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Introduction

= Tin whiskers pose serious reliability risks

—Do next generation Lead-Free solder pastes result in whisker
growth?

= Conformal coatings can mitigate whisker growth
— Coatings may degrade electrical performance (ex: RF applications)

» Project:
— ldentify next-generation “high reliability” solder pastes for Lead-Free
applications and identify conformal coatings for said applications

— Perform whisker risk analysis (Experiment 1) and RF analysis
(Experiment 2)
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AIM Solder Daniel Palma Solder paste (Rel22/Rel61)
Heraeus Electronics Kathryn Maylath Solder paste (Innolot)
Cytonix Luke Ratnasinghe Conformal coating
SCS Coatings David Ouradnik Conformal coating
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Materials Selected for Evaluation

= Seven solder pastes

—SnPb and SAC305 represent “Control” /
“Baseline”

— Pastes are “no-clean”, but cleaning required

= Four conformal coatings have been identified

= Experiment 1: Whisker risk assessment of all
pastes and coating combinations

= Experiment 2: Solder paste selection is unlikely
to impact coating effects on RF analysis

— Only SnPb paste used for evaluation

(AREA
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PASTES

Indium SnPb w/NC-SMQ92)

Indium SAC305 w/8.9HF

AIM M8-REL22™-38-]5

AIM H10-REL61™-38-J5

Hereaus Innolot SMT660 |IL-89M4

Indium Durafuse HR w/ 8.9HFRV

Indium Durafuse LT w/10.8HF

All Type 4

Coating

None

CytoCure D4

SignalSeal

CE-1155 Polyurethane

Parylene XY




Experiment 1. Whisker Test Vehicle

= Whisker test board

-.062"

-2 layer

— 1oz copper (+plating)
—Immersion Silver

- 120 placements

AREA
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Whisker Test Vehicle

= Components are Lead-Free

PCB Ink Coding | Component Part Number Type PCB Pad (mm)

/ A T491D106MO25AT 2917 Tantalum Capacitor 2.37x2.43

B 08055A271JAT2A 0805 Ceramic Capacitor 0.99x1.24

C 06035C102KAT2A 0603 Ceramic Capacitor 0.76x1.02

e Sn D ESDA5V3sC6 SOT-23-6 Diode 0.60x1.20
E CRCW12061K00FKEA 1206 Ceramic Resistor 0.99x1.60

F TAJA105K020RNJ 1206 Tantalum Capacitor 1.42x1.23

G MMBT2222ALT1G SOT-23-3 Transistor 0.56x0.95

H RK73H1ETTP2801F 0402 Thick Film Chip Resistor 0.61x0.61

Sn/Ni Finish

S P&
Plated Ni and Sn -

Pure Sn ‘
Matte Sn Pure Sn Matte Sn

Cu Lead -Ni
@?EA Fe-Ni Lead
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Experiment 1: Whisker Test Vehlcle D.O.E.

D Coating mponent ID and Sample Size PCB QL.Iantity T.C. 85/85 85/85
. . A E F B c H G D Required 1000 Cycles | 2000hr 4000hr
L WhISker testl ng None 45 45 42 45 45 45 45 45 3 1 1 1
CytoCure D4 45 45 42 45 45 45 45 45 3 1 1 1
i n VO |Ve S S a m | e S AIMRel 61 SignalSeal 45 45 42 45 45 45 45 45 3 1 1 1
p CE-1155 45 45 42 45 45 45 45 45 3 1 1 1
. o Parylene 45 45 42 45 45 45 45 45 3 1 1 1
S u bJ e Cte d to . None 45 45 42 45 45 45 45 45 3 1 1 1
CytoCure D4 45 45 42 45 45 45 45 45 3 1 1 1
_ T h | C | | N AIMRel 22 SignalSeal 45 45 42 45 45 45 45 45 3 1 1 1
erma yc g CE-1155 45 45 42 45 45 45 45 45 3 1 1 1
_ T / H H d H Parylene 45 45 42 45 45 45 45 45 3 1 1 1
em pe ratu re umil Ity None 45 45 42 45 45 45 45 45 3 1 1 1
. . . CytoCure D4 45 45 42 45 45 45 45 45 3 1 1 1
= O ptl Ca | I n S p e Ctl O n Indium DFHR SignalSeal 45 45 42 45 45 45 45 45 3 1 1 1
CE-1155 45 45 42 45 45 45 45 45 3 1 1 1
e rfo r m e d a fte r St re S S Parylene 45 45 42 45 45 45 45 45 3 1 1 1
p None 45 45 42 45 45 45 45 45 3 1 1 1
1 CytoCure D4 45 45 42 45 45 45 45 45 3 1 1 1
te St I n g Indium DFLT SignalSeal 45 45 42 45 45 45 45 45 3 1 1 1
CE-1155 45 45 42 45 45 45 45 45 3 1 1 1
3 1 5 | d I | & Parylene 45 45 42 45 45 45 45 45 3 1 1 1
- e a S p e r a Oy None 45 45 42 45 45 45 45 45 8 1 1 1
. . o CytoCure D4 45 45 42 45 45 45 45 45 3 1 1 1
C O a t I n g C O m b I n a t I O n Heraeus Innolot SignalSeal 45 45 42 45 45 45 45 45 3 1 1 1
o, o CE-1155 45 45 42 45 45 45 45 45 3 1 1 1
p e r te St CO n d Itl O n Parylene 45 45 42 45 45 45 45 45 3 1 1 1
None 45 45 42 45 45 45 45 45 3 1 1 1
CytoCure D4 45 45 42 45 45 45 45 45 3 1 1 1
Indium SAC305 SignalSeal 45 45 42 45 45 45 45 45 3 1 1 1
CE-1155 45 45 42 45 45 45 45 45 3 1 1 1
Parylene 45 45 42 45 45 45 45 45 3 1 1 1
None 45 45 42 45 45 45 45 45 3 1 1 1
CytoCure D4 45 45 42 45 45 45 45 45 3 1 1 1
Indium SnPb SignalSeal 45 45 42 45 45 45 45 45 3 1 1 1
CE-1155 45 45 42 45 45 45 45 45 3 1 1 1
Parylene 45 45 42 45 45 45 45 45 3 1 1 1

@?EA Full-factorial DOE
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Experiment 2: RF Test Vehicle

= RF test board

-.060"

-4 layer

— ROGERS RO4835 0.5 oz copper clad
(+plating)

—Immersion Silver

— 6 connectors/board populated

222222

Body
Stainless Steel 303

Contact Pin
Au over Nickel Underplating
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Component Part Number Type
292-J-P-EP-ST-EL-01-25551 |Jack, Edge Launch Compression Mount




Experiment 2: RF Conformal Coat Test Vehicle D.O.E.

= RF analysis

— Transmission Loss
— Return Loss

— ' . PCB Quantity T.C. 85/85 | 85/85
P h dase S h |ft F re q uen Cy Paste Coating Required 1000 Cyctes | 2000hr 4000
None 3 1 1 1
CytoCure D4 3 1 1 1
SnPb SignalSeal 3 1 1 1
CE-1155 3 1 1 1
Parylene 3 1 1 1

Full-factorial DOE

AREA
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RF and Tin Whisker Board Fabrication

» Fineline USA
fabricated the
boards

— Both designs are
simple, but the
Rogers material
used for the RF
board is
expensive

AREA
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Conformal Coating Immersion Solder — Tin Whisker Test

AR_E.A Consortium | Bare Boards Supplied by Fineline USA

BOARD 1 — 2-Layer NP-175 Tin Whisker Test Vehicle

BOARD 2 - 4-Layer Edge-Plated RF PWB (Rogers)

| PLATE At A
| | .

Board 1F on /@S Immersion Silver | Taiyo PSR-4000

Board 1 Specifications

Material: NP-175 laminate

Layers: 2

Thickness: 0.093"

Finish:  Immersion Silver

Mask Taiye PSR-4000 or equivalent
Cu: ¥2 oz base copper + plating
Score:  Top & bottom (5 locations)
Tooling: 4 x 3.0 mm holes (unplated)
PTH 4 x 1.0 mm (plated)

Thieve surfaces as required

wsome

o

wemam

s L

PWB Stack-Up 4layers | 0.5 0z Cu each

PUB STAGK-UP

1304 oo 1o

Ed lated Rogers Coupon Structures Line / Stub / Short

Board 2 Specifications

Laminate: Rogers (RF-grade)
Layers: 4 (plated all layers)

Thickness: per stack-up (0.0133+0.030+0.014" cores + Cu)
pil g i PlL&4P

CONFIDENTIAL | A.R.E.A Consortium Tin Whisker Evaluation Program

© 2026 Universal Instruments

Programme Details

Submission

Supplier: Fineline USA
Programme: A.R.E.A Consortium
Type:  Bare board submission
Boards submitted: 2 designs

Test Type
Conformal Coating Immersion Solder
Tin Whisker Evaluation

Board 1 - NP-175 (2-layer)
Material. NP-1735 laminate
Thickness: 0.093"

Finish:  Immersion Silver

Mask:  Taiyo PSR-4000 equiv.
Cu: ¥ oz base + plating
Score: top & bottom (5 locations)

Board 2 - Rogers RF (4-layer)
Material: Rogers RF-grade laminate
Thickness: per stack-up
cu: 0.5 oz per layer
Connector pitch: 82 mil
Row spacing: 110 mil
Dril:  Layers 1-4 (PTH)

Features: Line/ Stub/ Short

Test conditions
1. Conformal ceating applied to bare/assembled boards
2. Immersion solder exposure at terminal junctions

Fineline USA | Bare Board Submission




Assembly - Tin Whiskers Test Vehicle

= Pastes were printed using a
0.10mm thick stainless steel stencil

240

Reflow Profiles

— 1:1 pad to stencil aperture ratio
. 200
= Four reflow profiles 190
» Durafuse materials based on  t.
Indium recommendations g 120
= SnPb and SAC profiles based C
o e . 60
on participating member w
recommendations 20

[ | Re|22, Re|61 and InnOIOt used 00 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425

Time (seconds)

SAC profile (“drop-in” materials)
= Reflow in nitrogen

—e—Durafuse HR —e—DurafuseLT —+—-SAC-Innolot-Rel22-Rel61 —+-SnPb

(leSS than 300ppm OZ) Parameter Durafuse HR | Durafuse LT SAC /1nnolot / SnPb
Rel22 /Rel 61
Peak Temperature (C) 244 221 237 209
Time above 183C (s) 132 140 83 54
Time above 200C (s) 100 95 64 20
Time above 217C (s) 71 27 43 0

(AREA
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Assembly Cleaning - Why Clean?

= There's lots of
reasons for
cleaning

— Properly prepares
the surfaces for
conformal coat
applications

= Zestron performed
cleaning operations

— Samples were
overnighted from
Binghamton to
Manassas for timely
cleaning

@?EA

1. Electrochemical Migration (ECM)

Short circuits due to dendrites on
the PBA surface when moisture
condenses.

3. Water Treeing

Combination of AMP and partial
discharge in micro-gaps and pores.

5. Parasitic Leakage Current

Formation due to moisture on/in
polymeric protection systems or at
temperatures above 120°C.

Why Clean<e Risk Mitigation and Product Reliability

2. Anodic Migration Phenomenon

ECM between layers after
degradation of the layer bonding.

4. Insertion Loss

Interference of the insulation
resistance at switching frequencies
from 100kHz through moisture or
particles.

6. Thermal Incident

Short circuit caused by conductive
particles.

© ZESTRON

ZESTRON
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Inline Cleaning Process Settings

= Setup samples were
provided to Zestron

prior to final assembly

for cleaning trials

AREA

Cleaning Agent (Conc.)

Vigon NX 728 (15%)

Conveyor Belt Speed

0.5 fpm

Wash Spray Configuration

VJVJIHIVIV

(Top spray bars) (high volume nozzles)
Pre-Wash Pressure (T/B) 55 PSI /45 PSI
Wash Pressure (T/B) 75 PS1 /65 PSI
Wash Hurricane Pressure (T/B) 40 PSI/ 30 PSI
Wash Temp 150°F
Chem Iso Pressure (T/B) 25 PSI1/20 PSI
Rinse Pressure (T/B) 85 PSI /75 PSI
Rinse Hurricane Pressure (T/B) 40 PSI /30 PSI
Rinse Temp 150°F
Final Rinse Pressure (T/B) 35 PSI1/30 PSI
Final Rinse Temp Room Temperature
Drying Temperature (D1) 180°F
Drying Temperature (D2) 220°F
Drying Temperature (D3) 220°F

© 2026 Universal Instruments




Cleaning Visual Inspection Before/After
Images - SnPb Solder paste

Residue
in mask
opening

Before Cleaning After Cleaning

AREA
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Cleaning Visual Inspection Before/After
images - Pb-Free Solder Paste

Before Cleaning After Cleaning

AREA
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Cleaning

= Zestron performed

: : Surface Energy & Wetting Angle Measurement
cleaning analysis

08> 90° 8 < 90°

Note the variance in Cleaning chemistry —
impact on Surface energy and wetting.

Poor wetting

Good wetting ~ Excellent wetling

Contact Angle () Important to run multiple fluids to capture

‘ polar & non-polar contributions
Sample Before | After | Before | After .
1 1195 [ 1135 | 1139 | 76.1 Data Physics benchtop
2 1114 | 4121 | 1138 | 586 goniometer unit in Zestron Lab.
3 1102 | 1109 | 1131 57.4
4 104.2 | 1033 | 109.6. | 52.7 Gives more information than simple Dyne Ink.
! 5 99.2 90.7 109.3 50.2
Average Contact Angle | 108.8 | 106.1 | 1119 | 59.0

Average Decrease in
Contact Angle from Before 2.7

to After Wash

© ZESTRON FESTRON
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Circuit Card Cleaning Surface Energy Method

Surface energy was calculated by measurement of contact angle using an
OCA 15EC and the Owens, Wendt, Rabel and Kaelble (OWRK) method.

Instrument: OCA 15EC optical contact angle and drop shape analyzer with
single or double direct dosing (SD-DM or DD-DM) and ES electronic dosing
units. The system uses video-based contour analysis with LED/halogen
lighting and stable illumination compensation across OCA models.

Software: SCA 20 (contact angle and hysteresis) and SCA 21 (surface free
energy analysis and component calculation) modules for data capture and

SFE computation.

Measurement ranges: Contact angle 0-180°; surface/interfacial tension
approx. 2-103 mN/m with £0.01 mN/m resolution (model-dependent).

(AREA
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Circuit Card Cleaning Surface Energy

UIC - Raytheon Tin Whisker Project SFE Results

Board Board side SFE total
(dynes/cm)
2 Front 87.27
5 Front 53.73
8 Front 90.03
11 Front 141.49
14 Front 44.32
17 Front 47.13
20 Front 47.89
Average 73.12

All samples exceed the IPC-CC-830 requirements at >38 Dynes/cm
(A:I?EA
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RF Test Measurements

* RF testing will be done to assess the impact of individual conformal coating material
and thermal cycles.

RF Transmission Line Physics 101

Microstrip line is considered inhomogeneous Quasi-TEM transmission line where the fields are
split between air (€,,.= 1) and the substrate (€,,> 1). Because of that the dielectric constant is not
uniform and an effective dielectric constant is used.

microstrip line is dispersive, meaning the propagation velocity and effective dielectric constant
change with frequency.

* The testing will measure RF performance in terms of insertion loss, return loss, and frequency
shift, due to the change in material properties such as dielectric constant and conductivity.

» First, we will take baseline measurements for insertion loss, return loss and resonant frequency

based on the stub length. Then, the same measurements will be repeated post conformal coat and
Thermal cycles.

(AREA
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RF Test Measurements

« Network analyzer will be used to perform following measurements over range of frequencies from
10MHz to 22GHz. PNAis a 2-port RF instrument used for characterizing the scattering
Parameters of the transmission line.

1. Reflection coefficient seen at port 1 when port 2 is terminated
in @ matched load (Z0 = 50 ohms)

Vi Zina)—Z0

S11 = =
1
1 't Zina)+20

2. Transmission coefficient from port 1 to port 2 is found by applying the
incident wave at port 1 V; ™ and measuring the outcoming wave at port 2

Any change in resonant frequency post conformal coat will be an
iIndication of change in effective dielectric constant (Dk) of the material.

(AREA
© 2026 Universal Instruments




RF Test Measurements

RF Test Equipment:

For our testing, we will need the following:

- A vector network analyzer (VNA) that can work up to 26.5 GHz

-RF testing cables (to connect port 1 and 2 of the VNA to the boards)
-3.5mm male cable adapter (they will be mated to the female connectors
on the board)

-3.5mm female-to-female bullet connector

-8 in-Ibs SMA torque wrench

(AREA
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RF Testing - Calibration/Test Process

 The VNA calibration routine standards use the three-connector board
and one line from the eight-connector board

« Edge plating and conductive paint at connector/board interface ensure
ground path integrity

AREA
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RF Testing - Calibration/Test Process

« Measurements will be taken with a VNA (Vector Network Analyzer)
« TRL (thru, line, reflect) calibration method is used with VNA

The 3-connector board has the TRL thru and reflect standards (a short is used as the

reflect)

The straight line on the 8-connector card is the TRL line. This has a know time delay
relative to the TRL thru.

The calibration boards shown on previous slide covers a 10:1 cal range, from roughly 2

to 20 GHz

« Measurement taken will be:

AREA

The meander line on the 8-connector board is used for insertion loss and return loss
measurements to characterize changes in effective loss tangent (Dk)

The two stubs on the 8-connector board will be used to look for resonance shifts to
characterize the shift in effective dielectric constant (g,)

Resonance of the two stubs without conformal coat are at approximately 7.5 and 19 GHz

© 2026 Universal Instruments




Summary

« Samples have been assembled and cleaned
* RF setup tests have begun

« Conformal coatings are being applied

» Stress testing should begin shortly

* QOpen for discussion regarding Phase 2 experimentation (if desired)

Thank You

AREA
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