CASE STUDY | Plating onto Plastics Platform

Lightweighting High-Density Interconnect

Plated-polymer pogo pins for Al data centers and quantum computing. Replacing machined-metal
spring probes with net-shape micromolded, fully metallized contacts: lower cost, about 80% lighter,
full electrical and mechanical performance.

By Amit Saxena, Director of Engineering

Walk through a modern Al or guantum-computing data center and the compute is obvious: racks of
GPUs, training and inference ASICs, and stacks of high-bandwidth memory. Far less visible, and
just as critical, are the millions of tiny spring-loaded contacts that let all that silicon be tested,
socketed, and serviced without a solder joint. These are pogo pins. A pogo pin, or spring probe,
makes a compliant, low-resistance joint under compression: inside a hollow barrel, a sliding
plunger rides on an integral compression spring that develops a controlled normal force against the
mating land (Figure 1). The spring gives Z-axis compliance to absorb coplanarity and tolerance
stack-up across a large array, while the plunger’s travel produces a self-cleaning wiping action,
yielding a stable, repeatable contact resistance (CRES) in the milliohm range over tens of
thousands of mating cycles.

In an Al data center these contacts cluster wherever silicon must be proven or serviced. They
dominate semiconductor test, specifically the compression sockets used for automated test (ATE),
burn-in, and system-level test (SLT) of GPUs, accelerator ASICs, and HBM, where advanced
packages present well over six thousand contacts at 0.3 to 0.5 mm pitch, each net needing its own
compliant probe with Kelvin force and sense and real current capacity. The same technology runs
through the live system: LGA sockets, board-to-board and mezzanine connectors, module-to-
baseboard stacks, high-speed backplanes, and power-delivery contacts wherever a serviceable,
re-workable, blind-mate joint beats solder. The same spring probes increasingly serve quantum-
computing control electronics and cryogenic test stacks.

Across a single rack that is hundreds of thousands of contacts. Across a hyperscale build, millions.
At that scale the cost and mass of each pin become first-order economics, and that is where
plating on plastics (POP) rewrites the equation.
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Plated-Polymer Pogo Pin — Schematic & Metallization Stack

Representative geometry only — not an actual production part

Spring-Probe Assembly Section A-A — Wall Metallization Stack

@ Section A-A

Plunger Polymer substrate {dielectric core)
/\/\AA/\/ D} Cu — conductive base ~40 pin
L electroless / PVD seed + electrolytic buildup
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Z-stroke
Au — contact finish i
o 10-35 pin
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Met-shape micromalded dielectric core 1 mating | contact surface
Engineening thermoplastic: ABS - COCICOP (Topas®) - PEEK -
Ultema (PEI) - LCP (Vectra®) - PET - PERAX Stack tuned independently of the core
Conductivity, wear & corrosion engineered into the plated shell Conductivity, wear and contact integrity live in the plated shell,

not the bulk part — finished per drawing and verified by XRF.

Figure 1. Representative pogo pin and its Section A-A metallization stack. Illlustrative, not an actual part.

The Challenge

Conventionally, pogo-pin barrels and plungers are Swiss-screw or CNC-turned from stainless
steel, beryllium-copper, or brass: a subtractive, one-part-at-a-time route that wastes bar stock,
needs secondary deburring, and scales only with machine-hours. Plating on plastics inverts that
economy. The pin body is produced as a net-shape, high-cavitation micro-injection-molded
dielectric core and then fully metallized, so the electrical, wear, and contact functions are
engineered into a thin plated shell rather than machined into the bulk. Once the tool is amortized,
the marginal cost of each additional pin collapses, and complex micro-features that would be slow
or impossible to turn are simply molded in.

The Engineered Solution

Why micromolded, plated pins win

The weight argument is decisive. A machined metal core runs roughly 7.9 to 8.3 g/cm3, from
stainless steel through beryllium-copper, against about 1.0 to 1.4 g/cm3 for an engineering
thermoplastic. Because the conductive duty is carried by a shell only microns to tens of
microinches thick, swapping the core for polymer removes roughly 80 to 85% of the per-pin mass
with no loss of current-carrying capability. That lowers rack and shipping mass across millions of
contacts, while reduced plunger inertia improves high-cycle contact dynamics and fatigue margin,
all at the application’s normal-force, CRES, and current-density targets.

Attribute Machined-Metal Pin (SS / BeCu / ProPlate® Plated-Polymer Pin
Brass) (POP)

Manufacturing Subtractive Swiss or CNC turning, Net-shape micromolding, high-
one part at a time, with material cavitation tooling, near-zero scrap
waste

Unit cost at volume Bound by machine-hours, weekly Amortized tooling, leading to low
volume-scalable marginal cost at millions of pins
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Attribute Machined-Metal Pin (SS / BeCu / ProPlate® Plated-Polymer Pin

Brass) (POP)
Mass per pin Steel about 7.9 g/cm®, BeCu about Resin about 1.0 to 1.4 g/cm?®, roughly
8.25 g/cm’® 80 to 85% lighter

Two routes to the stack

ProPlate® metallizes engineering plastics through two qualified routes, chosen by resin chemistry,
feature scale, and volume, both converging on the same electrolytic Cu/Ni/Au stack (Figure 2).
Route A seeds by physical vapor deposition: after resin-specific surface preparation, a sputtered
seed lays down adhesion and conductivity on even chemically inert polymers, with custom tumble-
PVD fixturing seeding individual micro-pins uniformly. Route B reaches the same point by aqueous
wet chemistry: surface preparation and conditioning, Pd/Sn colloidal activation, and an electroless
Cu/Ni strike, well suited to high-volume barrel and Spouted Bed Electrode (SBE) plating. Both then
build the stack electrolytically: a copper base, a sulfamate-nickel barrier for hardness and normal-
force support, and a gold contact finish for low, stable CRES, with every lot closed out with XRF
thickness, ASTM B571 adhesion, and thermal-cycle and CRES validation under IQ/OQ/PQ.

ProPlate Metallization — Two Routes to the Cu/Ni/Au Stack

Route selected by resin chemistry, feature scale and volume: both converge on a comman electrolytic buildup

1- ESTABLISH THE CONDUCTIVE SEED

Route A — vapor-deposition seed

Surface preparation .{ PVD sputtered seed

Micromolded fadhesicn + conductivicy)

Conductive

polymer pin seed established

Route B — agueous wet-chemistry seed

Etch / I Pdisn colloidal > Electroless

conditioning activation Cu { Ni strike

2 - BUILD & FINISH THE STACK (shared by both routes)
h 4

Electralytic Cu Electrolytic Ni Electrolytic Au Finishing & QA
conductive hase barrier { hardness contact finish HRF - ASTM BSTL - thermal cycle - CRES

Figure 2. Two seed routes converging on the shared electrolytic Cu/Ni/Au buildup and QA.

A qualified recipe for every engineering plastic

The genuinely hard part of plating on plastics is not the electrolytic buildup. It is getting a durable,
adherent first layer of copper onto a polymer never meant to be plated, and doing it reproducibly.
That is where ProPlate®’s process IP lives: a dedicated surface-treatment, activation, and initial-
copper recipe held for each engineering resin (Figure 3), ranging from general-purpose ABS and
cyclic-olefin Topas® to high-temperature PEEK and Ultem® (PEI), fine-feature LCP, and flexible PET
and PEBAX, with new substrates qualified to specification on request.
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PROPLATE®

Plating on Plastics — Qualified Substrate Portfolio

Adedicated surface-treatment, activation and initial-Cu recipe is held for each engineering resin

ABS (Cycolac™) Topas® (COCICOP) PEEK Ultem® (PEI)
General-purpose; excellent Cu Glass-clear. high-purity, low- Semicrystalline, chemically Amaorphous high-temperature,
adhesion; barrel / tumble misture cyclic clefin; inert, high-temperatura; high-stifiness

plating demonstrated. dimensionally stable. gualified pre-reatment. polyetherimide.

LCP (Vectra®) PET PEBAX MNew resins
Liguid-crystal palymer; line Taugh, dimensionally stable Flexible block-topalymer Bring your subslrale — surface-
features, low CTE, suited to thermoplastic polyester. elastomer; catheter-grade prep, activation and Cu strike
high-frequency parts., and wearable interconnects. developed to spec,
 oomamsas

- y

Figure 3. ProPlate®’s qualified substrate portfolio. Each resin carries its own plating recipe.

Results

This is not theoretical. In a recent collaboration with a precision micromolding partner, ProPlate®
qualified the full Cu/Ni/Au stack on ABS and Topas® (COC) micro-plungers: more than 5,000 pins
plated in proof of concept, ASTM B571 adhesion passing, with XRF-verified thicknesses of
approximately 40 pin copper, 200 pin sulfamate nickel, and 10 to 35 pin gold, via a custom tumble-
PVD seed and electrolytic buildup, documented under ProPlate®’s ISO 13485 phase-gate new
product and process development methodology and ready to scale.

KEY ADVANTAGES

e Approximately 80 to 85% lighter than machined-metal equivalents, with no loss of current-
carrying capability

* Lower unit cost at volume once tooling is amortized

¢ Net-shape micromolding enables complex micro-features that machining cannot easily
replicate

e Qualified Cu/Ni/Au metallization stack with XRF, ASTM B571 adhesion, and CRES validation
e Two qualified seed routes, PVD and wet chemistry, to suit any resin, feature scale, or volume
e Qualified on ABS, Topas® (COC), PEEK, Ultem® (PEI), LCP, PET, and PEBAX

Conclusion

Send us your pin geometry, pitch, current and normal-force targets, and resin preference.
ProPlate® will run a substrate-specific DOE, build the metallization recipe, and deliver an adhesion,
XRF, and CRES-qualified plated-polymer pin with a clear path from proof of concept to high
volume. Lighter, lower-cost, fully-performing contacts for high-density Al and quantum hardware.
Contact our experts and we will co-develop them.

ProPlate® has been engineering metal coating solutions since 1984 and has been ISO 13485:2016 certified since 2017.
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