CG'SiOO Application Note: Design for Manufacturing

Key Points for Engineers: Designing Two-Phase Assemblies for Manufacturability
Remember These Points
e Start at the heat source. Interfaces and pressure matter more than material choice.

o Keep interfaces thin and loaded. Minimize bond-line thickness; design for >20 psi contact
pressure.

e Use mounting plates for robustness. They buy tolerance, repeatability, and assembly margin.

e Solder the high-flux joints. Mounting plate to heat pipe or vapor chamber is not the place for
epoxy.

e Short and straight beats clever. Transport length and bends quietly dominate performance and
cost.

e Sizeis margin. Internal vapor volume is proportional to performance headroom.
¢ Manufacturing always steals volume. Design for worst-case geometry, not nominal drawings.

e Condensers still matter. Poor fin attachment caps system performance regardless of device
capability.

¢ Design for scale, not hero parts. If it's uncomfortable to build, it won’t survive production.

This guidance addresses the design of a thermal assembly that includes atwo-phase device, not the two-
phase device in isolation. Manufacturability is determined by how heat is collected, transported, and
rejected—starting at the heat source and moving outward along the thermal path.

Start at the device being cooled

The heat source defines allowable interface resistance, heat flux, and mechanical constraints. The first
architectural choice is whether the two-phase device attaches directly to the heat source or through a
mounting plate. Mounting plates are commonly used because they improve robustness, tolerance to
flatness variation, and assembly repeatability, even though they add an interface.

Interface to the heat source

The interface between the heat source and the mounting plate or vapor chamber is almost always a TIM-
based joint (grease or pad). This is a critical heat path and must be designed deliberately.

e Minimize interface thickness. Thermal resistance scales directly with bond-line thickness.

e Design for pressure. The attachment must supply >20 psi of uniform contact pressure.

e Pressure uniformity matters more than TIM chemistry.

e Do not over-specify surface finish or flatness unless required by heat flux or material choice.

Fastener layout, preload control, and tolerance stack-up are part of the thermal design and must be
treated as such.

Mounting plate material

Copper and aluminum both have valid roles, but the tradeoffs are weight, cost, and machining time, not
just thermal performance.
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Copper provides superior spreading and straightforward joining to copper-based two-phase devices, but
carries a significant mass and material cost penalty. It is often the right choice when thermal margin is
tight or heat flux is high, but rarely the lowest-cost solution.

Aluminum reduces mass and raw material cost and is easier to source, but joining to copper devices and
corrosion control must be addressed explicitly.

Regardless of material, keep the geometry simple. Machine time is expensive. Avoid deep pockets,
unnecessary features, and tight tolerances on non-functional surfaces. Complex mounting plates quietly
dominate assembly cost long before thermal limits are reached.

The mounting plate must remain stiff enough to maintain interface pressure under load and thermal
cycling.

Attaching the two-phase device to the mounting plate

This interface is a high power-density region of the heat flow path.
e Maximize contact area, especially when using discrete heat pipes.
e Use asolder joint for high-performance, high-reliability designs.

e Epoxies should only be considered for low-end applications, where margin and long-term stability
are not critical.

The attachment process must avoid crushing wicks or reducing vapor space.

Heat transport

Transport geometry dominates both performance and cost.
e Keep transport distance as short as possible.
e Minimize bends; each bend adds performance loss, tooling complexity, and scrap risk.
e Use the largest practical envelope.

Internal vapor cross-section is directly proportional to performance margin. Flattening, bonding, support
structures, and tolerance stack-up always consume internal space. Designs must tolerate worst-case
geometry, not nominal dimensions.

Designs that only work over a narrow orientation or operating window are difficult to manufacture and
qualify consistently.

Condenser and fin attachment

Fin attachment occurs at lower power density than the evaporator but remains critical to overall system
performance. These joints can often be co-processed with the mounting plate to reduce assembly steps
and cost.

Stamped fin packs often provide the best balance of design flexibility, thermal performance, and cost,
particularly at scale.

Poor condenser attachment quietly caps system performance regardless of how capable the two-phase
device itself may be.

Testability
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Testability is part of manufacturability. If performance cannot be verified with a simple, repeatable
thermal test, it cannot be controlled in production. Designs that only reveal failures at the system level
push risk downstream and hide yield problems.

Final reality check

Manufacturable two-phase assemblies prioritize margin, repeatability, and controllable interfaces over
peak lab numbers. If the design looks uncomfortable to build on paper, it already is.
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