Micro Molds Make Micro Parts

Molded parts barely visible to the naked eye require non-traditional methods for making high-precision micro-injection molds.
Micro-tooling R&D is being led by technology institutes, research firms, and a few highly specialized mold makers.

=L Erint This frticle
[=F] Ernail To & Friend

It's no small trick to design and build molds with cavities the size of a vent hole and details best

viewed through a microscope. However, considerable progress has been made in producing

tooling for the production of millimeter- and micron-sized parts to meet growing demand from Read This Related Article
the biomedical, pharmaceutical, fiber- optic, electronics, telecommunications, office-automation, | about micre-molding.
computer, and automaotive fields. "Demand is getting bigger, and the =size of the parts is getting | » Micromolding Sizing Up
ever emaller,” says Ron Peterson, general manager at Micromald Inc., an injection maolder in the Challenges

Riverside, Calif. "Some parts being molded today are =0 small that a 0.003-in. imperfection

would appear as large as some of the molded features on the part. Company Info

"4 few years age, l:-:n'-{e_ntic_nal tool makers Iaughe;l atlthe idea _l:l_: micro-malding _applicaticns Fraunhofer USA
and at the tooling specifications needed for production,” says Fhillip Leopold, president of Murray
Inc., which malkes a micro-injection press for molding parts the =ize of sesame =seeds. Some of
these parts invalve avermalding with combinations as exotic as PEEK and silicone rubber in two
separate molds or even in one tool.
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Another firm, Miniature Tocl and Die (MTD), is creating micro molds for parts just 0.060 in. long .
(812) 379-4696

with wall thicknesses down ta 0.0015 in. and weighing as little as 0.00013 g. "This equates to
520 parts per pellet,” zays Donna Bibber, v.p. of sales and marketing. Molds for such parts use

gate sizes down to 0.002 in. and core pins of only 0.0045 in. diam. Micromeld, Inc.

Riverside, Calif.

To meet the micro-malding challenge, tool builders are taking canventional mold-malking (909) 684-7130
technologies such as milling and electrical discharge machining (ECM) into unfamiliar territory

and are exploring new methods as well. One firm has harneszed a technology used in the HMiniature Tool & Die Inc.
semiconductor and watchmaking industries for the production of micro molds. Charlton, Mass.

_ _ _ _ _ (508) 248-0111
Some of the leading developers are foreign based, such as Mimotec 5.4, of Switzerland, which

has developed a technology that uses uv light and electroplating to create tocling components. | Moldflow Corp.
Sansyu Precision of Japan uses proprietary micro-milling technigues to create micro molds for Wavyland, Mass.

its sister melding firm, Makuta Technics, which has a plant in Columbus, Ind. R&D in micro- (S08) 358-5848
milling, ECM, and laser techniques is taking place at the German and Boston campuses of the www.maldflow.com
Fraunhcfer Institute, which alz=o has developed a brand-new approach that combines milling and

electroplating. In the U.S., MTD appears to be one of the strongest promoters of micro-tooling Murray Inc.
technology. It employs special EDM technigues to create micro-miniature cores and cavities. Buffale Grove, III.
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The various micro-tooling technologies can be characterized by the feature dimensions they
typically can attain, the achievable part aspect ratios (height/width), the materials used to form
the core and cavity, level of precision, strength and durability, and speed of production of the
mald, says Dr. Luz Weber, manaaging director of thinXX3 Microtechnology, a spin-off of the
Institute of Microtechnology Mainz in Mainz, Germany. The factors he cites can vary widely fram
process to process and can vield quite a different range of micro parts.

Swiss Agents LLC
Brighton, Mass.
(617) 2683-9917
wWww.mimetec.com

ThinXX5 is developing and using many technologies capable of producing micro-molded thi“_xxs GmbH
compeonents, and is gaining expertise on the ins and cuts of each approach. ThinkXS has eight Zweibrucken, Germany
process techniques in evaluation at its facility, spanning both conventional technologies and +45 561-31-62-773-28
more exctic or developmental technigques. The roster includes ultra-precision milling, ECM, laser

ablation, =silicon micro-machining, electroplating, uv or x-ray lithography, and electron-beam (e-

beam) lithography. These technigues generate typical feature dimensions from 0.5 to 1000

microns, depending on the process, and aspect ratios from 1 to 100. Materials of construction range from hardened steels to
nickel, nickel alloys, and even silicon.

Mo small challenge

Micro-maold designers and builders have to contend with a number of critical issues. "Parting-line match is a big issue. What's
considered good in molding larger parts is unacceptable here,” says Murray's Leopold. Interlocking features that ensure precise
mating of the mold halves may reduce parting-line issues,

Gating is another critical factor. "The parts are =0 =mall that cutting off a gate is nearly impossible,”
zays Leopold. Molders have been known to degate micro parts manually using a microscope or high-

definition video camera and surgical shears. One approach is to create a subgate. "A 0.1-mm-diam. i
gate may be the lower limit, as there are shear and pressure issues to contend with. We usually
start with a 0.1-mm tab gate and enlarge it as necessary to fill the part,” Leopold says.

Runner and =prue diameters are another concern, since the total volume of the melt-delivery
channels can exceed that of the parts by a factor of 100 or more. Murray typically uses a 1-mm-
diam. sprue and a 0.53- to 1-mm runner a few millimeters long.

Multi-cavity approaches for micro maolds are being investigated. Because the cavities are so small,
micro-mald designers have up to now favored only single- and dual-cavity molds as a means to
attain the greatest control over the process. "The runner and sprue will always be a lot bigger than  Eye of the needle: New
the actual part, and having multiple cavities can create larger amounts of material waste, as well as moldmaking technelogies

increase the possibility for flash or short shots," =ays Weber of thinXX5. "However, in the case of meet growing demand for
zsimple micro parts, we can overcome these limitations by a new approach called Flastic Wafer micro-scale parts. This
Technology, which allows us to mold tens or even hundreds of micro parts on a wafer-shaped nickel cobalt tool is made
substrate.” Mimatec, which also uses a wafer-based tooling process (see below), has one Swiss with a uw-lithocgraphy
customer producing micro-molded parts in a 16-cavity tool. process from Mimotec.

. . . . i ] The nylon gear cavity is
There is also research into creating standard micro-meld bases that will allow for the interchange of g 48 mm in diam. with a

cores and cavities to permit faster changeover and set-up, says Murray's Lecpold. The initial tooth wall zection of 0.066
development is in prototype molds for micro-molding. M.

Flow analysiz is another area of micro mold development. MTD's Bibber saye it's not easy to get an accurate idea of material
flow, shrinkage, and streszes—aor to optimize process parameters such as temperature, pressure, and injection rate—since
there has been little CAE development for micro tooling. "Micro-molding with such little material volumes leads to very short
cycle times. Because the cycle times are =0 short, there has been no means to get an accurate flow analysis," Bibber says. MTD
and flow-simulation software giant Mcldflcw Corp. are developing the first flow- analysis software for micro-molding. Some of
the worls i= being conducted at the Unmiversity of Maszachusetts at Lowell.

Mew spark in EDM

MTD i= a specialist in applying EDM to micro tocling. "We've used EDM for more than 30 years. We have learned how to develop
our own tooling for micro-molding, and that has allowed us to produce complex parts," says Bibber. MTD uses both =sinker and
wire EDM methaods. To use the sinker method an micro toals requires extremely fine contral of "plunger” (electrode) travel.
MTD's CNC EDM machine provides steps or motion increments of only 1.5 microns. MTD also uses optical microscopes mounted
on the EDOM machine to view =et-ups and the process.

To apply wire EDM on a micro scale, MTD has used brass or zinc-coated wires sized
from 0.01 in. down to 25 microns. "The smaller the wire, the smaller the features,
and also the higher the chance of wire break,” Bibber notes. The process begins
with a "starter hole" of 0.006 to 0.040 in. diam. (This "hole-popping” is outsourced.)
Though this approach takes much longer than sinker EDM, the smallness of the
wire allows for better surface finish in the tool. MTD sometimes combines the two
approaches—using wire EDM to produce the sinker electrode that cuts fine details
directly into the steel.

ECM developments aimed at the use of tinier wires 1= under way at the Fraunhofer
Institute for Production Technology (IFT) in Aachen. The Institute is working with
Agie of Losone, Switzerland, to develop EDM wires of 20-micron diam. The Agie
EDM unit incorporates linear servo drives so that the wire tension can be maore
accurately controlled to prevent brealkage. This system is being used to create
gears with tolerances within £2 microns using only 1.35 |b of tension.

Agie has also developed a wire EDM unit that carries two spools of wire of different
diameters. The smaller wire allows machining of smaller featurez and faster
trimming.

Micro-milling ;

Conwventicnal milling machines are being medified for ultra-precision work, The Micro tools can accommedate two-shot
Fraunhofer IFT and the Center for Manufacturing Innowvation at Fraunhofer US4 are melding. Makuta uses this Sh”ttl”-_'g mold to
designing a =pecial milling machine with air bearings and spindles that deliver more pru:u:ll_!ce = small ABS part with raised
stable movements of the cutting tool as it contacts the mold surface. The machine lettering in a segnnd color. The letters are
iz designed to mowve the tool in 30-nanometer steps. "Most CNC milling machines only 0.25 mm wide.

don't have this level of accuracy. A conventional CNC has a step size that is typically too big relative to the feature being
malded,” says Dave Chargin, U.5. program manager. He says a 1- to 3-micran step is typical for a traditional machine. The
new air-bearing spindle can create smaller features—down to 10 microns. Fraunhofer is also experimenting with a new
hydrodynamic fluid spindle bearing.

Fraunhofer's micro-milling machine also uses precision-ground diamond cutting tools. "The diamond tool has sharp edges and
can be made down to 200-micron diam. It creates very good detail and extremely smooth, optical-guality part surfaces.
Fraunhofer i= experimenting with cutting by ultrasonic vibration of diamond-edged tools. Unfortunately, the diamond tools
cannot cut steel, though they wark with nickel, aluminum, and copper tooling. For milling steel, carbide tools can be made with
even smaller diameters—down to 125 microns. "These tools are not as sharp as a diamond tool and do not render as smooth a
zurface, but they can be made =maller in diameter,” =ays Charagin.

The new ultra-precisiocn machine requires that the metal piece to be milled is absolutely flat, =o
Fraunhofer uses a fly-cutting operation to plane the surface before machining.

Meanwhile, Sansyu Frecision has developed a high-speed ultra-precise milling approach to create
malds for micro-maolding by its sister firm Makuta and others. Sansyu is reputed to be the biggest
micro tooling supplier in the world. It does $80 million worth of business a year, solely in micro
malds.

Itz micro-milling technology has been used to create three-piece molds for multi-material micro-
molding. One such mold has 40 moving parts. The mold half mounted on the moving platen of the |
injection press shuttles back and forth when the first and second materials (polycarbonate and ABS) _
are injected. Sometimes it requires a

. - ] ] microscope to see what's
Sansyu's milling process reportedly can hold feature tolerances to £2 to 5 microns when cutting happening when micro-

steel. The tooling has been used to produce a two-color 0.25-mm-thick part with 0.02-mm-wide machining tiny features in
letters melded in (=ee photo on p. 38). Sansyu has also cut moelds for gears having 24 teeth and @ +500=2 for micro parts. The
2.6-mm 0.D., as well as a bobbin mea=suring 1.11 % 0.96 x 0.64 mm.

features are =o =mall that
zpecial milling machines
are being developed with
mation steps just 1/100th
az large as standard
machines. (Fhoto: MTD)

Deposition methods emerge

& brand-new approach to micro-tool making is a uv-lithography technology previously used in the
zemiconductor industry. This so-called LIGA process creates a positive model of the part using uv
lithography. The model is then electroplated to form the tool cavity. The LIGA process was
developed for micro tooling by Mimotec, which reportedly has five or six micro-molding customers in
MNorth &merica. "We have more than 2000 micro malds in commercial production globally, producing nearly 1 billion parts per
vear,” declares Robin Francois, Morth &merican sales manager at Swiss Agents LLC, which represents Mimotec.

The process starts with a base, or "wafer,” of glass or =ilicon, anta which a layer of photo-curable epoxy is applied. Next, a thin,
chrome-coated mask is positioned atop the epoxy. The mask is cut out in spaces to expose the epoxy underneath. U light is
beamed onto the mask and hardens the exposzed epoxy to a depth of about 0.020 in. The first mask can be replaced by another
mask to expose another 0.020-in. feature. The total height of the features can be 0.060 in. The hardened epoxy i= electroplated
with nickel or a nickel alloy, and then the epoxy i= dissolved away, leaving a core or cavity. The re=ulting component has a
zurface finish that is much smoaother than can be produced by ECM, milling, or chemical etching, claims Francais.

The LIGA process allows production of free-form features =paced just 10 microns apart. This compares with minimum spacing

of about 100 microns when using EDM or milling, says Francois. Part dimensions reportedly are as accurate as £2 microns. The
process also allows production of multiple or family molds on one wafer. "The costs of LIGA are the same whether making one
cavity or eight,” says Francois. LIGA can produce a mold component in six to eight weeks, and the component can last as lang

as steel tooling. According to Francois, "some customers have run up to 5 million cycles per cavity insert.”

The technology does have a few limitations. First, making the initial mask is expensive, but the mask
can produce numerous molds, Second, LIGA can shape the x and v axis of a mold in any desirable
way; however, the vertical axis must always be a straight wall, as the light source from above cures
the epoxy.

The Center for Manufacturing Innovation at Fraunhofer USA is cooperating with the Dept. of
Manufacturing Engineering at Boston University in developing a system that combines lithographic
machining strategies and ultra-precisicn milling into a =ingle technigue. The goal is to produce fully
aszembled, three-dimensicnal micro-tooling systems that can incorporate metallic and polymeric
materials and span a =ize range from microns to millimeters.
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Ultraprecision Manufacturing of Self Assembled Micro Systems (UFSAMS) is a deposition technology  Tiny features: Thiz 0.0017
that creates a sacrificial layer and a structural layer, both of which are milled to produce a part or  -gLDPE piezoelectric
cavity. UPSAMS starts with a sacrificial material that is deposited by an electrolytic process onto a sensor has a pair of 3-mil
plate or base to form a block. The =sacrificial material can be epoxy or copper, for example. A cavity slots and a 5-mil rib—

or negative form of the dezired tool shape iz milled into the =acrificial material, using an ultra- each a shutoff—as well as
precizion milling tool such a= one with a diamond edge. 2-mil edge gates on

) ) . . ) . : either =ide. (Photo: MTD
& thick layer of structural material, such as nickel or a nickel allay, is then electrolytically applied ( J

over the sacrificial layer. The structural material, which covers the entire top surface of the =acrificial material, fills in the
negative form milled into the surface. Most of the structural material is then milled away down to the level of the =acrificial
layer, except for a positive form of the upper surface of the component being made (which can project abowve the sacrificial
layer). The 30 component is then released from the =acrificial material. The result is what Fraunhofer IFT engineer &xel Eilsing,
describes as "a micro structure that, to the best of our knowledge, could not be fabricated using any process other than
UPSAMS or perhaps layered rapid prototyping processes."

UPSAMS allows construction of true 30 shapes, something a lithography process such as LIGA reportedly cannot achieve.
UPSAMS also provides smocoth surfaces, which milling alene has trouble achieving. Fraunhofer has used nickel and copper
combinations, with the copper as the =acrificial layer. The process has also been tried with a two-part epoxy and a =acrificial
copper. Other combinations include aluminum/copper and ceramic/ metal. & limitation of the proceszs i= that the diameter of the
cutting tool limits the sizes of the component features being malded.

Laser ablation advances 1
Dr. &Arnold Gillner, head of the Micro-Technology Dept. at Fraunhofer's ﬂ U !] ﬂ fight

Institute for Laser Technaology, savs laser ablation can be a fast and 7

effective means of micro-machining. "Lasers have been used for tooling i @/mar__x T
for five or six vears, initially on larger tools. But it was not cost-effective.
Since then there has been a =hift to smaller tooling applications, and there
are =ome positive results,” says Gillner. He zays the Institute is working
with companies to manufacture tooling for injection molds. "We now have

four to five partners developing the technology, each with three to five
mald projects.”

Lazer ablation iz a pulsed process, where the beam i= turned on for 10 to 3
100 nanoseconds. Longer pulses lengthen the thermal exposure of the

work: piece, which could reduce final surface quality. The ablation process

can use a near-infrared laser that delivers a beam diameter down to 5
microns ar a uv laser that generates a much narrower beam—down to 3533
nm. Mewer dicde-pumped lasers with enhanced beam power and beam
quality may help to deliver better surface quality and smaller feature
geometries. Accuracy of the laser is about £1 micron, while feature sizes

can be as small as 10 micrens. 5 = = 6
P —1;
The laser can ablate even very hard materials such as tungsten carbide o i b A 1 5
and leave a finished part with good surface quality, Gillner claims. Lasers \_ """" 7 J
can be used to shape any metal, az well as refractive or nonconductive B
materials, a benefit Gillner cites for lasers over deposition technologies or O
EDM. However, the cost of a laser—typically about $250,000 for a P 1"‘~|
conventional Yag MIR laser—is far higher than for other types of 1 DO“" i
equipment. it
Tiop view

Mimotec's LIGA micro-tooling process is a
lithography method previously used for
zsemiconductors: (1) Epoxy resin is selectively cured
by uv light beamed through a mask. (2) Uncured
epoxy is etched away. (3) Subsequent masking
steps produce additional features. (4] Metal is then
electroformed over the cured epoxy to form a mold
half. (5] The metal mold is ground to the correct
height, and the epoxy is dissolved away, leaving a
cavity and ejector holes. (6) The tool is ready to
mald parts.



