PCB/Substrate Finishing Overview

July 21/22, 2021

John Swanson, Director of Final Finishes

Watch the recorded webinar:

o https:/lyoutu.be/SOEjj5wittE
OR

e http://thor.inemi.org/webdownload/2021/BdAssy-
Tech_Topics/Surface Finishes.mp4
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PCB Surface Finish Overview 5 MacDermid énthone

OSP Imm Silver Imm Tin ENIG ENEPIG
Planarity Yes Yes Yes Yes Yes Surface Finish deployment
ranked by surface area
Solderjoint Cu-Sn Cu-Sn Cu-Sn Ni-Sn Ni-Sn
weatvecont J[8 5 s | | O° | ot
Shelf Life 12 months* 12 months _ 24 months 24 months Imm Tin
Reflows 3*= 6 _ 6 6 ENIG
Contact _ E-Test, ICT, Keypad E-Test E-Test, ICT, Keypad | | E-Test, ICT, Keypad Silver
Press Fit Good Good Good Good Good ENEPIG VY least
oo | I [ s O =
Al Wirebond _ Yes _ Yes Yes

* Consult process vendor for specifics

** dependent on specifics of assembly temperature, time, etc.
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Assembly/reflow considerations

" Complete PCB / device assembly commonly
iInvolves multiple exposures to significant heat
cycles

"  Assembly conditions (time, temperature,
environment) will vary by application.

= Surface finishes vary in their performance and
“resilience” to these conditions

" Subsequent longer term “performance” may be a
consideration

® Tradeoffs of “fit versus cost” are considered

i MacDermid Enthone
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IPC vs Standard Reflow Profile
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Characteristics for Consideration B& MacDermid Enthone

ENEPIG
ENIG (Electroless Nickel Electroless Palladium
(Electroless Nickel Immersion Gold) Immersion Gold)
OSP Immersion Tin
(Organic Solderability Preservative) Immersion Silver

0.03 — 0.07 micron Au

Coatin : — ' :
: g ~ 0.3 micron ~ 0.25 micron ~ 1.0 micron Cos 0'1.0 micron -t 0.05 — 0.3 micron Pd
thickness . 3-6 micron Ni* ) )
3-6 micron Ni*

Process organic molecule : . . electroless + electroless +

: immersion platin - - i L Lo
note (azole) bond with copper piating immersion plating immersion plating immersion plating
Coating change general organic inimal oxidati thin tin oxide + inimal oxidati inimal oxidat
With heat + time degradation minimal oxidation T T minimal oxidation minimal oxidation
Soldering organic breakdown in flux rapid silver dissolution rapid tin dissolution in rapid gold dissolution in rapid gold and palladium
mechanism and dissolution in solder in solder solder solder, partial nickel.... dissolution, partial nickel....

Tin/Nickel

Solder joint Tin/Copper Tin/Copper Tin/Copper Tin/Nickel

* Thin nickel, < 0.5 micron, in some specialty applications
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Organic Solderability Preservative (OSP)

Overview:
® | owest cost surface finish in wide use

" Most used surface finish when considering PCB
surface area

" Qrganic coating, various varieties of benzimidazole,
formed on clean copper substrate. Specific
organic coating varies by chemistry vendor

" Limitations linked to poor electrical contact
functionality

" Inhibits oxidation and degradation of underlying
copper, but incremental decline in performance with
each exposure to assembly cycle

i MacDermid Enthone

osP
Planarity Yes
Solderjoint Cu-Sn
Relative Cost $
Shelf Life 12 months*
Reflows = Jens
Contact
Press Fit
Au Wirebond
Al Wirebond

* Consult process vendor for specifics

** dependent on specifics of assembly cycle
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Engineering of OSP

OSP Coating

Organic Molecule with
specific chemical,
physical, and electrical
properities

Variation may exist
among process
suppliers

X
B S SR s
0000000000y
o e e e S S S S S B e S S S S S nns

OSP
Deposit _|:

PCB Pad Copper Surface

Hot assembly conditions cause degradation of basic

organic molecule, thin coating.

i MacDermid Alpha €Y
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i MacDermid Enthone

Consideration regarding coating and
process:

" Ease of use, stability of OSP
processing chemistry

" Thickness capability
" Permeability to air
" Heat stability of coating

" Compatibility with flux/paste
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OSP Process Overview 3% MacDermid énthone

Process Sequence Total Cycle Time ~ 15 minutes

. . , : OSP :
cleaner rinse microetch rinse precoat rinse : rinse Dry
Coating

Standard Pretreatment Objectives Precoat OSP Coating and Dry
- The cleaner removes fingerprints and = The Precoat deposits a = The OSP bath builds the coating
other contaminants. thin, organic film, which thickness to the desired level.
is covalently bonded to
"  Cleaners may be acidic or alkaline. the copper surface. *  Animmersion time of 1 minute will
Alkaline cleaners are required to remove produce a coating thickness of 0.35
soldermask residues. = This organic film um.
increases the useful life
= The microetch will provide a micro- of the OSP bath and C Acidity, temperature and Azole
roughened surface, that is relatively allows an easy method concentration are key process drivers.
oxide free. to adjust the OSP film
thickness. = The panels must be completely dry
before stacking
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i MacDermid Enthone

OSP Coating Mechanism

The PCB is passed through a cleaner, microetch, and the OSP pre-coat step to create a
surface that allows for the OSP buildup and adhesion.

oo
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OSP Coating Mechanism id Enthone

Copper surface with OSP Pre-Coat

-
MacDermid Alpha €Y
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OSP Coating Mechanism id Enthone
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OSP Coating Mechanism | | ‘d€Enthone

OSP Process
Design Goals

Thermally
Resistant Coating

Protects from
Oxidation

Compatibility with
Solder flux/paste

)
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Paste Reflow Mechanism pR MacDermid Enthone

IPC vs Standard Reflow Profile

260
240
220
200
180

The OSP coating is applied and

160

the PCB is now ready to have

120

the solder paste screen printed.

Temperature (C)

0:00 1:00 200 3:00 400 5.00 600 7:.00

Time {min}
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Paste Reflow Mechanism Py MacDermid Enthone

IPC vs Standard Reflow Profile

260
240
220
200
180

Solder paste is screened onto

Temperature (C)

the pad, sitting atop the OSP.

120

The PCB is ready for reflow.

0:00 1:00 2:00 3:00 400 5:.00 600 7:00

Time {minj}

——
. MacDermid Alpha Q‘ CIRCUITRY SOLUTIONS SEMICONDUCTOR SOLUTIONS ~ ASSEMBLY SOLUTIONS 12

ELECTRONICS SOLUTIONS



Paste Reflow Mechanism

260
240
220
200
180

140

Temperature (C)

120

100

40

0:00

/

IPC vs Standard Reflow Profile

1:00 2:00 3:00 400 5.00 600

Time {minj

7.00
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i MacDermid Enthone

Heat activates the flux within the
paste and it flows downward,

mixing into and dissolving /
displacing the OSP coating
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Paste Reflow Mechanism p§ MacDermid Enthone

IPC vs Standard Reflow Profile

260
240
220

2 o With the OSP coating removed,
g the solder and flux can now
h » begin to contact the copper

o surface.

0:00 1:00 2:00 3:00 400 5:.00 600 7:00

Time {minj}
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Paste Reflow Mechanism p] MacDermid Enthone

IPC vs Standard Reflow Profile

260
240
220
200

The high temperature soak of
o the reflow profile now drives the

140

- flux to clean any oxidation on

. STANDA the surface and prepare for
o |/ solder

0:00 1:00 2:00 3:00 400 5:.00 600 7:00

Temperature (C)

Time {minj}

o0

OoO

88

80808
ooO
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Paste Reflow Mechanism p§ MacDermid Enthone

IPC vs Standard Reflow Profile

260
240
220
200
180

The solder balls melt at the peak
reflow temperature, and the

160
140

remaining flux / organics are

100

5 STANDARD driven off

Temperature (C)

0:00 1:00 2:00 3:00 400 5:.00 600 7:00

Time {minj}
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Paste Reflow Mechanism p§ MacDermid Enthone

IPC vs Standard Reflow Profile

260
240
220

200

Due to precise pairing of flux,
solder, and OSP chemical

160
140

Temperature (C)

120

properties, a strong copper-tin
o STANDARD solder joint is formed.

0:00 1:00 2:00 3:00 400 5:.00 600 7:00

Time {minj}
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i MacDermid Enthone

Immersion Silver Overview
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Immersion Silver

i MacDermid Enthone

Overview:
" Lower cost than ENIG, ENEPIG, and Immersion tin Imm Silver
Noteworthy in its Simplicity and Productivity Planarity —
« Simple immersion coating reaction solderjoint o
« Time to deposit coating: = 1 minute
Relative Cost $5
. . .
Best durability to multiple reflows Shelf Life Eae
* No intermetallic formed with copper and silver Reflows o
* Minimal surface oxidation P—— E-Test, ICT, K :
* No thermal breakdown of silver :
Press Fit Good
" Electrical contact performance Ere— Limited
= Excellent high frequency performance Al Wirebond Yes
I MHCDEI‘I‘I‘Iid Alpha 0‘ CIRCUITRY SOLUTIONS SEMICONDUCTOR SOLUTIONS ASSEMBLY SOLUTIONS
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Immersion Silver Process Overview % MacDermid Enthone

Process Sequence Total Cycle Time ~ 12 minutes

cleaner rinse microetch rinse predip rinse S|Iv_er rinse Dry
Plating

Standard Pretreatment Objectives Predip Immersion Silver Plating & Dry
= The cleaner removes fingerprints and u The chemical formulation 2Ag* + CUO = 2A (g0 + Cu?* FAURIE s
other contaminants. is similar to the silver bath,
without silver metal. C Approximately 10 u” ( 0.25um) is
= Cleaners may be acidic or alkaline. deposited in 70 — 90 sec.
Alkaline cleaners are required to remove = The Predip conditions and
soldermask residues. wets the copper surface L The Ag plated panels must be rinsed
and assures compatible sufficiently to achieve required ionic
= The microetch will provide a micro- plating drag-in. contamination specification.
roughened surface, that is relatively
oxide free. L The panels must be completely dry
before stacking or packaging.

ELECTRONICE SOLUTIOME

i MacDermid Alpha d CIRCUITRY SOLUTIONS




Consistent Solderability through 4+ high temperature reflows i MacDermid Enthone

" Unlike most PCB surface finishes, silver is unaffected by multiple heat exposures

« Minimal surface oxidation
* No intermetallic formation with copper substrate

. \ | |
a [

+

T (o

2x lead free reflows 4 x lead free reflows

Toma s

AS coated as coated 2X 4x
Minimal change in silver
finish appearance after

assembly exposures
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Immersion Silver in High Frequency Applications

Advanced Driver Assist Sytems (ADAS)

= ECUs and Embedded Controls |
= Rador Sensors
== Comera Sensors

CAAGR 2016-2021
147

b @G 3x 200
G 3w s

2015 | 2018 | 201

5G eqnpm et 1 P

526

QuICAes [0 0 eer AppWCanicn demand

5G Network Communications

113 52
s1 $60

5C swbs oiber growth
WiF be quicher than 4G

w0 ey
Wil be

i MacDermid Al

ELECTRONICE SOLUTIOME

pha €Y

24 GHz Auto Safety System

*  “mid frequency”
« Larger antenna features
» Lower packaging density

i MacDermid Enthone

77 GHz Auto Safety System

“high frequency”
Smaller antenna features

Increased packaging
density
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Signal Loss Versus Surface Finish

Bulk Conductivities

THE IMPACT OF FINAL PLATED FINISHES ON INSERTION LOSS FOR
HIGH FREQUENCY PCBS

John Coonrod
Rogers Corporation
Chandler, AZ, US A

Copper 5.817 x 107 S/ m jolin.coonrod@rogerscorp.com
i 7 Microstrip insertion loss, differential length method
Silver 6.301x10"S/m using Smil extremely low loss laminate with rolied copper
Gold 4.52 x 10’ S/m
Nickel 1.5x 10°S/m
Aluminum 3.5x10°S/m
Brass 2.56 x 10’ S/m
= ~e=Bar0 coppor
7 s. : —a Mmmersion Siiver
Solder 0.70x 10°S/m g1 08P
3
Tin 0.87 x 10’S/m
ENEPIG
== lmmaorsion in
== Soldermask
——ENIG
25
1 o skin depth Frequency I Skin depth 1
o =\J '— 1 permeability
L freq i o conductivity Conductivity l Skin depth I 3

MacDermid Alpha )
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0 20 4 60 80 100

Frequency (GHz)
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Immersion Silver — Tarnish Mitigation

Immersion silver without Immersion silver with
tarnish inhibitor tarnish inhibitor

®

el

Hllllllll llllllllll

ey

Hittmn llll“”ll

S e

no reflow after 1 after 2 no reflow after 1 after 2
preconditioning assembly assembly preconditioning assembly assembly
exposure exposures exposure exposures
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Immersion Tin

i MacDermid Enthone

Overview:
= Moderate costs versus other finish alternatives Imm Tin
" Popular in automobile applications. Auto Planarity
compromises 60%-+ of tin final finish applications Solderjoint
" Widely recognized as best performance in “press Relative Cost
fit" connector applications Shelf Life
" [mmersion plating reaction “assisted” by Reflows
complexing agent Contact
= Excellent initial solderability with obvious Press Fit
compatibility with tin-based solders, but decline and Au Wirebond
sensitivity linked to tin/copper alloy formation e
I MHCDEI‘I‘I‘Iid Alpha Q‘ CIRCUITRY SOLUTIONS SEMICONDUCTOR SOLUTIONS ASSEMBLY SOLUTIONS
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Immersion Tin Process Overview 3% MacDermid Enthone

Process Sequence Total Cycle Time ~ 20 minutes

cleaner rinse m-etch rinse precoat rinse tm rinse antl; rinse rlr.lse rinse Dry
plating tarn aid*

Standard Pretreatment Objectives Precoat

- Sometimes preceded by or including = thin tin and/or
a “UV Bump” step, with objective of whisker
preventing soldermask attack in hot prevention

immersion tin process step
L Some variation

= Additional traditional objectives of depending on
cleaning and microetch process steps chemical
supplier
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Immersion Tin Process Overview

Process Sequence

Total Cycle Time ~ 20 minutes

cleaner rinse m-etch rinse precoat rinse tm rinse anti- rinse rlnse rinse Dry
plating tarn* aid*

Standard Pretreatment Objectives

- Sometimes preceded by or including
a “UV Bump” step, with objective of
preventing soldermask attack in hot
immersion tin process step

= Additional traditional objectives of
cleaning and microetch process steps

Precoat

u thin tin and/or
whisker
prevention

C Some variation
depending on
chemical
supplier

Tin Plating, Optional Post-treatments, and Dry
2CU + SN2+ = S + 2Cu*
C Plating aided by complexing agent

C * Optional anti-tarn inhibits subsequent coating
oxidation

C * Optional rinse aid lowers “ionic contamination” of
board surface

i MacDermid Alpha €Y
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Immersion tin plating aided by complexing agent B MacDermid nthone

General deposition rule:
The more noble metal will deposit on the less noble metal.

Ag
will deposit on
Au 1.50 Cu
Pt 1.20 _ Cu_ -
HQ 0.85 vl d::ap;mton will NOT deposit on
Ag 0.80 Ag' Cu
| 0.54 >
Cu 0.34 o cu?* :
Sb 0.10
_____ H o000 e

Pb -0.13
Sn -0.14 Sn?
Mi -0.25
Fe -0.40
Al -1.66

A deposition of Sn on Cu, is only possible with a complexing agent (e.g. thiourea)

The complexing agent will decrease the potential of Cu to a value less than the _ ZCu + Sn2+ ------ > Sn = 2Cu"'
potential of Sn.
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Thickness Analysis, 1.0 and 1.5 micron — Intermetallic Included i MacDermid Enthone

1.0 Micron

pure tin

tin/copper alloy
copper

1.5 Micron

pure tin

tin/copper alloy
copper

ELECTRONICE SOLUTIOME

As Plated, No Reflow Exposure

0.60

0.40

vV 020
L 0.00
5 020

G 040

0.60

0.80

-1.00

060

vV 0.20

L 000

020

" 040

0.60

0.80

vi
4

Tin (Sn)

0,800 um

v nphase intermatalic
- 0.384 um

o-phase intormatallic
0.147 pm

i__(?SH

200 10 600 100

Tin (Sn)
1.358 um

v3 n-phase ntermatalkc
- 0.408 um
o-phase intermatalic
N2 0.168 um

pure tin

tin/copper alloy

copper

v

i MacDermid Al

pha €Y

pure tin

tin/copper alloy

copper

A 4

0.20

0.40

-0.60

-0.80

-1.00

After 1 Reflow Exposure

1

\<

I,

Tin (Sn)
0.246 pm

V3 n-phase intermatalic

0.530 um

/ 0.253m

100

Tin {Sn)

0.737 pm
n-phase intermeataliic
0,654 pm
9-phase intermotaliic
0.110 pm

¢-phase intermotallc

100

200 300 400 500 500 700 500 900
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Tin Whiskers and Whisker Prevention B& MacDermid Enthone

" Whisker growth, microns to
millimeters in length, can occur from
tin and some other metals

®  Whisker formation is linked to stress
relaxation in the metal / substrate
system.

" Presents reliability risk

LAY
08 ‘\:
RS
RN
USRS
R
‘.‘.‘ Ve
N R
\\ A\ /
» :
\ i‘*‘\:{if“f A\
high magnification microscope tin whisker inside
Image of tin whisker PCB thru-hole

= Stress build-up and whisker growth can be
prevented. Most commonly, very small
amounts of a secondary metal in the
coating will eliminate whisker growth

" Commercial tin processes utilize whisker

prevention additives

Whisker Count at 4000 hrs

® No Additive m 33% Additive m 66 % Additive 100 % Additive

90
E 80
g 70
£ 60
§ 50
5 40
i 30
=
20
=
10
o _
3-10 10-45 >45 3-10 10-45 > 45
55/85 Ambient

Horizontal axis categorizes whisker lengths
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ENIG and ENEPIG

Overview:

High cost finishes -precious metal surfaces assure
long shelf life and substrate protection.

Generally deployed to high value, high reliability
applications: smartphone, medical, mil/aero, etc.

Electroless chemistries utilizing reducing agents and
stabilizers generally mean higher process complexity.

Nickel / Tin solder intermetallic differentiated from other
finishes, debatable practical impact.

ENEPIG primarily used in wirebond applications.

Renewed industry attention to “EN Corrosion”

MacDermid Alpha )

ELECTRONICE SOLUTIOME

i MacDermid Enthone

ENIG ENEPIG
Planarity Yes Yes
Solderjoint Ni-Sn Ni-Sn

Relative Cost

24 months 24 months

Shelf Life
Reflows 6 6
Contact E-Test, ICT, Keypad | | E-Test, ICT, Keypad
Press Fit Good Good
Au Wirebond _ Yes
Al Wirebond Yes Yes
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ENIG Process Overview B§ MacDermid Enthone

Process Sequence Total Cycle Time ~ 90 minutes

Activate Pd Post EN ImmAu
| Etch i : . . .

Palladium Activate Objectives:

D

=
= mam
=

" Electroless nickel will not plate directly onto copper @@
]

without catalysis.

- Galvanic displacement reaction to form a very thin

Ellllllllllli
layer of palladium on copper circuitry.

CCQ00000000000000
Q0000000000000 000

0000000000000 00QC00
Ceo0O000COR000000000Q

Palladium Post Dip Objectives:

- Assist removal of palladium chemistry from areas of
the panel (laminate and Soldermask) where EN
plating is not desired preventing extraneous
deposition and shorts.

—
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i MacDermid Enthone

ENIG Process Overview

Process Sequence Total Cycle Time ~ 90 minutes

Activate Pd Post EN ImmAu
| Etch i : . . .

Electroless Nickel Objectives:

- Deposition of a nickel — phosphorous alloy.
NaH,PO, H,PO5*

- Providing a barrier layer to copper migration through
to solderable surface. H20 O .
. : : : [0] ‘g Ni
®  Provide a surface suitable for immersion gold K P
deposition that will allow soldering. ’ Q

Copper Pad

—
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i MacDermid Enthone

ENIG Process Overview

Process Sequence Total Cycle Time ~ 90 minutes

Activate Pd Post EN ImmAu
| Etch i : . . .

Immersion Gold Objectives:
- Deposition of a thin layer of pure gold 24 + SO

Ni Au 5
- Prevents oxidation of the electroless nickel : :

surface and preserves solderability. Q .ﬁ' Q
. . . - - - e-

Gold is a noble metal and unreactive with

(LA

the environment thus providing long shelf ~
life and consistent soldering performance
with increasing assembly operations. Electroless Nickel Deposit
Copper Pad ce0EC0000000 000000000000
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Current Industry ENIG Spec - IPC4552 Revision A p& MacDermid Enthone

’Pc " |PC4552 A (August 2017) increases the quality bar for conforming ENIG deposits.
®

P " All updates designed to minimize, control and evaluate ENIG corrosion.

= Changes to Gold Deposit Thickness Control and Measurement.
= Tighter gold thickness specification - lower minimum and introduction of new maximum gold thickness.

= Introduces XRF capability requirement and penalties for non-conforming instruments.
Cipc.

Table 3-1 Requirements of Electraless Nickel Immersion Gold Plating
Test | Requirement
Paragraph

3532

= New Requirement to Validate Electroless Nickel Phosphorous Content Control.

= EN %P dictates corrosion resistance and is not traditionally controlled by SPC.

= Adoption of new analytical techniques for compliance.

= New Requirement to Introduce Electroless Nickel Corrosion Analysis.
= X-Section evaluation for EN corrosion required as part of SPC.

= ENIG product is now rejectable if corrosion specification is not met.

]
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IPC4552 Revision B i MacDermid Enthone

4552B will include......

(1) Revised corrosion level grading — Level 0, improved description, scale and visual aids.
(2) X-Section locations for evaluation and a data collection plan.
(3) How to assess a “product rating” based on data collected.

Observation Defect free ENIG deposit. Number of Spike-Type - Number of Spike-Type All other observations
Defects observed < 10 and and/or Spreader-Type
All corrosion spike Defects observed = 10 and
depths are < 20% of the > 5 of the observed defects
nickel deposit thickness have a depth > 40% of the

nickel deposit thickness or
- Black Band-Type

defect(s) present that
P extend to = 30% of the field
' ® of view

]
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Meeting ENIG IPC4552A Corrosion B MacDermid Enthone

optimized ENIG control and chemistry selection

T T I R LR L e

Anodic Reaction

Ni — Ni2* + 2e-

Cathodic Reaction

2[AUu(CN),] — 2Au* + 4CN-

2AU +2 e — 2 Au

Overall Reaction

Ni + 2[Au(CN),]- — 2Au + [Ni(CN),]*

" All Immersion Gold deposition proceeds
via same chemical reaction.

® Good process control + good choice of
Nickel and Gold plating chemistry can
minimize corrosion

—
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Gold Thickness Control - Highlights

Performance/Specification Concern

Increased
porosity
U
<G
(=9
il
£
3
£
=
=
0.5 1.0 15

MacDermid Alpha )
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Targeted e
Gold Control Increas_ed
corrosion
Common
Control Spread
20 25 3.0 35 40
microinches

i MacDermid Enthone

Cost Concern

IPC Minimum Spec.

0.5

1.0

15

Targeted
Gold Control
Ave Gold
Thickness
Reduction
Common
Control Spread
2.0 25 3.0 3.5 4.0
microinches

CIRCUITRY SOLUTIONS SEMICONDUCTOR SOLUTIONS ASSEMBLY SOLUTIONS
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Gold Thickness: Control Considerations

PePesIReeOe

MacDermid Alpha )
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Thickness variation trends for
most immersion plated metals

» Thicker deposit to small
features

» Thinner deposit to large
features

Thickness variation
attributable to equipment

—_—

05

0.5

Performance/Specification Concern

Increased
porosity

Minimum Spec.

IPC Minimum Spec.

Targeted —_——
Gold Control Increased
corrosion
Common
Control Spread
= 3.0 35 40
microinches
Cost Concern
Targeted
Gold Control
Ave Gold
Thickness
Reduction
Common

A

20 25 30 35
microinches

CIRCUITRY SOLUTIONS SEMICONDUCTOR SOLUTIONS ASSEMBLY SOLUTIONS

Control Spread

4.0

40



ENIG in Production — Case Study B& MacDermid Enthone

Xbar-S Chart of Optimized ENIG - Au Thickness Histogram of Optimized ENIG - Au Distribution
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Key Characteristics:

= Consistent Au thickness over multiple Electroless Nickel lives and Immersion Gold life.
= Tight overlapping Au distributions for each sub set analyzed.
= Distribution analysis is based on 4 pad sizes / IPC requires consistent pad size measurement to minimize variation.
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i MacDermid Enthone

ENEPIG Process Overview

Process Sequence Total Cycle Time ~ 90 minutes

Activate Pd Post EN ImmAu
*
= EPd
Plating

Electroless Palladium Objectives:

- Deposition of a palladium — phosphorous alloy onto Ny
EN surface. NaH,PO, H,POs3

- Provide a surface suitable for gold deposition that H20 Q .
will allow gold wirebonding. K [O] ‘o Pd
" O

Electroless Nickel Deposit

Copper Pad

—
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ENEPIG — Gold Deposition Mechanism BR MacDermid Enthone

ENIG . .
Anodic Reaction

O Ni — Ni2* + 2e-
O O Cm Cathodic Reaction
S S[AU(CN),] — 2Au* + 4CN-
2AUT +2 e — 2 Au

Overall Reaction
Copper Pad Copper Pad Ni + 2[AU(CN)2] — 2AuU + [NI(CN)4]2

Electroless Nickel Deposit ' Electroless Nickel Deposit

ENEPIG

N O Au
e-
Q-
- @:m = ENIG and ENEPIG rely on the same galvanic

displacement of nickel to fund gold deposition.

Electroless Palladium Deposit Electroless Palladium Deposit
Yvy
Electroless Nickel Deposit ‘ Electroless Nickel Deposit = Excessive removal of nickel results in corrosion
underneath the solderable surface.
Copper Pad Copper Pad
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Why Control ENIG Corrosion ? B8 MacDermid Enthone

= Too much and uncontrolled EN corrosion effects the normal IMC formation and can result in weak solderjoints !

2. Intermetallic(IMC) 4. Bulk Solder

3. Solder Joint

1. Pad lift Probability Plot of ENIG BallShear Performance
Normal - 95% CI

99

|
i
[ [ o i
80- 2
1 W
70+ ! E
€ 60 =
U 50 &
& 40 -
30 =
20- i =
10-
37 Variable Mean StDev N
¥ /1 |~ HighComrosion ENIG | | 2.247 0.4008 20
;f f” f‘ —®  LowComosion ENIG | | 2395 0.1126 20
1 T T T T T T
1.0 15 20 2.5 3.0 3.5
Ball-Shear (Kg)
Figure A: Expected Ball-Shear Result Figure B: High Corrosion Ball-Shear Result Figure C: Ball-Shear Comparison of High Corrosion vs Low Corrosion ENIG
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ENEPIG — Limitations of Immersion Gold Technology

Immersion Gold — Galvanic Displacement

Scatterplot of ENEPIG - Au Thickness using Traditional Imm Gold

5 i
Pd {pin) o
—i- 5 _f""-'-
—m 10 o~
n +- 20 f.(,-f/
e
~
- ,d//
c
ES ~
= (,.-"‘
N 2emA . R S
rg P
- i =
-~ T
- I T - -
-~ - . 2 __'_'--"
1 e L — === -
-
™
&7
1] L
o 10 20 30 40 50 60

Immersion Time (mins)

10 pin Pd 5 pin Pd

20 pin Pd

i MacDermid Enthone

40 Minutes Immersion

Nominal 4 pin Au

Nominal 1.2 pin Au

= Galvanic Displacement alone limit's ability to build Au thickness especially as palladium deposit thickness increases.

= Galvanic Displacement increases corrosion layer underneath the EPd layer as gold time is extended in effort to build thickness.

i MacDermid Alpha €Y
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What is a Hybrid Gold System? B& MacDermid Enthone

Galvanic Displacement Chemical Reduction

= Simple and stable chemistry. = More complicated, “meta-stable” chemistry.

= Electrons for gold deposition supplied by nickel dissolution. = Electrons for gold deposition supplied by reducing agent.
= Nickel dissolution shows as corrosion. = No nickel removal therefore no corrosion.

= Thickness capability limited as gold thickness increases. = No gold thickness limitation.

Ni 2* O Au Reducer Reducer+
e- +
Q-+ O R 2O

-+ +

Electroless Palladium Deposit Electroless Palladium Deposit
Electroless Nickel Deposit Electroless Nickel Deposit
Copper Pad Copper Pad

Reduction Assisted Gold balances both deposition mechanisms to provide beneficial
characteristics of each process in a single gold solution.
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Hybrid (Reduction Assisted) gold overview B& MacDermid Enthone

Hybrid process, dominated by electroless deposition mechanism.

Ni Concentration vs Au MTO Scatterplot of ENEPIG Au Thickness with Increasing Pd Thickness
55-
Variable
900 5.0 —@— Hybrid — 5 pin Pd
800 =@ Immersion Process s — e - Immersion — 5 pin Pd P
D —.—Hbridf10 in Pd
700 . . —* - \r:mersiun 7”10 pin Pd
E‘ =i Reduction Assisted Process 40 —J— Hybrid - 20 pin Pd
o 600 — P - Immersion — 20 pin Pd
= 500 35|
- —~ 30
§ 400 £
Z 25
.2 300
Z 200 220 P
100 151
0 o0 FT T 1.2 pin IPC4556 minimum
1 2 3 4 5 6 7 8 9 10 05
Gold Metal Turvovers (MTOs) 00 -
-05-

0 10 20 30 40 50 60

Limited electroless properties reduce Limited immersion properties reduce corrosion of substrate
risk of plating in non-targeted areas and allow increased thickness capabilities.
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ENEPIG — Immersion Gold System Corrosion Statistics iMacDermidEnthone

Immersion Gold ENEPIG - Corrosion Summary m Level 0 Level 1 level2  mlevel3

100%

80%

oo H No observable corrosion

e Level 1 less than 10 spikes, < 20% EN thickness
50% Level 2 all other observations

40% more than 10 spikes, >40% EN thickness
30%
20%

10% ‘ ‘
0%

10 30 50 po 30 50 po 30 50 pO 30 50 @O 30 50 @O 30 50 pO 30 50 PO 30 50 @O 30 50 pO 30 50 pO 30 S50 PO 30 50 @O 30 50 poO 30 50 pO 30 50 @O 30 50 pO 30 50 poO 30 50 @O 30 50 @O 30 50 pO 30 50 pO 30 S50 PO 30 50 pO 30 50 poO 30 50 pO 30 50 @O 30 50 po 30 50
hin min min fin min min fin min min fin Min min Min min mMin §in min min fin Mmin min fin Min Min fin Min Min fhin Min Min fin Min Min @in Min min Hin Mmin min Min Min Min @in Min Min_fin Min Min gin Min Min @in Min mMin Min min min Fin Mmin Min @in Min Min fin Min Min gin Min Min Min Min Min fin Min mMin @in min min ;in Mmin min fPin Min min
5 pin Pd 5 pin Pd 10 pin Pd 20 pin Pd 5 pin Pd 10 pin Pd 20 pin Pd 5 pin Pd 10 pin Pd 20 pin Pd 5 pin Pd 10 pin Pd 20 pin Pd 5 pin Pd 10 pin Pd 20 pin Pd 5 pin Pd 10 pin Pd 20 pin Pd 5 pin Pd 10 pin Pd 20 pin Pd 5 pin Pd 10 pin Pd 20 pin Pd 5 pin Pd 10 pin Pd 20 pin Pd

Galv. Disp. 0 MTO 1MTO 2 MTO 3 MTO 4 MTO 5MTO 6 MTO

5 pln Pd / 5 pin Au

7 MTO 8 MTO

ENEPIG Corrosion Summary:

= Galvanic displacement reaction requires more nickel dissolution to deposit more gold.
= Controlling nickel dissolution uniformity becomes more difficult with extended immersion gold time and thickness.
= ENEPIG corrosion increases significantly with extended immersion gold time and thickness.
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ENEPIG — Hybrid Gold Corrosion Statistics

i MacDermid Enthone

Immersion Gold

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

T|T

30 50

ENEPIG w Hybrid Gold - Corrosion Summary

M Level 0

M Level 1

Level 2

M Level 3

o 30 50 30 50 0 30 50 Q10 30 50 @O 30 50 [0 30 50 pO 30 50 30 50 po 30 50 30 50 0 30 S50 0 30 50 30 50 po 30 50 pO0 30 50 @O 30 50 QO 30 S50 30 50 0 30 50 0 30 50 30 50 30 50 po 30 50 30 50 0 30 50 Ho 30 50 30 50

in min min f@in min min f@in min min gin min min gin min min gin min min gin min min @in min min @in min min Pin min min fin min min fin min min gin min min fPin min min fin min min Fin min min fpin min min fin min Mmin ©in Mmin min fgin min min @in min min gin Mmin min gin min min fin min min gin min min Pin min min @i min min ©in min min

5 pin Pd 5 pin Pd 10 pin Pd 20 pin Pd Spin Pd 10 pin Pd 20 pin Pd 5 pin Pd 10 pin Pd 20 pinPd 5pin Pd 10 win Pd 20 pin Pd S5pin Pd 10 pin Pd 20 pin Pd 5pin Pd 10 pin Pd 20 pin Pd 5 pin Pd 10 pin Pd 20 pin Pd Spin Pd 10 in Pd 20 pin Pd 5 pin Pd 10 pin Pd 20 pin Pd
Galv. Disp. oMTO 1MTO 2MTO 3IMTO 4MTO SMTO 6MTO 7MTO EMTO

ENEPIG Corrosion Summary:

Near zero corrosion performance observed over 0 — 8 MTO.
No increase in corrosion could be correlated to increasing gold thickness.
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5uln Pd /5 pin Au
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i MacDermid Enthone

Thank you for your attention....

John Swanson, Director of Final Finishes
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