Proceedings of the National Conference
On Undergraduate Research (NCUR) 2008
Salisbury, Maryland
April 12-14, 2008

Electrodeposition of Nickel into M olds produced via Rapid Prototyping

Patrick A. Thomas
Biomedical Engineering
Louisiana Tech University
305 Wisteria Street
P.O. Box 3178
Ruston, LA 71272, USA
Faculty Advisor: Anne-Marie Nickel

Rapid Prototyping Center
Milwaukee School of Engineering
1025 North Broadway Street
Milwaukee, WI 53202

Abstract

This research investigates the opportunities anddtions of the electrodeposition of nickel onteapid prototyped
mold. Selective electroplating onto a rapid prgpety mold shows promise for smaller, more flexil#sign of
integrated circuitry and nanotechnology. The cirpaithways and the transistors on today’s intedreiieuits
constitute the majority of a circuit's volume. Tthensistor consistently decreases in size, butitceit pathways
fail to keep up. To test the electroplating captéd of the Stereolithography Apparatus (SLA) (Quaist
technology, small discs with varying conic cutowtse electroplated using nickel. All of the disesvé varying
angles with dimensions on the micrometer ranged $8ers were utilized to provide conductivity ¢we tsurface of
the mold and to decrease the size of the conishdl@ariety of seed layers were examined, inclgdirgallium
indium eutectic, a deposited graphite solution, siher layering. While the layerless setups hadérect
connection to the copper plates, the seed layersde conductivity to the surface of the mold bynpiag a
conductive pathway to outside of the platable sief&ickel plating then electrodeposited onto tdase of the
copper plates or seed layer, depending on the iexpetal setup. Unfortunately, most of the testghastudy yield
unsatisfying results for various reasons, rangingnfsurface roughness to conductivity. Some sebggeriments
gave positive results such as silver seed layeailtigough the process took several days to comphsta result of
this research, rapid prototyped technology coulatriloute to integrated circuit design and developime
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1. Introduction

Research and development teams use prototypegdargmey and therefore increase efficiency, somgthiade
ever more accessible by rapid prototyping. Rapidqgiyping is a fast and efficient way to createhggical model
of an object for review and study before takingHar steps in the production process. Parts cresied rapid
prototyping share a number of additional benefitsluding the ability to create seamless partstaedreedom to
create parts which cannot be fabricated using otfethods with ease. Another important technology émerged
arguably over two millennia ago, is electrodepositiMany fields benefit from electrodeposition atelctroplating,
from jewelers to computer chip manufacturers. Meompanies and individuals plate material onto ather
increase mass or to change their outer propefitgs.report explores the opportunities and limitas of
electroplating onto rapid prototyped molds, toalfmture improvements, as well as more extensigtste
Nonconductive alumina filters have been used asisiolr electrodepositidnNanowires are made by
electroplating onto a selected surface controlled Hissolvable film with a series of microscopargs. A similar



method is explored in this study.

1.1. electrodeposition

Oxidation-reduction (redox) reactions involve themsfer of electrons. A redox reaction requires tine element
gains electrons (reduction) and one element ldsesrens (oxidation). If a system is set up eotly, electrical
current can be used to deposit one material (thiaglreduced) onto another surface. Reductiomgédethe
reduction of positive charge that result from addatectrons to a system, which thus produces neggttharged
ions:

Ni+2e - Ni? (1)
On the other hand, oxidation increases the chafrffee element by losing electrons:
Cu— Cu*? +2e )

Thus, the electrical current has caused thesetherwise unreacting materials to contain attrgciims. If
placed within an ion bath of nickel plating solutjghe ions from the solution will plate the coppean attempt to
balance the charge of the copper ion’s positivegtaAs a result, nickel ions will break away frame solid piece
to replace the ones lost in the nickel ion solutibime reaction taking place sometimes requirestaiceamount of
energy, depending on whether the reaction is spentss or not. Nonspontaneous reactions requirggnahereas
spontaneous reactions occur naturally. Therefonerva nonspontaneous reaction needs to occursénaneeds to
input a certain amount of energy into a systemalligin the form of a power source. Specificallye reaction
above requires -0.59V to take place, translating battery of greater than 0.59V output with itsifiee end closest
to the lead rather than the nickel wire.

1.2. nonconductive surfaces

Electrodeposition requires electrical conductiigcause electrons need to be transferred to therialab be
coated with the electrodeposited layer. Electycatinductive surfaces make this possible, becaniseomductive
surfaces do not allow sufficient electron flow.

1.3. seed layers

One way to route around the nonconductive surfaiserésearch deals with is to introduce a seed.|&aording
to the report “Damascene copper electroplatingfidp interconnections”, IBM stated that “it is firsecessary to
cover the surface with a seed layer, or platingpafiose function is to conduct the currénthis concept and
method of seeding a material onto a surface gr@athgases the accuracy and precision of the ejgleting
process. However, the accuracy of the placemetfieo$eed layer comes with its own margin of emlepending on
the materials used.

1.4. mold geometry

In this project, several geometries were considé@ethe mold’s deposition pattern. Many geometriese
discarded due to not being able to quantify theass of the plating, such as an L cutout or spuradut,.
Ultimately, conic cutouts became the object of gtim two reasons. The first being that only ondatale needs to
change from mold to mold, or the angle of inclinatiSecondly, these angles could correlate withethel of
electroplating using a microscope. Ideally, thgslof the mold would change after the electropdpfirocess.
Certain limits came into play using the SLA teclogyl to create the molds. Accuracy presented the amgous
limitation. The SLA technology has a one tenth ofilimeter accuracy, with anything smaller notIdirig
properly’. Figure 1 below is a conic mold with a 2.5mm digenéole. This measurement helped guarantee an
accurate build for all molds constructed.



Figure 1. Solidworks model a conic cutout with 3@Yle of inclination. The entire structure is Snath and 28mm
in diameter.

1.5. rapid prototyping

Rapid prototyping makes concepts and design e@snceive for faster and more efficient applicatof products
and ideas. Additionally, rapid prototyping alloves hiear unbridled freedom in design, pushing timét$i of
complexity of parts produced, simply because ofiwhg they are produced, which is layer by layelisThsearch
takes advantage of SLA (steriolithography) techgg)avhich uses a liquid resin polymer. When a ldseuses on
a specific point of the resin, it “cures” and be@sna solid at that specific point. After the lasares several points,
usually in the hundreds or thousands, the cureet aill drop down deeper into the vat of resin, @sipg a fresh
new liquid layer for the laser to cure. After seldayers cure, the now-cured polymer possessesgtairt shape
matching the user’s specifications generated inmmagern CAD software.

2. Methodology

2.1. electrodeposition

It is important to understand the general flow let&ons and its impact on the deposition prodestiis case, the
battery will cause electrons to flow towards themer bar, and pull them away from nickel (Ni) caihis first
facilitates the nickel plating solution to give it nickel ions (with a +2 charge) to balance tbpper bar's
negative charge (-2) by forming a weak bond tostiméace of the copper. The nickel coil producegelications
with a +2 charge after loss of electrons, as irplléing solution. Loss of electrons degrades thedN and the Ni
cations are donated to the nickel plating solutinrihe case of the seed layer, the nickel shoefibdit to the
seeded layer, which then completes the circuit.

Two experimental strategies were developed antbeeghthrough the course of the research, one leitigect
copper lead connection. This does not utilize a $@ger, nor does it have to. As figure 2a shotws,rickel ions
deposit onto the copper directly, with the prot@gpnold controlling the overall shape. Theoretigahis builds
layer by layer from the bottom up, following thettean outlined, leaving no problematic gaps somesm
encountered when plating sharp-angled surfaceh, asiboxes. The current to facilitate this proeaegst flow to
the nickel, such that the positive end of the \gdtaource should be closer to the nickel.
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Figure 2. a) First experimental setup; direct copead connection to nickel plating solution.

b) Second experimental setup; electroplatingutisompleted through seed layer.

Figure 2b outlines a setup using a seed layeragfhite to direct electrodeposition onto specifiegions of the
mold. As mentioned above, this creates certain sinalde results, such as superdeposition, whickekeaockets of
unplated regions across the surfaces or crevicegayest. Moreover, the second method describguines
additional preparation and chemicals to carry astppposed to the simple copper lead of the fistt, the
following aqueous solution is formed (by mass): gfphite powder with particle size g0, 1% sodium silicate,
0.5% lactic acid. Ammonia was then added to adhespH to 10. The ammonia acts as a buffer foregpsnt
steps in the seed deposition process. To add &tklager, the prototyped model should submergeth@ayraphite
solution for 2 minutes. Immediately after, the miatien is placed in a 6M Hydrochloric Acid bath &0 seconds.
Then, after any excess water is removed throughdre@hevaporation, the electroplating process caceged.

Figure 3 illustrates the apparatus and generaps#tboth experiments described above. Both irckuglastic
surface with the prototyped mold placed on todpfeéd by a rubber ring to prevent leakage. The finece is
plastic tubing with wings that overstretch the rebbtopper. These wings support clips that creatabfor the
liquid nickel plating solution. In the first setuyth the direct copper connection, a copper baassps the base and
the prototyped model, whereas the second experahestiup does not require this. The second seipp directly
to the mold, thus forcing the current to flow thghuthe mold.

Figure 3. General setup for electroplating expenitsiespecifically the first described.



Figure 3 displays the experimental strategy. [€oteoplate the mold, 3 Volts (2 AA batteries) aries should
connect to the nickel wire (which is half submergethe plating solution) and the lead, which wither be copper
or a gator clip clamped to the side of the protetymold. Each experiment should be run for 4 hours.

2.2. seed layers

There were three setups: one utilizing a seed lafyeither Galn, graphite solution, or silver, argng the a copper
plate stationed below the prototyped mold suchtt@nickel deposited in layered fashion throughrtiold, and a
hybrid of the two, which utilizes the copper foratiit contact, but also possesses the seed layeihgtilized
similar apparatus to electroplate the said surfaeasicularly, the equipment to complete the elesk circuit,
which drives the electroplating process, remaiesstime. The copper plate connects via gator cpcapper wire,
which feeds into the negative terminal AA batteoyising. The battery’s positive end then feeds amtother gator
clip, which holds a coiled nickel wire, feedingard nickel plating solution.

The first seed layer, composed of Galn eutectictpd onto the mold. After being painted on, a geido outside
of the rubber ring painted onto the prototyped nsmdhat the circuit could be completed withougifering with
the reaction.

U.S. Patent 5547558 outlines a process for elgletfiog nonconductive surfaces using a graphitetswl. For
the experiments performed, only the size of thelgite particles differs from the patent’s specificas. The patent
described uses small graphite particles no latger um in diameter, whereas the following results weedpced
from experiments using graphite particles no latgan 2gm in diametet. To counter the problem of size (and
therefore decreased material conductivity), thetedplating process was allowed to run longer. Addally, a
slightly higher voltage facilitates faster mateflalv because the increased electron flow will @ase the number
of ions available for electrodeposition.

The silver layer was made using an experimenkémplify hydrophilic and hydrophobic reactidngsing a
solution of 10 mL silver nitrate, concentrated amimovas added dropwise until the solution becamarciShortly
afterwards, 5 mL of Potassium Hydroxide was addetti¢ solution, where more ammonia was added &winag
make the solution clear again. To form a thin lagfesilver, 1 drop of glucose was mixed with ev8rgrops of
silver solution. After the silver layer forms, eleplating can occur via the conductive seed layer.

3. Results

The first experimental setup, unfortunately, did yield the desired results. Over 8 hours, a tlikel layer plated
the copper lead, but no substantial layers forrireddead, nickel ions migrated to the plating ditgt, did not
solidify. The mold did succeed in controlling thagement of the nickel ions, but no further contsoich as
constructing a conic shaped nickel, was acquined,r@ noteworthy thickness changes were recordgdrd-4
shows the outcome of the experiment to the copmaat With the RP mold placed on top of it.

Nickel plating due to direct copper contact

Figure 4. Copper piece with small nickel plated@agoutcome of experimental setup #1)

The second setup, with the circuit closed via dagelr, also failed expectations to electroplatee $blution, for
several reasons, did not act as a seed layer aapiee prototyped surface. A Galn trail, meant éoabconductive
pathway to the outer boundary of the tubing, bectooéhin or separated under the pressure of thieeruwasher
and clamps.



In a third experiment, a piece received a seealget | but a copper lead completed the circuit énghme fashion
as Figure 2a. The resulting outcome was the santedsst setup with no layering in most casesrehwas
limited plating only on the copper strip’s exposedion, with small amounts of plating visible o thottom of the
sloped region of the mold. Thus, the layer doesluonsmall amounts of electricity, although overpogd by the
copper lead’s high conductivity. The silver seegeta however, did attract a significant amount ickal wire.
There was enough to electroplate the entire sfuefiace, but the process takes over 48 hours t@leden Figure 5
shows a successful silver seed layer plated wéilgr@ificant layer of nickel.

Figure 5. Successful electrodeposition using @sibeed layer

There could be many reasons why the electroplatingess failed in these experiments. In both ¢akesickel
wire’s outer layer oxidizes through the coursehef électroplating. This oxidation brings the crufliaw of nickel
ions to a halt. To eliminate this, a new nickeleuinust replace the old one every few hours to adisidipting the
process. Depending on the voltage applied andraeiiivoltage (if battery powered), the oxidatioitl eccur at
different rates, although most electroplating ekpents indicate that complete oxidation occursoimghly 5 hours.

Another possible way to improve the electrodepmsiof nickel would be to integrate a conductivaden the
rapid prototyped model so that the seeded regiardumerely act as a conduit for electron flow, biilt receive
the benefits of being fully conductive. U.S. Pates¥ 7558 states that the electroplated surfaceaoman
integrated copper foil array, possibly for easieciugt completion.

Third, the SLA technology creates a relatively sthasurface. The graphite particles used, beinghnarger
than the optimal size (by more than four times), bt deposit well into the already shallow cresicEo route this,
other methods less dependant on deposition sheukaluated.

4. Conclusion

Although the project encountered many technicablenms, a successful method for electroplating ragpidotyped
molds emerged. In general, for controlled and tadjelectrodeposition to take place, a conductezidayer of
silver should be placed on the walls of the RP rsdddrface. Without this, a concentration of iondds up at the
point of interest without fully electroplating. &dr seed layering performs well, but only with Igueriods of time
to electroplate. Additionally, the use of power s should route battery life failure. In the feiuthe silver
electroplating method could be investigated furtsach as measuring the slope or the electroplayed and
gauging voltage applied vs. electroplating time.
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