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Stencil Nano-Coatings-Do They Improve
Repeatability and Uniformity in The Print Process?

Greg Smith
BlueRing Stencils
Lumberton, NJ USA

This Presentation “Stencil Nano-Coatings-Do They Improve Repeatability and Uniformity in The Print Process?” was first presented at the 2018 IPC Apex Expo Technical Conference and
published in the 2018 Technical Conference Proceedings.
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This Presentation “Stencil Nano-Coatings-Do They Improve Repeatability and Uniformity in The Print Process?” was first presented at the 2018 IPC Apex Expo Technical Conference and
published in the 2018 Technical Conference Proceedings.
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Introduction

Benefits of Nano-Coatings
= Hydrophobic-repel water based chemistry (flux)
= QOleophobic-repel oil based chemistry (flux)
= Improved Transfer Efficiency (Ceramic)

» Reduced Underside Cleaning Frequency(Ceramic
and Self-Assembled Monolayer)

» Reduced Bridging after print (Ceramic and Self-
Assembled Monolayer)

This Presentation “Stencil Nano-Coatings-Do They Improve Repeatability and Uniformity in The Print Process?” was first presented at the 2018 IPC Apex Expo Technical Conference and
published in the 2018 Technical Conference Proceedings.
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Introduction

Types of Nano-Coatings

Self Assembled Monolayer Ceramic-Spray Coat and Cure

This Presentation “Stencil Nano-Coatings-Do They Improve Repeatability and Uniformity in The Print Process?” was first presented at the 2018 IPC Apex Expo Technical Conference and
published in the 2018 Technical Conference Proceedings.



SUCCEEDY

Gt 2019 AT THE

Introduction

Types of Nano-Coatings

m Self Assembled Monolayer
= Manually applied to the board side of stencil
» Thickness is 2-4 nano meters
= Clear-no color
» Validation done by testing surface energy
= Can be reapplied

= Primary benefits are reduced underside cleaning and
reduced bridging

On-Contact, 2-4 nm

(Self Assembled Monolayer (SAM)

This Presentation “Stencil Nano-Coatings-Do They Improve Repeatability and Uniformity in The Print Process?” was first presented at the 2018 IPC Apex Expo Technical Conference and
published in the 2018 Technical Conference Proceedings.
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Introduction

Types of Nano-Coatings

m Self Assembled Monolayer-Testing Surface Energy

On-Contact, 2-4 nm

(Self Assembled Monolayer (SAM)

Uncoated Stainless Steel SAM Coated Stencil

This Presentation “Stencil Nano-Coatings-Do They Improve Repeatability and Uniformity in The Print Process?” was first presented at the 2018 IPC Apex Expo Technical Conference and
published in the 2018 Technical Conference Proceedings.
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Introduction

m Ceramic
= Applied with custom, precision spray equipment
» Thickness is 2-4 microns
= Colorand UV dye
» Cured after coating to create a hard, durable coating
= [ower Coefficient of Variation in Print Process
= Primary benefits are reduced underside cleaning,

Types of Nano-Coatings (

reduced bridging, and increased transfer efficiency Spray coat and cure (Ceramic)
on small aperture printing 2-4 Microns

This Presentation “Stencil Nano-Coatings-Do They Improve Repeatability and Uniformity in The Print Process?” was first presented at the 2018 IPC Apex Expo Technical Conference and
published in the 2018 Technical Conference Proceedings.
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Introduction

Purpose of this study

= Qver the past several years, most papers on stencil
coatings focus on

* Volume or transfer efficiency
* Reduced underside cleaning
 Reduced bridging

= This presentation adds height and area data in
addition to volume data to determine if nano-
coatings are beneficial across a wide range of

components.

This Presentation “Stencil Nano-Coatings-Do They Improve Repeatability and Uniformity in The Print Process?” was first presented at the 2018 IPC Apex Expo Technical Conference and

published in the 2018 Technical Conference Proceedings.
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Experimental Methodology
Test Vehicle

Three stencils, one with SAM coating, one with Ceramic coating and one is uncoated
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This Presentation “Stencil Nano-Coatings-Do They Improve Repeatability and Uniformity in The Print Process?” was first presented at the 2018 IPC Apex Expo Technical Conference and
published in the 2018 Technical Conference Proceedings.
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Experimental Methodology
Test Vehicle

Three stencils, one with SAM coating, one with Ceramic coating and one is uncoated

This Presentation “Stencil Nano-Coatings-Do They Improve Repeatability and Uniformity in The Print Process?” was first presented at the 2018 IPC Apex Expo Technical Conference and
published in the 2018 Technical Conference Proceedings.
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Experimental Methodology
Test Vehicle

Three stencils, one with SAM coating, one with Ceramic coating and one is uncoated

This Presentation “Stencil Nano-Coatings-Do They Improve Repeatability and Uniformity in The Print Process?” was first presented at the 2018 IPC Apex Expo Technical Conference and
published in the 2018 Technical Conference Proceedings.
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Experimental Methodology

Print Parameters

Parameter Value

Squeegee Length 300 mm

Squeegee Pressure 5Kg

Squeegee Speed 30 mm/sec
Squeegee Angle 60 degrees
Separation Speed 3.0 mnv/sec
Cleaning Solvent IPA

Cleaning Cycle 2 Prints (W, V, V)
Solder Paste NC SAC305T4

This Presentation “Stencil Nano-Coatings-Do They Improve Repeatability and Uniformity in The Print Process?” was first presented at the 2018 IPC Apex Expo Technical Conference and
published in the 2018 Technical Conference Proceedings.
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Experimental Methodology

Print Parameters
m 50 Boards Printed

m Boards 1, 10, 20, 30, 40 and 50 were measured with a 3D solder paste inspection
system (SPI)

m Volume, Height and Area data were collected

This Presentation “Stencil Nano-Coatings-Do They Improve Repeatability and Uniformity in The Print Process?” was first presented at the 2018 IPC Apex Expo Technical Conference and
published in the 2018 Technical Conference Proceedings.
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Results

Mean(Transfer Efficiency) vs. Site
- Foil Thickness Overlay: Stencil
Printed Solder Paste Transfer w05 4
Efficiency i 2
. =4 Size
m Chip components 01005-1206 o5 Stenci Coating
80+ B CERAMIC
| ELU
m Small components g =
= Ceramic coating improves £ o]
volume E =
= SAM coating decreases g
volume =
254
m Large components 2
. . 15+
= Ceramic and SAM coating 10
show slight to no volume o
- Map 01005(.66) 0201(.83) 0402(1.39) 0603(2.14) 0805(3.41) 1206(3.75)
improvement ste
Where(4014 rows excluded)

This Presentation “Stencil Nano-Coatings-Do They Improve Repeatability and Uniformity in The Print Process?” was first presented at the 2018 IPC Apex Expo Technical Conference and
published in the 2018 Technical Conference Proceedings.
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Results

Printed Solder Paste Transfer e s
Efficiency -
m QFN and QFP Components »; py—
851 [ CERAMIC
= Ceramic coating improves o = nconten
volume up to 0.5 QFN
= QFN’s show greater § o«
improvement with Ceramic § "
coating than QFP o
Components
= SAM coating improves -
volume on these larger o
component apertures as i
compared to uncoated 0.4 QFN(.71) 0.4 QFP(.90) 0.5 QFN(.94) 0.5 QFP(1.09) 0.64 QFP(1.36) 1.27 QFP(2.34)
stencils

Where(7776 rows excluded)

This Presentation “Stencil Nano-Coatings-Do They Improve Repeatability and Uniformity in The Print Process?” was first presented at the 2018 IPC Apex Expo Technical Conference and
published in the 2018 Technical Conference Proceedings.



SUCCEED Y

Gt 2019 AT THE

Results

Printed Solder Paste Transfer
Efficiency
m Smallest AR Components

= Ceramic coating improves
volume

» SAM coating decreases
volume

85
80-
75
70
65
601
551
50-
45
40
35]
30
25
20}
15]
10]

5]

g

Transfer Efficiency

Map 0.4 CSP(.56)

Shape

Where(9684 rows excluded)

Mean(Transfer Efficiency) vs. Site
Foil Thickness
4

0.4 QFN(.71) 01005(.66)
Site

0201(.83)

Overlay: Stencil
Coating

A dnous

Color

Size

Freq

Stencil Coating
I CERAMIC
I SAM

I UNCOATED

This Presentation “Stencil Nano-Coatings-Do They Improve Repeatability and Uniformity in The Print Process?” was first presented at the 2018 IPC Apex Expo Technical Conference and

published in the 2018 Technical Conference Proceedings.
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Ba Data Template-2 = O 4
Res u Its ..‘.1 w | Oneway Analysis of Transfer Efficiency By Stencil Coating I
4403
Printed Solder Paste Transfer byt
HPH 32043
Efficiency 5E am0d
§ o 240
m Tukey-Kramer HSD Analysis on =& s
- 160
Small Area Ratio components 1203
80 ! I ' :
m Evaluates data to determine if it B —tRmic S UNGOATED  AFFars
is significantly different Stenci Coating s
= Ceramic coating mean TE is Excluded Rows 9664 N
highest A Means Comparisons
. . [ A = Comparlsons for all palrs using Tukey-Kramer HSD
= SAM coating mean TE is | Aoy Lo g
lower than the uncoated L -
stencil CERAMIC A 73.804139
UNCOATED B8 65.010056
SAM c £2.037194
Levels not connected by same letter are significantly different.
' ~»E O

This Presentation “Stencil Nano-Coatings-Do They Improve Repeatability and Uniformity in The Print Process?” was first presented at the 2018 IPC Apex Expo Technical Conference and
published in the 2018 Technical Conference Proceedings.
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Results

Mean(Measured Height) vs. Site

Printed Solder Paste Height I [
m Chip Components .
344 Stencil Coating
= 01005 and 0201 components e
show SAM print height less WLieoneen
than uncoated and Ceramic
coated stencil 5 )
= 0402 thru 1206 components |} ** i
show no significant
difference in mean print g
height for the coatings as
compared to the uncoated
stencil. i
M‘“; 01005(.66) 0201(.83) 0402(1.39) s 0603{2.14) 0805(3.41) 1206(3.75) iy

Where{4014 rows excluded)

This Presentation “Stencil Nano-Coatings-Do They Improve Repeatability and Uniformity in The Print Process?” was first presented at the 2018 IPC Apex Expo Technical Conference and
published in the 2018 Technical Conference Proceedings.
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Results

Printed Solder Paste Height

m QFN and QFP Components

= All components printed well
over 3-mil minimum
threshold

= Overall, both coatings show
little or no improvement of
mean height measurement
as compared to the
uncoated stencil

4.2-
4.0
3.8
36
3.4
32
3.0
28
26
24]
22
2.0-
18-
1.6
1.4
12
1.0
e.s-l
0.6
0.4
0.2

0.0

Measured Helght

Map | 04QFNCT1)

Shape

'Where(7776 rows excluded)

0.4 QFP(.90)

Mean(Measured Height) vs. Site
Foil Thickness
4

05QFN(94)  0.5QFP(1.09)
Site

0.64 QFP(1.36)

Overlay: Stencil
Coating

Adnoin

1.27 QFP(2.34)

Freq

Color

Size

i

Stencil Coating
I CERAMIC
Il SAM

Il UNCOATED

This Presentation “Stencil Nano-Coatings-Do They Improve Repeatability and Uniformity in The Print Process?” was first presented at the 2018 IPC Apex Expo Technical Conference and

published in the 2018 Technical Conference Proceedings.
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Results

Mean(Measured Height) vs. Site

Printed Solder Paste Height ESRE S

4 Coating
4.0+

m Smallest AR Components 38 Color

3.6+

= Ceramic coating exhibits = size

3.2+

Measured Height
A dnous

slight to no improvement in 7 e

mean print height 203 —i
= SAM coating decreases 22]
height on 0.4 CSP and 01005 i
components below or just at it
the 3-mil minimum threshold 12]
1.04
0.8
0.6
0.4
0.2

M ar;n 0.4 CSP(56) 0.4 QFN(.71) 01005(.66) 0201(83)
Shape Site Freq

Where(9684 rows excluded)

This Presentation “Stencil Nano-Coatings-Do They Improve Repeatability and Uniformity in The Print Process?” was first presented at the 2018 IPC Apex Expo Technical Conference and
published in the 2018 Technical Conference Proceedings.
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Results

Printed Solder Paste Height

m Tukey-Kramer HSD Analysis

= 0.4 CSPand 01005
component mean print
height

» SAM coating shows
significantly different (lower)
print height results when
compared to the uncoated
and Ceramic coated stencil.

= Ceramic coating mean
height results are not
significantly different than
the uncoated stencil.

This Presentation “Stencil Nano-Coatings-Do They Improve Repeatability and Uniformity in The Print Process?” was first presented at the 2018 IPC Apex Expo Technical Conference and

published in the 2018 Technical Conference Proceedings.

I Data 7

4 ~/Oneway Analysis of Measured Height By Stencil Coating

423
43
3.8
3.6
3.43

Az | : e

Measured Height

33 o

28
263

CERAMIC ' SAM " UNCOATED  All Pairs
Tukey-Kramer

0.05

Stencil Coating

Excluded Rows 10386
4 Means Comparisons
4~ Comparisons for all pairs using Tukey-Kramer HSD
4 Connecting Letters Report

Level Mean
UNCOATED A 3.2990476
CERAMIC A 3.2585714
SAM B 2.8978571

Levels not connected by same letter are significantly different.
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Results

Printed Solder Paste Area

m Chip Components

= 01005 component has
greater area percentage on
uncoated stencil than coated
stencils

= Other components show no
difference in printed area for
coated and uncoated
stencils

105
100
95
90-]
85-
80
75
70
65
60
55
50
45
40
35
30
25]
20-]
15
10
5.
0

Map
Shape

% TargetArea

01005(.66)

Where(4014 rows excluded)

Mean(% Target Area) vs. Site
Foil Thickness
4

0201(.83) 0402(1.39) 0603(2.14)
Site

0805(3.41)

1206(3.75)

Overiay: Stencil
Coating

Adnois

Freq

Color

I

Size

Stencil Coating
I CERAMIC
I SAM

I UNCOATED

This Presentation “Stencil Nano-Coatings-Do They Improve Repeatability and Uniformity in The Print Process?” was first presented at the 2018 IPC Apex Expo Technical Conference and

published in the 2018 Technical Conference Proceedings.
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Results

Printed Solder Paste Area

m QFN and QFP Components

= 0.4 QFN and QFP
components exhibit higher
printed area for ceramic
coated stencil than SAM
and uncoated

= 0.5 and higher QFP
components show slightly
higher printed area than
the uncoated stencil for
both nano-coatings

100+
95
90
85
80
75
70
65
60
55
50
45
40
35
30
25
20
15
10-]
5]
.

Map
Shape

% TargelArea

0.4 QFN(.71)

Where(8352 rows excluded)

Mean(% Target Area) vs. Site
Foil Thickness
4

0.4 QFP(.90) 0.5 QFP(1.09) 0.64 QFP(1.36)
Site

1.27 QFP(2.34)

Overlay: Stencil
Coating

A dnous

Color

Size

Freq

Stencil Coating
I CERAMIC

Il SAM
I UNCOATED

This Presentation “Stencil Nano-Coatings-Do They Improve Repeatability and Uniformity in The Print Process?” was first presented at the 2018 IPC Apex Expo Technical Conference and

published in the 2018 Technical Conference Proceedings.
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Results
Mean(% Target Area) vs. Site

Printed Solder Paste Area Foil Thickness Overiy:Stonci

4

85 Color

m Smallest AR Components o

75- Size

- 0.4 CSPand 0.4 QFN B
components exhibit higher cs- i
printed area for ceramic i I UNCOATED
coated stencil than SAM
and uncoated

50
45
40-]
35
30
25.]
20
15
10]
=l
0

% TargetArea
A dnoin

0.4 CSP(.56) 0.4 QFN(.71) 01005(.66) 0201(.83)

Map Site Freq

Shape

Where(9684 rows excluded)

This Presentation “Stencil Nano-Coatings-Do They Improve Repeatability and Uniformity in The Print Process?” was first presented at the 2018 IPC Apex Expo Technical Conference and
published in the 2018 Technical Conference Proceedings.
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Conclusions

m There are 2 types of nano-coatings currently being used.
=  Self-Assembled Monolayer (SAM)
= Ceramic

m When looking at printed paste volume, Ceramic nano-coatings improve transfer
efficiency for 0.66 area ratio apertures and smaller (0.4 CSP and 01005) and SAM
nano-coatings decrease printed paste volume when compared to uncoated
stencils.

m When area ratios are larger than 0.66, adding SAM nano-coating and Ceramic
nano-coating can result in slight increases in printed paste volume when
compared to uncoated stencils.

m When area ratios are less than 0.66 (0.4 CSP and 01005), SAM nano-coating
decreases the printed height when compared to uncoated stencils. Both Ceramic
and uncoated stencil printed height are similar.

This Presentation “Stencil Nano-Coatings-Do They Improve Repeatability and Uniformity in The Print Process?” was first presented at the 2018 IPC Apex Expo Technical Conference and
published in the 2018 Technical Conference Proceedings.
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Conclusions

This Presentation “Stencil Nano-Coatings-Do They Improve Repeatability and Uniformity in The Print Process?” was first presented at the 2018 IPC Apex Expo Technical Conference and

For components larger than 01005, SAM and Ceramic nano-coatings produced
printed paste height slightly higher than the uncoated stencil.

Printed paste area was higher for the 01005 component on the uncoated stencil.

Printed paste area was higher for the ceramic nano-coated stencil on the 0.4 CSP,
0.4 QFN and 0.4 QFP components than both the SAM nano-coated stencil and the
uncoated stencil.

When area ratios are less than 0.66 (0.4 CSP and 01005), it is recommended that
Ceramic nano-coatings are used to improve repeatability and uniformity in the
print process.

When area ratios are more than 0.66, it is recommended that either Ceramic or
SAM nano-coatings are used to improve repeatability and uniformity in the print
process.

published in the 2018 Technical Conference Proceedings.
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Thank You for Your Attention!
Any questions?

I Greg Smith
n OMI BlueRing Stencils
ha gsmith@blueringstencils.com

This Presentation “Stencil Nano-Coatings-Do They Improve Repeatability and Uniformity in The Print Process?” was first presented at the 2018 IPC Apex Expo Technical Conference and
published in the 2018 Technical Conference Proceedings.



