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Introduction: Area Ratio and Paste Transfer

Area of Circuit Side Opening
"~ Areaof Aperture Walls

Stencil
Thickness

Circuit Side Depending on area ratio, a portion of the paste will transfer to the PCB, while some will remain in the aperture.
- Some paste may also stick to the bottom of the stencil due to stringing, bad gasketing or “pump out.”

Opening

The smaller the AR, the lower the TE
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Introduction: Area Ratio

Rectangles

Area Ratio = A&%ﬁ%ﬂgﬂ

Area Opening= | xW
AreaWalls=  2t(L+W)
- LxW
Area Ratio = W
Squares, L=W
W
Area Ratio = 2t(2W)
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Circles
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Introduction: Transfer Efficiency

Relates how much paste we want to print versus how much we
actually printed.
% TE = Volume of Paste Deposited 100

Volume of Stencil Aperture

Stencil Transfer Efficiencies at Low Area Ratios

100%

§

Transfer Efficiency
g

FO%
0.50 0.60 0.70

Area Ratio

*  Minimum of 80% TE when possible
*  Minimizing Variation is more important than maximizing transfer!
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Introduction: Printing Technology Timeline

. Improved Durability
1st 3D Fine Grain Ceramic . Laser Welded Ceramic
SP| System Fiber Lasers  Stainless Nano-Coatings Step Stencils  Nano-Coatings

2014

2003i 2006

01005’s 1st 4-Way Monolayer Type 4
3D SPI Nano-Treatments  powders go
Introduced mainstream
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Experiment: Test Vehicle

SMTA Board, unpopulated side

9

PTF Pad Designs:
Circle, Square, Rectangle

SMD and NSMD
3 -15 mils
32 of each combo per print
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Prmt-To Fall Aperture Shapes
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Experiment: PTF Pattern Layout

Print To Fail (PTF) Design

— BN .. ..... 0000000 ccc-:  :i:teeee000GOeNI": Copper Defined
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| Solder Mask Definec ettrb do e dvepd e A R i Ao s . Copper Defined

Alternates pad definition, shape, and print order
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Experiment: Materials

Stencils

Thickness Coating Uncoated
Solder Paste: 2 mil (50 ym) X X

Indium 8.9 HF Type 5-MC _
15-25um particle diameter 3 mil (76 um) X X
SAC305 alloy
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Experiment: Equipment

Set Up
Knead: 4-6 strokes

Setup prints: 2-7 for
paste alignment

Benchmark

)
MPM Momentum BTB
Support Tooling: Quik-tool (3)
Speed: 30 mm/sec

Under-Stencil Wipe

Speed: 30 mm/sec Koh Young aSPler3
Sequence: wet/vac/vac or Resolution: 10 um

wet/vac/vac/dry Height Threshold: 20 um
Frequency: 1 (each print)

Pressure: 7.0 kg
Separation Speed: 5.0 mm/sec
Separation Distance: 3.0 mm
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Data Review: Metrics

Coefficient of Variation - CV

Calculate average and standard Ctowerl
deviation Er:“rf
Divide the standard deviation by Typically, average minus 50%

the average

Look at std dev as a % of the
average:

> <10%: desired
> 5% :

13.5%

,

34% | 34%

. SIMITA

*  International

Upper
Control
Limit
Typically, average plus 50%

13.5%

> Over 15%: unacceptable

95 %
99.7 %

u—1o u u+lo u+20 u+30
| 68 %
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Data Review: Excess Variation and Missing Pads

Print To Fail (PTF) Design

. : BN R ) --ccco XEER D A ...-..-..-.-Q Copper Defined
| Sgwerlymkyeﬁ”ed s e@08scss cse 2000003220000 00000 80 \

..... cssEEEEEssc-- cescennEEEEEESen- Copper Defined
ISOIAERIVISSKIDEANEAN) Sa e asc nnenccccnncsa Minszccasneth

| Solder Mask Defined

.......... aala'e wa teeee Copper Defined

| Solder Mask Defined

Copper Defined

Missing Pads
3 and 4 mil Copper Defined Squares and Circles

* Fabricator given waiver for features 5 mil or less to mitigate cost
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Results: SPC Run Charts

better process control

INCREASED FEATURE SIZE

Solder Mask Defined (SMD) Pads

Copper-Defined (NSMD) Pads

Run Chart of Volume(%) - 2 Mils Coated 5 Mils SQ SM S 0.625 AR

Run Chart of Volume(%) - 2 Mils Coated 5 Mils SQ CU S 0.625 AR
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SOLDER MASK DEFINED PADS = better process control
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Results: SPC Run Charts

better process contro

INCREASED FEATURE SIZE

Solder Mask Defined (SMD) Pads

Copper-Defined (NSMD) Pads

Run Chart of Volume(%) - 2 Mils Coated 7 Mils SQ SM S 0.875 AR
5
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Volume(%)

Run Chart of Volume(%) - 2 Mils Coated 7 Mils SQ CU S 0.875 AR
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Results: TE vs AR on 2 mil foil

Transfer Efficiency %

Influence of Pad Defintion on Print Quality
2 mil Coated Foil
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Notice the divergence

between copper defined and

mask defined pads

Mask defined show
acceptable TEs
Copper defined show
excessive solder,
presumably from less
robust gasketing
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Results: TE vs AR on 3 mil foil

Influence of Pad Defintion on Print Quality
3 mil Coated Foil
140 Similar divergence between
X o :
> 120 IR mask and metal defined pads
g 100 Copper Defined Circles ""-.‘
:§ Copper Defined Squares '....-‘-.---.,.. Y T o
E 80 .........................;.;;.E.:.;;.;;;.;;;.;;.;;.‘;;;-5Goai._SOA
o 60 . gum=="
B, B e .
g Mask defined pads offer far
20
) better process control
0.4 0.5 0.6 0.7 0.8 0.9 1
Area Ratio
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Results: Main Effects Plots

Coefficient of Variation (CV)

Main Effects for Coefficient of Variation (CV)
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Effects Pareto
Isolates the most important eMects

Coating

Size

Pad Def

Foil Thick

Ap Comner

Pad Shape

00 02 04

Effect

Effect is defined a3 the largest
mean minus the smallest mean

Colors based on eMect size. in
sandard deviations

|} Larger than 2

f“ Between 1and 2

[ smatier than 1
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Factors in Variability

Non-Factors

Aperture Shape
Pad Shape




Discussion: Stencil Coating and Pad Size

m No surprises here...

[1Benefits of stencil coating have been
documented for over 10 years

[1Challenges of smaller pad sizes have been
documented for over 30 years
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Discussion: The Differences in Pad Definition
PCB Pad Definition

Non-Solder Solder Mask
Mask Defined Defined

Pad is etched to nominal Pad is etched 6 mils larger
size (r) and mask is than nominal (r) and solder
relieved 3 mils around mask overlaps 3 mils around
perimeter the perimeter
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Discussion: Features of PCB Pad Definition

Solder Mask l

Solder Mask

Solder
mask

overlap
on pad * Padis larger than nominal size:

easier to etch (DFM)

* Solder mask overlapping on all
sides creates gasketing surface:
easier to print (DFA)

Non-Solder Mask Defined
Solder mask (NSMD or Copper Defined)

reliefaround Pad is nominal size: challenging to
pad etch below 8mil

issues: harder to print
“Wrap around” of solder on sides of
pad improves joint strength

Presented at SMTA International 2021

Solder mask encroaching
on copper pad

Solder cléa‘;r;c; (relief)
around copper pad



Discussion: Rounding Sharp Corners

“Squircle” Aperture

Squares with Radiused Corners

8 mil aperture 7 mil aperture 6 mil aperture 5 mil aperture
2 mil radius 1.75 mil radius 1.5 mil radius 1.25 mil radius

As feature size decreases, squircles look more like circles
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The advantage of squares and squircles appear to wane as features shrink



Discussion: The effect of foil thickness on AR

m ARs increase dramatically as
foils become thinner

Area Ratio based on Foil Thickness

1.10
1.00

Foil Thickness - mils

= AR Formulas: g m|—=—=—=
O W/4t (square) S o
O D/4t (circle) zﬁ §§§ /
m Differences in foil thickness g o
have 4X the effect of aperture < o1
sizes on AR R T

Feature Size (mils)
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Discussion: Three Ball Rule

To ensure good aperture fill, the thinnest foil that

2
33| can be successfully printed is 3X the diameter of:
The largest T5 solder particle The average size T5 solder particle

25 um

OR

3 mil

Solder Mask Defined pads printed well with coated stencils all the way down to 2 mils!

The three-ball rule does not seem to apply

Presented at SMTA International 2021
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Discussion: Five Ball Rule

To ensure good aperture release, the
narrowest aperture that can be successfully
printed is 5X the diameter of:

The largest T5 solder particle The average size T5 solder particle

OR

5 mil

Mask Defined pads printed well with coated stencils all the way down to 5 mil features

If applied, the 5-ball rule would pertain only to mask defined pads and coated stencils



Conclusions: Reducing Variation

In leading edge electronic miniaturization, reducing variation is more important

than high average paste transfer rates

Variation can be controlled by:

» Product Design: Mask Defined pads and their sizes had the largest
influences on repeatability. PCB Features smaller than 8 mils should be

mask defined.

» Product Manufacturing: Nanocoating the stencils was the most dominant
main effect in reducing variation. Uncoated stencils could not produce CV
values <10% for apertures 8 mils or smaller and were more difficult to auto-
clean in the printer. They also were far more sensitive to changes in foil

thickness.
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Conclusions: The Rules

Area Ratio of 0.6 or higher:

» For the case of solder mask defined pads and coated stencils, an Area Ratio of 0.6
or higher should be applied. Both saw just under 80% Transfer Efficiency but met
Coefficient of Variation targets of less than 10%.

Three Ball Rule:

» For the case of solder mask defined pads and coated stencils, the Three Ball Rule
predicts a minimum stencil thickness of 2.4 mils. The actual minimum was 2 mils,
exceeding the expectation, even based on the average particle diameter.

Five Ball Rule:

» For the case of solder mask defined pads and coated stencils, the finest feature to
print repeatably was 5 mils, agreeing with the theory that the smallest aperture

should be at least as wide as 5 of the /argest particles in the solder paste.

Notice the rules all apply in the context of SMD pads and coated stencils.

The data shows poor process capability without these key features.
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Thank You........Questions?
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