Robertson, L. Crawford, M. A.
Moser, T. C. Reiley, W. Imaino, IBM; Feb. 1993.

e Slider motion
® Thick plated copper (20 um); millimechanics

Arm/Suspension

\\‘ Actuator
C — ’/ B |
— — . Interleaved
Electrodes
/4 <> Springs
Slider/Recording Head (LR : I:!

Movable Plate
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Flylng Height Adjustment Techniques

e C. Yeack-Scranton, et al., IBM, 1986: “Taildragger” plezoeiectric

bender to reduce head-disk spacing

Bender Drive
Voltage

Recording
Head
PZT or PMN
g

PZT ot PMN

* J. Wickert, et al, Carnegie-Mellon U., 1991: Dual slider with

compliant interconnecting suspension

Frame
r = 7 a - = 7 7
Primary suspension | |
| |
| |
Pri lid
rimary slider ‘ k M |
| p— J
| -—< -
. . |
Air bearing | ' m ~—_
- - =L _T _
Disk
ASME TALK 04/93

Secondary suspension
Secondary slider
R~ad/write head

Air bearing/contact

(T. C. Reifey, L. S. Fan)




Thermo-mechanical Writing with an AFM Tip -

AFM cantilever / tip

Plastic substrate

Focused Laser Beam

Diode
Laser

® Tip is illuminated by focused laser beam
® Tip acts as nanometer-scale local heat source
@ Plastic is heated above softening point

= [ocal stress creates indentation

D. Rugar and H.J. Mamin <31
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MEMS for DATA STORAGE

Owverview

Micromotors .

Shock, Acceleration Deté&m
Track-Registration Servo Devices
Flying Height Adjustment Devices
Suspensions o
Load/Unload Mechanisms

Si-based Sliders

Optical Storage Applications
Advanced Data Storage Applications

<43




HAR-MEMMS at LBL

Technology Transfer at

Lawrence Berkeley Laboratory

Cheryl A. Fragiadakis
Technology Transfer Department
LBL

August 3, 1993

<15
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Opportunities for
Micro-Electro-Magnetic-Mechanical

at

David Attwood

Center for X-Ray Optics
Lawrence Berkeley Laboratory
1 Cyclotron Road

Berkeley, CA 94720

Sean Cahill
Menlo Park, CA

Dino R. Ciarlo

Lawrence Livermore National Lab.

7000 East Avenue
Livermore, CA 94550
(510) 422-8872
(510) 422-2783

Glen H. Dahlbacka

Lawrence Berkeley Laboratory
1 Cyclotron Road, 90-1070
Berkeley, CA 94720

(510) 486-5358

(510) 486-6457

Diane Fennell

Fennell Associates

441 Alameda Avenue

Half Moon Bay, CA 94019
(415) 726-3451

(415) 726-9019

High Aspect
Systems

Ratio
(HAR-MEMMS)

Lawrence Berkeley Laboratory (LBL)

August 3, 1993
ATTENDANCE ROSTER

Raul Beguiristain

Center for X-Ray Optics
Lawrence Berkeley Laboratory
1 Cyclotron Road

Berkeley, CA 94720

Jeanne Cherbeneau
Cherbeneau Associates
250 El Avenue
Berkeley, CA 94708

Bill Clark

University of California, Berkeley
BSAC

497 Cory Hall

Berkeley, CA 94720

Arthur B. Denison

Idaho Natl. Engineering Laboratory
EG&G ldaho, Inc.

P. O. Box 1625

Idaho Falls, ID 83415-220

(208) 526-1294

(208) 526-0690

Cheryl Fragiadakis

Lawrence Berkeley Laboratory
1 Cyclotron Road

Berkeley, CA 94720

(510) 486-7020

(510) 486-6457

James M. Bustillo

University of California, Berkeley
BSAC

497 Cory Hall

Berkeley, CA 84720

(510) 643-6690

(610) 642-2916

Patrick Cheung

University of California, Berkeley
B8SAC

497 Cory Hall

Berkeley, CA 94720

Bob Crocker

Sandia National Laboratory
P. O. Box 969
Organization 8716
Livermore, CA 94551

Longshen Fan
iBM

650 Harry Road
San Jose, CA

Shoichi Furukawa

Case Western Reserve Univ
EEAP, Glennan T14A

10900 Euclid Avenue
Cleveland, CH 44106
(216) 368-5263

(216) 368-2668
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Opportunities for
Micro-Electro-Magnetic-Mechanical

High Aspect Ratio
Systems (HAR-MEMMS)

at Lawrence Berkeley Laboratory (LBL)

Mitchell Halpern
SRI International
333 Ravenswood
Menlo Park, CA 94025

Jili M. Hruby

Sandia National Laboratory
P. O. Box 969
Organization 8716
Livermore, CA 94551
(610) 294-2596

(510) 294-3410

Hal Jerman
IC Sensors
1701 McCarthy Blvd.
Milpitas, CA 95035

James F. Key

EG&G Idaho, Inc.

P. O. Box 1625

Idaho Falls, ID 83415-205
(208) 525-5397

(208) 525-5877

Jeffrey B. Kortright

Center for X-Ray Optics
Lawrence Berkeley Laboratory
1 Cyclotron Road

Berkeley, CA 94720

(510) 486-5960

(510) 486-4550

259

August 3, 1983
ATTENDANCE ROSTER

Michael H. Hecht

Jet Propulsion Laboratory
Mail Stop 302-231

4800 Oak Grove Drive
Pasadena, CA 91109
(818) 354-2774

(818) 393-4540

Charles E. Hunt

Lawrence Livermore National Lab.
7000 East Avenue

Livermore, CA 84550

(510) 422-8354

(510) 422.2783

Jack Judy

University of California, Berkeley
BSAC

497 Cory Hall

Berkeley, CA 94720

Chantal Khan-Malek

Center for X-Ray Optics
Lawrence Berkeley Laboratory
1 Cyclotron Road

Berkeley, CA 94720

(510) 486-6894

Abraham P. Lee

Lawrence Livermore National Lab.
P. O. Box 808, L-222

7000 East Avenue

Livermore, CA 984551

(510) 423-4524

(510) 422-2783

David Hicks

NCMS

3025 Boardwalk

Ann Arbor, Ml 48108
(313) 995-4934
(313) 995-1180

Keith Jackson

Center for X-Ray Optics
Lawrence Berkeley Laboratory
1 Cyclotron Road

Berkeley, CA 94720

(510) 486-6894

Tom Kenny

Jet Propulsion Laboratory
4800 Oak Grove Drive
Pasadena, CA 91109

Brian Kincaid

Lawrence Berkeley Laboratory
1 Cyclotron Road

Berkeley, CA 94720

Michael A. Littlejohn

U.S. Army Research Office

P. O. Box 12211

Res. Triangle Park, NC 27709
(919) 549-4314

(919) 549-4310



Opportunities for
Micro-Electro-Magnetic-Mechanical

High Aspect Ratio
Systems

(HAR-MEMMS)

at Lawrence Berkeley Laboratory (LBL)

Marc J. Madou
Microfabrication Apptication
3680 Bryant Street

Palo Alto, CA 94306

(415) 858-1663

(415) 858-1663

Shaun L. McCarthy
Ford Motor Company
P. O. Box 20583

M/D 3439-SRL
Dearborn, MI 48104
(313) 322-1355
(313) 248-3611

Richard S. Muller
University of California, Berkeley
Berkeley, CA 94720

Volker Saile

CAMD

Louisiana State University
3990 West Lakeshore Drive
Baton Rouge, LA 70803
(504) 388-8887

(504) 388-6954

Thomas L. Swain

Center for X-Ray Optics
Lawrence Berkeley Laboratory
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