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What this white paper answers

This white paper answers five practical questions:

* When are Parylene C and Parylene N technically justified for PCB assemblies?

« Which failure mechanisms are they intended to control?

* What design controls, masking, cleanliness, and process controls are required?

« What inspection and qualification evidence should be considered?

* How should drawings, RFQs, and supplier reviews be structured before production?

Parylene HT and ALD-Parylene are addressed as alternatives for defined use cases, not as default replacements for C or N.
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Abstract

Parylene conformal coating for PCB assemblies is often discussed as a premium protective finish, but its real engineering value
depends on the failure mechanisms being controlled. For high-reliability electronics, the more useful question is not whether
Parylene is generally “better” than acrylic, urethane, silicone, or epoxy. The better question is whether the product has moisture,
corrosion, tin whisker, high-density, insulation, or geometry-driven risks that justify a vapor-deposited polymer film and the
process controls required to apply it correctly.

This paper presents a failure-mechanism-based framework for selecting and specifying Parylene C and Parylene N on
electronic assemblies. It compares Parylene to common liquid conformal coating families, identifies where Parylene is a strong
or weak technical fit, and translates the coating decision into practical requirements for drawings, RFQs, supplier review,
inspection, and qualification planning.

No new experimental data is presented. The intent is to provide a publication-ready technical white paper that synthesizes
common industry knowledge, standards references, and manufacturing controls into an application framework that engineers
can use before committing a design or program to Parylene coating.

Technical keywords

Parylene; Parylene coating; Parylene conformal coating; Parylene C; Parylene N; conformal coating; PCB
assemblies; circuit board protection; chemical vapor deposition; harsh environment electronics; corrosion; salt
fog; tin whiskers; moisture barrier; area-array solder joint reliability; adhesion; cleanliness; masking; process
control; qualification; IPC-CC-830; ASTM D3359; supplier qualification.
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1. Introduction: why the coating decision belongs in the reliability model

The most common mistake in conformal coating selection is treating the coating as an end-of-line protective
finish instead of an engineered reliability feature. In benign service, that shortcut may be acceptable. In
aerospace/defense, harsh industrial, corrosive, high-humidity, or high-density electronic applications, it creates
avoidable risk: the coating may be selected after the board layout, component package mix, flux chemistry,
cleaning process, test plan, rework approach, and acceptance criteria are already locked.
Parylene is attractive because it is deposited from the vapor phase and can form a highly conformal, thin polymer film on
exposed surfaces, edges, recesses, and complex geometries. Unlike sprayed or brushed liquid coatings, the deposition
mechanism is not primarily governed by spray angle, surface wetting, operator technique, or solvent flow. That
advantage is significant for dense assemblies, low-standoff packages, sharp edges, high-voltage features, miniaturized
electronics, and assemblies exposed to moisture or corrosive atmospheres.
However, Parylene is not a universal remedy. It does not eliminate the need for cleanliness control, adhesion
validation, masking discipline, solder joint reliability review, rework planning, and environmental qualification. A
poor design, contaminated surface, incompatible material stack, or ambiguous coating requirement can still fail
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with a premium coating applied. The more useful question is therefore not, "Is Parylene better?" The better
question is, "Which failure mechanisms require Parylene, which Parylene variant is appropriate, and what process
evidence proves that the coating system closes the reliability gap?"

Table 1. Engineering decision shift: from coating type to reliability mechanism

Conventional question More useful engineering question Why it matters
Which coating is lowest cost? Which failure mechanism must be controlled,  Cost comparison is incomplete unless it includes field-failure
and what evidence proves control? risk, inspection, rework, masking, yield, and qualification
burden.
Can the assembly be conformal Which surfaces must be protected, and which  Masking and de-masking are often the dominant technical and
coated? must remain uncoated? labor risks for Parylene.
What thickness should be specified? What thickness range is needed at the Nominal chamber thickness does not automatically prove local

functional surfaces and verified with coupons  protection at the highest-risk geometry.
or direct measurement?

Is the board clean enough? Are residues and surface energy controlled Cleanliness is an adhesion and electrical reliability variable, not
enough to support adhesion and long-term merely a cosmetic or process audit item.
insulation resistance?

Can the coating be repaired? What rework/removal method is approved and | Parylene removal can be slower and more localized than liquid-
how will the repaired area be requalified? coating touch-up, especially near pads, connectors, or heat-

sensitive parts.

2. Scope and technical approach

This white paper is written for manufacturing, reliability, design, quality, and process engineers. Sourcing and
purchasing teams are secondary readers because supplier selection and RFQ quality directly influence the
technical outcome. The paper is intentionally engineering-focused and does not attempt to build a commercial
cost model.

The discussion is centered on Parylene C and Parylene N. Parylene HT is discussed as a high-temperature and UV-
stability alternative. ALD-Parylene multilayer coating is discussed as an advanced option for severe corrosion or very thin
barrier requirements where Parylene alone may not provide enough margin.

The technical approach is an engineering synthesis of public technical literature, established conformal-coating practice,
adjacent electronics-manufacturing standards, and environmental qualification concepts. It does not reproduce supplier-specific
recipe values, customer-specific qualification records, or proprietary process development data. Instead, it converts the
available technical foundation into a practical selection, specification, and verification framework.

¢ Primary application space: aerospace/defense electronics, harsh industrial controls, corrosion-prone assemblies,
high-density electronics, moisture-sensitive electronics, and selected data-center hardware where density and
uptime requirements justify a vapor-deposited coating review.

¢ Primary failure mechanisms: moisture ingress, leakage current, corrosion, salt fog, tin whisker bridging, dendritic
growth risk, edge coverage failure, low-standoff entrapment, high-voltage creepage/clearance concerns, and
coating interaction with area-array solder joints.

¢ Excluded emphasis: medical-device biocompatibility, implantable device qualification, and a full cleanliness white
paper. Cleanliness is addressed only as it affects adhesion, insulation resistance, coating integrity, and process
qualification.

e Standards treatment: standards are referenced as adjacent controls. The paper does not claim that any single
standard fully defines Parylene coating adequacy for every application.
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FailureMechanisaBased Parylene Engineering Framework

Use the reliability threat to drive coating selection, design rules, process controls, and verification evidence.

( ) ( ) ( ) ( N\ ( N\
Exposure Coating Design Process Verification
Profile Selection Controls Controls Plan

* Moisture / * Parylene C: * Masking and * Surface + Visual / thickness
humidity barrier focus keepouts preparation checks
+ Corrosion / salt * Parylene N: * Materials / +» Adhesion +» Adhesion testing
fog dielectric / residue review promotion + SIR / insulation
* Thermal cycling penetration * Low-standoff * Chamber vacuum resistance
* Tin whisker risk * Parylene HT for packages / leaks * Humidity / corrosion
* High-density | specialty needs | +Rework / demask | - Fixture and | exposure
geometry * ALD/Parylene access loading effects « Salt fog testing
hybrid for severe * Acceptance * Thickness when applicable
barrier cases criteria coupons « Evidence tied to
use case
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Engineering output:  Specification package tied to the reliability threat, process controls, and validation evidence.

Figure 1. Parylene selection should start with the exposure and failure mechanism, then flow through coating
selection, design controls, process controls, and verification evidence.

3. Parylene deposition behavior and engineering implications

Parylene coatings are formed by a chemical vapor deposition process. A solid dimer is vaporized, cleaved into
monomer, and introduced into a vacuum deposition chamber, where the monomer polymerizes on exposed
surfaces at or near room temperature. This process is fundamentally different from spraying, dipping, brushing,
or selective robotic application of liquid coating. It is also why Parylene is classified as an XY-type conformal
coating in IPC-style coating terminology.

The deposition mechanism gives Parylene important advantages: high conformality, good edge coverage relative
to many liquid coatings, minimal added mass, no liquid solvent flow, and the ability to coat many complex
geometries at once. The same mechanism also creates practical constraints: everything exposed to the process is
a candidate to be coated, so masking and fixturing become engineering controls rather than shop-floor
conveniences.

Table 2. Parylene deposition characteristics and practical implications

Characteristic Control method

Engineering implication

Vapor-phase deposition Can coat exposed edges, corners, fine features, and complex

geometry without relying on spray access.

Use fixture design and witness coupons to
confirm representative coating exposure.

Room-temperature
polymerization at the substrate

Reduces thermal exposure compared with many high-
temperature coating processes, but does not eliminate material
compatibility review.

Review plastics, labels, adhesives, elastomers,
batteries, displays, MEMS, sensors, and
customer keepouts.

Do not assume it solves poor cleanliness, ionic
residue, or incompatible surface chemistry.

No liquid flow or solvent leveling ' Reduces pooling, capillary flow, and operator-dependent spray

thickness variation.

Use a controlled masking drawing, approved
masking materials, and de-masking inspection.

All exposed surfaces can be
coated

Unmasked connectors, test pads, switches, optics, heatsink
interfaces, ground points, and contacts may be made
nonfunctional.

Thickness depends on chamber
load and process recipe

Board area, fixtures, chamber surfaces, and loading strategy
influence deposition time and dimer demand.

Specify target thickness range and verification
method, not only a nominal process recipe.

Control cleaning, bake-out, adhesion promotion,
handling, and adhesion test method.

Adhesion depends on surface
condition and chemistry

Weak interfaces can produce delamination, blistering, poor
insulation performance, or false confidence after visual
inspection.
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3.1 Why molecular conformality is not the same as unlimited protection

Parylene is often described as "molecular-level" conformal coating. That phrase is directionally useful but can be
misread. It does not mean every buried interface becomes protected, every underside gap is functionally
insulated, every surface contaminant is neutralized, or every masked boundary is defect-free. The coating can
only protect what it reaches and adheres to, and it can only perform to the degree that the design and
qualification plan reflect the actual service environment.

For example, low-standoff components, bottom-terminated components, shield cans, connectors, elastomeric
interfaces, reworked regions, and areas beneath contamination can create reliability risks that are not visible
from a top-side inspection. Parylene may be a better coating architecture for many of these geometries, but the
final requirement should still identify the functional surfaces, the failure mechanism, the acceptance criteria, and
the test evidence required.

4. Coating-family comparison: liquid coatings, Parylene, PECVD, and ALD

Acrylic, urethane, silicone, and epoxy conformal coatings remain appropriate for many products. They are well
understood, widely available, and often easier to inspect, repair, or touch up than Parylene. The engineering
justification for Parylene becomes stronger when thin, uniform, vapor-deposited coverage and high
moisture/corrosion/electrical barrier performance are more important than low application cost or simple
rework.

Table 3. Coating-family comparison for electronics protection

Coating family Strengths Limitations / risks Best-fit use case

Acrylic (AR) Low cost, fast drying, easier removal  Lower chemical and thermal robustness Commercial assemblies with moderate
and repair, common production than some alternatives; may have edge- environmental exposure and high
infrastructure. thinning, solvent, and coverage limitations. ' rework probability.

Urethane (UR) Good chemical resistance and More difficult rework than acrylic; cure and  Industrial assemblies requiring stronger
abrasion resistance; broad process controls matter; may still struggle  chemical/mechanical resistance than
electronics use. with dense geometry coverage. acrylic.

Silicone (SR) Flexible, good thermal range, useful ' Can complicate repair, contamination Assemblies with thermal expansion,
where expansion and vibration are control, and downstream coating vibration, or flexibility requirements.
major concerns. compatibility; may not provide the same

barrier per thickness as Parylene.

Parylene C/ N (XY) Vapor-deposited, thin, highly Masking and de-masking complexity; Dense, high-reliability,
conformal, no solvent flow, strong specialized equipment; removal/rework moisture/corrosion/electrical protection
dielectric/barrier characteristics per | burden; adhesion and cleanliness applications where thin conformal
unit thickness. sensitivity. coverage is critical.

PECVD coatings Thin vapor-deposited films; process- Material set and performance depend Specialty applications where thin-film
dependent functionality. heavily on supplier process and application ' vapor deposition is required and

evidence. qualification data supports the use
case.

ALD or ALD-Parylene Extremely thin inorganic barrier More specialized process, supplier Severe corrosion, high-density, or

layers; ALD-Parylene hybrids can capability, and qualification burden; may ultra-thin barrier applications where
improve moisture/corrosion barrier not be economical for standard board-level Parylene alone is insufficient.
performance in severe coating.

environments.

Selection should remain application-specific. A robust Parylene process may still be the wrong answer for a board
with extensive field rework needs, large unmasked connector arrays, incompatible materials, or insufficient time
for qualification. Conversely, a low-cost liquid coating can be the wrong answer for a dense assembly with
repeated moisture failures, corrosion risk, or hard-to-coat features.

5. Selecting Parylene C, Parylene N, HT, or an ALD-Parylene hybrid

Parylene C and Parylene N are the primary focus of this paper. They are not interchangeable by default. Parylene C is
commonly selected when moisture and corrosive-gas barrier performance are the dominant concerns. Parylene N is
commonly considered when dielectric behavior, low dissipation, and penetration into fine features are more important.
Public property summaries describe Parylene N as having a low dissipation factor and strong penetration capability,
while Parylene C is often described as having a useful combination of electrical and physical properties with low
permeability to moisture and corrosive gases.

Parylene HT and ALD-Parylene should be treated as alternatives rather than routine substitutes. Parylene HT may be
appropriate where higher-temperature or UV-stability requirements exceed the comfort zone for Parylene C or N. ALD-
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Parylene multilayers may be appropriate when severe corrosion, very low water-vapor transmission, or ultra-thin barrier
requirements justify a more advanced coating stack.

Practical selection logic: Use Parylene C as the default barrier/production baseline when moisture or corrosion
protection is primary; evaluate Parylene N when dielectric loss, gap penetration, or high-frequency behavior drives the
requirement; reserve HT or ALD-Parylene for defined thermal, UV, corrosion, or ultra-thin barrier cases.

Table 4. Parylene variant selection guide

Variant stack Best-fit engineering rationale Watch items Evidence to request

Parylene C Moisture and corrosive-gas barrier focus; Not default for very high Target thickness, adhesion method,
broad high-reliability electronics use. temperature, UV, ultra-low-loss, environmental qualification, and
or deep-penetration cases. inspection criteria.
Parylene N Low-loss dielectric behavior and improved Barrier performance, cost, and | Dielectric rationale, critical-geometry
penetration into fine features or small gaps. availability must justify use coverage, thickness verification, and
versus C. acceptance criteria.
Parylene HT Alternative when higher-temperature or UV- Specialized material; select Thermal/UV aging evidence, adhesion

stability requirements exceed C/N comfort
zone.

from application evidence, not
as a routine upgrade.

data, thickness range, and supplier
qualification.

ALD-Parylene Advanced multilayer barrier option for severe

corrosion or ultra-thin barrier applications.

Higher qualification burden,
supplier dependency, and
economic impact.

Layer stack, corrosion/SIR evidence,
insulation performance, and rework
limits.

6. Failure-mechanism framework for high-reliability electronics

The central engineering value of this white paper is the failure-mechanism framework below. It is intended to
prevent specification language such as "apply Parylene coating" from becoming a substitute for reliability
engineering. Each mechanism should be connected to a design control, a process control, and a verification
method.

Table 5. Failure mechanisms and Parylene-related controls

Failure mechanism
Moisture ingress / leakage
current

Corrosion / salt fog

Tin whisker bridging

High-density / low-standoff
geometry

Area-array solder joint
reliability

High-voltage
creepage/clearance stress

Rework or de-masking
damage

Why Parylene may help

Thin continuous polymer barrier can
reduce moisture access to conductive

features and improve insulation margin.

Parylene can isolate metals from
moisture and corrosive species; ALD-
Parylene may be considered for severe
corrosion exposure.

A conformal coating can contain or
capture whiskers and reduce shorting
probability if coverage, adhesion, and
toughness are adequate.

Vapor deposition can reach complex
exposed geometries better than many
liquid processes.

Coating can protect the assembly but
may also interact mechanically with
packages and solder joints under
thermal cycling.

Parylene dielectric properties can add
insulation margin, especially at sharp
conductors and edges.

Parylene protects only if the coating
boundary remains controlled after
masking removal or repair.

6.1 Moisture, corrosion, and salt fog

Key controls

Coating type, thickness, adhesion,
residue control, keepouts, low-standoff
review.

Surface preparation, pinhole/edge
coverage, material interfaces, exposed
metal keepouts, environmental profile.

Coating thickness, coverage, adhesion
to tin surface, aging environment,
component finish risk review.

Component package review,
shadowed regions, bottom-terminated
components, fixture orientation,
cleanliness.

Package selection,
underfill/sealant/coating stack,
CTE/stiffness review, thermal cycle
profile.

Design spacing, edge coverage,
thickness range, bubbles/voids,
contamination control.

Approved removal method, pad
protection, inspection after de-mask,
repair material compatibility.

Verification evidence

Insulation resistance, SIR or
application-specific electrical test,
humidity exposure, visual inspection.

Salt fog or mixed-flowing gas as
applicable, electrical
continuity/function after exposure,
corrosion inspection.

Whisker risk assessment,
SEM/inspection evidence, high-
temperature/high-humidity exposure
when required.

Cross-section where justified,
coupons, optical inspection, electrical
test under stress.

Thermal cycling, continuous
monitoring when justified, cross-
section/FA after exposure.

Dielectric withstand, insulation
resistance, partial discharge/corona
review when applicable.

Post-rework visual inspection,
continuity, solderability where
relevant, local adhesion/coverage
review.

Moisture and corrosive atmospheres are among the strongest technical drivers for Parylene evaluation. They are also
the mechanisms most likely to expose weak assumptions. Salt fog, condensing humidity, ionic residue, and galvanic
interfaces can create localized failures that are not predicted by a simple coating callout. Published ALD-Parylene work
demonstrates why the barrier stack matters: ALD combined with Parylene C was reported to substantially improve water
vapor transmission performance and corrosion resistance compared with Parylene alone under severe test conditions.

For most board-level electronics, this does not mean ALD-Parylene should become the default. It means the
coating system should be selected based on the required environmental margin. Parylene C may be technically
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adequate for many moisture and corrosion use cases. ALD-Parylene becomes relevant when the exposure,
miniaturization, and allowable coating thickness make a standard polymer barrier insufficient.

6.2 Tin whisker bridging

Tin whisker mitigation is a useful example of why coating selection must be mechanism-based. Public industry studies
do not support a simplistic claim that any conformal coating permanently eliminates tin whisker risk. Coatings can reduce
the probability of electrical shorting by containing, redirecting, or capturing whiskers, but the outcome depends on
coating type, thickness, adhesion, toughness, aging environment, and the morphology of whisker growth.

Parylene Cis frequently included in tin whisker studies because vapor-deposited coverage and dielectric
properties are attractive for lead-free electronics. The engineering requirement should still avoid absolute
language. Better language is: "The conformal coating system shall be evaluated as a tin whisker risk mitigation
control for identified pure-tin or tin-rich surfaces, with coating coverage, adhesion, thickness, and environmental
aging evidence retained as part of the qualification record.”

6.3 Area-array packages and solder joint reliability

Area-array packages require a separate review because coating is not only an environmental barrier; it is also an added
material around a mechanically sensitive solder-joint structure. Published solder-joint reliability work on area-array packages
has shown that coating material, coating location, package geometry, and thermal-cycling exposure can change solder-joint
stress behavior. The correct engineering response is not to prohibit Parylene around area-array packages by default, but to
evaluate package style, standoff, underfill, coating thickness, thermal cycling, and inspection limits before release.

For dense aerospace/defense or harsh-environment assemblies, the coating requirement should therefore
include a package-level risk review. BGAs, CSPs, QFNs, bottom-terminated packages, large ceramic packages,
underfilled components, and components with low standoff should be considered before the coating is locked.

7. Design-for-coating review requirements

Design-for-coating review should occur before formal release whenever Parylene is being considered for a high-
reliability product. The review does not need to be complicated, but it must be explicit. The output should be a
coating drawing, masking strategy, target thickness range, verification plan, and list of unresolved risks.

Table 6. Design-for-coating checklist for Parylene C and N

Review item Engineering question Typical output

Failure-mechanism statement tied to
environment and product risk.

Coating objective Which failure mechanisms justify Parylene?

Critical surfaces Which conductors, packages, edges, vias, and exposed metals Marked-up assembly drawing or annotated

require protection?

Keepouts Which contacts, connectors, pads, optics, thermal interfaces,
switches, labels, and mechanical interfaces must remain

uncoated?

Are there BGAs, CSPs, QFNs, BTCs, shield cans, cavities, or
low-standoff components?

Component geometry

Materials compatibility Could plastics, adhesives, elastomers, displays, MEMS,

board images.

Controlled masking drawing and acceptance
criteria.

Package risk list and need for cross-section or
targeted inspection.

Compatibility review and exceptions.

sensors, batteries, or labels be damaged or functionally
changed?

Cleanliness / surface prep Could flux, rework residue, handling soil, silicone
contamination, or cleaning chemistry affect adhesion or

electrical performance?

Cleaning/bake/adhesion-promotion plan.

Thickness range What thickness is required at functional areas, not only on an

easy witness surface?

Target range, coupon plan, and measurement
method.

Rework strategy How will coating be removed, repaired, and reverified? Approved removal method and repair material

rules.

Inspection and qualification What evidence must be retained to prove the coating system

met the requirement?

Inspection plan, environmental test plan, and
certificate data requirements.

7.1 Masking is a reliability control, not just labor

For Parylene, masking often determines whether the process is feasible at production scale. Masking defects can
create open contacts, poor solderability, blocked connectors, altered switch feel, reduced thermal transfer,
trapped debris, or damaged coating boundaries after de-masking. A Parylene RFQ should therefore include clear
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keepout drawings, photographs when helpful, allowable coating encroachment, critical dimensions, and post-de-
mask inspection requirements.

Where product drawings are ambiguous, engineering should avoid pushing interpretation to the supplier. The
supplier can recommend masking methods, but the customer should define functional keepouts and acceptance
criteria. This distinction is especially important for defense and aerospace products where the coating supplier
may not know the system-level consequence of a coated pad, vent, optical window, or mechanical datum.

8. Process variables that control coating reliability

Parylene coating quality is controlled by more than dimer mass and target thickness. Published process-optimization work
highlights the importance of deposition pressure validation, leak detection, maintenance, cleaning, vacuum grease discipline,
adhesion promotion, masking, and bake-out or outgassing controls. These variables can affect pump-down time, coating time,
film quality, adhesion, and consistency between lots.

Table 7. Process-control variables and failure modes

Variable
Incoming assembly condition

Cleaning / surface preparation

Adhesion promotion
Masking material and method

Chamber pressure and leak
condition

Fixture and chamber loading

Dimer material and process
recipe

Post-coat inspection and
handling

Risk if uncontrolled

Residues, handling soils, moisture, or incompatible
materials reduce adhesion and insulation performance.

Entrapped or activated residues can remain beneath
components and defeat the coating objective.

Delamination, blistering, or poor long-term barrier
performance.

Coated keepouts, de-mask damage, residue transfer,
leakage paths near boundaries.

Film-quality variation, longer process times, inconsistent
deposition.

Thickness variation due to surface area, orientation, and
shadowing of exposed features.

Incorrect polymer, contamination, inconsistent deposition
rate, or wrong thickness.

Physical damage, missed masking defects, unverified
thickness, contamination after coating.

8.1 Cleanliness as a coating-interface variable

Recommended control

Define acceptable incoming condition, cleaning
responsibilities, bake requirements, and handling
controls.

Use cleanliness controls appropriate to flux
chemistry, component geometry, and reliability
class; validate with adhesion/electrical evidence.

Specify promoter use or prohibition; record method
and lot controls where applicable.

Approve masking materials, boundary tolerances,
and de-masking inspection.

Use calibrated pressure verification and leak
detection or equivalent preventive control.

Use controlled loading rules and witness coupons
representative of product geometry.

Control material identification, lot traceability, recipe
approval, and change notification.

Use defined visual criteria, thickness measurement,
controlled packaging, and certificate requirements.

Cleanliness is deliberately treated here as a supporting subsection rather than the theme of the paper. The
reason is simple: in a Parylene reliability model, cleanliness matters because it affects adhesion, electrical leakage,
corrosion propensity, and what becomes trapped beneath or within the coated system. It is not enough for a
surface to look clean. Flux residues, partially activated no-clean flux, rework residues, ionic contamination,
silicone transfer, and cleaning chemistry residues can all change the coating interface.

The correct cleanliness requirement depends on flux chemistry, component geometry, product class,
environmental exposure, and customer requirements. For high-density assemblies, the most important residues
are often localized under components, connectors, pads, vias, bottom-terminated packages, and low-standoff
regions. Those regions are difficult to inspect visually and may not be represented by a bulk board cleanliness
value. Coating can preserve an interface condition; it cannot be relied upon to neutralize an uncontrolled one.

8.2 Adhesion testing technique matters

Adhesion testing can produce false conclusions if it is not performed correctly. ASTM D3359-style tape testing is commonly
referenced, but the technique must be appropriate for the coating thickness and substrate condition. Cutting too deeply through
the coating into exposed copper can create an artificial failure mode that does not represent coating adhesion to the intended
surface. Adhesion evidence should therefore be tied to a defined method, specimen condition, coating thickness, and

acceptance criterion.

9. Verification and qualification strategy

Parylene verification should be split into two categories: production acceptance and application qualification.
Production acceptance confirms that a specific lot was processed to the agreed requirements. Application
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qualification confirms that the coating system is appropriate for the product environment. Confusing those two
categories is a common source of false confidence.

Table 8. Production acceptance versus application qualification

Evidence type Production acceptance question Application qualification question
Visual inspection Were masked and coated areas acceptable on this lot?  Are the inspection criteria capable of detecting failure-
relevant coating defects?
Thickness measurement Did this lot meet the specified coating range? Is the specified range sufficient for the failure mechanism
and geometry?
Adhesion testing Did the coating adhere to the representative surface or Does adhesion remain adequate after
coupon? thermal/humidity/chemical aging?
Electrical testing Did the coated assembly pass required functional or Does the coating improve insulation margin under
insulation tests? environmental stress?
Environmental exposure Was any required lot exposure completed? Does the coating system survive the intended humidity,

corrosion, salt fog, thermal cycling, vibration, or mixed-
stress profile?

Failure analysis Were any rejects characterized? Do observed failure modes change the coating selection,
design rules, or process controls?

Table 9. Test and inspection methods commonly mapped to Parylene requirements

Requirement area Methods / references often considered Cautions
Coating material IPC-CC-830, MIL-1-46058C legacy references, supplier material A Qualification to a coating standard does not prove
qualification data. suitability for a specific board design or environment.
Workmanship inspection IPC-A-610 and customer workmanship criteria where General workmanship standards may not define all
applicable. Parylene-specific masking and thickness
requirements.
Adhesion ASTM D3359 Method A or customer-defined method. Cut depth, coupon selection, and surface condition
can change results.
Corrosion / salt fog ASTM B117 or customer environmental profile; mixed-flowing | Salt fog is not a universal predictor of field life; use it
gas when appropriate. when it represents the exposure or customer
requirement.
Humidity / insulation 85/85 exposure, SIR, insulation resistance, dielectric withstand, = Electrical bias, geometry, residues, and condensation
or product-specific electrical monitoring. assumptions must match the risk.
Thermal cycling Product-specific thermal cycle profile; area-array monitoring Coating can interact mechanically with packages and
where justified. solder joints; package mix matters.
Cleanliness IPC-TM-650 methods, ion chromatography, ROSE/process Bulk cleanliness results can miss localized residues
monitoring where applicable. under components or connectors.
Rework / de-masking Localized visual inspection, solderability, continuity, and Repair material may not replicate original Parylene
functional test after approved removal method. performance; document limitations.

The qualification strategy should be proportional to consequence. A low-volume aerospace assembly exposed to
humidity and salt fog should not use the same evidence package as a commercial indoor controller. A dense high-
frequency assembly should not rely on generic coating assumptions if dielectric loss, impedance discontinuity, or
low-standoff residues are critical. A tin whisker mitigation claim should be tied to the finish, geometry, coating
thickness, aging environment, and inspection evidence.

10. Supplier and outsourcing requirements

Outsourcing Parylene is not simply a purchasing decision. It is a transfer of a specialized process whose success
depends on design interpretation, masking discipline, process control, inspection, and evidence retention. The
RFQ package should allow the supplier to identify risks before production, while giving engineering enough
information to judge whether the quoted process is technically credible.
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Table 10. Minimum technical package for a Parylene RFQ or supplier review

Package element What to provide Why it matters

Assembly drawing and revision = Current drawing, bill of material, critical notes, and coating ' Prevents quoting to obsolete geometry or
specification. uncontrolled requirements.

Coated/keepout map Marked images, CAD views, or drawing layers identifying | Masking is a primary technical and labor driver.
coated areas and no-coat areas.

Target coating type and Parylene C or N preference, thickness range, and Avoids supplier choosing a default that may not

thickness measurement method. match the failure mechanism.

Product environment Humidity, salt fog, temperature, thermal cycling, vibration, | Allows supplier to recommend process or
cleaning exposure, service life, and storage assumptions.  qualification changes.

Component and material Batteries, displays, sensors, MEMS, optics, labels, Prevents functional damage or inappropriate

concerns elastomers, adhesives, connectors, switches, thermal coating of sensitive features.
interfaces.

Cleanliness responsibility Who cleans, what method is allowed, bake requirements,  Unclear responsibility can produce adhesion and
and residue concerns. electrical reliability failures.

Inspection and certificate Required data: coating type, thickness, lot/date, visual Creates traceability and acceptance evidence.

requirements acceptance, adhesion coupons, exceptions, and
deviations.

Rework policy Approved removal methods, repair material, and Avoids ad hoc repairs that are weaker than the
requalification requirements. original coating system.

10.1 Questions engineers should ask a Parylene supplier

e What Parylene variants are currently controlled production processes for the supplier, and which are development
or special-order processes?

e How is coating thickness measured, and how are witness coupons positioned relative to complex product
geometry?

e How does the supplier control masking material, masking boundary tolerance, residue from masking, and de-
masking damage?

¢ Whatincoming cleanliness condition is assumed, and what cleaning or bake-out steps are allowed before coating?

¢ What adhesion promotion method is used, and what customer materials may be incompatible with it?

e How are chamber pressure, leak condition, preventive maintenance, and process recipe changes controlled?

e What certificate data is standard, and what data must be requested explicitly?

¢ Whatis the approved rework or coating removal method, and what limitations does the supplier place on repaired
areas?

Table 11. Example specification language that is stronger than a generic coating callout

Weak requirement Improved requirement

Apply Parylene coating per supplier standard. Apply Parylene C or Parylene N as specified on the coating drawing. Coated and
uncoated areas shall conform to the approved masking map. Thickness shall be verified
by agreed witness coupons or approved direct measurement method.

Coating must protect against moisture. The coating system shall be qualified for the defined humidity or condensation exposure
using the agreed electrical, visual, and adhesion criteria.

Mask connectors as needed. All connector contacts, test pads, switches, optical surfaces, thermal interfaces, and
customer-defined keepouts shall remain uncoated. Allowable encroachment shall be
defined on the coating drawing.

Touch up damaged areas. Any rework or repair shall use an approved removal and repair method. Repaired areas
shall be inspected and documented. Repair material shall be identified and shall not be
assumed equivalent to the original vapor-deposited coating.

Use normal inspection. Inspection shall include visual confirmation of masking boundaries, coating defects,
thickness evidence, and any customer-defined critical features. Deviations require
engineering disposition.

11. Application scenarios

The following scenarios summarize where Parylene becomes technically compelling and where it should be
challenged. These are not universal rules; they are screening prompts for engineering review.
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Table 12. Application scenarios and recommended Parylene posture

Scenario Recommended posture Reasoning

Aerospace/defense CCA with humidity, Strong candidate for Parylene C; consider Thin conformal barrier and high-reliability process

corrosion, and long service-life requirements  Parylene N if dielectric/fine-feature needs ' evidence may justify specialized coating cost.
dominate.

Harsh industrial controls exposed to salt fog,  Strong candidate for Parylene C; evaluate Corrosion mechanisms often require better edge and

washdown, or corrosive atmospheres ALD-Parylene for severe corrosion with surface isolation than commodity liquid coating can
limited thickness allowance. provide.

High-density assembly with QFNs/BTCs, fine- Candidate for Parylene C or N, but Vapor deposition is attractive, but residues and low-

pitch packages, microvias, and low-standoff  require cleanliness and package- standoff regions can still dominate risk.

regions geometry review.

Tin whisker risk due to pure-tin or tin-rich Candidate as one mitigation layer, nota  Coating containment depends on thickness, adhesion,

finishes stand-alone guarantee. toughness, and environmental aging.

Area-array package with aggressive thermal  Proceed only with package-level reliability | Coating and underfill/sealant material stack can

cycling review and test evidence. influence solder joint reliability.

Low-cost commercial assembly with frequent ' Challenge Parylene unless failure Masking and rework burden may outweigh performance

field rework and many connectors consequence justifies it. benefit.

High-temperature or UV-exposed electronics | Evaluate Parylene HT or alternate coating C/N may not provide the required thermal or UV margin.
beyond C/N comfort range system.

Data-center or high-frequency electronics with Evaluate Parylene N or other low-loss Low dissipation and penetration may matter, but
dielectric sensitivity protective options; confirm electrical impedance and thermal design must be reviewed.
impact.

12. Application considerations and limitations

Parylene can provide significant reliability benefits for PCB assemblies exposed to moisture, corrosion, salt fog,
electrical insulation stress, dense component geometry, and harsh operating environments. However, like any
coating system, it should be selected and specified based on the product design, operating environment, service
expectations, and qualification requirements.

Parylene is most effective when the coating objective is clearly defined before production. This includes
identifying the reliability risk being addressed, the coating type and thickness range, surfaces that must remain
uncoated, inspection requirements, and any environmental or electrical testing needed to support the
application.

Parylene may not be the best choice for every assembly. Applications with frequent rework, poorly defined
keepouts, uncontrolled surface cleanliness, sensitive contact areas, complex connector masking, or low-cost
general environmental protection may be better served by another conformal coating material or by a different
design control. Parylene should also not be used as a substitute for proper creepage, clearance, component
selection, sealing, cleanliness control, or product-level qualification.

Table 13. Parylene application limitations and controls

Limitation / risk Practical consequence Risk control

Not a substitute for cleanliness Residues can remain trapped and continue to drive Define cleaning, bake-out, and handling controls
leakage, corrosion, or adhesion loss. before coating.

Masking complexity Functional surfaces can be accidentally coated; de- Use controlled masking drawings, trained operators,
masking can damage coating edges. and inspection criteria.

Rework/removal burden Localized removal can be slow and can damage Approve removal method and post-rework
pads, components, or solder mask if poorly verification.
controlled.

Not hermetic packaging Moisture and corrosive species can still migrate Use environmental qualification and do not claim
through defects, interfaces, edges, or uncoated hermeticity unless separately proven.
areas.

Solder joint interaction Coating stiffness/CTE and material stack can Review package type and use thermal cycling

influence area-array reliability under thermal cycling.  evidence where justified.
Thickness is not uniform proof of ' A coupon value may not represent the highest-risk Place coupons thoughtfully and inspect critical

reliability surface or low-standoff region. geometry.

Supplier-specific process maturity  Two suppliers may quote the same nominal Parylene Qualify the supplier process, not only the material
type but deliver different process evidence. name.

Repair material mismatch Touch-up with acrylic, urethane, or silicone may not | Define repair material and limitations on drawing or
match original Parylene barrier performance. process specification.
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13. Production release and supplier-interface considerations

Once Parylene is selected on technical grounds, the coating requirement should be translated into production
instructions that are unambiguous to the coating provider, the assembler, and the customer. The release package
should define the coating type, nominal thickness range, surfaces to coat, surfaces to keep free of coating,
required surface preparation, inspection criteria, thickness-verification evidence, and any environmental or
electrical qualification required for the application.

Purchasing and sourcing decisions should not treat Parylene suppliers as interchangeable solely because they
can deposit the same polymer family. Technical equivalence depends on masking discipline, adhesion-promotion
controls, chamber process control, inspection capability, documentation quality, change-control practices, and
the supplier's ability to support first-article review. These factors are especially important when the coating is
being used to reduce moisture, corrosion, tin whisker, high-voltage, or dense-geometry reliability risk.

Public-facing specifications should avoid relying on general statements such as "Parylene coat the assembly" or
"apply conformal coating per drawing." A stronger release package identifies the reliability threat, the selected
Parylene variant, critical keep-outs, acceptance criteria, and verification evidence. Proprietary recipe settings,
throughput data, internal development records, and customer-specific qualification data should be handled
through controlled technical proposals, statements of work, or qualification packages rather than public
application literature.

14. Conclusion

Parylene C and Parylene N are best evaluated as engineered reliability controls rather than premium coating
materials. Their value is strongest when an assembly has identifiable moisture, corrosion, tin whisker, high-
density, electrical-insulation, or geometry-driven risks that can benefit from a vapor-deposited conformal film.
Their value is weakest when the coating requirement is vague, keep-outs are incomplete, surface condition is
uncontrolled, or the application demands easy field rework more than barrier performance.

A defensible Parylene specification should answer five questions: (1) what failure mechanisms are being
controlled, (2) why Parylene C, Parylene N, HT, or ALD-Parylene is the appropriate coating architecture, (3) which
surfaces must be coated or uncoated, (4) which process variables demonstrate that the coating was produced
under control, and (5) which tests or inspections demonstrate that the coating system is adequate for the
application. When those answers are built into drawings, procurement documents, inspection plans, and
qualification requirements, Parylene becomes a controlled reliability feature rather than a late-stage protective
afterthought.

Publisher note: ICTC provides electronics manufacturing and value-added reliability support services, including Parylene coating
capability developed as part of its controlled process offering. For customer programs, coating requirements should still be controlled
through drawings, purchase-order flow-downs, statements of work, and program-specific inspection or qualification evidence. This
paper is intended as engineering guidance and does not replace customer specifications, regulatory requirements, or contractually
invoked standards.

Standards and contractual references

The following references are intentionally limited to standards, test methods, and contractually controlled documents that may be
invoked by a customer drawing, purchase order, statement of work, quality plan, or qualification plan. Current revisions should be
confirmed for each program before release.

IPC-CC-830 — Qualification and performance requirements for electrical insulating compounds used on printed wiring assemblies, when
invoked by contract or drawing.
IPC-HDBK-830 — Industry guidance for conformal coating design, selection, application, inspection, and process considerations.

IPC-A-610 — Acceptability criteria for electronic assemblies, including conformal-coating workmanship expectations when applicable to the
product class and customer requirements.

IPC J-STD-001 — Requirements for soldered electrical and electronic assemblies, when invoked for workmanship, cleanliness, process control,
or customer flow-down requirements.

IPC-TM-650 — IPC test methods that may be used for cleanliness, insulation resistance, environmental exposure, and other verification
activities when specified by the qualification plan.

ASTM D3359 — Standard test methods for rating adhesion by tape test; useful only when the method, cut depth, coating thickness, substrate,
and acceptance criterion are clearly defined.
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ASTM B117 — Standard practice for operating salt spray/fog apparatus; applicable as an exposure method when the coating system is being
evaluated for corrosion or salt-fog resistance.

MIL-I1-46058C — Legacy conformal-coating reference that may still appear in aerospace, defense, or older customer documentation; use only
when contractually invoked and reconciled with current requirements.

Customer drawings, purchase orders, statements of work, approved supplier lists, inspection plans, export-control requirements, and program-
specific qualification requirements supersede this general guidance.

Publication-use checklist for design review or RFQ release

Before a Parylene-coated assembly is released for quote or production, confirm: coating type, target thickness, required coated and
uncoated areas, masking/keepout responsibility, pre-coat cleanliness condition, adhesion-promotion approach, inspection method,
acceptance criteria, qualification evidence, and rework or de-masking controls.
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