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Agenda

� Background of Electroplating on Passive 
Components Industry

� Development Trend of Electroplating Bath

� Introduction of New Plating Process
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Functionality of Electronic Materials on Electrode of Passive Components
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- As barrier to protect the termination from 

leaching

- Leveling for further coating
- Prevention of Tin whisker formation

- Protect the nickel surface from oxidation
- Preserves solderability of PC during 

storage

Noble Metal Electrode (NME) Base Metal Electrode (BME)

Electrode 
(Ag or  Ni/Cr)

Ceramic

Resistive ElementProtect layer  (Glass)
Molded Resin

Ni layer
Sn Coating

Chip Resistor

Chip Capacitor (MLCC) 



Dry

Water            Rinse

Water            Rinse

Water            Rinse

Plating Process for the Metal Deposition

Plating Process Flow:

PostPost--TreatmentTreatment

Application: Barrel Plating

Existing Tin plating Process:

• SOLDERONTM LG Matte Tin
• SOLDERONTM SG Matte Tin
• RONASTANTM NT-507 Matte Tin
• RONASTANTM NT-925 Matte Tin

pH ~ 4, for  pH-sensitive chip partspH ~ 4, for  pH-sensitive chip parts

Suitable for  the Tin plating of Chip Capacitor  and ResistorSuitable for  the Tin plating of Chip Capacitor  and Resistor

Tin PlatingTin Plating

Nickel Plating

ActivationActivation

PostPost--TreatmentTreatment
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Trend of Passive Component Tin Electroplating

Green Chemistry
� Chelating Agent Free

Function of Chelating Agent in Bath:
� As multidentate ligand to form metal complex with Tin ion
� Enhance solubility of Tin ion in a broad range of pH

Impact to Environment:
� Toxic metal ion pollution in aquatic system

Waste Treatment before disposal:

Precipitation with hydroxide
-Low efficiency
-difficult to achieve discharge requirement

Removal of metal-chelateby Ion 
exchange, reverse osmosis and 
nanofiltration

-High cost on operation

-Generate concentrates (Brine) that should be treated

Chemical separation practices

Dithiocarbamate(DTC), hydrosulfite, 
sulfide, iron salt, etc.

-Chemicals are toxic, hazardous, harmful to environment,

-Generate waste that may require further treatment
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� Nonyl Phenol Ethoxylate (NPE) Free

R = C9H19, nonyl
C8H17, octyl

Alkylphenol polyethoxylate

Alkylphenol carboxylic acid

Alkylphenol polyethoxylate
Progressive shortening 
of ethoxylate chain

Alkylphenol acetic acid

Alkylphenol monoethoxylate

Alkylphenol

Biodegradation of NPE surfactants (from Ahel et al, 1994a)

Impact from Nonyl Phenol (NP):

Mimic Estrogenic
- Disrupt normal functioning of hormone system, which are responsible for the 
development and maintance of secondary sexual characteristics and behavior

- Leading to potential reproductive problems

Carcinogenic - Cause cell proliferation, or cancer (breast cancers as common)

Acutely toxic to 
environment

- Reduced fertility, irregular heart beat, loss of normal movements.
- bioaccumulates in aquatic organisms

Inhibitor
- Inhibits seed germination in some plants,
- inhibits the growth of aquatic plants and algae. 

Trend of Passive Component Tin Electroplating

Green Chemistry



Trend of Passive Component Tin Electroplating

� Lead Free

HH22SOSO44 HClHClHNOHNO33

PbSOPbSO44 PbClPbCl22Pb(NOPb(NO33))22

Impact of Lead-free to Industry
� Higher soldering temperature, longer duration

� Reliability Concerning
� Discoloration

� Tin Whisker Formation
� Cost concerning

Restriction
� Hazardous substances in electrical and 
electronic equipment in EU (RoHS) 
� JEDEC Standard: <0.1wt% Pb

Effect of Lead Leaching
� Dissolved Pb ion from solder wastes may 
contaminates water or soil through acid rain
� Damage nervous system of organism
� Cause blood pressure increasing and brain 
disorder
� Ultimately cause death

Lead free Solder Alternative
Typical Pb-free Solder 
for Component 
Surface Finishes

Eutectic 
Melting 
Point

Pure Sn 232 �C

Sn-Cu 227 �C

Sn-Ag 221 �C

Sn-Ag-Cu 217 �C

Sn-Pb 183 �C

Green Chemistry

Sn/Pb Soldered Sn/Pb Soldered 
Board and componentsBoard and components

WastesWastes

CrushedCrushed

Acid RainAcid Rain

Pb (Solder) + OPb (Solder) + O22 �������� PbOPbO

Lead Dissolve 
into Soil

AnemiaAnemia

Central nervous systemCentral nervous system

Effects to human bodyEffects to human body



� Handset, Communication, Automotives market:
� Higher performance reliability

• Excellent solderability (steam aging, PCT)

• Anti-Tarnish performance after reflow

� Computer market
� Higher cost pressure and faster response speed

• Lower production cost by Low pH electrolyte 
(Stable with regard to Sn oxidation, Ease waste treatment)

• Low coupling rate (low defect rate)

• Ease of use (Analyzable)

� Green Chemistry
� No Toxic or hazardous substance in electrolyte

Market Requirement on Electrolyte for PC electroplating
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SOLDERONTM XP-100377 Electrolytic Tin Plating Product

ASD x 0.1

� Able to perform uniform pure Sn
coating on Chip-Resistor by Barrel 
plating process

� Green Chemistry
� No NPE Surfactant
� No Chelating Agent
� Pb-free surface finishes

� Organic sulfonateelectrolyte
� Two Additives System
� Offers smooth, close packed grain 

structure, enhances well solderability
ability, minimize coupling of resistors

� Achieved low reflow discoloration with 
the matching of proper post-treatment

� Cost saving



SOLDERONTM XP-100377 Electrolytic Tin Key Features

Low Coupling Rate     

Uniform Thickness Distr ibution    

Excellent Solderability Low Reflow Discoloration

- Stick together of two chips
- Serious that coupled in clusters 
- Coupling rate % 
= mass of coupled parts / Total mass of parts

- In terms of COV% 
- <3mm different on Front, Back and Lateral side
- Measured by XRF

Dip & Look Test
- Baking 155�C, 16hrs / PCT 105�C, 4hr
- Sn/Pb Solder Pot, 215C, non-activated flux
- �1 95% wetting coverage
Wetting Balance Test
- Baking 155�C, 16hrs / PCT 105C, 4hr
- Sn/Au/Cu Solder Globule, 245�C, 
non-activated flux

- Zero Cross Time <3sec.

-Tough IR reflow profile
-No discolor is preferred after the reflow  
process
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Coupling Issue

� Pervasive problem in tin electroplating of passive 

components by barrel application

� Actual mechanism(s) of part coupling is unknown

� Related to the Tin coating which is soft and has great 

coefficient of friction

� Serious in acid electrolytes compared with neutral pH 

solution (complexed electrolytes)



Coupling Improvement Approach

� SOLDERONTM XP-100377 Additive – Anti-Coupling Agent

� Stable in acidic solution

� Suppressor that inhibiting the tin deposition rate

� Smooth, and closed packed grain structure is formed

Tin Deposit plated with 
SOLDERONTM XP-100377 Additive

Tin Deposit plated without 
SOLDERONTMXP-100377 Additive



Effect of the plating bath condition on Coupling Rate
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Content of Tin (g/l)

Content of MSA (ml/l)

Content of SOLDERONTM XP-100377 Carrier (ml/l)

Type of Chip Resistor Coupling Rate (%)

0402
Low Resistance 
(10R) 0.30%

High Resistance
(1.0M) 0.75%

0603
Low Resistance 
(10R) 0.80%
High Resistance

(1.0M) 0.90%

1206
Low Resistance 
(33R) 0.20%
High Resistance

(1.0M) 0.16%

Coupling Improvement Performance



Thickness Distribution

� Poor thickness uniformity is basically due to the large variation in 
current density between surface layer and internal layer of the parts 
loading;

� For improving the distribution in barrel plating

� Avoid too high current application
� Longer mixing period
� Faster rotational speed
� Toothed-rake liked cathode 

instead of dangler-style

� Electrolytes contribution

� High throwing power
� Good suppression at high current density area

Parameter adjustment is limited
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Thickness Distribution 
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SOLDERONTM XP-100377 Electrolytic Tin – Operational Range



Thickness Distribution – Variety Type of Chip Resistors
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Current : 1.5 A 1.5A 1.0 A 1.0 A 1.0 A 1.3 A

Time : 90 min. 90 min. 75 min. 60 min. 60 min. 45 min.

Temp. : 23 �CC 23 �CC 23 �CC 23 �CC 23 �CC 23 �CC

Rotation : 23 rpm 23 rpm 20 rpm 20 rpm 20 rpm 20 rpm



Grain Morphology of 
Weak Acid Tin Plating Process

Grain Morphology of Acid Tin Plating Process that 
has poor Solderability Performance

� Smooth
� Close packing

� Rough
� Large and deep boundary gap
� Sharp grain edge

Grain Morphology of SOLDERONTM XP-100377 Electrolytic Tin 

Synergy interaction of SOLDERONTM XP-100377 Carrier 
and Additive provide uniform Tin deposit
Such deposited tin layer have favorable solder wetting 
properties 

Solderability
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� Sn 5g/l Sn 15g/l

Acid HC 25ml/l Acid HC 75ml/l

Carrier 120ml/l Carrier 180ml/l

Additive 30ml/l Additive 50ml/l

Wetting Balance (ZCT) & Grain Morphology

Tin: 5 g/l 10 g/l 15 g/l

MSA: 25 ml/l 50 ml/l 75 ml/l

Carr ier : 120 ml/l 150 ml/l 180 ml/l

Additive.: 30 ml/l 40 ml/l 50 ml/l

Criteria: ZCT <3sec.



Solderability Monitoring in Electrolysis Aging

')( ' ' '

')( ' ' '')( ' ' '

')( ' ' '

')( * ' '

')( * ' '')( * ' '

')( * ' '

')( + ' '

')( + ' '')( + ' '

')( + ' '

')( , ' '

')( , ' '')( , ' '

')( , ' '

')( - ' '

')( - ' '')( - ' '

')( - ' '

'
(

.

'
(

.'
(

.

'
(

. *

* *

* /

/ /

/ .

. .

. 0
(

.

0
(

.0
(

.

0
(

. 1 '

1 '1 '

1 ' 1 .

1 .1 .

1 . * '

* '* '

* ' * .

* .* .

* . * .
(

.

* .
(

.* .
(

.

* .
(

. / '

/ '/ '

/ '

2
3

4
5

6

3
7

8

2
3

4
5

6

3
7

8

2
3

4
5

6

3
7

8

2
3

4
5

6

3
7

8

9:
; <

=
>?

:
@ A

B

A

C
D

B
E D ?

FG HI J 9K HL

9:
; <

=
>?

:
@ A

B

A

C
D

B
E D ?

FG HI J 9K HL9:
; <

=
>?

:
@ A

B

A

C
D

B
E D ?

FG HI J 9K HL

9:
; <

=
>?

:
@ A

B

A

C
D

B
E D ?

FG HI J 9K HL

MN

MN MN

MN

OP

OP OP

OPRQ

Q Q

Q

1 ' ' / 0 0 9:

; <

=

> ?

:
@

= B

<

S B
E

1 ' ' / 0 0 9:

; <

=

> ?

:
@

= B

<

S B
E

1 ' ' / 0 0 9:

; <

=

> ?

:
@

= B

<

S B
E

1 ' ' / 0 0 9:

; <

=

> ?

:
@

= B

<

S B
E

Q

Q Q

Q

T
U > >;

: P :

U

= B
E D

V CW

>

XIY

T
U > >;

: P :

U

= B
E D

V CW

>

XIYT
U > >;

: P :

U

= B
E D

V CW

>

XIY

T
U > >;

: P :

U

= B
E D

V CW

>

XIY

Z[\ [

Z[\ [Z[\ [

Z[\ [ ]̂ _

]̂ _]̂ _

]̂ _

`)a `

`)a ``)a `

`)a `

b

a

`

b

a

`b

a

`

b

a

`

c
a

`

c
a

`c
a

`

c
a

`

d)a

`

d)a

`d)a

`

d)a

`

e)a

`

e)a

`e)a

`

e)a

`

`

` `

` f

f f

f b `

b `b `

b ` b f

b fb f

b f c `

c `c `

c ` c f

c fc f

c f d `

d `d `

d `

g
h

i
j

k
i

j
l

l
m

n
o

h

p

q
h

r
s

t

g
h

i
j

k
i

j
l

l
m

n
o

h

p

q
h

r
s

t

g
h

i
j

k
i

j
l

l
m

n
o

h

p

q
h

r
s

t

g
h

i
j

k
i

j
l

l
m

n
o

h

p

q
h

r
s

t

uv
w x

y
z{

v
| }

~

}{

•€ •‚ ƒ u„ •…

uv
w x

y
z{

v
| }

~

}{

•€ •‚ ƒ u„ •…uv
w x

y
z{

v
| }

~

}{

•€ •‚ ƒ u„ •…

uv
w x

y
z{

v
| }

~

}{

•€ •‚ ƒ u„ •…

†‡

†‡ †‡

†‡

‰̂

‰̂ ‰̂

‰̂
RŠ

Š Š

Š

b ` ` d‹ ‹ uv

w x

y
z{

v
|

y ~

x

Œ ~
•

b ` ` d‹ ‹ uv

w x

y
z{

v
|

y ~

x

Œ ~
•

b ` ` d‹ ‹ uv

w x

y
z{

v
|

y ~

x

Œ ~
•

b ` ` d‹ ‹ uv

w x

y
z{

v
|

y ~

x

Œ ~
•

Š

Š Š

Š

Ž
• z zw

v ‰ v

•

y ~
••

‘’ “
z

”‚•

Ž
• z zw

v ‰ v

•

y ~
••

‘’ “
z

”‚•Ž
• z zw

v ‰ v

•

y ~
••

‘’ “
z

”‚•

Ž
• z zw

v ‰ v

•

y ~
••

‘’ “
z

”‚•

–—̃ —

–—̃ —–—̃ —

–—̃ — ™š ›

™š ›™š ›

™š ›

Criteria: ZCT < 3sec.



Reflow Discoloration

� Discoloration Sn finishes are classified as visual defects and related to 
the solderability loss in many cases 

� Discoloration after reflow process is an issue in new process as:

� Lead-free solder deposit
� Higher peak temperature and longer dwell time
� Surface contamination such as organic substances

� Tin oxides thickness contributes to Tin discoloration after thermal 
aging including reflow

Discoloration level Colorless
Light 
yellow

Yellow 
blue

Blue
Purple-

blue
Light 
brown

Thickness of an 
oxidized Sn film 
(nm)

2 ~ 8 8 ~ 15 15 ~ 20 20 ~ 30 30 ~ 50 > 50

Soldering wetting 
characteristics

Good Fair Marginal Marginal Poor Poor



Reflow Discoloration

Post-Treatment Process: NO TARNTM SN-2 Post-Treatment
� Provides a stable tin surface which will degrade and oxidize less readily over 

time compared to a surface without post-treatment

� Significant benefit in the control of reflow discoloration and oxide thickness 

after reflow Profile: 100�CC > 180�CC > 250�C> 270�CC > 200�CC
Dwell Time: 75 sec. (Total Running Time is 375 sec.)

Sn Coated C-Resistor
before reflow process

Sn Coated C-Resistor 
after reflow process

SOLDERONTM XP-100377 
Electrolytic Tin

+ NO TARNTM SN-2 Post-Treatment
(15ml/l, 3min., r.t.)

C-Resistor 0402 C-Resistor 0603 C-Resistor 1206

10R 
(low resistance)

1M
(high resistance)

10R 
(low resistance)

1M
(high resistance)

33R 
(low resistance)

1M
(high resistance)

w/o Post-dip 2 3 2 2 4 4

w/ Post-dip 0 0 0 0 0 0

Key: 0 ~ 5 (No Discolor ~ Serious Discolor)




