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Surface Finishes

This month, experts from Uyemura, Epec Engi-
neered Technologies, and Fischer Technology
bring you in-depth coverage of surface finishes,
including their capabilities and limitations. Plus,
event coverage from our Real Time with... booth
at productronica 2013 and images from the show

N floor in Munich, Germany.
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%) PCB Final Finish for tarnish & corrosion protection
%) Flux containment, corrosion protection & reliability

® PCBA & component mixed flowing gas protection

Semblant’s exclusive focus on the electronics industry allows it to deliver the ideal
protective coating solution addressing the performance needs of traditional high-reliability segments while
addressing the un-met total manufacturing cost constraints of high-volume electronics manufacturers.

5 Semblant www.semblant.com


http://www.iconnect007.com/magtracker/?mag=pcb1401&page=5&link=http://www.semblant.com

(@)
O
74
I
.
Z
A
(2]

JANUARY 2014
VOLUME 4
NUMBER 1

THE DEFINITIVE
INTERACTIVE MAGAZINE
DEDICATED TO THE

GLOBAL PCB INDUSTRY m a ga Z i n e

thepcbmagazine.com

52

11

48

60

50

54

62

70

PCB OOy PRESENTS

soysiuj
aoejIng

PUBLICATION

REVIEW COLUMNS
productronica 2013 8 Printed Electronics Update
by Pete Starkey by Ray Rasmussen

56 Time for a Lean Diet
by Steve Williams

VIDEO INTERVIEWS
Global Outlook on Electronic
Chemicals Market

ENIG Leader
Uyemura Expands
into New Markets

64 Achieving Fine Lines and Spaces
Part 3: Chemical Surface Preparation
by Michael Carano

Mentor Graphics
Offers End-to-End Solutions

NEWS HIGHLIGHTS
Supplier/New Product

Mil/Aer0007 ’T‘llaw A e

Markets ﬁ 72 Events Calendar j 1‘2;_.‘;3_:“
Top Ten PCB007 News Highlights 73 Advertisers Index & Masthead

6 The PCB Magazine ® January 2014


http://www.pcb007.com

Discover the Best-in-Class
Laminate for High Voltage,

Tight-pitch PCB Designs

I-Speed® High Speed Digital Materials

I-Speed laminate and prepreg products are manufactured with Isola’s patented high-performance multifunctional
resin system, reinforced with electrical grade (E-glass) glass fabric. This system delivers a 15% improvement in Z-axis
expansion and offers 25% more electrical bandwidth (lower loss) than competitive products in this space. These
properties coupled with superior moisture resistance at reflow, result in a product that bridges the gap from both a
thermal and electrical perspective.

I-Speed CAF Test Vehicle Results [-Speed Features

e Passed: 85°C/85% RH/100V after 1,000 e (Global constructions available in all regions
hours at 0.65 and 0.75 mm pitch e (ptimized constructions to improve lead-free
e Passed: 35°C/85% RH/10V after 500 hours performance
at 1.0 mm pitch Improved Z-axis CTE 2.70%
IPC 4101 Rev. C /21 /24 /121 /124 /129
A low Df product with a low cost of ownership
VLP-2 (2 micron Rz copper) standard offering
Offer spread and square weave glass styles
(1035, 1067, 1078, 1086, 3313) for laminates and

prepregs
E-Glais STD 0.0207 HW-HW
6X Reflow @ 260°C
AS"C/E5% RH/ 100 Valte
L0144
L0010
1000123
100011 -
100010 d = = — —
o
. . _@"‘ & > ‘\-d- & 5&-_* ; -d-l -.‘“ P P N R I &

Low Dk Glass - 0LOZ0 HW-HW
6X Reflow @ 260°C
B C/R5% RH/100 W

isola

The Base for Innovation

www.isola-group.com/i-speed


http://www.iconnect007.com/magtracker/?mag=pcb1401&page=7&link=http://www.isola-group.com/products/i-speed/

THE WAY | SEEIT

Printed Electronics Update

by Ray Rasmussen
I-CONNECTO007

At IDtechEx this year in Santa Clara, Califor-
nia, I heard something for the first time: Sev-
eral presenters said that they had replaced their
PCBs with printed electronics. One of them was
Multek (Flextronics).

When people talk about PE opportunities,
they almost always focus on new markets and
how PE is an enabling technology that allows
electronics to be added to just about any prod-
uct out there. In fact, there are some who sug-
gest that it’s possible to connect over a trillion
products through the use of PE technologies,
when they talk about The Internet of Things.
It’s really astounding.

Flextronics/Multek gave an interesting pre-
sentation about their efforts in PE. They’re mov-
ing quite quickly into materials, thanks to their
acquisition of Sheldahl and their flex materials.
And as I mentioned, they are already replacing
PCBs with PE circuits.

PE for EMS

A few years ago, I invited Matt Timm, CEO of
Soligie, to keynote an IPC conference on printed
electronics that I was emceeing. Soligie is a PE
contract manufacturer: EMS for the PE industry.

~ — #
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I had invited him to talk about the current status
and prospects for the future. Timm spent a lot of
time talking about the hype curve and how the
industry was starting to come down the backside
of the curve, which was the more realistic state of
the industry. Still exciting, but the reality was that
PE technologies were going to take longer than
the pundits had been espousing. He was in the
trenches and had a good perspective on things.
Something he said to me offline, which I found
quite interesting, was that his biggest concern
with our industry was the giant EMS providers
like Flextronics who, when they figured out the
opportunity, would eat his lunch. Well, I think
they're starting to do just that. It’s still a specialty
market for them but it’s going to grow really fast.
They already have the customers. Now, they just
need to match the PE product with the right cus-
tomer and application. The customers want it. On
the EMS side, the opportunities are almost end-
less. They do everything needed for PE in-house,
on their own, wherever the customer is located.
They can mix and match conventional technolo-
gies with emerging PE options when and where
needed. They’re in a great position to dominate
this market in fairly short order.
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PRINTED ELECTRONICS UPDATE continues

Printed Electronic

» Printed Thru-Ho

s

Figure 1: A slide from GSI’s presentation on printed electronics.

PE for PCB

I ran into John Andresakis from Oak-Mitsui
who, like me, has a keen interest in printed
electronics. As we discussed some of the tech-
nologies and presentations we saw at the show,
I suggested that we need an annual technical
benchmark to show the progress of the PE ma-
terials and capabilities as they relate to PCB
technology. It would be important for the in-
dustry to know how rapidly the PE capabilities
are advancing. Certainly, the most obvious tar-
get for PE is the flex circuit industry. Flex PCB
suppliers are already selling their latest materi-
als at PE shows. Lots of companies are selling
materials into this market. Conductive inks are
everywhere and they’re getting better and bet-
ter every year. It won't be long before they per-
form like copper; then, watch out!

Figure 1 is a slide from GSI Technologies
touting their “printed thru-hole vias.” GSI was

10 The PCB Magazine ¢ January 2014

a printing company that has made the jump
into printed electronics.

In a presentation from PragmatIC, the CEO
caught my attention. Basically, he said that the
closer they get to free (referring to the cost of
their product, which is printed memory), the
larger the market gets. I've heard these kinds of
statements before, but the way he put it made
a lot of sense to me. At a higher price point,
the market is limited. The higher you go, the
smaller the market. If you go high enough,
you reach the costs of traditional electron-
ics, which is the market we’re all very familiar
with. I get all this. It’s logical and makes sense.
Very few of our manufacturers are looking
for ways to reduce the cost of their boards for
their customers. Typically, we fight every price
change and try to not leave any money on the
table. The problem with that thinking is that
it closes the door on a ton of potential that the



PE guys have grabbed hold of. That’s the way
they think.

Driving down cost as quickly as possible
to expand the market makes a lot of sense to
them. You could say that the Chinese, and in
particular, Foxconn have also grabbed that con-
cept by building boards and assemblies in an
environment that allows them to dramatically
reduce costs; this has opened up a much larger
market for electronics than would have other-
wise existed. Now, most of the world can afford
electronic products, which were mainly sold in
developed countries. As a result, all boats rise.
More electronic gadgets require more electronic
infrastructure, which creates more jobs which
then provides more income and more buying
power, etc. Now, PE takes this cost reduction
to a whole new level. In just a few years every-
one, everywhere, will have access to most of the
technologies out there and printed electronics
will make that happen.

As I mentioned last month, in a recent as-
sembly industry technology survey, printed

PRINTED ELECTRONICS UPDATE continues

electronics was the topic of greatest interest.
Although not surprising to me, it does indi-
cate that our industries are finally waking up.
And as I said earlier, the EMS companies are in
a prime position to leverage the capabilities of
PE technologies for their customers. My biggest
concern is with the PCB fabricators. There is
both a great opportunity and an ultimate end-
game for many. I'm not sure why there aren’t
many more fabricators walking a show like
IDtechEx. I only saw a few (Sunstone, Viasys-
tems, Multek). Maybe I'm way off base, but I
don’t think so. pcB

Ray Rasmussen is the publisher
and chief editor for I-Connect007
Publications. He has worked in
the industry since 1978 and is
the former publisher and chief
editor of CircuiTree Magazine.

To read past columns, or to
contact Rasmussen, click here.

VIDEO INTERVIEW

Global Outlook on Electronic Chemicals Market

by Real Time with...productronica 2013

Chris Hrusovsky, Electronic
Chemicals global business
manager for OM Group,
gives his perspective on the
world market for electronic
chemicals and discusses
how product innovation
and technical support have
made them successful.
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by Shigeo Hashimoto, et al.l"

As previously published by SMTA in the pro-
ceedings of SMTA International 2013.

Abstract

The ability to plate fine patterns, the solder
joint reliability (SJR) and the wire bonding re-
liability (WBR) of the electroless Pd/Au (EPIG)
deposit were compared with the electroless
Ni-P/Pd/Au (ENEPIG) deposit.

SJR was evaluated by high-speed shear test
(HSS) when comparing Sn-3.0Ag-0.5Cu with
Sn-1.2Ag-0.5Cu-0.05Ni as the composition of
the solder ball. When using Sn-1.2Ag-0.5Cu-
0.05Ni as the solder ball for EPIG film, the uni-
form alloy layer was formed and SJR became
excellent.

12 The PCB Magazine ® January 2014
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EPIG deposits with thicker Pd had good
WBR because the Pd layer prevented Cu diffu-
sion to the top of Au surface after heat treat-
ment. And when Au thickness of EPIG deposit
was thicker, WBR became better because the ra-
tio of Pd on the top surface was kept lower after
heat treatment.

On the other hand, WBR after heat treat-
ment was improved by applying plasma treat-
ment on Au surface.

Introduction

In recent years, the electronic devices, such
as a smartphone and a tablet PC, have been
miniaturized. Therefore, CSP (chip size pack-
age) used inside the electronic devices have also
been miniaturized, and the space of the wiring
lines have become narrower every year. Some of
latest packages have the space of the wiring line
of 15 pum or less. At that time, if electroless Ni-P
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of up to 275 measurements per second.

Basic specification 16 test probes, 8 XGA color cameras
Test area 610 mm x 620 mm

Smallest test point 25 um (*with micro needle probes)
Repeatable accuracy +/-4 um

Test voltage up to 1000 Volts

A-wire Kelvin measurement 0,25 mQQ -1 kQ (= 0,1 mQQ = 2

atg

atg Luther & Maelzer GmbH

Zum Schlag 3 « 97877 Wertheim * Germany LUTH ER &

Phone +49-9342-291-0 « Fax +49-9342-395 10 ®
sales@atg-Im.com ¢ www.atg-Im.com // MAE LZE R


http://www.iconnect007.com/magtracker/?mag=pcb1401&page=13&link=http://iconnect007.com/showcase/index.php/atg-a8/
mailto:koziol.k@atg-lm.com
mailto:sales@atg-lm.com
http://www.iconnect007.com/magtracker/?mag=pcb1401&page=13&link=http://www.atg-lm.com

CHARACTERISTICS OF EPIG DEPOSITS FOR FINE-LINE APPLICATIONS continues

(EN) film will be 5-6 ym as the conventional
ENEPIG process, the space of the wiring line be-
came 5 pm or less. This will indicate that there
is the risk of short-circuit between the wiring
lines. In order to prevent this problem, thin EN
process or EN free process (EPIG) will be sug-
gested. If using thin EN or EPIG process, it’s pos-
sible to make the plating process time short. In
addition, EPIG process may have the possibility
for high-frequency devices and the solution for
Ni allergy problem.

On the other hand, CSP have mainly two
kinds of the joining method with the substrate
or IC chip, which are wire bonding joining be-
tween IC chip and the packaged and some type
of solder joint. Therefore, for the plating it’s
necessary for EPIG process to focus on SJR, WBR
and the pattern ability.

In this paper, we studied these characteris-
tics of EPIG deposits, compared with ENEPIG
deposits.

Experiment and Results

The coupons used in this study consisted of
a copper-clad laminated substrate which was
copper plated to a thickness of 20 pm using an
acid copper electroplating process. For SJR tests,
the copper-plated substrate was coated with
solder mask and imaged to form 0.25 mm di-

Process Chemical Temp. Time

Cleaner Mild alkaline 50 degC 5 min

Soft etching 15g/L mono per. 30 degC 2 min

Acid rinse 10% Sulfuric acid R.T. 1 min
Pre-dipping 0.4% Sulfuric acid R.T. 1 min
Activator Palladium-type 30 degC 1.5 min
Post-dip acidic type 50 degC 0.5 min
Electroless Pd Pd-P 60 degC 5 min (0.05um)

10 min (0. 10um)
20 min (0.20um)

Reflow Temperature [deg.C|

Réflow Loading

0 50 100 150 100 150 300 350 400 450
Reflow time [sec.]

Figure 1: Reflow profile.

ameter solder ball pads. Furthermore, the sub-
strate of the copper pattern with 15 pm space
of the wiring line was used for evaluating of the
pattern ability. Each substrate was plated with
EPIG and ENEPIG by using plating chemicals
commercially available from C. Uyemura &
Co., Ltd.

As the solder ball for the evaluation of SJR,
0.3 mm & of Sn-3.0Ag-0.5Cu (M705) 0.3 mm
® of Sn-1.2Ag-0.5Cu-0.05Ni (LF35) were used.
The reflow profile with the top temperature of
260°C was applied for mounting the solder ball
as shown in Figure 1. SJR was measured by HSS
test (Dage 4000HS/Dage) as shown in Table 3.
The condition of heat treatment after mount-
ing the solder ball was done for 300 hours at

Process Chemical Temp. Time

Cleaner Mild alkaline 50 degC 5 min

Soft etching 100g/L SPS 25 degC 1 min

Acid rinse 10% Sulfuric acid R.T. 1 min
Pre-dipping 3% Sulfuric acid R.T. 1 min
Activator Palladium-type 30 degC 2 min
Electroless Ni-P Mid phos Ni-P 80 degC 30 min
Electroless Pd Pd-P 50 degC 5 min (0.05um)

Electroless Au Mixed reaction 78 degC 6 min (0.05um) 10 min (0.10um)
12 min (0. 10um) 20 min (0.20um)
24 min (0.20um) 30 min (0.30um)
36 min (0.30um) Electroless Au Mixed reaction 78 degC 12 min

The target thicknesses were Pd = 0.05, 0.1, 0.2
pum and Au = 0.05, 0.1, 0.2, 0.3 um

The target thicknesses were Ni = 6 um, Pd = 0.1
pum and Au = 0.05, 0.1, 0.2, 0.3 um
Table 1: The EPIG plating process. Table 2: The ENEPIG Plating Process.
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CHARACTERISTICS OF EPIG DEPOSITS FOR FINE-LINE APPLICATIONS continues

Equipment TPT HB16 (semi-auto)
Capillary B1014-51-18-12 (PECO)
Wire 1.0mils gold
Temp. 150des.C
Step 0.7mm
Ulira sonic=250mW
1" bonding conditions | Time=200msec
Force=25g
Ultra sonic=250mW
o bonding conditions | Time=530msec
Force=350g Broken mode
Pull test equipment Dage #4000
Pull speed 170um/sec

Figure 2: Wire bonding conditions.

150°C. The oven (high-temp oven PHH-101/
ESPEC) was used for heat treatment. The cross
section image of IMC after mounting the sol-
der ball was observed by FE-SEM (Ultra55/Carl
Zeiss) after polishing by cross section polisher
(CP) (SM-09010 /JEOL). The intermetallic (IMC)
layer was analyzed by EDS (AXS/ Bruker).

WBR was evaluated by wire bonding (HB16/
TPT) and pull test (Dage 4000/Dage) as shown
in Figure 2. The condition of heat treatment for
WBR was done for 16 hours at 175°C.

The element analysis for each film was mea-
sured by Auger electron spectroscopy (AES)
(9500F/JEOL). The condition of AES was shown
in Table 4.

The plasma test after heat treatment was
performed by plasma cleaner (PC-1100/SAM-
CO). The condition of the plasma treatment
was shown in Table 5.

ENEPIG

(Ni 6um, Pd 0.1um, Au 0.1um)

EPIG

(Pd 0.1um, Au 0.1um)

Pattern Ability for EPIG Deposits

Figure 3 shows the comparison of pattern
ability between ENEPIG process and EPIG pro-
cess when using the substrate withlS pm as
the space of wiring lines. Although ENEPIG pro-
cess had over-plating in the space of the wiring
line, no over-plating was observed for the EPIG
process.

Solder Joint Reliability

For EPIG process and ENEPIG process, SJR
with the film as plated (As-plated) and with
heat treatment after mounting the solder ball
(300 hrs HT) were evaluated by HSS test as
shown in Figure 4. In this figure, M705 was
used as the solder ball. The influence of Pd
thickness was not confirmed within 0.05-0.2
pm. When comparing the film of as-plated,
the broken energies of ENEPIG film were better

i =I5 Wide scan Depth profile
Reflow equipmentll | Tamura TMR-15-22LH = oo = e
Solder ball SAC305 (M705) Ip 14X 10°-8A Ip :4x10°-9A

. Area :120%120( 4 m2)  |Area :120%120( ¢t m2)
Sn-1.2Ag-0.5Cu-N1 (LF35) Tilting Angle ~ :30° Tilting Angle  :30°
. Aperture size :4

Solder diameter 0.30mme Table 4: AES Conditions.
Pad size 0.25mmeo
Flux 529D-1 Process gas :Ar
Reflow conditions 260 deg.C, 1 times Flow rate : 30scem
HSS test equipment | 4000HS (Dage) Power : S00W
HSS speed 1000mm/sec Time : Imin

Table 3: HSS Test Conditions.

Table 5: Plasma Conditions.

January 2014 e The PCB Magazine 15




CHARACTERISTICS OF EPIG DEPOSITS FOR FINE-LINE APPLICATIONS continues
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Figure 4: HSS results with M705 as the solder ball; EPIG (Pd 0.05-0.2 um, Au 0.1 um) and ENEPIG

(Ni-P 6 um, Pd 0.05-0.2 um, Au 0.1 pm).

than that of EPIG. The broken energy of EPIG
film after heat treatment became poorer,
compared with as-plated sample. On the oth-
er hand, if using ENEPIG process, the broken
energy of HSS was kept even if there was heat
treatment.

The cross-section image of the IMC was
observed to consider the cause of HSS results.
When using EPIG film or ENEPIG film with Pd
thickness of 0.1 ym and with Au thickness of
0.1 ym, the observation of IMC and the analy-
sis of IMC composition by EDS were shown in
Fig. 5. From the results of EDS, when using EPIG
film, CuSn, was formed as layer 1 and Cu,Sn
was formed near Cu layer as layer 2. On the oth-
er hand, when using ENEPIG film, (Cu, Ni) Sn,
was formed as layer 1 and Ni+Ni,P was formed
near Ni-P layer as layer 2/*34. It was considered
that HSS results of ENEPIG were better for As-
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plated because layer 1 of ENEPIG film was more
uniform than that of EPIG film.

When comparing the film of 300hrs HT,
layer 2 of EPIG became thicker significantly
because Sn was supplied from the solder phase
more and more by heat treatment. And layer
1 became thicker also. It was considered that
these thicker IMC will cause poor broken en-
ergy of HSS.

On the other hand, the thickness of layer 1
and 2 was not changed for ENEPIG film. It was
considered that Ni+Ni,P was thinner as layer 2
because (Cu, Ni)Sn, was formed by the exis-
tence of Cu in the solder ball of M705 and this
IMC inhibited the growth of layer 2. Moreover,
because layer 1 will be dissolved into the sol-
der phase gradually, thinner layer 1 was kept®..
Therefore, the broken energies of ENEPIG film
were better even if there was heat treatment.
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CHARACTERISTICS OF EPIG DEPOSITS FOR FINE-LINE APPLICATIONS continues

M705 ENEPIG
As-plated ——
Layer1 | Layer2 Layer1 | Layer2

Ni 0.0 0.0 Ni 211 74.7
P 0.0 0.0 B 1.3 17.0
Cu 931 62.7 Cu 38.7 43
Pd 0.0 0.0 Pd 0.2 0.3
Sn 46.9 373 Sn 38.7 3:5

Figure 5: IMC observation and analysis of IMC composition by EDS with M705; EPIG (Pd 0.1 pm,
Au 0.1 pm) and ENEPIG (Ni-P 6 pm, Pd 0.1 pym, Au 0.1 pm) as plated.

M705
300 hours
Layer1 | Layer2 Layer1 | Layer2

Ni 0.0 0.0 Ni 17.2 68.7
B 0.0 0.0 P 0.1 28.7
Cu 56.1 77.2 Cu 35.1 0.4
Pd 0.0 0.0 Pd 0.6 0.0
Sn 439 22.8 Sn 47.3 21

Figure 6: IMC observation and analysis of IMC composition by EDS with M705; EPIG (Pd 0.1 pm,
Au 0.1 ym) and ENEPIG (Ni-P 6 pm, Pd 0.1 ym, Au 0.1 um) after heat treatment.
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CHARACTERISTICS OF EPIG DEPOSITS FOR FINE-LINE APPLICATIONS continues

When using LF3S as the solder ball, the re-
sult of HSS was shown in Figure 7. And the ob-
servation of IMC and the analysis of IMC com-
position by EDS were shown in Figure 8 and
Figure 9.

The broken energy of HSS for EPIG film was
better, compared with the result with M705.
From the results of EDS shown in Figure 7,
(Cu,Ni) Sn, was formed as layer 1 and Cu,Sn
was formed as layer 2. Ni was supplied for the
solder ball of LF35. It was considered that layer
1 became uniform and thinner because its Ni in-
hibited the growth of layer 1. Thinner and uni-
form layer 1 will result in better broken energy
of HSS. Layer 1 became thicker after heat treat-
ment, but layer 2 still kept thinner. It was con-
sidered that (Cu, Ni)Sn, inhibited the growth
of layer 2 by making the supply of Sn slower
into layer 2. As the results of IMC formation,

the broken energy of 300hrs HT was worse than
that of as-plated for EPIG film.

On the other hand, the result of HSS for EN-
EPIG film was similar with that of M70S regard-
less of as-plated sample and 300hrs HT sample.
It was considered that similar tendency was ob-
served because similar IMC was formed even if
the different type of the solder ball was used.

From these results, it will be possible that
SJR of EPIG film was significantly improved by
using LF35 as the solder ball. However, there
will be possibility that SJR after long term heat
treatment become worse. It's necessary to con-
firm the influence of longer heat treatment.

Gold Wire Bonding

The strength and failure mode of wire pull
test for as-plated sample of an EPIG and EN-
EPIG film were shown in Figure 10 and Figure
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Figure 7: HSS result with LF35 as the solder ball; EPIG (Pd 0.05-0.2 ym, Au 0.1 pym) and ENEPIG
(Ni-P 6 um, Pd 0.05-0.2 um, Au 0.1 um).
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CHARACTERISTICS OF EPIG DEPOSITS FOR FINE-LINE APPLICATIONS continues

LF35
As-plated —
Layer1 | Layer2 Layer1 | Layer2

Ni 5.3 0.4 Ni 33.2 75.7
P 0.0 0.0 P qi2 18.3
Cu 54.6 TTT Cu 30.7 3.6
Pd 0.0 0.0 Pd 0.3 0.2
Sn 40.1 21.9 Sn 34.6 2.2

Figure 8: IMC observation and analysis of IMC composition by EDS with LF35; EPIG (Pd 0.1 pm,
Au 0.1 ym) and ENEPIG (Ni-P 6 pm, Pd 0.1 pm, Au 0.1 pm) as plated.

LF35
300 hours
Layer1 | Layer2 Layer1 | Layer2

Ni 6.6 0.1 Ni 20.2 66.5
P 0.0 0.0 P 0.1 24.3
Cu 52.4 75.5 Cu 328 0.5
Pd 0.0 0.0 Pd 0.5 0.1
Sn 40.4 [ 24.4 Sn 46.4 8.6

Figure 9: IMC observation and analysis of IMC composition by EDS with LF35; EPIG (Pd 0.1 ym,
Au 0.1 um) and ENEPIG (Ni-P 6 pm, Pd 0.1 ym, Au 0.1 um) after heat treatment.
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CHARACTERISTICS OF EPIG DEPOSITS FOR FINE-LINE APPLICATIONS continues

12 while the results after heat treatment were
shown in Figure 11 and Figure 13.

For the as-plated samples, wire pull test results
of EPIG were not related to Pd deposit thickness,
but became better a little as Au thickness increased.

For the sample after heat treatment for 16
hours at 175°C, wire pull results of EPIG film be-
came worse, especially when Pd thickness was

thinner. Also, the tendency was obvious that
EPIG deposits with thicker Au had better WBR
even if there was heat treatment.

On the other hand, when both Au and Pd
thicknesses were thinner, ENEPIG film had bet-
ter WBR even if there was heat treatment, com-
pared with EPIG film.

For EPIG and ENEPIG deposits with Au

16

14
12

0 s

* +

Pull strength (g)

(=T S I -]

100%

80%
60%
40%
20% |-

Failure mode

I —

0%

0.05 ‘n.-m io.15 io.zo io.slo
Pd
Au 0.05

Pd
Au0.1

0.05 |0.10 i0.15 10.20 0.30

0.05 {0.10 i0.15 0.20 |0.30
Pd

Au 0.3
|:m B8 ©C ab -E‘

0.05 |0.10 0.15 |0.20 [0.30
Pd
Au0.2

Figure 10: Wire pull test results; EPIG (Pd 0.05-0.3 pm, Au 0.05-0.3 pm) as-plated.
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Figure 11: Wire pull test results; EPIG (Pd 0.05-0.3 ym, Au 0.05-0.3 pm) after heat treatment.
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CHARACTERISTICS OF EPIG DEPOSITS FOR FINE-LINE APPLICATIONS continues

thickness of 0.1 ym and with Pd thickness of
0.1 pm, the results of wide scan and depth pro-
file by AES were analyzed as shown in Figure 14
and Figure 15.

From the result of wide scan for EPIG film
after heat treatment, the peak of Cu was detect-
ed, but no Cu peak was detected for ENEPIG
film. It was considered that one of the factors,

which EPIG film had poorer WBR after heat
treatment, was Cu diffusion to the Au surface.

Also, the peak of Pd was detected for EPIG
film and ENEPIG film after heat treatment.
From the result of depth profile, it was observed
that Pd exists in Au film layer fully. It was con-
sidered that the solid solution layer of Au and
Pd was formed and this was second factor, when
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Figure 12: Wire pull test results; ENEPIG (Ni-P 6 pm, Pd 0.05-0.3 ym, Au 0.05-0.3 pm) as-plated.
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Figure 13: Wire pull test results; ENEPIG (Ni-P 6 um, Pd 0.05-0.3 ym, 0.05-0.3 pm) after heat treatment.
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CHARACTERISTICS OF EPIG DEPOSITS FOR FINE-LINE APPLICATIONS continues

poorer WBR was caused when Au and Pd thick-
ness was thinner.

In order to keep WBR of the EPIG film af-
ter heat treatment, it was suggested that it will
be necessary to prevent Cu diffusion and Pd
diffusion.

For EPIG film, the effect of Pd and Au thick-
ness was confirmed as shown in Figure 16 and
17 by using wide scan and depth profile of AES
after heat treatment.

From the result of wide scan, the peak of Cu
was detected when Pd film was thinner. Howev-

—As-plate
EPIG
—Heat treatment
—As-plate
ENEPIG
~——Heattreatment

Figure 14: Wide scan results by AES; EPIG (Pd 0.1 um, Au 0.1 um), ENEPIG (Ni-P 6 pm, Pd 0.1 pm,

Au 0.1 pm) as plated and with heat treatment.
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Figure 15: Depth profile results by AES; EPIG (Pd 0.1 pm, Au 0.1 pm), ENEPIG (Ni-P 6 pm, Pd 0.1 uym,

Au 0.1 pym) as plated and with heat treatment.
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CHARACTERISTICS OF EPIG DEPOSITS FOR FINE-LINE APPLICATIONS continues

er, no peak of Cu was detected when Pd thick-
ness was thicker. Therefore, thicker Pd film was
effective to prevent Cu diffusion to Au surface.
And also the peak of Pd with thicker Au layer
was weaker than that with thinner Au layer.
From the results of depth profile, the ratio of

Pd in Au layer with thicker Au layer was lower
than that with thinner Au layer.

The ratio of Pd and Au intensity for the
depth profile was plotted for every Pd and Au
thickness as shown in Figure 18. The value of
Au and Pd intensity used in this figure was that
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Figure 16: Wide scan results by AES; EPIG (Pd 0.05-0.30 um, Au 0.05-0.30 um) with heat treatment.
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Figure 17: Depth profile results by AES; EPIG (Pd 0.05-0.30 pm, Au 0.05-0.30 um) with heat treatment.
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CHARACTERISTICS OF EPIG DEPOSITS FOR FINE-LINE APPLICATIONS continues
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Figure 18: Ratio of Pd and Au intensity from depth profile by AES.
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Figure 19: Wire pull test results; EPIG (Pd 0.1 um, Au 0.1 pm) as plated, with heat treatment, with heat
treatment and plasma treatment.
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CHARACTERISTICS OF EPIG DEPOSITS FOR FINE-LINE APPLICATIONS continues
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Figure 20: Wide scan results by AES; EPIG (Pd 0.1 um, Au 0.1 um) as plated, after heat treatment, after

heat treatment and plasma treatment.

of 20 nm point from Au surface. It was consid-
ered that the diffusion of Pd was not dependent
on Pd thickness, and was greatly dependent
on Au thickness. The thicker Au layer will be
important for keeping lower ratio of Pd in Au
layer. This ratio of Pd in the Au layer was related
to WBR after heat treatment.

From this study, when using the condition
of heat treatment for 16 hours at 175°C used,
Pd thickness at least 0.15 ym and Au thickness
of 0.20 pm will be needed.

Plasma Treatment for Wire Bonding

The effect of plasma treatment for EPIG film
after heat treatment was confirmed as shown in
Figure 19 and Figure 20 with Ar being used for
the plasma gas.

After plasma treatment, the strength of wire
pull test and the broken mode became better,
compared with that of the sample with heat
treatment. It was confirmed by AES analysis
that the peak of Cu was removed by the plasma
treatment.

Conclusion

EPIG process had better pattern ability for
narrow lines and spaces, compared with the
ENEPIG process.

When using LF3S5 as the solder ball for EPIG
deposits, thin and uniform IMC layers were
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formed. As a result, SJR became better.

When Au and Pd thickness was thinner,
EPIG film had poorer WBR after heat treat-
ment because Cu diffused onto the Au surface
and the ratio of Pd in Au layer was higher. If
using suitable Pd and Au thickness for EPIG,
its WBR became better. In addition, it was
suggested that WBR could be improved by
plasma treatment to Au surface after heat ex-
posure. PCB
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of PCB Surface Finishes

by Al Wright
EPEC ENGINEERED TECHNOLOGIES

Anyone involved in the PCB industry un-
derstands that PCBs have copper finishes on
their surface and, if left unprotected, the copper
will oxidize and deteriorate, making the circuit
board unusable. The surface finish forms a criti-
cal interface between the component and the
PCB. The finish has two essential functions: to
protect the exposed copper circuitry and to pro-
vide a solderable surface when assembling (sol-
dering) the components to the PCB.

Hot air solder leveling (HASL) was once the
tried and true method of deliver consistent as-
sembly results. However, ever-increasing cir-
cuit complexity and component density has
stretched the capabilities of even horizontal
solder levelling systems to their limits.

As component pitches became finer and
the need for a thin coating became more criti-
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cal, HASL represented a process limitation for
PCB manufacturers. As an alternative to HASL,
alternative coatings have been around for sev-
eral years now, both electrolytic and immersion
processes.

Here are some of the more common surface
finishes used in PCB manufacturing, along with
key advantages and disadvantages for each.

HASL/Lead-free HASL

HASL is the predominant surface finish used
in the PCB industry. The process consists of im-
mersing circuit boards in a molten pot of a tin/
lead alloy and then removing the excess solder
by using ‘air knives’ that blow hot air across the
surface of the board.

One of the unintended benefits of the
HASL process is that it exposes the PCB to
temperatures up to 265°C, which will identify
any potential delamination issues well before
any expensive components are attached to the
board.
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THE PROS AND CONS OF PCB SURFACE FINISHES continues

Copper and tin, however, have a strong af-
finity for one another. The diffusion of one met-
al into the other will occur inevitably, directly
impacting the shelf life of the deposit and the
performance of the finish. The negative ef-
fects of tin whiskers growth are well de-
scribed in industry related literature
and the focus of several published

papers.

Advantages:
e Flat surface
e No Pb
¢ Re-workable
e Top choice for
press fit pin insertion

Disadvantages:
¢ Easy to cause handling damage
® Process uses a carcinogen (thiourea)
* Exposed tin on final assembly can corrode
¢ Tin whiskers

> © ¢ Not good for multiple reflow/assembly
Figure 1: Printed circuit board with PTOCESSES .
HASL/lead-free HASLs surface finish. * Difficult to measure thickness
OSP/Entek
Advantages: Organic solderability preservative (OSP) or
* Low cost anti-tarnish preserves the copper surface from
* Widely available oxidation by applying a very thin protective

e Re-workable
o Excellent shelf life

Disadvantages:

¢ Uneven surfaces

* Not good for fine pitch

e Contains lead (HASL)

¢ Thermal shock

e Solder bridging

¢ Plugged or reduced PTHs
(plated through holes)

Immersion Tin

According to IPC, immersion tin (ISn) is a
metallic finish deposited by a chemical displace-
ment reaction that is applied directly over the
basis metal of the circuit board, that is, copper.
The ISn protects the underlying copper from
oxidation over its intended shelf life.

Figure 2: PCB with immersion tin surface finish.
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THE PROS AND CONS OF PCB SURFACE FINISHES continues

layer of material over the exposed copper, usu-
ally using a conveyorized process.

It uses a water-based organic compound that
selectively bonds to copper and provides an
organo-metallic layer that protects the cop-
per prior to soldering. It’s also extremely green,
environmentally, in comparison with the other
common lead-free finishes, which suffer from
either being more toxic or consuming substan-
tially more energy.

Advantages:

¢ Flat surface

e No Pb

e Simple process
¢ Re-workable

¢ Cost effective

Disadvantages:

* No way to measure thickness
¢ Not good for PTH

e Short shelf life

¢ Can cause ICT Issues

¢ Exposed Cu on final assembly
¢ Handling sensitive

Electroless Nickel Immersion Gold (ENIG)
ENIG is a two-layer metallic coating of 2-8
pin Au over 120-240 pin Ni. The nickel is the
barrier to the copper and is the surface to which
the components are actually soldered to. The
gold protects the nickel during storage and also
provides the low contact resistance required for
the thin gold deposits. ENIG is now arguably
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THE PROS AND CONS OF PCB SURFACE FINISHES continues

the most used finish in the PCB industry due
the growth and implementation of the RoHs
regulation.

Advantages:

e Flat surface

e No Pb

¢ Good for PTH
¢ Long shelf life

Disadvantages:

e Expensive

¢ Not re-workable

e Black pad/black nickel
e Damage from ET

e Signal loss (RF)

e Complicated process

Gold/Hard Gold

Hard electrolytic gold consists of a layer of
gold plated over a barrier coat of nickel. Hard
gold is extremely durable, and is most com-
monly applied to high-wear areas such as edge
connector fingers and keypads.

Unlike ENIG, gold’s thickness can vary by
controlling the duration of the plating cycle, al-
though the typical minimum values for fingers
are 30 pin gold over 100 pin nickel for Class 1
and Class 2, and 50 pin gold over 100 pin nickel
for Class 3.

Hard gold is not generally applied to solder-
able areas, because of its high cost and its rela-
tively poor solderability. The maximum thick-
ness that IPC considers to be solderable is 17.8
pin, so if this type of gold must be used on sur-

Figure 4: PCB with ENIG surface finish.
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THE PROS AND CONS OF PCB SURFACE FINISHES continues

¢ Etching undercut can lead to slivering/
flaking
¢ Not solderable above 17 pin
e Finish does not fully encapsulate trace
sidewalls, except in finger areas

Conclusion
It is important to select
the appropriate surface
finish for your
project by
consider-
ing the
various
options
while fac-
toring in
performance
requirements
and material costs.
For example, if
you are looking for the
lowest cost, then tin-lead
HASL might seem like a
good choice, but it is not
suitable for RoHS-compliant
products. If your product does
require RoHS, you might consider
lead-free HASL. But that is only if
there are no fine pitch components,
since LFHASL cannot be applied perfect-
ly flat. If your design needs to be RoHS-com-
pliant and uses fine-pitch components, then
............................................................ you’ll need to select a ﬂat, lead-free ﬁnish, such

) as immersion silver or ENIG. Bear in mind that
faces to be soldered, the recommended nomi-  qoing so will necessitate the use of more costly

nal thickness should be about 5-10 pin. high-temperature laminate.
Unsure of what you will need? Consult with
Advantages: a PCB fabricator prior to making a selection.
* Hard, durable surface This will ensure that the combination of the
* NoPb ) surface finish and material will result in a high-
* Long shelf life yielding, cost-effective design that will perform

. as expected. pcB
Disadvantages:

* Very expensive

e Extra Processing/labor intensive

¢ Use of resist/tape

e Plating/bus bars required

¢ Demarcation

e Difficulty with other surface finishes

Al Wright is a PCB field
applications engineer with
Epec Engineered Technologies.
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Abstract

Electroless plating processes are popular be-
cause of their performance, reliability and cost-
effectiveness. The process combines unique de-
posit properties such as uniform plating build-
up regardless of geometry, excellent corrosion
resistance, superior hardness and wear, and the
ability to plate on non-conducting materials.
The most commonly used electroless plating
process is electroless nickel (EN) plating using
nickel phosphorus baths. The phosphorus con-
tent plays a fundamental role in all physical
properties of the deposit. It is, therefore, criti-
cal to control the phosphorus content within
a relatively tight range. X-ray fluorescence is
an excellent method to not only measure plat-
ing thickness but also weight percent elemental
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composition of coatings. Previously, it was only
possible to measure plated phosphorus content
on steel substrates. New developments in XRF
instrument hardware and software have extend-
ed the measurement application of electroless
plating processes to nearly any substrate. The
simultaneous measurement of thickness and
composition is critical.

1. Introduction

Phosphorus, the concentration of which
significantly influences the mechanical and
magnetic properties of the coating, is incor-
porated during electroless or chemical nickel
deposition!!. For this reason, measurement of
the phosphorus content has been an important
issue ever since electroless nickel deposition
methods were introduced. As an alternative to
the established wet-chemical methods, during
which the coating is dissolved and therefore
destroyed, non-destructive and simpler meth-
ods are desired. XRF provides such a non-de-
structive test method, where utilisation of the
characteristic emissions of P-K radiation can
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DETERMINING PHOSPHORUS CONTENT IN EN PLATING USING XRF SPECTROSCOPY continues

provide direct measurement of the phosphorus
content. Energy-dispersive X-ray spectrometry
(EDX) utilizing electrons for excitation in elec-
tron probe microanalysis (EPMA) or charged
particles in particle induced X-ray emission
(PIXE) have been analytical techniques used
for determining phosphorous content for a
long time. While the first method is integrated
into many electron microscopes, the latter re-
quires an accelerator. High vacuum is required
in either case. In XRE an incident X-ray beam
is used as the excitation source. This is typically
an X-ray tube.

For all three described excitation methods,
the resulting fluorescent signal is interpreted in
the energy dispersive X-ray spectrometer. XRF is
well established in process control instrumen-
tation, especially in the electroplating industry
and has been used for decades to determine
both coating thicknesses and coating composi-
tions®?. However, it is impossible to determine
the thickness of a nickel/phosphorus coating
using X-ray fluorescence without knowing the
phosphorus content. The phosphorus content
in the nickel changes the coating density and
attenuates the other fluoresced components
used in the measurement process. The phos-
phorus concentration of a nickel/phosphorus
alloy coating has been obtained indirectly, by
measuring the attenuation of base material
fluorescence as described in section 2.2. This
method, without directly measuring the P-K
signal, was described in 19898 and is integrated
in some instrument manufacturers’ applica-
tion software. Reliable direct measurement of
the P-K radiation has been limited in conven-
tional, air path XRF instruments by detector
technology (i.e., proportional counter tubes or
Peltier-cooled Si-PIN diodes). The low-energy
P-K radiation can either not be detected or in-
sufficiently detected. Nonetheless, this widely
used technique has great advantages; it requires
no vacuum and operation of the instruments is
simple enough that it can be used on the plat-
ing floor. Now with the recently available sili-
con drift detectors (SDDs) direct measurement
of P-K radiation in air is possible and, therefore,
extends the application to base materials other
than Fe, such as Al or plastics.

The following discusses this in greater detail.
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2. Direct and Indirect Determination of
the Phosphorus Content

2.1The Coating Model

In the coating model depicted below (Fig-
ure 1), the nickel/phosphorus coating is viewed
as a plane parallel alloy coating that contains
only the elements nickel and phosphorus with
a homogeneous element distribution. Typically,
organic and/or metallic stabilisers (i.e., lead) in
trace concentration ranges can be neglected. If
lead-free stabilisers are present in concentra-
tions that affect the XRF analysis, they can be
taken into account as an additional alloy ele-
ment or elements.

The radiation components relevant for XRF
are Ni-K (7.5 keV and 8.3 keV) and P-K (2.0
keV), as well as the fluoresced components of
the substrate material, which in Figure 1 is iron
(6.4 keV and 7.1 keV).

2.2 Indirect Phosphorus Measurement
The indirect determination of the phospho-
rus content® uses only the easily measurable ra-
diation components of nickel and the substrate
material iron. This approached is used with
proportional counter tube based instruments,
because a proportional counter tube is not able
to detect the P-K radiation. Figure 2 shows re-
lated model calculations for the conditions of a
Fischerscope X-ray XULM proportional coun-

Primary X-Ray beam

P-K 2.0 keV
_ Ni-K 7.5 keV
Fe-K 6.4 keV
V ..d
—~Ni + P

Base Material
(Fe)

Figure 1: Coating model and schematic of the
fluorescence excitation.
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ter system. Displayed are the modeled spectra
for a 5 um-thick nickel/phosphorus coating on
iron, with the phosphorus content varying be-
tween 0% and 15%.

One notices a clear dependence of the Ni
and Fe intensity with respect to the phospho-
rus content. The physical reason is the absorp-
tion effect of the element phosphorus on both
the Fe-K and the Ni-K radiation. So, there is a
well-defined correlation between the thickness
of the nickel/phosphorus coating and its phos-
phorus content as the unknown measurement
variables and the intensities of Fe-K and Ni-K
radiation that can be measured with a propor-
tional counter tube. For a constant thickness,
more phosphorus reduces the Ni-K intensity
relative to the Fe-K intensity, because the ab-
sorption by phosphorus is less for iron than
nickel. The evaluation software WinFTM [
processes this information and computes the
thickness and the composition of the coating
from the measured spectrum. Table 1 shows
the results obtained from the measurement of
a flat NiP/Fe reference sample. The measuring
application was not calibrated (standards-free
analysis). The small deviation from the nomi-
nal value indicates that the model underly-

P

o L=
4

2

[keV]

Figure 2: Computed spectra for a 5 um-thick
nickel/phosphorus coating on iron, applicable for
the measurement conditions of a Fischerscope®
X-ray XULM, 50 kV, Ni-filter. The detector is an
Xe-filled proportional counter tube. It is not pos-
sible to evaluate the P-K peak at 2 keV with this
type of detector.

ing the evaluation is quite good. Even more
important is the good precision of 0.25% for
the phosphorus concentration. However, it is
apparent that the total measurement uncer-
tainty increases due to systematic uncertainty
(Section 3).

An error due to possible distance variations
must be considered as part of the random mea-
surement uncertainty. A shift in the measure-
ment distance results in a change in intensity
of all spectral components and in particular, in
erroneous %P readings

Figure 3 illustrates this based on the speci-
men from Table 1.

In general the uncertainty of the measur-
ing distance setting z is better than 50 pm,
such that, the resulting uncertainty in de-
termining the concentration is about 0.2%
phosphorus. If one further considers that a
positioning uncertainty also occurs during
calibration, then this error source must be es-
timated at about 0.3% phosphorus. This is the
same magnitude as the precision itself. Other
sources of error (influence of curvature and tilt
of the specimen surface) during the indirect
measurement of NiP/Fe can also contribute to
the total error.

Fischerscope® X-ray XDLM-C4
Application: 216 / NiP/Fe

Individual resulis

n=1 P Nil =13.0 pm P1=945%
n=2 PNil=129um | P1=923%
n=3 P Nil=13.1 pm Pl=963%
n=10 PNil=13.1 pum P1=9.52%
Mean value 12.96 pm 9.395%P
Standard deviation 0.099 pwm 0.25%P
Number of measurements 10 10

Lowest reading 12.8 pm 8.98%P
Highest reading 13.1 pm 9.83%P
Measuring time 30s

Table 1: Measurement documentation for the
standards-free thickness and composition
determination of a NiP/Fe reference sample
(14.3 uym, 9.3% P); Measurement under repeat-
ability conditions.
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DETERMINING PHOSPHORUS CONTENT IN EN PLATING USING XRF SPECTROSCOPY continues

One aspect of the distance dependence of- The energy of the characteristic P-K radia-
ten surprises the user: Newer model instruments  tion is only 2 keV. Due to the very critical de-
with high-resolution semiconductor detectors pendence of the absorption coefficient on the
are not at all suited for this approach, because = photon energy, the information depth is just
the distances between sample and detector are  under 1 pm (Figure 5).
significantly smaller. For this reason, distance As shown in Figure 6, the spectral signal of
uncertainties of the same magnitude, i.e., <50  the phosphorus is not very large. For commonly
pm, are significantly more serious (by a factor  used excitation conditions (W- Anode, 50 kV, 10
of 2-3!) than with proportional counter tube pm Ni-filter) and a typical sample of about 10%
instruments. This must be taken into account P, the P-K peak is 2000 times smaller than that
when evaluating spectra with a direct phospho-  of Ni-K. This combined with a rather poor sig-

rus analysis (Section 2.3). nal/background ratio of only two provides un-

tavourable conditions for routine analyses. The
2.3 Direct Phosphorus Measurement signal/background ratio, which is so important
(analysis of P-K- Peak) for the measurement sensitivity of phosphorus,

SDDs can achieve today what was impos- can be increased by a factor of 4 through “soft”
sible with even Si-PIN detectors of the last de-  excitation, as demonstrated by the yellow 10
cade. The P-K radiation component can be de-  kV-spectrum shown in Figure 6.
tected reliably. Figure 4 graphically illustrates Unfortunately, lowering the excitation volt-
the measurement effect. Samples with different age of the X-ray tube, which is favourable for
phosphorus contents show P-K peaks of differ- the detection of phosphorus, is not effective
ent magnitudes. Their intensities are (nearly) for thickness measurement. The solution is to
proportional to the phosphorus content. combine both types of excitation in one mea-

12 - 12
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Figure 3: Measured distance dependence of the %P measurement using a Fischerscope X-Ray XDLM-C4
for the sample from Table 1; the correct measuring distance is z = 0.5. The measurements are repeated
several times, and the scatter provides a measure for the random (statistical) measurement error.
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DETERMINING PHOSPHORUS CONTENT IN EN PLATING USING XRF SPECTROSCOPY continues

[cps]

1.0 15 20 25 3.0 35 40 45
[keV]

Figure 4: Fluorescence spectra of nickel/phosphorus coatings with different phosphorus content:
the intensity of the P-K peak directly represents the phosphorus concentration.

1.00 10.00 100.00
E (keV)

Figure 5: Information depth dependence (reciprocal linear attenuation coefficient) for the element nickel.

44 The PCB Magazine ® January 2014



DETERMINING PHOSPHORUS CONTENT IN EN PLATING USING XRF SPECTROSCOPY continues

[keV]

Figure 6: Fluorescence spectra (log intensity scale) of a NiP/Fe sample (14.3 ym, 9.3 % P) for different
excitation conditions: 50 kV, 10 um Ni-Filter (blue) and 10 kV non-filtered (yellow). Fischerscope X-ray
XDV-SDD, aperture @ 1 mm, anode current in both cases = 1 mA.

surement (multiple- excitation). In the process,
multiple spectra are obtained for one measure-
ment.

For EN measurement, two excitations are
sufficient: the first S0 kV “hard” excitation is
used for the coating thickness measurement
and the “soft” 10 kV excitation for the phos-
phorus content.

3. Measurement Uncertainty and Reference
Samples

Although standards-free measurements do
deliver quite reasonable results with properly
set-up instruments (Table 1), a calibration with
reference samples and corresponding adjust-
ment is essential for accurate routine measure-
ment. For this reason, calibration standard sets
consisting of several nickel/phosphorus sam-
ples with various phosphorus concentrations
have been developed for the substrate mate-

rials iron, aluminium, copper and for printed
circuit boards. Traceability is established using
ICP-OES analyses of three independent labora-
tories. Their good correlation to standards- free
XRF values is presented in Figure 7. Deviations
from the regression line have various causes. As
a whole, they represent the systematic measure-
ment uncertainty, which can be estimated at
about 0.3% phosphorus. Thus, the total mea-
surement uncertainty can be assessed to be
about 0.5% phosphorus.

4. Measurement Examples

4.1 Nickel/Phosphorus on Aluminium—
Thickness and Composition

Table 2 shows the measurement results from
an application for determining the thickness
and composition of a nickel/phosphorus coat-
ing on any desired substrate material.
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16 4.3 Nickel-Phosphorus on a
Printed Circuit Board
14 = Printed circuit boards are
/ an important application for
= . .
2 12 nickel/phosphorus  coatings,
s / on top of which, additional
£ . .
5 10 * gold and/or palladium coatings
e are applied. The phosphorus
2 4 / content cannot be determined
o through these surface layers—
o / the low energy P-K emission is
§=< 6 absorbed. So, Au and Pd must
& / be stripped prior to analysis or
X 4 the uncoated nickel/phospho-
/ rus coating must be measured.
2 The measuring application
) / must be designed such that the
0 x : : > _ ,  copper undercoat does not in-
0 2 4 6 8 10 12 fluence the spectra evaluation.
%P (ICP-OES) Coatings of a few tenths of a
micron can then be measured.
Figure 7: Comparison of the destructive chemical analysis The measurement uncertainty
(ICP-OES) with previously determined XRF results. XRF measure- is comparable to the example
ments were performed standards-free according to the method in Table 2.
described inl2.
Fischerscope X-ray XDV-SDD Fischerscope X-ray XDV-SDD
Application: 290 / NiP/Al multiple times Application: 325 / NiP
. . Individual results
Single readings
ay PNiI=8652pm | P=1150% | — R e
! it ol 221 [n=2 P=11.36%
n=2 PNil=8.701 yum | P=1139% n=3 P=11.68%
n=3 PNil=8730um | P=11.92%
n=10 P=11.54%
> 0,
0= 10 PNil=8.733um | P=11.79% | | eanvalue na
Standard 0.219% P
Mean value 8.687 um 11.57% deviation
Standard deviation 0.045 pm 0.232% Measuring time 30 sec
Table 2: NiP/Al (hard disk): Excitation 50 kV with Table 3: Measurement of the phosphorus
Al 0.5 mm filter and 10 kV non-filtered. Aperture @ 3 concentration; XDV-SDD, 10 kV non-filtered,
mm, measuring time 20 s per excitation, 10 individual aperture @ 3 mm, measuring time 30's, 10
measurements at the same location (repeatability individual measurements at the same
measurements). location (repeatability measurements).
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DETERMINING PHOSPHORUS CONTENT IN EN PLATING USING XRF SPECTROSCOPY continues

4.4 Phosphorus Only Analysis

The phosphorus content can be deter-
mined independent of the coating thickness
if the thickness is greater than 3 pm (Table 3).
Only the soft 10 kV excitation is used and the
measuring time is half of that of the complete
analysis.

5. Summary

New developments in XRF hardware and
software technology have made it possible
to simultaneously measure the percent of
phosphorous and NiP coating thickness in
air. Being able to measure the phosphorous
content directly now allows determination
of the percent of phosphorous in electroless
Ni-plantings on substrates in addition to iron,
such as, Al or even non metallic substrates.
Instruments with SDDs can measure the P-K
radiation quite well using soft primary excita-
tion (10 kV, non-filtered). Coating thickness

is determined using harder excitation (30 keV
or 50 kV).

The information depth for phosphorus is
relatively low (<1 pm) due to the low energy
of P-K fluorescence.

Conventional indirect determination of
phosphorus can still be regarded as a relative-
ly robust method with proportional counter
tube instruments — the only option with these
instruments.

The use of appropriate reference standards
is highly recommended. pcB
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PCB007 Supplier/New Product

News Highlights

Camtek Moves Forward with Greenjet
Development

Ha’emek, Israel-based Camtek Ltd. recently recon-
firmed to the media and its investors that it was in
advanced stages of developing Greenet, its digital
3D printing system for the deposition of solder-
mask designated for the PCB industry.

Atotech Unveils New Through-Hole

Fill System

“This new equipment can completely fill through-
holes, such as those laser drilled in panels up to
200 pm thick with a surface diameter of 100 um.
It is the only horizontal production system world-
wide which can provide a consistent inclusion-free
copper filling.”

Enthone Develops Supplier Quality
Engineering Audit

Enthone has introduced a comprehensive Suppli-
er Quality Engineering (SQE) audit to enable the
immediate identification of PCBs coated with the
company’s patented ENTEK organic solderability
preservatives. The audit includes OSP verification,
process line optimization, and consultation on
other PCB final finish options based on application
requirements.

DuPont Expands Printed Electronics
Product Line

DuPont Microcircuit Materials (DuPont) is expand-
ing its suite of low silver, conductive ink materials
specifically tailored for membrane touch switch
(MTS), radio-frequency identification (RFID), and
wearable electronic applications.

Atotech Innovates the Surface

Finish Process

To comply with new technical requirements, as
well as cost and environmental regulations, the
PCB industry is constantly searching for alterna-
tive manufacturing solutions. Atotech’s solution is
a new direct palladium surface finish process (Pal-
laBond) with an optional gold layer. The process
allows the direct deposition of palladium on cop-
per, without using any nickel.

50 The PCB Magazine ® January 2014

G
f.

Technica to Assume NGS Product Line

“The NGS product line is a great complement
to the other products Technica distributes to the
printed circuit board manufacturing industry,
chemical milling, and other related markets,” said
Jerry Shirley, president of NGS, Inc.

LPKF Raises 2013 Guidance

LPKF remains on track for success, even though
revenue growth has slowed somewhat in the
year’s third quarter, as expected. After rising by al-
most 40% in the first six months of the year, the
nine-month revenue posted by the laser equip-
ment manufacturer is up 21% over the prior-year
period.

PCB Solutions Offers Expanded

Stocking Program

The company is now offering a complete stock-
ing program that enables customers to take ad-
vantage of volume pricing, but assists them with
cash flow and inventory relief. Customers are al-
lowed to stock their inventory at their own facility
and pull releases based on purchase order require-
ments.

National Technology Announces
Equipment Investments

President Bob Keisler says, “Our customers con-
tinue to drive us technologically, with more de-
manding and complex needs and requirements.
The technological edge is not limited to product
processes alone; our environmental policy assures
that both of our facilities surpass all compliance
regulations in effect, not only today, but in the fu-
ture as well.”

Option Technologies Continues Growth

in North America

Managing Director Steve Law explains, “Option
has been supplying this market since 2004 and
has established a very loyal customer base over the
years. We have now opened a sales office in the
U.S. to help manage the increasing demand for
drilled mass-lam, and have appointed Ray Breton
to head the sales operation.”
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Direct Image Solder Mask

EMP110 LDI

Carapace® EMP110 LDI
is the next generation in
Liguid Photoimageable
Soldermask for Direct
Imaging.

ST

EMP110 LDI soldermask is ideally
suited for high-reliability, HDI
PCB production where ultimate
resolution and registration is
required.

« Low Exposure Energy (50-80 mJcm?) to

Resolve Small Features The EMP110 LDI formulation has

been engineered to deliver straight
sidewalls and fine solder-dam

- Tack-free Surface During Exposure resolution over the wide range of

coating thicknesses associated with

+ Fine Solder-dam Resolution (50pm, 2mil) ~ screerprinted and sprayed PCEs.

Optimised radiation curing

« Lead-free Compatible characteristics deliver high levels of
through-cure at low energy levels
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by Pete Starkey
I-CONNECT007 TECHNICAL EDITOR

Four November days in Munich—the 20™
productronica. More than just an exhibi-
tion: an international trade fair for innova-
tive electronics manufacturing. In all, 1,220
companies from 39 countries exhibited their
equipment, materials, processes and services
to 38,000 visitors from 83 countries.

For the Electronics Industry
wrwew slectrapolymers.com

52 The PCB Magazine ® January 2014

productronica 2013

I haven’t missed productronica many
times over the last 30 years; I've always seen
it as the one event that represents the whole
electronics supply chain and offers a glimpse
into the future of the industry. It hit an all-
time low in 2009, and I recall John Ling’s
wistful analogy of visiting a much-loved but
ailing elderly relative in hospital, and fearing
the worst. Two years later, the elderly rela-
tive was showing signs of improvement and
this year appeared to be recovering to a state




<=4

of robust health! The organisers reported a
sharp increase in the number of visitors from
abroad—especially from non-EU countries,
and particularly from the Russian Federation,
China and Turkey.

There was a positive energy about the
place—plenty of traffic, plenty of activity and
real business being done by the exhibitors. No
tire-kickers this year, people were not dream-
ing of what they might have liked to buy if
they could have afforded to. They had come

productronica 2013

with real money to spend, and they were pre-
pared to spend it, albeit selectively in careful-
ly-considered transactions.

Although it is subject to increasing compe-
tition from far-Eastern events, productronica is
still rated the number one electronics industry
gathering in the world. And it didn’t snow this
time! Interesting to see what 2015 brings...

But for now, enjoy these images from
the show! For full Real Time with... coverage,
click here. pcs
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News Highlights

Ducommun Gains Major Parker

Aerospace Airbus Contract

The company has received a multiyear contract
from Parker Aerospace, a unit of Parker Hannifin
Corporation, to produce complex PCBs assem-
blies for use in the fuel management system of
the Airbus A350 family of commercial aircraft.
The award has a potential value in excess of $20
million over the contract period.

Sparton, USSI JV Nets $2.8M

in Subcontracts

Sparton Corporation and USSI, a subsidiary of
Ultra Electronics Holdings plc, announce the
award of subcontracts valued at $2.8 million
from their ERAPSCO/SonobuoyTech Systems joint
venture.

Axis Leads 2014 UK Aerospace Youth
Rocketry Challenge

Axis Electronics apprentices joined more than 25
MPs who teamed up with aerospace apprentic-
es from all over the UK to take part in a rocket
launching competition. The aim was to achieve
the greatest vertical distance.

Blackfox, Lockheed Martin Celebrate

‘Hire a Veteran Month’

Last month, Denver, Colorado’s 9news featured a
segment with Andrew Stone of Lockheed Martin
discussing his company’s plan to hire nearly 180
veterans for high-tech positions in assembly dur-
ing Hire a Veteran Month.

ESCATEC is Founding Member of

Swiss Photonics Group

“Being a founding member of this SWISSMEN
professional group for the Photonics industry,
puts ESCATEC in a very good position to support
this growing industry in Switzerland with ES-
CATEC's outstanding knowledge and experience
in research, design, and development,” said Dr.
Thomas Dekorsy, general manager.
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IMET is Philadelphia’s Manufacturer

of the Year

IMET Corporation, a contract manufacturer pro-
viding electronics engineering services and PCB
assembly, has received the 31st annual Manufac-
turer of The Year Excellence Award by The Greater
Philadelphia Chamber of Commerce.

NASA, CCAM Partner to Advance
Technology & Innovation

NASA and the Commonwealth Center for Ad-
vanced Manufacturing (CCAM) in Richmond, Vir-
ginia, have joined forces to advance technology
and innovation.

U.S. Aviation Industry Poised to Enter
Second Golden Age

“Emerging foreign competitors are ramping up
their capabilities and technological advancements
in their home markets, and are even expanding
their manufacturing footprint here in the U.S. in
ways that will likely alter the industry’s competi-
tive landscape through this decade and beyond,”
said Scott Thompson, PwC’s U.S. aerospace and
defense leader.

IDtechEx: Electrics Will Be the

Future of UAVs

The total market value for electric unmanned aerial
vehicles (UAVs) will reach over one billion dollars
by 2023 according to findings in the new IDTe-
chEx report, “Electric Unmanned Aerial Vehicles
(UAV) 2013-2023."

Total Avionics Sales to Exceed

$1.72 Billion

The Aircraft Electronics Association announced
its third quarter Avionics Market Report for this
year. In the months of July, August and September
2013, total worldwide avionics sales amounted to
$1,721,888,397.14, or more than $1.72 billion, as
reported by the 20 aviation electronics manufac-
turers participating in the report.
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We are Commited to
Delivering Outstanding
Quality and Service,

On-TiM@.,r customers AGREE!

Prototron Team,

Technology Kitchen develops microcontroller solutions for
customers in many industries. Prototypes are a key piece
to our phased development process.

We have appreciated the timely responses to our
requests for quotes for various quantity, delivery and
board finish scenarios. The Prototron team always hits
the delivery date with quality boards! We have also
appreciated your willingness to drop ship to various
Technology Kitchen partners.

Everyone we interact with at Prototron makes
Technology Kitchen feel like we are your only
customer!

Thanks,

Ken Ward, Technology Kitchen

Click to Learn More

Prototron FASTEST
W Circuits America’s’Board Shop

www.prototron.com

Quality printed circuit boards
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Time for a Lean Diet

by Steve Williams
STEVE WILLIAMS CONSULTING LLC

In the drive to continuous improvement,
while Lean is one of the most powerful tools
available to organizations, it is also one of the
most underutilized. What follows is a primer for
companies considering the Lean journey.

We strive to decide our own fate. We act with
self-reliance, trusting in our own abilities. We ac-
cept responsibility for our conduct and for main-
taining and improving the skills that enable us to
produce added value.

—from Toyota Motor Corporation’s inter-
nal document, “Toyota Way.”

For whatever reason, PCB fabricators as a
whole have yet to truly embrace the Lean man-
ufacturing philosophy that has permeated OEM
and EMS factories. My clients often push back;
contending that Lean is just another “flavor of
the month” quality initiative that will soon
fall by the wayside. They ask, “If
I am providing product on-
time and of a high qual-
ity, why should I care
about Lean?” My
answer is simple:
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price and flexibility. The former is about dol-
lars (and by the way, it’s always about the dol-
lars). One way or another, your customers are
paying for your process inefficiencies. The lat-
ter is about lead-time. In the highly dynamic
environment that we all play in today, one of
the major drivers is flexibility, and the biggest
constraint on flexibility is lead-time.

The opening quote captures the values and
ideals of Taiichi Ohno, one of the inventors of
the Toyota Way that were tasked with trans-
forming Toyota into the world-class manufac-
turing enterprise that it is today. This column
is intended to provide an overview of Lean and
the potential benefits of it as a differentiator.

Does it work?
The short answer is an emphatic yes! Let’s
look at dollars (have I mentioned that it’s always
about the dollars?). In 2012, Toyota
earned almost a billion dollars
more than General Mo-
tors, Ford and Chrysler
combined. General
Electric attributes
global competi-
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TIME FOR A LEAN DIET continues

tiveness of their Kentucky water heater plant to
Lean practices that cut cycle time by 50%, elim-
inated 20% of spare parts and reduced equip-
ment investment by 30%. Allied Signal reports
cost savings exceeding $800 million since 1995,
and the U.S. Army has implemented Lean/Six
Sigma techniques to achieve $2 billion in sav-
ings. Mining equipment manufacturer Caterpil-
lar reduced its total global greenhouse gas emis-
sions by 36% through Lean projects.

What is Lean?

Lean is a collection of tools and methods
designed to eliminate waste, reduce delays, im-
prove performance and reduce costs. Lean fo-
cuses on eliminating non-value added activities;
as opposed to more traditional improvement ef-

forts which focus on reducing the time in val-
ue-added steps. I would argue that Lean is not
a flavor-of-the-month initiative; rather, when
implemented properly, it should achieve sus-
tainable business improvements based on verifi-
able financial results. Elimination of the Seven
Deadly Wastes is the focus of Lean principles.

The Seven Deadly Wastes: over produc-
tion, inventory, defects, transportation, wait-
ing, over processing, and motion. All seven of
these wastes relate directly to wasting dollars,
and in case you don’t know this, it’s always
about the dollars.

What is Six Sigma?
Six Sigma is the problem solving method-
ology called DMAIC (define, measure, analyze,

Define

‘Analyze

performance

Identify the opportunity and the process
targeted for improvement

Validate & implement the measurement
system to be used

Utilize statistical methods to improve
the undesirable process identified in
the Define mode

Determine what controls need to be put
in place to assure long-term process

Figure 1.
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CircaPrint

CCD CAMERA
ALIGNMENT

* Print size up to 600 x 800mm
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* Up to 4 Colours depending on type of ink

* Vacuum-Table for hold down of flexible materials
* In line UV Curing
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* Tooling pin registration
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TIME FOR A LEAN DIET continues

improve, control). DMAIC is a collection of
tools used to identify, analyze, and eliminate
sources of variation in a process (Figure 1).

What is Lean Sigma?

Although Lean principles and Six Sigma
are two distinct methodologies, they are being
combined in many organizations as Lean Sigma
to become a roadmap to achieving operational
excellence. Some of the common tools of Lean
Sigma include Cause & Effect Diagrams, FMEA,
Process Mapping, Pareto Analysis, Kanban, DOE,
Capability Studies, Poka-Yoke, Voice of the Cus-
tomer Analysis, and the principles of Kaizen.

Why Lean Sigma?

Lean Sigma provides a consistent, quanti-
tative problem solving methodology that can
be applied across all operations, industries and
businesses. This process improves the financial
strength of an organization, which directly ben-
efits the company, the employees, and the cus-
tomer.

I will close by suggesting that the great
Vince Lombardi’s words, in his famous speech
on what it takes to be number one, could also
be said of Lean:

“It’s not a sometime thing; it’s an all the time
thing. You don’t win once in a while; you don’t do
things right once in a while; you do them right all
the time.” pcB

Steve Williams is the president
of Steve Williams Consulting
LLC (www.stevewilliamscon-
sulting.com) and the former
strategic sourcing manager
for Plexus Corp. He is the
author of the books, Quality
101 Handbook and Survival Is Not Mandatory:
10 Things Every CEQ Should Know About Lean.
To read past columns, or to contact Williams,
click here.

VIDEO INTERVIEW

Mentor Graphics Offers End-to-End Solutions

by Real Time with...productronica 2013

Stephan Hafele explains how
Mentor Graphics has recognized
and responded to the changing
face of electronics manufactur-
ing by offering a totally integrat-
ed end-to-end solution to supply
chain management and control,
from design through assembly.
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Why choose Fein-Line?

Because there is a Fine Line between winning
...and the alternative.

After more than 44 years in the industry, just about

everyone knows the name Dan (Baer) Feinberg,

There are few in our industry that have his experience
and expertise in just about every aspect of the business.
Dan knows what works, and perhaps more importantly,

what doesn’t.

When additional expertise is needed, or when senior

management just needs an independent opinion,

companies large and small alike get the guidance of
Fein-Line Associates, especially in the areas of New
Product Market Entry and M&A Due Diligence.

In our business, thetre's a lot on the line, not just

Dan (Baer) Feinberg
Fein-Line Associates

sometimes, but every time. The line between success and
the alternative can be razor thin. That’s why winning

companies choose Fein-Line time after time.

Sales Training General Marketing Assistance - New Product Market Entry
Merger and Acquisition Due Diligence - Printed Circuit Technology assessment
Market Research (It may work but will it sell) - Expert Witness assignments
Technology Transfer

Fein-Line Associates, Inc.
F - PO, Box 73355, San Clemente, CA 92673-0112
: (949) 498-7866

— % baet@feinline.com

www.feinline.com
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PCB007 Market

News Highlights

November Manufacturing PMI

Registers 57.3%

The PMI™ registered 57.3%, an increase of 0.9%
from October’s reading of 56.4%. The PMI™ has
increased progressively each month since June,
with November’s reading reflecting the highest
PMI™ in 2013. The New Orders Index increased
in November by 3%, to 63.6%, and the Produc-
tion Index increased by 2%, to 62.8%.

Survey Reveals Technology Investment
Predictions

“CFOs continue to seek out technology which al-
lows them to improve business performance and
increase employee productivity,” said Jay Cary, VP,
Digital, Global Corporate Payments at American
Express. “Mobile in particular is leading the way,
both because of CFOs’ familiarity with the tech-
nology and for the real-time benefits it offers em-
ployees.”

Reliability Hinders Printed Electronics
Market Growth

The major barrier inhibiting the growth of the
market is the reliability of the end products (print-
ed electronics), and it is expected that this issue
will be overcome by the advancement in the func-
tional printing technology.

Medical Automation Market to Hit

$66 Million by 2018

Automated monitoring devices help in reducing
rising healthcare costs, the major factor driving
the growth of this market. Furthermore, growth
in the use of point-of-care testing devices such as
glucose meters, digital blood pressure monitors,
pregnancy test kits, and HIV test kits is another fac-
tor that is propelling the market.

Total Personal Computing Systems

to See 11% Growth

IC Insights forecasts total personal computing unit
shipments (desktop PCs, notebooks, tablets, and
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Internet/cloud portables) to grow an average of
10.6%, from 2012 to 2017, reaching 770 million
systems at the end of the forecast period.

Global Chip on Board LED Market

to See CAGR of 40.71

One of the key factors contributing to this market
growth is the declining ASP of LEDs. The Global
Chip on Board LED market has also been witness-
ing the increasing demand of COB LED in gen-
eral lighting applications. However, the fluctuat-
ing global economic conditions could pose a chal-
lenge to the growth of this market.

Functional Printing Market to

Reach $13.79B by 2020

The demand for a new variety of low-cost electron-
ic products, made possible by a range of printing
techniques and materials, has pushed the demand
for “functional printing” across geographies.

Conductive Ink Markets to Reach

$3.36B in 2018

Conductive inks are a simple and unglamorous
layer, but they will constitute a hefty $2.86 billion
market in 2012. This market is forecasted to rise to
$3.36 billion in 2018, with $735 million captured
by new silver and copper nanostructure inks.

Consumer Confidence Continues to Drop

in November

The Conference Board Consumer Confidence
Index, which had decreased sharply in October,
declined again in November. The Index now
stands at 70.4 (1985=100), down from 72.4 in
October.

Semiconductor Sales Recover in 2013;

Up 4.9% YoY

Following a 2.5% decline in 2012, the global semi-
conductor market has regained its footing in 2013
with revenue set to expand by nearly 5% because
of the strong performance of the memory sector.
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IPC Events

Mark your calendars now for IPC events in 2014! While many of the programs

are being finalized, you can sign up today to receive updates on select event news
and special promotions as they become available.

Conflict Minerals Workshops SIGN UP FOR
January 30, Needham, MA | February 4, Irvine, CA | February 6, Santa Clara, CA
February 19, Bannockburn, IL | March 4, Austin, TX VENT UPDATE
> MEETINGS & EDUCATION | March 23-27
BEA IS NOTHING ... CONFERENCE & EXHIBITION | March 25-27
UNTIL IT IS SHARED IPC APEX EXPO®
» PLAY Mandalay Bay, Las Vegas, NV, USA

May 19-22
IPC APEX India™

Bangalore, India

May 20-22
Electronic System Technologies Conference & Exhibition
Las Vegas, NV, USA

June 3-5

Cleaning and Conformal Coating Conference
sponsored by IPC and SMTA
Schaumburg, IL, USA

June 10-11

IMPACT 2014: IPC on Capitol Hill
Washington, D.C., USA

September 28-October 2
IPC Fall Standards Development Committee Meetings

co-located with SMTA International
Rosemont, IL, USA

October 14-15
IPC Europe High Reliability Forum

Disseldorf, Germany

October 28-30

IPC TechSummit
Raleigh, NC

December 3-5
International Printed Circuit and APEX South China Fair

(HKPCA and IPC Show)
Shenzhen, China

K Questions? Contact IPC registration staff at +1 847-597-2861 or registration@ipc.org. j
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TROUBLE IN YOUR TANK
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Achieving Fine Lines and Spaces:
Part 3: Chemical Surface Preparation

by Michael Carano
OMG ELECTRONIC CHEMICALS

The photoimaging process is one of the first
steps in the PCB fabrication process. In order to
ensure that the image of the circuitry conforms
as close to the desired design as possible (i.e.,
lines and spaces), preparation of the copper foil
surface is one of the critical success factors. Em-
ploying the optimum mix of surface cleaners
and microetchants will provide a clean surface
with sufficient area to promote dry film adhe-
sion. The fabricator has numerous options and
should determine the optimum process by ac-
counting for the type of copper foil used, as well
as the classes of soils to be removed.

Introduction

In the last two columns I discussed pum-
ice and aluminum oxide surface preparation.
Another technique that has gained significant
market share is chemical surface preparation.
In this case, only chemical processes such as
acid cleaners and micro-etchants are employed.

;S |

64 The PCB Magazine ® January 2014

However, let’s first discuss the subject of the
chromate conversion coating.

Chromate Conversion Coating

All copper foil and/or laminate producers
process the foil through an anti-tarnish treat-
ment that is based on chromic acid, which pro-
vides a hydrated chromate film that prevents
oxidation of the copper surface. While prevent-
ing oxidation is necessary during storage, the
chromate must be removed prior to micro-etch-
ing to avoid differential or step-etch during the
micro-etching process. The step-etch will leave
the copper surface with a non-uniform topogra-
phy, which will invariably lead to less than op-
timum photoresist adhesion. The potential for
resist to lock into some of the non-uniform ar-
eas on the foils is quite high mainly due to the
extreme peaks and valleys in the surface profile.
The best remedy to prevent this situation is to
completely remove the chromate film.
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ACHIEVING FINE LINES AND SPACES: PART 3 continues

In the past, tarnish resistance was accom-
plished by immersion of the copper foil into a
solution containing chromate ions. Yates and
other further improved upon this method
with an electrolytic technique to enhance the
oxidation resistance of the copper foil. Still,
others improved upon this invention further
with the introduction of zinc chromatel®.

One should never underestimate the tenac-
ity of the chromate film. This is precisely why I
recommend a strong mineral acid cleaning step
prior to pumice, aluminum oxide or chemical

When to use

Cleaner class

microetching. It is much more effective to en-
hance the resist adhesion when a good chro-
mate removal process is online prior to these
additional processes.

Chemical Cleaning and Micro-Etching

First, a review of various chemical clean-
ing methods is warranted. It is well known that
the definition of cleaning is “making the soil
soluble in a solvent.” I don’t remember who is
responsible for this quote, but it is something I
have not forgotten. Basically, one should under-

Contraindictions Comments

Alkaline cleaners

Use with innerlayers
prior to oxide or oxide

alternative processing.

Will also remove light
organic soils.

Will not remove
copper oxides or
chromate coatings.

Watch for foaming
formulations as these
may cause issues with
cross-contamination.

Acidic soak cleaners

Can be used in spray

or immersion mode. If

used in spray mode,
ensure the chemical is
low- to no-foaming.

Will not micro-etch.
May with the help of
certain surfactants
remove light organic
soils.

Combinations of
nitric, sulfuric and
hydrochloric acids
make excellent
chromate removal
chemistry. Look at
individual acid
formulations as well.
Phosphoric acid is
another good acidic
cleaner.

Microetchants (persulphates,

hydrogen peroxide-sulfuric,

cupric chloride

Can be used in spray
or immersion mode.
Control copper
removal with proper
control of operating
parameters.

Not designed to

remove organic soils.

Easy to use. Some
etchants can be
closed-loop (i.e.,
recover the etched
copper as a copper
sulfate salt.

Table 1: Chemical Cleaners and Microetchants. Source: Idea for table from IPC document 740 (Process

Effects)
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ACHIEVING FINE LINES AND SPACES: PART 3 continues

stand what composition the soils are and which
solvent or solvents are best suited to remove
those soils. Chemical compositions designed to
remove soils are endless. As an example, Table
1 below provides a summary of those process-
es. One should also contact the chemical sup-
plier for advice on proper operating parameters,
equipment compatibility and costs.

There are some suppliers that provide one
step chromate remover/micro-etchants. Again,
one should consult the supplier’s technical data
sheet for the proper use and indications. From
my standpoint, the chemical cleaning process
is more efficient and effective with at least two
separate chemical steps—one as a chromate-soil
remover and the second as a copper removal/
copper micro-etchant.

Basic Chemical Micro-etching Processes
The basic fundamentals of chemical micro-
etchants are quite simple: Remove oxides from
the surface and restructure the copper foil. The
latter means to roughen or create a topography
for the copper that enhances photoresist adhe-
sion without excessive copper removal. There
are several key points to consider here. First, it
is much more effective to create a uniform to-
pography without excessive
copper removal if the copper
foil surface is already devoid
of oils, soils and chromates.
Thus, the first step in the sur-
face preparation process is to
provide virgin surface so that
the micro-etch can perform
its function. When there are
soils and chromates remain-
ing on the surface, the mi-
cro-etch will create areas on
the surface that, for lack of a
better term, are referred to as
differential or step etch. The
topography will exhibit areas
of high peaks and low valleys
that can promote resist lock-
in. Conversely, if there are
areas on the foil surface that
have deep trenches in the foil
due to differential etch, there
are concerns with poor resist

conformation (Figure 1). In this case, the resist
never completely adheres to the copper in these
areas. Thus there is a gap that allows for other
chemicals to remove copper during the devel-
op-etch-strip process. When other processes are
able to remove the copper that was designed to
be protected by the resist, the consequence is an
open circuit. At the very least one will experi-
ence neck downs in the circuit traces.

With respect to micro-etchants, the two
most commonly used are:

e Persulfate based (sodium or potassium)
¢ Hydrogen peroxide-sulfuric acid

Persulfate-based processes tend to create a
much more roughened topography than does
hydrogen peroxide-sulfuric acid based processes.

The angular grain structure (Figure 2) pro-
motes sufficient adhesion of the resist to the
copper surface. In Figure 3, the structure shown
represents that of the copper foil that has been
micro-etched by a hydrogen peroxide-sulfuric
acid process. Note the differences in the struc-
ture of each. In each case, the targeted copper
removal was 40-50 micro-inches. The foil is

Figure 1: Poor photoresist conformation. (source: IPC)

January 2014 e The PCB Magazine 67




ACHIEVING FINE LINES AND SPACES: PART 3 continues

Persulphate Microetch

-

electrodeposited foil. The foil type (electrode-
posited [ED] versus rolled annealed [RA]) plays
a role in how the micro-etching process reacts
with the foil. A closer look at the topography of
RA foils after micro-etching will be presented in
a future column of Trouble in Your Tank.

Summary

“Making a soil soluble in a solvent.” That is
a simple but accurate definition of cleaning. In
the case of copper foil surfaces, this suggests that
organic soils, chromate anti-tarnish coatings and
oxides must be removed from the copper prior
to micro-etching the foil. The former is accom-
plished with acid cleaners containing mineral
acids, surfactants and other functional materials.
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Modified Peroxide
Sulfuric Microetch

Figure 3: Structure of ED foil after treatment with
hydrogen peroxide sulfuric acid micro-etchant
(ED foil).

Once a clean virgin copper surface is obtained,
the fabricator is then able to increase the surface
area of the foil with a chemical micro-etch. pcB

References
1. U.S. Patent 3,853,716.
2. U.S. patent 4,387,006.

Michael Carano is with OMG
Electronic Chemicals, a devel-
oper and provider of processes
and materials for the electronics
industry supply chain. To read
past columns, or to contact the
author, click here.
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IPC Conflict Minerals
Workshops

The May 31, 2014, SEC deadline for
filing conflict minerals reports is
rapidly approaching.

Prepare for CONFLICT MINERALS
REPORTING and CUSTOMER INQUIRIES
NOW! IPC has been actively engaged in the
conflict minerals issue for several years and has
joined forces with well-known consulting firm
Tetra Tech to bring a conflict minerals workshop

January 30
Needham, Mass.

designed specifically for you. February 4

Irvine, Calif.

i . February 6

Expf;rtskwﬂl ;:DV:T. | ) Milpitas, Calif.
* Background and regulatory requirements

g g _W a February 19

¢ OEM programs and requirements Bannockburn, [lI.

¢ Conducting a reasonable country of origin inquiry (RCOI) March 4

Austin, Texas

¢ Supplier outreach

¢ Completing/responding to customer inquiries

IPC-1755; EICC/GeSlI reporting template and other software tools
* Compliance strategies and best practices

S

‘More Information _ Register Now

www.ipc.org/cm-workshops
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IPC: October PCB Sales,
Orders Up; Book-to-Bill Dips

“Although both sales and order growth are trend-
ing up compared to last year, sales have outpaced
orders in the past three months, causing the book-
to-bill ratio to dip,” said Sharon Starr, IPC’s direc-
tor of market research. “Year-on-year sales growth
has been improving for the past six consecutive
months and finally turned positive in October.”

Viasystems Opens World-
class Factory in California

Designed to consolidate the sprawl of 13 build-
ings that used to represent DDi’s PCB business,
the new factory is housed in an ex-MFLEX site
and was constructed from scratch. This enables
the company to service its very high-end custom-
ers, both military and commercial OEMs, who are
looking for the latest in HDI, high-reliability PCBs
for their products.
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PCBs for LED Lighting:
The Times They Are
a-Changing

BPA forecast that the market for PCBs providing
enhanced thermal and power management will
reach over $3.2 billion by 2020. BPA discusses
some of the research in their report “Metal in the
Board—Opportunities for Printed Circuits Pro-
viding Thermal and Power Management 2012-
2020.”

Wurth Elektronik:
HDI Microvia PCBs
Now Available

The HDI specialist Wirth Elektronik has set new
standards in the PCB industry: HDI microvia PCBs
are now available in its online shop, WEdirekt. With
just a few clicks, your HDI PCB is calculated and
the price is shown immediately online. Ordering
prototypes is considerably simplified and faster.
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Canadian Circuits Acquires
Oxford CMI 900 Unit

Praveen Arya, president and owner of Canadian
Circuits Inc., announces that his company has ac-
quired a new Oxford CMI 900 X-ray fluorescence
coating thickness measurement system as part of
the company’s complete equipment upgrade.

PCB Solutions Offers
Expanded Stocking Program

Effective in December 2013, PCB Solutions is
pleased to announce offering enhancements to
their stocking program. PCB Solutions is now of-
fering a complete stocking program that enables
customers to take advantage of volume pricing, but
assists them with cash flow and inventory relief.

SOMAUCIS Receives
Innovation Award from JDSU

At the 2013 JDSU Global Supplier Day SOMA-
CIS received the “Excellence in Value Innovation”
Award. This recognition confirms SOMACIS’ focus
in delivering innovative solutions through high-
tech PCBs combined with co-design services.

For the latest PCB news and
information, visit: PCB007.com

Cicor Realigns from Four
Divisions to Two

Cicor, an international high-tech industrial group
and leader in the fields of PCBs, microelectronics,
and electronic solutions, headquartered in Boudry,
Switzerland, is optimizing its existing organiza-
tional structure to better align with customers’ fu-
ture needs.

Integral’s Zeta Certification
Awarded to Eagle Circuits

Integral Technology Inc., a manufacturer and dis-
tributor of HDI electronic materials for the PCB
industry, has announced that Eagle Circuits of Dal-
las, Texas, has received the prestigious Zeta® Cer-
tification allowing them to produce circuit boards
using Integral’s revolutionary dielectric films.

AT&S: EmPower Consortium
Aims to Optimize Energy Use

Targets include the improvement of processes
for semiconductor manufacturing, development
of new concepts for component packaging, and
design of products for optimum management of
energy.
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NEPCON Japan
January 15-17, 2014
Tokyo, Japan

PWB Expo
January 15-17, 2014

Tokyo, Japan
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For the IPC Calendar of Events, click here.

15th IC Packaging Expo
For the SMTA Calendar of Events, click here. January 15-17, 2014

Tokyo, Japan
For the iNEMI Calendar of Events, click here.

Lighting Japan
For a complete listing, check out January 15-17, 2014
The PCB Magazine’s full events calendar. Tokyo, Japan

CAR-ELE Japan

International Electronic Components January 15-17, 2014
Trade Show Tokyo, Japan
January 15-17, 2014
Tokyo, Japan EV Japan
January 15-17, 2014
Microtech Japan Tokyo, Japan
January 15-17, 2014 .
Tokyo, Japan DesignCon 2014
January 29-30, 2014
Electrotest Japan Santa Clara, California, USA
January 15-17, 2014 . .
Tokyo, Japan SPIE Electronic Imaging
February 2-6, 2014
Material Japan San Francisco, California, USA
January 15-17, 2014 o . .
Tokyo, Japan Pan Pacific Microelectronics Symposium

February 11-13, 2014
The Big Island, Hawaii, USA
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Coming Soon to
The PCB Magazine:

Don’t miss our upcoming
issues!

e February: CAD/CAM

* March: Materials

e April: HDI

Interested in being a contribu-
tor to The PCB Magazine?

Drop us a note here!

See you next month!
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