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International Electronics Manufacturing Initiafive

('lLiniversaL’“
Instruments

USER GROUP

INTERMATIOMAL, INC &

" International

Agency for
Science, Technology
earc

and Research
SINGAPORE

\‘ N SUPERIGRES
Memberships S

IPC

INEMI (International Electronics Manufacturing
Initiative)

Universal’'s Advanced Research in Electronics
Assembly (AREA) Consortium

HDP UG (High Density Packaging User Group)
Soldertec

Participant in JG-PP/JCAA Pb-Free Solder Project
Participant in NASA/DoD Pb-Free Solder Project
Surface Mount Technology Association International
SIMTech Drop Impact Consortium

Japan Welding Engineering Society Research

Japan Welding Society Microjoining Commission
Reliability Engineering Association of Japan
Japan Institute of Electronics Packaging
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Access to State of Art Analysis Facllities
Globally

SPring—8 is a synchrotron radiation facility
located in Hyogo Prefecture




Direct bonding
to Cu surface
with sintered
Ag with zero
residual
contaminant

Solid Solution

Strengthening,
for more stable
TC performance

Ni
stabilization
of CugSng
Intermetallic
Compound

Research and
Development +

Fundamental
Studies

The impact of
P additions
on Pb-free

solder

Slowing of Cu
dissolution in
Pb-free solder

Ag-free solder for
Increased resistance
to shock impact
resistance
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Direct bonding to Cu surface with sintered Ag
with zero residual contaminants

The joint morphology of micron Cu powder

. dded nano Ag paste x10000 Blue: Ag
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X-ray Analysis / Voids and Mid-chip Balls

Balls under chip capacitor

Voids under the electrode of LED chip CRITos

| BB R RS

Voids observed in a solder



Total Customer SUppOr\NW’

Support for Your Production

Atomic Absorption
Spectrometer

X-Ray Fluorescence Optical Emission ICP

Spectrometer Spectrometer
Support for New Material Introduction Diagnostic Testing

Reflow Soldering Machine

Micro focus X-ray SEM Digital Microscope
Testing System

Wave-Soldering

. Selective Soldering
Machine

Machine




Total Customer Support S [SC] NIHONSUP

Support for quallfylng new materlals

_Height of
solder jet flow

3 Zone Preheat
Capable of achieving optimal
board preheat temperatures

Good hole fill and fillet formation X-
Y motion makes it possible to
approach each joint from the
optimum direction

E L

Reflow Soldering Machine

8 Heating Zones (5 Preheat
Zones, 3 Reflow Zones)
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Environmental Reliability Testing

Equipment for environmental and reliability testing

|
Environmental chambers Thermal Shock
for Surface Insulation Chambers
Resistance and

Electromigration Testing




NSM R&D
Ipoh Perak Malaysia

O Support Malaysia Manufacturing
O Provide technical support to
regional customers including
Thailand and Vietnam

O Failure analysis for customer.

1 Conduct training and seminar to
local customers




Testing Facilities

OLYMPUS Metallurgical
Microscope

JEOL SEM/EDX

JEOL EDX
System

KEYENCE Dlgltal Mlcroscope

‘
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STRUERS Grinding and MALCOM Tackiness
Teste Polishing Machine Tester



Testing Facilities
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SHIMADZU Tensile Tester LABOCut RIGAKU Differential
Scanning Calorimeter
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Failure Analysis

Cross Section Analysis - Observation

Digital Microscope

Cross section sample
observation

SEM/EDX

BES 20kV WD10mmSS70 25Pa x30 500pm  —
Sample Dec 28, 2016

Cross section sample
observation

BES 20kV WD11mmSS70 25Pa x5,000 Spm — BES 20kV WD10mmSS70 25Pa x2,500 10pm —

Aug 12, 2015 Sample

1.6 men

Feb 26, 2016

2 1.0 mm Sal

e —— Color Mépplng analysns I



= Failure Analysis o

Cross Section Analysis - Measurement '

Digital Microscope SEM

SUBSTRATE
BES 20kV WD10mm SS70 25Pa x5,000 S5pm P ——
Sample Jul 04, 2016

Location of Measurement Point 1 Point 2 Point 3

IMC Thickness (pm) 4.880 3.380 1.720

2-2 LEAD

Location of Measurement

IMC Thickness (pm) 2.369 1.476 4.985




Failure Analysis
Tensile Strength Test

- uls
Pull test



[ Failure Analysis 2

Wetting Balance Test
Test Parameter
Test No. :
eEN01 1, (s) | F1 mN) | F5 (mN) | Fmax (mN) | 2/3 Fmax (mN) | Time ‘0(33 Fmax
1 0282 | 1.005 | 0.960 1.048 0.699 0.357
2 0333 | 1.019 | 0.989 1.037 0.691 0.393
3 0351 | 0994 | 0.969 1.021 0.681 0.420
4 [0273] 0987 | 0988 1.030 0.687 0.333
5 0306 | 0970 | 0.933 0.996 0.664 0.390

—— Unisem D010 LDY
=== Unisees D001 LOY
—— Unisem D0012 LOY
=== 4 === Unisem D0IZ5 LOY
—— Unisems DO125 LD
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NIHON SUPER R(SHANGHAI) ., LTD.
Shanghai, 200030 China

TEL: +86-(0)21-6427-0038 |
FAX: +86-(0)21-6441-0554

8-B Xin
Guangdong, 523850 China
TEL: +86-(0)769-82750225
FAX;+86-(0)769-82750226
N SUPERIOR (SUZHOU) CO., LTD.

Suzhou Industrial Park,
215122 China

TEL: +86-(0)512-6748-8352
FAX: +86-(0)512-6748-8551
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NIHON SUPERIOR (SINGAPORE) PTE. LTD.
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Through-hole component Surface mount technology, SMT component

- Wave soldering - SMT Reflow Soldering
- Selective soldering - Wave soldering, (certain limitations.
- Manual soldering not applicable to fine pitch component)

https://learn.sparkfun.com/tutorials/integrated-circuits/ic-packages



https://learn.sparkfun.com/tutorials/integrated-circuits/ic-packages

SMT Process

All the processes that control the formation of solder joints such as solder paste printing, reflow soldering, wave
soldering, selective soldering, hand solder etc. control a significant majority of the opportunities for a defect

[ i
||\—*|
O O

Solder paste printing

l

ﬁ

Component placement

l

Incoming quality of
material:

1. PCB

2. Component

3. Solder Paste

4, Stencil

Accounted for more
than 80% of the
opportunities for a
defect of SMT
process.

Reflow Soldering Process

{—[i]—[F

1. Throughput
2. Accuracy
3. Line Balancing

PCBA Cleaning

l

1. coldest spot —
largest component,
center of board,
high component
density

2. hottest
component —
smallest component,
corner of board

3. thermal
requirement and
limit of solder paste

OPTIONAL:

A value added
process conducted
to remove surface
contaminants
accumulated during
SMT processes and
to reduce product
reliability risks
associated with
surface
contaminants




Surface Finishes to Protect Cu Pad

e Cuis highly vulnerable to oxidation. Need surface
protection to preserve the solderable surfaces as the
PCB moves from PCB house to assembly

e Most common surface finishes:
— Cu OSP (organic solderability preservative)
— ENIG (electroless nickel immersion gold)
— HASL (hot air solder leveling, SnPb or SN100C)
— ImAg (immersion silver)
— ImSn (immersion tin)



Surface Finishes to Protect Cu Pad

PRINTED CIRCUIT DESIGN & MANUFACTURE

lAg ISn ISn

ENIG i

14%

IAg
6.2% CAGR 17%

20% 0SP
28%
2004 Global Final Finish Volume 2008 Global Final Finish Volume
1568.2 million bd sq. ft. 1993 million bd sq. ft.

Worldwide final finish market for 2004 and projection for 2008

Source: Printed Circuit Design & Manufacture, March 2007

© Nihon Superior Co. Ltd. May 2017



What is HASL

* HASL = Hot Air Solder Leveling

 HASL machine can be vertical or horizontal

Pre-etched and
Fluxed PCB

Hot Air Knives : o

—~ & p
=

—

Solder Bath 260 -
265°C

© Nihon Superior Co. Ltd. May 2017



Cu OSP, ENIG, Im Ag, Im Sn

© Nihon Superior Co. Ltd. May 2017



Solder Paste Deposition

© Nihon Superior Co. Ltd. May 2017



Printing Process is Critical

* The formation of solder joints:
* Solder paste printing
 Component placement
* Solder — reflow process

* A case study revealed that the solder paste printing
process controlled in excess 80% of the
opportunities for a defect

* There are many factor that influence the
performance of the solder paste printing process



Squeegee pressure

=4 Print — groncil open hole

Squeegee irection ||

Phase I Stencil
Printing motion
PCB Pad
» Solder paste
Phase Il
Printing motion 3
Snap-off
Phase I1I T o i i — — ]
Printing motion

This is what we/your manager expects to see, IDEAL case



But this is what likely to be...



Area Ratio & Transfer Efficiency

F'CB Pco
. / P

Paste |

At separation. the forces hoiding the depositio the pad must overcome the forces holding the
depositto the stencil walls. The soiderpaste stretehes and tears.

Depenrding on area ratio. a portion of the paste will release 1o the PWB, while some wil stay in
the aperture. Some paste may also stick 1 the bottom otthe stencil due to stringing. bad
gasketing or pump out

The smalle the AR, the lower the TE |

During the printing process, when the stencil separates from the
substrate, competing surface tension forces dictate whether the
solder paste will transfer to the pad it has been printed on or remain
adhered to the stencil aperture walls



Stencil Design

IPC-7525B—Stencil Design Guidelines
Stencil thickness ranging from 100-150 um

Aspect Ratio = Width of Aperture Opening/Stencil Foil Thickness = W/T,
must be greater than 1.5

Area Ratio = Area of Aperture Opening/Area of Aperture Walls=W X L
/2 X (L+W) X T, must be greater than 0.66

Aspect ratio relates to stencil manufacturing and area ratio relates to

paste release
Stencil /-q 5 p\ C[

Stencil apertures should be tapered to produce more uniform release of solder paste.

© Nihon Superior Co. Ltd. May 2017



Area Ratio for Square and
Rectangular Apertures

Area Ratio For Square/Rectangular Apertures

Area Ratio = %ﬁgﬂ_
Area Opening= LxW

AreaWalls= 2t{L+W)

Area Ratio = Zt'il? :N W)




Area Ratio for Circular Apertures

Area Ratio For Circular Apertures

Area Ratio = %ﬁgj
Area Opening = rt‘l‘J2

Area Walls = nDt

. D
Area Ratio = T




Rectangle

Aperture wall area = 2nr = Aperture wall area = 2WT+2LT
0.118 mm? =0.36 mm?

Pad surface area = mr? = Pad surface area = WL =
0.049 mm? 0.2 mm?

Aspect Ratio = 1.67 Aspect Ratio = 1.34

Area Ratio = 0.42 Area Ratio = 0.56

In most of the cases, rectangular aperture has better release



Area Ratio (AR) and Transfer Efficiency (TE)

Aperture Spe,mil 8 10 12 14

[ Swiiol T T T e

Area Ratio 0.40

Transfer Efficiency

Predicted | B i e o
Volumes, mil® (PP 248 518 a3

Aperture Size.mit 8 10 12 14
&l foll I | T 3T )

Area Ratio 0.50

Transfer Efficiency  49%

Predicted Im it 239 02 604 ]
Volumes, mil® |EPNTICTIEPPN 304 518 e |

‘«m? foil gives larger deposit ' Smil foil gives larger deposit
-

image courtosy of ALPHA stemcids

Shea et al; “Development, Testing and Implementation of SAMP-Based Stencil Nano Coatings”; APEX-14



Nano Coating Helps Paste Transfer and Print

Definition

Minimum Area Ratio (AR)

Material No Stencil Coating | NanoSlic Gold™
Slic™ Metal
e Vet 0.55 0.45
(2-5 micron grain size)
UItrﬁaSIlc M’eta! 0.50 0.40
(1-2 micron grain size)

*Lower area ratios can be achieved depending upon the

application.

NANOSLIC STENCILS

The NanoSlic® stencil is the most advanced solder paste stencil available today. The coating was developed by V -
o _ | T R 7 NanoSlic

Florida CirTech chemists to achieve a durable, paste repelling coating that improves stencil printing significantly. GOLD

Building on the proven benefits of the Slic™ stencil, advanced chemistry is used to impart a highly Hydrophaobic & F B

Oleophobic surface to the apertures and underside of the stencil. This non-stick surface resists solder paste build-

up, significantly reducing the need for cleaning cycles. The Nano coating is permanently bonded to and conforms to
aperture walls regardless of size or geometry. The NanoSlic® stencil improves paste release, enabling high yield

printing at low area SARs (surface area ratios). NanoSlic® has a robust surface that stands up to repeated cleaning.




To smooth the aperture wall:
1. Electropolishing

2. Microetching

3. Nickel plating

IR

&

Laser cut no surface treatment side wall Laser cut with electro-polish wall

**An aperture oriented with its long axis in the same direction as the blade stroke
does not fill as well as an aperture oriented with its short axis to the blade stroke.



Stencil Gasketing (Sealing)

Besides high squeegee pressure (recommended pressure is 0.5kg of pressure
per 25mm squeegee blade), broken seal between stencil aperture and PCB
component pad will cause paste bleeding or solder shorts

Solder Mask Gasket Pads

Paste Bleed out
/ b BN N

Legend, Trace and / /
Silkscreen is too high Solder Mask over Pads

Component Silkscreen, and labels can prop up the
Reference ID (ink) stencil and prevents good gasketing
which causes bleed out.



Board Support

Example of adaptable PCB support in use

Besides what mentioned earlier, PCB support is important to have good
solder paste printing and paste release. There are high pressure from
printing stroke



Good Support Bad Support

Ensure the manually inserted support pins do not contact bottom side components. If
a support pin contacts a bottom side component printing defects will occur and likely

damage to the bottom side component
Poor board support can erase all the good work done in stencil design



Board Stencil Separation Speed

Stencil
Release
‘
Printing mE mw  me g

complete | | i

Figure 2.1: Stencil Printing Process (Pan, 1999)

,\dhcsmlf_\

(drag) < A
Stencil Stencil
separation
Tackiness
(pull) A LR 5@(3&.‘[
paste

<4 Printed circuit
O ——————————— hﬂ H'li

Figure 2.2: Aperture Emptying Process (Durairaj, 2001)

The separation of board from stencil needs to be controlled

Time should be sufficient to allow paste deposit clears the aperture then faster
separation speed, slow snap off

This is why good printer should have allowed 2 speed controls for this process



Amount of Paste on Stencil

120% -
e ——————- - -—-—--___
100% - o-----"" " T e o8
~ /,
X /
< 80% - K
o) y
c /
QL /
g 60% - I
Ll /
L /
O /
S 40% - /
© /
— /’
/
20% - ..
0% L 4 & l l l l l \
0 5 10 15 20 25 30

Diameter of rolling paste:(mm)

 When the diameter of rolling paste smaller than 10mm, the transfer efficiency drops
significantly.

* Recommended diameter is 10-15mm

* |tisimportant to replenish the paste regularly



General Guideline in Printing Parameters

“ }#E3Z{E/Recommend Tolerance or other options

Additive , Etching, Electroform, coated

Type of Stencil Laser (Stainless) with nano material
Squeeze material Metal Urethane
Squeeze angle £.60° £.45°-/60°
Printing speed 50mm/sec 20-100mm/sec
. 20g/mm _
Printing pressure (For example, a 300mm blade needs 6.0kg) 10-30g/mm
Separation speed 1.0mm/sec 0.5-2.0mm/sec
T Temperature : 25°C Temperature : £3°C
Humidity:40%RH Humidity : £20%RH
Delta temperature of paste on stencil +1°C +2°C
Diameter of rolling paste d15mm ¢@10-20mm
Aspect ratio of stencil aperture 0.6 E 0.5t

Printing speed has been tested in range of 2-150mm/s. The increase of printing speed will reduce the printability of
paste. It is necessary to increase the printing pressure for high speed of printing. However, high pressure will increase
the stress on stencil and squeegee. A balance needs to be maintained in printing speed and pressure



Solder Paste

Particle size in microns Particle type

75-45
45-25
38-20
25-15

2
3
4
5
15-5 6

Form a permanent
metallurgical bond between
2 or more metallic surfaces

1. Suspends the powder to maintain
the homogeneous mixture

2. Chemically removes oxide from
the components, the PCB pads and
surface of solder powder

For printing application, 90% metal content by weight but 50/50% is
metal/flux by volume! Now, you can understand the difference of powder
and flux density



Solder Paste Handling Guideline

Please keep this paste in refrigerator(at 0-10degC).

Please do not open the container before the contents reach room
temperature to avoid condensation of moisture on the paste.

Please use by room temperature.
Please do not mix solder paste from the stencil with unused paste in the jar
Please mix at 1-2minutes to take care so as to prevent bubbles.

*Solder paste mixer condition:1minute at 1000rpm.




Solder Paste Handling Guideline

Thawing time for solder paste

e==core *==surface

30

60 90 120
Time (min)




Solder Paste Handling Guideline

Centrifugal spinning can warm the paste faster:

Spinning condition: 1000rpm with 500g jar

BOE

[ | | | | | | | | | |

0 1 2 3 4 5 6 7 8 9 10
Mixing time(min)



Solder Paste Handling Guideline

But don’t warm or spin the paste too much!

600

500

w S
o o
o o

N
o
o

#5E Viscosity (Pa.s)

100

Shear Force—Temp—Viscosity Relationship

=&-10rpm
3rpm
—9 ~®-30rpm
F
—@— -
—— —
10 15 20 25 30 35

AE Temp(°C)



Solder Paste Inspection, SPI

KYRD2D-2

TE_—

5 @® Low productivity
v

¥ 4 " -
neasurement a solder pa
application
y
X
4 No sokder paste inspection %
v d
é @ No quality cantrol -
¥ 3D quality contral of solder paste application in
accordance with 1PC 610 requirements

l < @ No control of solder oversupply or shortage
>

@ The application defects resultin spoilage of the mounted
products

StarLine

Some common brands such as CyberOptics, Koh Young



Component Placement

- 2 .—-—

”/llﬂ'

"Hf ##}i

W

Some familiar names such as ASM, Assembleon, Europlacer, Fuji, Hitachi,
Juki, Mirae, Mydata, Panasonic, Samsung, Universal, Yamaha and others



Reflow Soldering Process

300

li :H.d:—;‘:;“ RS E—Jiak
140_,20%[05 2 [C fomc] 240+5[%C]
250  E————— e — SR — —_—
Lk —RBFA
20 | B0-—100[sec] |
)
E 21;?&;%?]%] A 2R
150 “" = Y e
b= #5CI ET
g 20~B0[=ec]
g 100
5
= 50
0
0 50 100 150 200 250 300
Time (sec)
300 E—LiEE
240+5[0]
250
) =g
> 200 - RREE
g 10—25[Crsed] ;E%é’ffff%
+ 150 O3] 1= [ Mo——
(]
o
£ 100 | ——
o
50 I
0
0 50 100 150 200 250 300

Time (sec)

This is only recommendation of solder paste supplier. This is not a specification.
But the limit of preheat or soaking (temperature, duration and ramp rate) needs
to be followed strictly to keep the activity of flux till end of reflow process



Warpage of PCB and SMT component

Package Warpage Characteristic

Board Warpage Characteristic

Stretchloint oD Wet Solder Headand  Non contact
Open (NWO) Bridging (SB)  Pillow (HnP) open (NCO)

Material selections: solder paste, flux

~ Digital Fringe Projection
(DFP) Data filtering for

Ideal Scenario - X . .
stencil Raw data Zoom into sample waviness analysis
ree — ) -
Zero gap between PCB & ¥
stencil during printing

Current Scenario
Post 15t Pass Reflow
Stencil
Gap between PCB & stencil prevents
gasket, which results in print Issues.

+ Wet bridging
+ Insufficient paste deposit
g J

é Solder Paste Print Quality

Uncontrolled PCB and component warpage leads to Print and SMT defects and
eventually a reliability concern!



Conclusion

* No single factor which is responsible for a defect
* Any step/process during the SMT can be part of the root cause

* Need to have full understanding the steps in SMT in order to have

continuous improvement

* Due to rigidity of SMT component and small solder volume, solder

joint reliability is a crucial topic for this process

S oNihonSuperior Co. Ltd. May2017



