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Wet Processing 
Trends 2018
Much like the ubiquitous rubber ducky, it seems that PCB 
manufacturing has not changed much through the decades, 
but what has changed is the  required precision of those 
steps to achieve ever finer features at ever higher  levels 
of quality and reliability. This month, our experts offer up new 
wet processes, and tips and best practices for successful  
plating, and more.

MacDermid Enthone Talks 
Wet Processing Trends in 2018
by the I-Connect007 Editorial Team

Autocatalytic Gold: 
How it Fits as a Final Finish
by Rick Nichols

Advanced Copper Electroplating 
Process for Any Layer Via 
Fill Applications with Thin 
Surface Copper
by Sanminda Dharmarathna, et al.

Characteristics of New 
Electroless Au/Pd/Au Process 
for Fine-Line Applications
by Tetsuya Sasamura, Ph.D., et al.
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I live in Pennsylvania, in a town of 4,000 
people, and I can walk to the library, grocery, 
post office, and a couple of restaurants and al-
ways meet someone I know. Running into peo-
ple I know at the farmer’s market and drug-
store was something of a shock to me when I 
first moved here but I enjoy it quite a bit.  

I’m writing this a few days after our Memo-
rial Day parade, which consisted of two bands, 
the local veterans organizations (French & In-
dian and Civil Wars are especially studied 
around here), several parade floats, a number 
of county and town officials in cars (includ-
ing Miss Pennsylvania), and best of all, numer-
ous fire trucks and emergency vehicles. I can 
count 11 or 12 volunteer fire companies with-
in a 5–7-mile radius of this little town—and 
that’s nowhere near the whole county. I’m a 
big fan of volunteering, so I find this kind of 
thing heartening, as I do with the fact that our 
recent Day of Giving raised almost $340,000 
for local charitable organizations. If you don’t 
have this where you live…move! And let me 
move on now to our topic for this month.

My undergraduate degree is in chemistry (a 
zillion years ago) so the PCB wet processing 
area was a natural for me. Ah, the smell of am-
monia and formaldehyde and acids! The beau-
ty of an automatic plating line and the precise-
ness of a well-synchronized conveyorized DES 
line! The sense of triumph when we actually 
processed thousands of innerlayers with 5 mil 
line and space—in the early ‘80s—successful-
ly and with high yields (yeah, manual inspec-
tion). Of course, I haven’t worked in a PCB fa-
cility for quite a while now, having branched 
off into marketing, sales and R&D as well as 
other parts of the process. And now, “I are an 
editor!” (How did that happen?)

But, back to wet processing. More than one 
of our writers has said the PCB manufacturing 
has not changed much—and in a sense that’s 
true. There are still the myriad steps: image, 
etch, strip, laminate, drill, PTH, image, elec-
troplate, strip and etch—or some variation of 
these. What has changed significantly is the  
required precision of those steps to achieve ever 
finer features at ever higher quality and reli-
ability on ever more persnickety materials for 

Patty’s Perspective
by Patty Goldman, I-CONNECT007 

Staying Current on Wet Processes

Figure 1: A small contingent of the award-winning Kit-
tanning Firemen’s Band marching on Memorial Day (one 
doesn’t have to be a volunteer fireman to be in the band).
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to the article, it is very good for extremely fine 
features.

Another recent area of concern is via fill-
ing and we have an article by Saminda (Sam) 
Dharmarathna, et al., of MacDermid Enthone, 
on an electroplated via fill process which looks 
most interesting. This process can electroplate 
copper in a via while keeping the surface cop-

per thin—quite a trick!
This month, Mike Carano’s “Trou-
ble in Your Tank” column on trou-

bleshooting PTH failure mech-
anisms fit well with our wet 
processing topic. We hope 
you benefit from his practical 
knowledge and are storing his 
columns for future reference!

Our final column this 
month comes from Elmati-
ca’s Didrick Beck. The subject 

is Lean manufacturing and the 
differences between standard 

and non-standard product lines. 
Good information to know.
OK, so some of these articles have 

a lot of charts and graphs, and data that 
may seem daunting, but the information is 

worth reading so don’t skip over them.
Finally, getting back to volunteering, I’m 

looking forward in the months ahead to do-
ing more local volunteering at our library, the 
historical museum, the animal shelter, and 
of course gardening. We are already moving 
one of our editors into the role of shepherd-
ing our columnists (interested in writing for 
us?) and I’m backing off on more editorial du-
ties to free up some time. Not gone, just mov-
ing aside a bit to get into some other interests, 
so keep on reading and I will see you next 
month when we fill you in on the latest in 
solder mask technology. You are subscribed 
right? (Gotta ask!)  PCB007

Patricia Goldman is managing 
editor of PCB007 Magazine. To 
contact Goldman, click here.

ever more demanding customers in ever short-
er time spans at ever lower costs and prices. 
How the heck do PCB companies accomplish 
this? 

Not alone, of course. The suppliers of both 
chemistry and equipment have been hard at 
work to help their PCB customers keep ahead 
of the curve. Much improved chemistry with 
better process windows, more reliable 
control, and lower toxicity have been 
at the forefront. And much research 
and improvement have gone into 
equipment in the form of both 
automation and—shall we 
say—efforts at process consis-
tency (think spray and pump 
technology). So, let’s look at 
what these people have to say 
and hopefully you will pick 
up some pointers and tidbits 
and learn about some new pro-
cesses at the same time.

To put everything in perspec-
tive, we turned to specialty chem-
ical company MacDermid Enthone 
(yours truly worked for two of the orig-
inal companies). Don Cullen, Jordan Ko-
loge and Ted Antonellis filled us in on not just 
what’s new in chemistry but also in analysis 
and automation.

Lately, one of the areas of concern for both 
PCB manufacturers and their customers is the 
final finish on the PCB—and the greatest of 
these seems to be in the ENIG, ENEPIG, etc., 
types. Atotech’s Rick Nichols next presents an 
article on autocatalytic gold—as opposed to 
immersion gold—as a final finish being cham-
pioned by the automotive industry for its high 
reliability. 

Coming at it from the equipment side of 
things is Viking’s Marc Ladle with an interest-
ing article on how changes in equipment de-
sign can have a profound effect on the chemis-
try. I think suppliers on both sides will tell you 
how important it is that they work together.

Our next article comes from Uyemura, in Ja-
pan. Tetsuya Sasamura and colleagues address 
a different final finish, this one without nick-
el—a gold/palladium/gold process. According 

http://iconnect007.com/register
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Feature by the I-Connect007 Editorial Team

I-Connect007’s Patty Goldman, Barry Mat-
ties, Andy Shaughnessy, and Happy Holden 
were recently joined by MacDermid Enthone 
team members Jordan Kologe, technical mar-
keting specialist; Ted Antonellis, applications 
manager for electronics specialties; and Don 
Cullen, marketing director for electronics solu-
tions and MacDermid performance solutions. 
The discussion topic was the wet processing 
end of PCB manufacturing.  

Patty Goldman: We’re here to talk about wet 
processing for PCB manufacturing. What do 
we need our readers to know about wet pro-
cesses?

Don Cullen: We just got back from some cus-
tomer roadmap sessions in China, Thailand, 
Taiwan, Singapore, Korea, Hong Kong. A cou-
ple of the themes that are going through my 
head include the transition of automotive cir-
cuitry to finally adopting HDI and microvia de-

signs. It is kind of surprising they hadn’t real-
ly done it yet, but that seems to be happening 
this year. Also, there’s a big theme around cir-
cuit boards becoming more like IC substrates 
and IC substrates trying to emulate the cost 
and productivity advantages of circuit boards. 
We’re all trying to marry up the technology 
and fine line/fine pitch metrics between wa-
fers, IC substrates, and bare PCBs. It all affects 
the trends in SAP and modified SAP technol-
ogy. 

Barry Matties: From the applications engineer 
point of view, what challenges are they looking 
to solve that’s currently in place?

Ted Antonellis: We support a lot of different pro-
cesses. I spend most of my time in bonding 
chemistry, the alternative oxides. People want 
smoother and smoother coppers for signal in-
tegrity, so there are newer processes that de-
pend more on chemical bonding than the ac-
tual mechanical bonding to improve on that. 
Aside from that, in some of the other circuit for-
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mation areas, there’s not a whole lot of change. 
My team supports resist strippers and tin strip-
pers and those types of chemistries as well. 

Matties: Do you see any desire for a zero-dis-
charge facility and is that coming into play as 
we see at Whelen?

Antonellis: I think Whelen is the only one that I 
know of in full use of that concept. 

Cullen: Many customers talk about zero dis-
charge. It has not re-
ally been happening. 
I did hear about some 
new legislation in Chi-
na that’s coming down 
the pike for facilities 
within a certain dis-
tance of the protected 
rivers, five kilometers 
or something like that. 
It was going to be zero 
discharge, so a couple 
of the guys I spoke to 

said that they would have to close facilities, 
and I hadn’t heard of that before. I’ve heard 
companies applying for permits in different ar-
eas based on the restrictions, but there was go-
ing to be closure of some significant facilities. 
As far as I know, it hasn’t happened yet, but 
I’ve heard the rules are on the way.

Matties: It’s counterintuitive to China, isn’t it?

Cullen: Well, in a historic perspective yes, but 
we’ve seen that China has gotten much strict-
er than even some of the European and North 
American standards. It started with phospho-
rus and then it came down to metals and che-
lators. Now it’s just zero, no effluent. Cyanide, 
of course, hit China’s platers hard. After a big 
set of explosions in East China a couple of 
years ago, and then the algae blooms in lakes 
outside Shanghai, the smog control measures 
during high-profile events like the G7 meetings 
and the Olympics, it seems like serious envi-
ronmental change in China is really happen-
ing now.

Goldman: That’s interesting. It’s almost like a 
backlash. The pendulum swings further to the 
other side than you might think it should or 
would. 

Cullen: It really has. In my view, they might be 
rushing into new regulations a bit too quickly. 

Matties: What sort of automated control sys-
tems are you seeing, and what are the advan-
tages?

Antonellis: I don’t see much besides specif-
ic gravity controllers that might be on a ma-
chine. And then there is always a manual  
analysis that’s happening back in the lab to 
confirm any adds that were made automatical-
ly. There are nickel controllers for ENIG and 
electroless copper always has controls, and 
CVS is used quite a bit for electrolytic plating 
baths.

Matties: I would think with IoT and the surge 
of sensors everywhere that we would be seeing 
this in our plating departments. Is there not a 
desire, or is it not needed, or is there just not 
enough efficiency to be gained?

Jordan Kologe: Part of what we do here is come 
up with innovative processes that simplify dif-
ferent manufacturing steps. A lot of our work 
is focused on coming out with products that 
can combine manufacturing processes into 
the same step. I’m sure a lot of companies are 
heading down that road as they try to get high-
er yields. They’re trying to reduce the num-
ber of opportunities for defects going through 
a line, that sort of thing.

Cullen: I’m sure you’re right, Barry. The IoT 
revolution is going to enable a lot more auto-
mated control. We see this more in our indus-
trial or metal finishing business. That, again, is 
a little bit counterintuitive, because many met-
al finishing shops don’t have the sophisticated 
laboratories and a lot of the engineers running 
around like the circuit fab shops do. So metal 
finishing shops can tend to have more automa-
tion and cloud data sharing. We also see more 

Don Cullen
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sophisticated automated process control at IC 
substrate or wafer manufacturing.

But for the metal finishing guys, we offer a 
program which they install. It involves control-
lers and software that can be accessed securely 
online, where we can go in and check on their 
SPC and make recommendations. PCB manu-
facturers, by contrast, for the most part, they 
have their equipment, they have their peo-
ple, they have the double-checking, and not a 
ton of automated analysis and replenishing. A 
lot of the replenishment is just done on a per-
square-foot basis.

They have the metering pumps on the drums 
of chemicals; a light sensor will detect the 
board going into a process, and then when it 
has counted five boards, it pumps X milliliters 
into the bath, something like that. That’s prob-
ably the most common. Electroless controllers 
are widely deployed for most, but the rest of 
the baths, I think it’s just per board.

Matties: What about in the equipment area? 
Are you seeing changes in equipment to meet 
the new needs based on your baths that are 
coming in, your chemicals? 

Kologe: For high tech, it is about customiza-
tion, for mid-range tech it is about compatibil-
ity. There are certain processes that we release 
for advanced technology that are highly cus-
tomized, and the equipment needs to be from 
an approved supplier. On the opposite side of 
the spectrum, a lot of the baths that we sell, 
even though they are specialty processes, they 
still are installable in existing lines. That’s one 
of the things that our customers look for in a 
lot of the mid-range technology chemistry.

Cullen: There are a couple of outliers on that. 
For example, the big vertical platers for plat-
ing vias and filling vias—those are still kind of 
tightly controlled in the supplier of the equip-
ment. We have great relationships with the 
guys who make these big vertical platers, and 
I guess over time that’s going to commoditize 
just like everything else. You know the differ-
ence with horizontal electroless, a lot of that 
market has been locked down to equipment 

specification. We are installing some horizontal 
electroless now with other equipment suppli-
ers, so that is starting, again, to commoditize. 

The equipment that’s arriving now for 
through-hole filling is extremely controlled, 
and it’s not widely deployed yet, but for our 
customers who do that, we write the equip-
ment specification and it’s built exactly to our 
standards. That’s kind of the other extreme of 
the equipment relationship. I’ve got a lot of 
cases from the photovoltaics (PV) industry, but 
not so many examples in circuit boards right 
now. Maybe a good example of chemistry/
equipment design coordination is in the han-
dling of small parts and thin materials for flex.

Matties: When people look at their wet pro-
cess, are they looking at it from a cycle time 
point of view as well, or are they coming in 
saying not just cycle time, but even process 
step elimination? 

Kologe: For cycle time, in electroplating pro-
cesses, for example, you just scale up the tank 
if you want to have higher throughput. Even 
if the cycle time is longer, if they are willing 
to install a larger line in their factory that can 
handle the amount of throughput, then the cy-
cle time is kind of a non-issue. 

Cullen: That’s always the thing. Jordan is talk-
ing about making sure there’s no rate-limiting 
step. If there’s one step that takes much longer 
and it’s out of sync, then they’ll make that one 
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step more capable. An example is the smart-
phone boards we plate at some of these big 
Asian shops; they have dozens of these giant 
vertical continuous platers, so yeah, cycle time 
to them is a big deal, because every new line 
is multi-million-dollar CapEx. It is a big deal if 
we can trim time off, and we do that. There’s 
a continuous drive. I think this fits exactly in 
with your theme.

Kologe: There’s also a constant push to bump 
up our current densities. Whether it’s strict DC 
or it’s pulse plating for high aspect ratio, ev-
erything we can do to reduce that cycle time. 

Just like you said, Bar-
ry, there are a couple of 
places where we have 
been able to take two 
processes and turn it 
into one. We have this 
product we featured 
at IPC APEX EXPO, 
the VF-TH, which is 
via filling conformal 
through-hole plating 
of electroless copper in 
one step instead of do-

ing the filling with a mask, stripping that, im-
aging it, and then doing the conformal plating. 
Now it’s one bath, so that’s a huge value prop-
osition right there.

Matties: I think people will jump on that, be-
cause you’re also reducing the chance for fail-
ure as well by eliminating steps.

Cullen: That’s 100% right. That’s another thing 
that came out of the technology roadmap ses-
sions. They were technology sessions, but the 
guys kept coming back saying, “If I have five 
steps and you guys are happy to advertise that 
your defect rate is 0.05 ppm or whatever, but 
you know, in my circuit board shop I’ve got 150 
steps and you start adding all those up and if I 
have a couple of steps that are a little bit out of 
whack, I get 20% failure.” There are some big, 
new investments for high-tech IC substrates, 
and they are not running profitably right now 
because their defect rate is 25–30%. So they 

don’t care so much about adopting new tech-
nology. They’re obsessed with reducing defect 
rates on every single process step.

Matties: That’s got to be the priority. Eliminate 
defects and then focus on throughput speeds. 

Cullen: But then, at the same time, they’re  
challenged because Apple and Samsung come 
in and say, “Oh, now you’re going to build to 
this even tinier micron line/space.” So in that 
case, they’ve got to adopt new processes, and 
new processes have high defects, right? But if 
they don’t do it, they drop out of the supply 
chain.

Matties: With HDI coming into the automotive 
space—I think the stat is by 2020, 50% of the 
value of the cars is going to be electronics—
what challenges are you seeing? 

Cullen: Frankly, I think that the adoption of 
HDI into automotive is slow just because of 
fear, not because of reality. They’re going to 
get much better circuitry when they deploy it, 
right?

Happy Holden: Well, we’ve been covering up 
the problem, but we have a massive problem 
in HDI reliability on military boards, and a lot 
of my time at IPC APEX EXPO was spent on 
this. Frankly, it’s a dilemma that the process-
es aren’t optimized. We’re not sure that we are 
using the right design rules. We seem to have a 
problem with a spongy electroless. We’re see-
ing a lot of failure of stacked vias, things like 
that, with one set of vias delaminating from 
the plating underneath it right at the electro-
less line. 

Cullen: Yes, Happy, I’ve seen some of this on 
circuitry blogs, and posts that have been for-
warded to me, and I can speculate on this. We 
do continuously push HDI manufacturers to a 
direct metallization to remove that extra layer 
of copper between the foil copper and the plat-
ed copper. Even the direct metallization sys-
tems now are including ways to prevent the di-
rect metallization of material, like the carbon 

Jordan Kologe
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or the graphite or the conductive polymer from 
sticking to the copper in the first place, so it’s 
always just a plated copper in intimate con-
tact with foil or other plated copper. It’s a cop-
per-to-copper interface. That’s one thing. The 
simplicity of the direct metallization avoids the 
complexity of electroless copper systems. And 
it’s only when electroless copper is operated 
incorrectly that failures occur.

The other thing is the expansion in Asia. 
They took advantage of all the new modern 
designed equipment that has been installed 
over the last 10 years. In North America, we 
still see a lot of attention to retrofitting equip-
ment that’s been around for decades. That is a 
problem for sure. It’s like my telephone service 
stinks because it was built in 1940, but if you 
go to Southeast Asia, their telephone equip-
ment was built 15 years ago, and it’s awesome. 
It’s a bit of that challenge working with first-
generation technology.

Holden: It is. Have you had a chance to see 
Alex Stepinski’s information on zero discharge 
and recycling? One of the things he does is el-
evate the temperature of a lot of critical baths, 
and then he uses a stagnant dragout followed 
by a high flowing cascade rinse. He hermeti-
cally sealed machines full of negative pressure. 
Then, he uses that to evaporate a lot of water 
so that his dragout can replenish the water loss 
as a way of minimizing his effluent as part of 
his zero-discharge design. 

The other big thing 
is automating the line; 
he has eliminated 
cleaners and acids be-
cause the panels are 
never touched by hu-
mans. They have no 
time to build up an ox-
ide. That’s taken away 
almost 60% of the pro-
cess steps in making a 
multilayer. I wonder if 
with increasing auto-

mation we can’t simplify a lot of our process-
es if the human is no longer going to be han-
dling the panel.

Antonellis: I would think that would help, right? 
You always see fingerprints all over cores as 
they’re being handled, or after a process step 
you see the outline of a fingerprint that may-
be didn’t get cleaned by the cleaner that was 
in place. If you take the human contact out, 
you should be able to eliminate some of these 
steps.

Cullen: That would be terrific, and we do have 
some of that technology in place. I have for-
mulated some of our chemistries at higher 
temperatures specifically to minimize the so-
lution growth. We do that. We do sometimes 
get pushback from our customers who want to 
run lower temperatures to reduce power con-
sumption, so we kind of fight that battle. That 
is a good story; I think maybe a subset of the 
chemical supply industry needs to really push 
some of those environmental benefits of smart 
design of factories.

Holden: Now, it helps that Whelen started out 
as a greenfield type, but there’s a lot to be 
learned there. One of the most unusual things 
was the use of this copper ammonium sulfate 
as a final etchant. That’s a big thing, because 
they use the ammonium sulfate to produce 
copper sulfate and then turn it to copper oxide 
and add it back into their pulse plater. They’re 
running a profitable operation there since they 
etch more copper than they plate. 

Cullen: Right, we’ve done some of the same 
things. In fact, I have a patent on a process that 
we had for oxide alternatives, where we would 
take it back from our fabricators as a service. 
This was in Taiwan. We had a lot of fabrica-
tors in a small area, so we could economically 
bring the spent material back in, and we would 
precipitate and purify and then turn it into raw 
materials for an electroless copper bath. We 
had other processes even here in Waterbury 
dating back 30 years, employing some of the 
same recycling concepts. We would bring the 
spent baths back in and generate the copper 
oxide and turn it into other goods. There is still 
a lot of that going on, but I’m sure there could 
be more. I mean, even if you look at the recy-

Ted Antonellis
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cled circuit board industry, look at all the pre-
cious metals that are just thrown into dumps 
because it’s not well thought out. It’s not de-
signed in.

Antonellis: But they’re doing it internally at 
Whelen, I believe.

Goldman: Well, I think what has happened in 
our country is that people already have the 
processes in place. They already have their dis-
charge permits and everything is set. The costs 
are already amortized or taken into consider-
ation. It’s different when you start out building 
a new facility; you’re going to make it as effi-
cient as possible and try to eliminate the need 
for permits and such, but I’m guessing the in-
centive is just not as great for an existing fa-
cility.

Antonellis: That’s true.

Holden: Part of the incentive is that it lowers 
your costs, but more so as environmental reg-
ulation gets stricter, then it becomes important 
for survival.

Cullen: But we’ve seen a couple of these in-
stances. We gotten strict in the United States. 
People went to China, not just because of en-
vironmental, but I’m sure that was a part of 
it. China is being stricter now, and so we’re 
saying, “Great, we love environmental restric-
tion, because it allows us to deploy processes 
that are cleaner, and it’s a transition, so we can 
deploy new innovations when there’s market-
place needs, like new environmental restric-
tions.” The direct metallization is a prime ex-
ample. We have this technology, made to an-
ticipate the time when formaldehyde will ab-
solutely be banned, because it would drive a 
better, cleaner process. It still hasn’t happened.

We’re seeing it now in China with these 
restrictions on phosphorous; we have non- 
phosphorus baths, but what they do is they 
move to Vietnam. We’re seeing something 
similar right now on one of my PV projects. 
We had all the technology certified, the value 
proposition was proven. We’re going to build 

a giant factory for plating solar cells, and the 
local government said, “Oh, you can’t have 
nickel in that facility.” I said, “Well, we have 
technologies to have zero emissions.” They re-
plied, “No, you just can’t have it. You can’t get 
a permit to plate nickel.” 

They moved to a different province, and 
we’re getting that facility designed. What hap-
pens? Well, they adopt those rules. So they 
ended up moving to Thailand, and so there’s 
still Indonesia, Vietnam, Philippines, Thai-
land, Malaysia. That’s where the shops are go-
ing instead of just adopting cleaner technolo-
gy. They move, you know? It’s unfortunate.

Goldman: That’s very frustrating.

Matties: If you were to give somebody running 
a wet process department advice, what would 
be the most important advice that you could 
give them?

Kologe: I believe, for a lot of fabricators—and 
that will come from improvement of these ad-
vanced manufacturing processes which are 
still maturing—it will be yields that are go-
ing to be the number one thing for this year. I 
mean, we saw this year with the iPhone, and 

again, this refers to Asia and mSAP, the new ad-
vanced boards that went into the iPhones. The 
processes and the cost that these companies 
are paying for them end up being outrageous  

I believe, for a lot of fabricators—
and that will come from 

improvement of these advanced 
manufacturing processes which 

are still maturing—it will be 
yields that are going to be the 
number one thing for this year.
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because the current yields are relatively low on 
these tiny, complex, build-up boards that are 
going into this generation of cellphones. 

Cullen: To turn that into an actionable item for 
your question, Barry, it would be that so much 
of our tech service calls come down to “Fol-
low the operating parameters.” They tend to 
share engineers between processes, and I get 
it; but if they just took the operating conditions 
to heart, it would save a lot of frustration. Jor-
dan touched on it before. We try to simplify 
the processes, so you don’t need so much in-
struction. I’m in communications, so I under-
stand that people will read a 30-second email 
and they won’t read a three-minute email, so 
we try to make the instructions concise. That 
would be number one.

Matties: It seems like that’s where the IOT 
would have a great benefit—being able to do 
real time and look and provide operational 
feedback and make sure they are following the 
proper steps.

Andy Shaughnessy: Do any of you have any ad-
vice to give to circuit board designers and the 
EEs up front? Anything they should stop do-
ing? 

Cullen: Right now, mixed construction is a 
problem. It’s a problem and an opportunity. 
We have PTFE on exterior layer on both sides 
and then epoxy in the middle. You know, rig-

id-flex is always a challenge for material han-
dling and yield. 

Kologe: Thermal management is a big problem 
in high-density circuits utilized in a lot of the 
automotive designs and mobile. If you get the 
heat away from the chip, device reliability and 
performance increase. We really feel that the 
designers should be open to new ways to mit-
igate thermal exposure of the chip. They have 
to think outside the box. There are ways to re-
duce costs that are out there too.

Cullen: Yeah, these guys are trying all kinds of 
weird stuff with copper coin, or with thermal-
ly conductive film material, and planarization. 
We do have a copper through-hole fill tech-
nology. The adoption of it is a one-time cost 
with equipment and some process time, but 
then you end up with solid copper. You can fan 
those out in layers by increasing dimensions, 
so you can start with a very fine path out of 
your chips and then spread it through your cir-
cuit board to a much larger dimension. Their 
conductivity is unrivaled. We’re kind of hop-
ing that will head in that direction this year.

Thermal management, of course, is getting 
very, very important as the voltages of the 
electric vehicles and just any vehicles are go-
ing up. Then, as you said, 50% of the auto-
motive is going to be electronics value. That 
means a whole lot of circuitry at higher layers, 
more sophisticated circuitry operating in high-
er temperature environments, so we’ve got to 
do a lot more of the thermal management on 
the design side.

Shaughnessy: I guess you’d want the designers 
to work with you guys and with the manufac-
turing partners as early as possible, but a lot of 
them don’t do that.

Cullen: It can be frustrating because we’ll have 
a meeting with the fabricator, and the fabrica-
tor will have a meeting with the designer or 
with the OEM. Then, we meet with the OEM, 
and it’s he-said-she-said about what happened. 
We must do a lot more joining up and having 
smart conversations to connect all those stake-
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holders at one time. There is some of that hap-
pening. We have some programs, for example, 
at big Tier One auto suppliers where we get all 
the stakeholders together and then we come 
up with a design.

Holden: Don, refresh my memory. The new 
company that you represent was a combina-
tion of what other chemical companies?

Cullen: We have the MacDermid Enthone In-
dustrial Solutions business, so that’s the lega-
cy MacDermid, legacy Enthone, and some leg-
acy OMG that was Electrochemicals, and Fidel-
ity. Then MacDermid Enthone Electronics So-
lutions draws from the same legacy companies 
for circuit board chemistry as well as the En-
thone success in wafer plating and wafer level 
packaging, redistribution layer and copper pil-
lar, and under bump metallization. We have 
the Alpha Assembly Solutions which is tradi-
tional solders as well as pastes, pre-forms and 
fluxes, plus some advanced alternative mate-
rials and recycling programs. And their Alpha 
Advanced Materials business, which is ma-
terials used to connect the wafer to the sub-
strate, or the substrate to the circuit board, and 
that’s going to be redistribution layer poly and 
spheres and encapsulants and all that. 

There are a couple of other businesses not re-

ally in this space. Our Offshore Solutions pro-
vides fluids that monitor valves on offshore pe-
troleum production rigs, and our MacDermid 
Graphics Solutions business does consumables 
used in the printing industry for transferring 
images onto printed materials. 

So there are select industries like smart-
phones where they do consume materials  
from pretty much every one of our business-
es. It sounds strange, but it happens. There is 
much more coordination among our business-
es now.

Matties: Is there anything that we haven’t talk-
ed about that you guys feel we should cover in 
this conversation?

Cullen: I think those are the primary transitions 
this year, and each one is going to lead to some 
growing pains like the HDI into automotive, so 
we must consider what Happy is talking about 
with reliability. The substrate-like HDI designs 
for circuit boards, new designs, so our group 
who does the wafer metallization, they’re talk-
ing about a new way of viewing constructions 
instead of trying to modularize all package de-
signs into fan-out wafer level packaging. 

Matties: I see. Thank you very much and take 
care. We appreciate your time.  PCB007

Fourier-transform infrared (FTIR) spectrometers, 
which are widely used research tools to identify and an-
alyze chemicals, are too large to use in the field. Attempts 
have been made to develop miniaturized FTIR spectrom-
eters for integration into drones to monitor greenhouse 
gases, for example, or for integration into smartphones. 
Scientists at the University of Campinas’s Device Re-
search Laboratory (LPD-UNICAMP) in Brazil, collaborat-
ing with colleagues at the University of California San 
Diego in the United States, have overcome these con-
straints by developing an FTIR spectrometer based on 
silicon photonics, the technology currently used to pro-
duce chips for computers, smartphones and other elec-
tronic devices.

Infrared Spectrometer on a Chip
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Amphenol Invotec Implements 
AOI Solution from Orbotech  E
UK PCB manufacturer Amphenol Invotec has 
implemented Orbotech’s Fusion 22XL automat-
ed optical inspection (AOI) solution. 

Ventec International Group Awarded 
IPC-4101/40 QPL Certification  E
IPC’s Validation Services Program has awarded 
Ventec International Group a second IPC-4101 
Qualified Products Listing (QPL). 

Cirexx Installs Dynachem Cut Sheet 
Laminator  E
Cirexx International has installed a Dynachem 
CSL1700 Cut Sheet Laminator which is capable 
of handling thin and large panels up to 5 mm 
(0.2 in.) thick. 

Advanced Copper Foil Announces 
New Arsenic-Free Copper Foils  E
Advanced Copper Foil and its supply partner, 
Circuit Foil Luxemburg, are pleased to intro-
duce its new arsenic-free copper foils. 

Merlin Circuit Technology Installs 
New XRF Equipment  E
Merlin Circuit Technology has announced the 
purchase and installation of a Fischer XDAL 
237 SDD XRF to meet the requirements and 
ensure compliance to the new IPC 4552A 
ENIG specification. 

Rogers to Show RF/Microwave 
Materials for Autonomous Vehicles, 
5G Apps at IMS2018  E
Rogers Corporation will be showing samples 
of high-performance circuit materials at this 
year’s 2018 IEEE Microwave Theory & Tech-
niques (MTT-S) International Microwave Sym-
posium (IMS). 

It’s Only Common Sense: Stop Talking
and Start Listening E
I’ve been concentrating on listening lately. I 
mean really listening, not doing what I usual-
ly do, which is to wait for the person I’m talk-
ing with to finish talking so that I can tell them 
all the great thoughts I was formulating while 
they were talking. It’s not easy to listen. 

Trouble in Your Tank: Pits and
Mouse Bites, Part 3 E
In the first two columns in this series, the au-
thor presented two critical areas of the PCB 
fabrication process thought to contribute to 
mouse bite and pitting defects seen in produc-
tion at a fabrication facility. 

RTW CPCA: Fischer Discusses 
Automation, Industry 4.0  E
Dr. Wolfgang Babel, CEO and president of 
Helmut Fischer Group, speaks about the latest 
improvements in their coating thickness test 
systems to help customers in their automation 
and Industry 4.0 journey. 

Ventec Launches Dk 3.48 Ceramic-Filled 
Hydrocarbon Thermoset Material  E
Ventec International Group Co., Ltd. has 
launched tec-speed 20.0, a ceramic-filled hy-
drocarbon thermoset material designed for 
high-frequency applications. 
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Feature by Rick Nichols
ATOTECH DEUTSCHLAND GMBH

Introduction
Thick gold was originally requested as the 

solution for making gold wire bonding possi-
ble for the electroless nickel/immersion gold 
(ENIG) process without electroless palladium. 
This avoided requalification and the risks asso-
ciated with a new process in a conservative in-
dustry. This trend is now being championed by 
the automotive industry to ensure highest re-
liability within the gold wire bonding and sol-
dering arena when employing the electroless 
nickel/electroless palladium/immersion gold 
(ENEPIG) process. 

Thick gold is typically considered to be in 
the region of 100 nm and, as such, tends to ex-
acerbate some of the issues attributed to the 
current state-of-the-art immersion gold chem-
istry at thicknesses of 70 nm. The plating char-
acteristics of the established immersion gold 
processes are not wholly compatible with thick 
gold deposit requirements. The reason for the 
incompatibility is corrosion derived from the 
long exposure times that are necessary to 

achieve thick deposits. It must be stressed that 
thick gold is not always achievable with im-
mersion gold systems. This is especially true if 
palladium is used as a wire bonding enhancer. 

In an immersion process the deposition rate 
will decrease over time as the deposition layer 
increases in thickness and density because the 
availability of electron exchange is reduced. In 
more extreme cases the source electrons can 
be limited to relatively small areas of weakness 
in the underlying deposit and cause exaggerat-
ed corrosion events. This can be improved or 
overcome by employing an autocatalytic type 
of electroless gold plating system (Figure 1).

Figure 1: A schematic comparison of the electroless gold
deposition rates for immersion and autocatalytic systematic.
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So far, the systems under discussion have 
been established systems incorporating nickel 
as a diffusion barrier. Some more novel univer-
sal final finish systems no longer include nick-
el to achieve more technologically challeng-
ing functions. An example is electroless pal-
ladium/autocatalytic gold (EPAG). This novel 
finish was designed with autocatalytic gold as 
the process of preference. This process is gain-
ing traction by meeting stringent requirements 
globally.

However, most fabricators would prefer to 
handle an immersion process to circumnavi-
gate the risks of costly plate-outs that can only 
be suppressed by continual cyanide dosing 
and typically higher gold concentrations in the 
bath. The conundrum is, as ever, performance 
versus handling—which is usually perceived 
as cost.

The term ‘reduction assisted’ is being in-
creasingly cited when referring to immersion 
gold baths in the electronics industry. The 
term ‘reduction assisted’ suggests that the pro-
cess has autocatalytic characteristics. This type 
of electroless bath is justifiably regarded as a 
low-corrosion immersion gold bath as is there-
fore considered as a potential solution for thick 
gold plating.

This article will cover the following topics:

• A method to establish the autocatalytic 
   characteristics of electroless gold baths 
• An example of the beneficial impact of 
   autocatalytic in a production relevant 
   scenario
• Basic assembly data

Determining the Autocatalytic Properties 
of an Electroless Gold Bath

Two established electroless gold baths, a re-
duction-assisted immersion gold bath (RA-Au) 
and an electroless gold bath designed to be at 
least partially autocatalytic (SA-Au), were eval-
uated regarding their respective autocatalytic 
characteristics. 

Platinum-sputtered quartz crystals were 
used as the working electrodes for a quartz mi-
cro balance (QMB). The electrodes were plat-
ed as follows: 

• Plated with nickel and palladium (SET 1)
• Plated with electrolytic gold only (SET 2)

Both sets of electrodes are required to give a 
numeric value for the autocatalytic character-
istics in %.

SET 1 simulated an ENEPIG finish and there-
fore immersion process whilst SET 2 ensured 
that only an autocatalytic reaction was possi-
ble. Both sets were plated for 12 minutes in 
a reduction-assisted immersion gold bath (RA-
Au) and a semi-autocatalytic electroless gold 
bath (SA-Au). 

In the case of SET 1, the QMB generated a 
value that represents the total gold plated and 
the nickel taken into solution. The nickel tak-
en into solution is an indication for the immer-
sion process. To isolate the gold, a gold strip-
ping process was carried out. The solute was 
analyzed for gold by ICP-MS (Figure 2).

SET 1 can only verify whether the process 
is a partial displacement process or 100% au-
tocatalytic. SET 2 coupons can only instigate 

Figure 2: A summary of the calculations and interpretation for SET 1.

2
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autocatalytic plating, as there are no exchange 
electrons available. The mass determined by 
the QMB is then compared to the ICP value 
from SET1 to determine a value for autocata-
lytic reaction in % (Figure 3).

The evaluation showed that the reduction-
assisted immersion gold does not perform au-
tocatalytically and that the SA-Au is only semi 
autocatalytic (Figure 4).

An Example of the Benefit of 
Autocatalytic Electroless Gold 
Characteristics in Production

Whilst establishing the autocatalytic char-
acteristics of a gold bath is of interest for un-
derstanding the mechanism, the results have 
no meaning unless an analogue impact can be 
related to production. This section of the ar-
ticle will focus on the issues from fabricators 
who request thick gold and employ the EN-
EPIG process.

Multiple final finish layers increase the risk 
of anomalous failures. Though uncommon, 
pinholes are a recognized failure mode (the 
name may vary by region). It is not the aim of 
this article to establish the root cause of this 

phenomenon, but to use the failure to show-
case the benefit an autocatalytic process. Pin-
holes are plating failures that increase the po-
tential for corrosion incidents (Figure 5).

Reduction-assisted immersion gold is a suc-
cessful product in the market. However, the 
immersion process relies on electron exchange 
mechanism which under some conditions can 
translate to corrosion. Corrosion refers to ex-
cessive localized electron exchange (Figure 6).

3

Figure 3: How SET 2 is used to determine the autocatalytic % of a gold bath.
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Figure 4: The results according to the evaluation method 
used. Figure 5: View of pinhole from top surface.

Figure 6: Cross-sectional view of corrosion by the RA-Au.
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The plating mechanism and extended plat-
ing time required to achieve approximate 100 
nm gold thickness cannot satisfy corrosion ex-
pectation. Gold plating into the pinhole is a 
demonstration that the plating process is pref-
erential to the dissolution process in the case 
of SA-Au (Figure 7).

The SA-Au process has not led to major lo-
calized corrosion. The electron has resulted in 
preferential plating in pinhole rather than nick-
el dissolution.

Basic Assembly Data
The previous section demonstrated that 

anomalous defects can be improved by apply-
ing an electroless gold with autocatalytic char-
acteristics. However, a cost effective, function-
al performance is the litmus test for fabricators 
and OEMs.

Form factor and bandwidth upgrades have 
rendered soldering as a significant consider-
ation in the electronics assembly field. Good 
solder joint reliability (SJR) is the prime es-
sential requirement. A recognized simulation 
tool for BDA/flip chip reliability is high speed 
shear testing (HSS). The target is to define the 
quality of a solder joint, specifically in terms 
of ductility. This is a method to assess resis-
tance to impact.

Figure 8 demonstrates that there is no sta-

Figure 7: A representation of a pinhole post semi-
autocatalytic electroless gold plating. 

Figure 8: HSS results by lifetime for semi-autocatalytic and reduction-assisted gold baths.
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tistical difference between the performance of 
the electroless gold bath that has autocatalyt-
ic characteristics (SA-Au) and the reduction-as-
sisted immersion gold bath (RA-Au). This ob-
servation is true independently of bath age and 
represented by MTOs.

As previously mentioned, novel high-perfor-
mance finishes do not include nickel as a dif-
fusion barrier and employ autocatalytic elec-
troless golds as a state-of-the-art solution. An 

example is electroless palladium/auto-
catalytic gold (EPAG).

To evaluate gold wire bonding per-
formance, EPAG, employing a semi-au-
tocatalytic electroless gold, was com-
pared to an ENEPIG finish, employing 
a reduction-assisted immersion gold. 
In both cases 23 µm Tanaka gold wire 
with a breaking strain of 9.9 g was 
used. To maintain a level playing field 
the wire bondable gold finishes were 
plated at 100nm. The evaluation meth-
od was cold ball pull testing (CBP).

Figure 9 demonstrates that both gold 
finishes achieved the required pull 
strength of 4.95 g which is 50% of the 
breaking strain of the wire used for the 
test. This satisfies the pass criteria ac-
cording to DVS 2811.

Conclusion
Existing electroless gold baths with 

autocatalytic characteristics are a drop-
in solution to replace immersion gold 
baths in ENIG, ENEPIG, whilst being 
state of the art for the EPAG process. It 
has been demonstrated that a gold fi-
nal finish with autocatalytic character-
istics has no performance drawbacks 
but can be shown to have the bene-
fit of reducing or eliminating corrosion 
when higher gold thicknesses are re-
quired. It has also been shown that re-
duction-assisted immersion golds do 
behave autocatalytically. 

For process sequences or more  
information regarding semi-autocat-
alytic gold baths or the latest in the 
development of a fully autocatalyt-

ic gold bath that can eliminate corrosion  
at thickness of >100 nm please contact the  
author. PCB007

Rick Nichols is global product 
manager, surface finishing, with 
Atotech Deutschland GmbH.

Figure 9: A comparison of the pull strength results for RA-Au and 
SA-Au after ageing at 150°C for four hours.
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Global Flex PCB Market: 
Growth Through 2026  E
The opportunity in this market is expanding at 
a healthy CAGR of 11.80% between 2018 and 
2026, increasing from $13.51 billion in 2017 
and rising to $38.27 billion by the end of 2026. 

Can a Home WiFi Router Act as a 
Medical Sensing Device?  E
New research that could transform the future 
of healthcare will investigate whether it is pos-
sible to reuse WiFi radio waves as a medical 
radar system. 

Researchers to Develop Self-Evaluating 
Robots  E
Robots can do a lot of things—assemble cars, 
search for bombs, cook a meal or assist in sur-
gery. But something they can’t do is tell you 
how they are doing. 

Novel Fibre Optic Receiver Helps 
Researchers Break Data Transmission 
Record  E
Optical connectivity requirements imposed by 
such the data explosion of 5G and IoT means 
there’s a growing need for energy-efficient, 
multi-channel links with fast data transfer 
rates.  

Smart Technology, New Business Models, 
and Cross-industry Digitization 
Revolutionize the Energy & Power Industry 
in Asia-Pacific  E
A rise in battery energy storage capabilities, 
emerging start-ups, and an increase in merger 
and acquisitions drive expanding growth op-
portunities. 

Six Predictions that Will Shape the Global 
Energy Storage Sector in 2018  E
Frost & Sullivan’s recent analysis finds that the 
total installed capacity will grow 15.9% be-
tween 2017 and 2018, and the top six countries 
will complete installation of 1,369 MW of grid-
scale ESS projects in 2018.

Flexible Fingerprint Sensors Promise 
Embedded Secure Access  E
Researchers from Holst Centre have demon-
strated a new class of flexible, large-area sensor 
technology for detecting finger and palm prints. 

Global Semiconductor Sales Up 20% 
Year-to-Year in Q1  E
The Semiconductor Industry Association 
(SIA), announced worldwide sales of semicon-
ductors reached $111.1 billion during 2018Q1, 
an increase of 20% compared to 2017Q1, but 
2.5% less than 2017Q4. 

Telecommunications Companies 
Modernize, Diversify in Face of 
Competition  E
Telecommunications companies are under 
threat from over-the-top (OTT) services that 
enable consumers to communicate over the in-
ternet via streaming content and apps such as 
Skype, WhatsApp and Viber. 

On-Board Magnetic Sensor Market Worth 
$1.89 Billion by 2023   E
The factors driving this market are the contin-
uous growth in the use of on-board magnetic 
sensors for consumer electronics applications 
and the role of on-board magnetic sensors in 
navigation. 

Electronics Industry News 
and Market Highlights
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Spraying and dipping! Wet processing is 
based on two simple principles: Spray the 
work piece or immerse it in a bath. Most of the 
things you do in a complex machine you could 
also do with a series of buckets, but the results 
are likely to be much less reliable or efficient.

My work in the printed circuit industry has 
involved roles in many factories and 
using a wide variety of equip-
ment, both new and old. 
At times, the major bat-
tle was just to keep the 
conveyors turning for 
another day. Enhanc-
ing the process effect 
was often a matter 
of slowing down the 
process to give a little 
more time for things 
to happen. Right now, 
I am involved with 
the supply of a variety 
of equipment, some of 
which I would regard as 
pretty standard and others 
that involve new ideas that 
have the potential to solve 
particular problems.

The target for equipment sellers 
is to be able to offer a machine that has 
advantages over the competition. This drives 
development, but it is still sometimes difficult 
to let the end users know what is new on the 
market. 

Some of the following examples may be rea-
sonably well known and understood but they 

show how the equipment can be tailored to-
wards a purpose even though the working ba-
sis of the machine is standard. 

Earlier this year I was involved in installing 
an immersion tin line for a customer. The pro-
cess and the chemistry are not new or special 
in any way. However, the machine was built 

to overcome a problem with the im-
mersion tin chemistry, which 

makes the process more la-
bour intensive to main-

tain. Immersion tin 
chemistry does not 
like to be agitated 
very much. Bubbles 
in the solution cause 
solids to form, which 

degrades the solution 
and causes problems 

with the hardware. The 
solids settle to the bottom 

and can damage pumps 
and heaters, or at the very 
least make them less effec-
tive. The machine I was 
working on was a horizon-

tal process, which means 
the immersion tin chemistry 

is applied in a flood rinse. This 
effectively means that the conveyor is 

flooded with chemistry, so the panel is in a 
complete bath while it is passing through that 
section of the line.

The idea that is relatively new is to remove 
the traditional pumps from the sump and re-
place them with low impact and low-pressure 

Developments in Wet Processing:
Beyond Spraying and Dipping

Ladle on Manufacturing
Feature Column by Marc Ladle, VIKING
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impellers, which move the solution in a very 
gentle way. The traditional pump is like an out-
board motor on a boat—it is very effective at 
moving liquid, but it also causes quite a lot of 
froth and disturbance. In comparison, the re-
vised design is more like a paddle. In the right 
hands it can create a gentle liquid movement 
with hardly a stir being seen on the surface. 
This gentle movement is ideal for immersion 

tin and this process development has the po-
tential to reduce downtime, increase chemical 
life, and even improve the rate of deposition.

This machine is also the first time I have 
used remote water heating to control the tem-
perature of the working solutions. Again, the 
advantage of this process is that the surface 
temperature at the heater can be much more 
carefully controlled so there is less heat shock 

which can also damage the chemistry. 
I can only say I was impressed with 
this and the accuracy of control was 
good. It is something I would recom-
mend to enhance the control and effect 
of the heating if there is room in the 
factory to accommodate it. The work-
ing temperature of the water heating 
system does not need to be much high-
er than the highest temperature for the 
heated solutions. In most cases, 10 de-
grees difference should be more than 
enough so there do not have to be su-
per-heated pipes running around the 
factory.

The initial tests of the process are 
very positive and from what I can see 
it offers a real step forwards in a pro-
cess that has remained relatively un-
changed for a long time.

When you are dealing with process-
es which may have been established 
for a number of years, it is not always 
obvious how to adapt them to suit cur-
rent product needs and requirements. 
Hole sizes get smaller, blind holes are 
more prevalent, and aspect ratios are 
increasing, all of which make it tough 
to get a good effect of chemistry both 
on the surface and inside the hole. Of-
ten, these two requirements conflict 
with one another. 

Most fabricators don’t have the lux-
ury of updating equipment as often 
as their customers update their prod-
uct designs. This makes it critical that 
when you do replace equipment, it has 
the right set of process enhancements 
to fit your predicted plans for the next 
few years. For this reason, it is impor-

Figure 1: Horizontal immersion tin process. All chemical tin solution 
movement is driven by low impact propeller pumps.
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tant to get a good understanding of 
what is possible. There is no sub-
stitute for a regular and deep study 
of the market just to keep an eye on 
what is going on with a view to un-
derstanding how it could be applied 
to your own processes and machin-
ery.

A few years back, a customer asked 
me to include a high-pressure rinse as 
part of a dry-film pre-clean line. The 
requirement seemed a little unusual 
to me but since he had asked, I in-
vestigated what we could offer. It be-
came obvious that spray pressure was 
not a problem; we could offer various 
formats of pump and spray systems 
that could run at a pressure of over 
150 Bar. The problem is that it is easy 
to damage material when you use this 
type of high-pressure system. We did 
some experiments and it seemed the 
best effect for his purpose (to remove 
particles stuck to the walls of drilled 
holes in certain exotic materials) was 
an 80 Bar pump and spray system. 
This was another example of a suc-
cessful process development to over-
come a process need. The high-pres-
sure system can be switched off when 
processing thin and delicate materials 
to ensure they are not damaged.

More commonly, we apply ultra-
sonics to processes to enhance the 
cleaning of surfaces and the cleaning 
and wetting of holes. Often it would 
be possible to run the same process 
without ultrasonic drivers being included but 
the failure rate is likely to be higher. Every-
one would like to have a zero-failure rate, and 
this is one way to get closer to it. To apply the 
ultrasonic system, immerse the process panel 
while it is passing the driver system, so it can’t 
be used with a spray process but in most cas-
es, it is usually possible to combine a mixture 
of flood and spray application to get the best 
effect. Different frequencies can be applied to 
give the most effective result depending on 
what you are trying to remove.

The best effect is gained if the machine is 
designed for these types of features right from 
the start. In some cases, it may be possible 
to add features like ultrasonics to an existing 
line, but the effect is less likely to be perfect. 
Machines are usually designed to be as small 
as possible, so adding extra hardware is usu-
ally a compromise and splitting a line to add 
an extra module in the middle is quite a tough 
job.

Some parts of the manufacturing process re-
quire the most even chemical effect possible 

Figure 2: Fluid movement inside the immersion tin chamber is driven 
by gentle propellers to minimise bubbles in the solution. This reduces 
maintenance and extends solution life.
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across the working panel. Electroplating and 
etching are prime examples. 

For several years, people have been using re-
verse-pulse rectification to enhance the plating 
effect and to enable them to achieve higher as-
pect ratios of panel thickness to hole size with 
less variation of plating-hole thickness. Reverse 
pulse uses a high-current, short-period reversal 
of polarity to unplate material from the prod-
uct surface. The high current means that the 
effect is greatest where the material is deposit-
ing most thickly during the forward current cy-
cle. This gives a smoothing effect and a more 

even thickness both on the surface and in the 
holes. Right now, the effect can be further en-
hanced by using continuous plating methods 
that move the panel though the plating cell on 
a conveyor system so the whole panel has the 
same view of the anodes. This enhances the 
distribution on the surface and in the holes, 
which can allow you to go much further with 
the products you are able to run. Downsides 
to the process include a larger footprint in the 
factory than the equivalent conventional plat-
ing process, but clever layout can often gain 
some of this space back.

For etching, the vacuum process has really 
started to move things on. It has always been 
tough to achieve exactly the same effect on the 
top and bottom sides of the working panel as 
it passes though the etch machine. A lot of the 
reason for this is simply gravity. The bottom-
side spray hits the panel and the drops back 
off assisted by gravity, which leaves a space for 
the next spray to hit the panel. On the top side 
the spray hits the panel and stays there. This 
means solution turnover is much less effective 
on the top side because of the puddle which 

remains. To make matters worse the puddle 
runs off the edges of the panel but the closer 
to the centre you get the harder it becomes to 
move the solution.

Vacuum etch uses a vacuum head following 
every spray bar. This removes the puddle of 
solution, which allows the subsequent spray 
to be much more effective. Solution turnover 
at the surface is much improved and results 
in the top and bottom sides being more even-
ly etched than with the traditional process. As 
process requirements become more extreme, 
with thicker metal layers being etched, the 
vacuum gives more and more of an advantage. 

A further enhancement to the etched result 
is possible by having an atomising etch cham-
ber after the main etch chamber. This allows 
you to target the foot of the etched metal fea-
ture to achieve a squarer cross-sectional pro-
file. This approach is not widely used but it 
certainly offers a further improvement for the 
most testing of product designs.

We are always trying to find ways to offer 
a more efficient, faster, smaller, more accurate 
process. To be able to best apply that to a par-
ticular factory it is important to understand 
what needs to be achieved. Wet process equip-
ment is usually expected to last at least 10 
years, so getting a handle on the roadmap for 
process development is imperative to ensure 
a new machine is fully up to the task. Ideally, 
suppliers work together with their customers 
to discuss the pros and cons of the types of fea-
tures detailed in the examples above.

Currently, the company I work for is busy, 
which means the industry we supply is busy 
and process development along with invest-
ment in new equipment is strong. This is a 
good sign for the future of electronic manufac-
turing; long may we continue to find new ways 
to enhance the effect of spraying and dipping 
your panels.  PCB007

Marc Ladle is director at Viking. 
To contact Ladle or to read past 
columns, click here.

The high current means that the 
effect is greatest where the ma-
terial is depositing most thickly 
during the forward current cycle. 

http://pcb.iconnect007.com/index.php/column/104790/ladle-on-manufacturing/104793/
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Feature by Saminda Dharmarathna, 
Christian Rietmann, William Bowerman, 
Kesheng Feng and Jim Watkowski 
MACDERMID ENTHONE ELECTRONICS SOLUTIONS

Abstract
Copper-filled microvias are a key technolo-

gy in high-density interconnect (HDI) designs 
that have enabled increasing miniaturization 
and densification of printed circuit boards for 
the next generation of electronic products. 
Compared with standard plated through holes 
(PTHs), copper-filled vias provide greater de-
sign flexibility, improved signal performance, 
and can potentially help reduce layer count, 
thus reducing cost.  Considering these advan-
tages, there are strong incentives to optimize 
the via filling process. 

This article presents an innovative DC acid 
copper via fill formulation, for vertical contin-
uous plating (VCP) applications which rapid-
ly fills vias while minimizing surface plating. 
For instance, a 125 µm x 75 µm via was filled 
with just 10 µm copper deposited on the out-

er layer surfaces. X-ray diffraction studies were 
done to obtain information about the grain 
structure (texture) of the deposit. Based on de-
termination of the Lotgering factor, the study 
shows that the (111) plane has a slight prefer-
ence (Lotgering factor ~0.2) over other typical 
planes (e.g., 200, 220, and 311). X-ray diffrac-
tion (XRD), focus ion beam (FIB), and scan-
ning electron microscopy (SEM) data show 
that there is no significant change in the grain 
structure even after the bath was aged up to 
150 Ah/L. This formulation contains no harm-
ful formaldehyde, which was classified in 2016 
by the European Union as a carcinogen, there-
by restricting its use in electroplating formu-
lations. These regulations in the future, could 
expand into other regions as well. Therefore, 
having no formaldehyde is an added advan-
tage for safe operation and waste disposal. 

Introduction
The PCB industry has evolved immensely 

over the last few decades in response to the 
need for increased densification and miniatur-
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ization of designs. The use of blind and bur-
ied vias, made possible in part by advances 
in plating chemistries, have enabled the use 
of sequential build up (SBU) technologies to 
accommodate more and finer pitch surface 
mount components[1]. These new designs with 
blind and buried vias directly impact multilay-
er processing. Reliable via filling materials and 
methods are necessary and in high demand 
to fulfill the needs of PCB boards with deeper 
blind and buried vias. 

Acid Copper Via Fill
Electrodeposited copper has become the fun-

damental choice for via fill applications due to 
the exceptional conductivity and cost. Electro-
plating is done in a typical electrolyte consist-
ing of acid, copper and chloride ions. Sulfate-
based electrolyte systems are preferred in the 
PCB industry owing to their low cost, conve-
nient operation, safety and ease of waste treat-
ment[2]. Compositions for copper via filling 
baths typically run with high concentrations 
of copper (up to 250 g/L copper sulfate) and 
lower concentrations of acid (approximately 
100 g/L sulfuric acid). An additive-free elec-
trolyte will give a deposit with poor physical 
properties and conformal plating. To get the 
desired consistent via fill while plating a mini-
mum amount of copper on the surface, careful-
ly designed additives are vital. These additives 
are key for filling vias of various diameters and 
depths. Typical systems will contain carriers, 
brighteners, and levelers. In theory, it is possi-
ble to fill vias with only carrier and brighten-
er[3]. However, from a practical standpoint, the 
dimple will be large, and fill will be conformal, 
also the brightener concentration will be very 
low making it difficult for the cyclic voltamet-
ric stripping (CVS) analysis[4]. To raise the con-
centration of the brightener and obtain a good 
fill, levelling agents must be used.

Carrier and leveler in these formulations act 
as suppressors in different ways and can be 
classified as different types of suppressors[5]. 
Type I suppressors, like carriers, can be deac-
tivated by the brightener (antagonistic, selec-
tive adsorption to chloride only) whereas type 
II suppressors, like levelers, do not undergo de-

activation (synergistic, non-selective adsorp-
tion due to electrostatic interaction). 

Carriers or suppressors are typically high mo-
lecular weight polyoxyalkyl type compounds. 
Typically, carriers are adsorbed at the surface 
of the cathode where they form a thin layer 
by interacting with chloride ions. Thus, carrier 
suppresses the plating rate by increasing the ef-
fective thickness of the diffusion layer[6]. Con-
sequently, the energy level over the cathode 
surface topography is being equalized (same 
number of electrons locally for plating at any 
cathode surface spot) so that the resultant de-
posit becomes more uniform and a more even-
ly distributed copper deposit thickness can be 
obtained. On the other hand, brighteners in-
crease the plating rate by reducing the suppres-
sion. They are typically low molecular weight 
sulfur-containing compounds, also called grain 
refiners. 

Levelers typically consist of nitrogen-bear-
ing linear/branched polymers, heterocyclic 
or non-heterocyclic aromatic compounds be-
ing typically quaternized (positively charged). 
These compounds will adsorb selectively on 
high current density sites such as edges and 
corners, local protrusions and prevent copper 
over-plating in high current density areas[7]. 

Via Fill Mechanism
The difference in growth rate of copper in-

side and outside any via is governed by the ad-
ditives. Figure 1 shows a schematic representa-
tion of via growth. Chemical adsorption is ex-
aggerated here to show the different role played 
by each additive. However, both selective and 
non-selective adsorption occur during plating. 
Additive compositions must be controlled in a 
set range to get the desired “bottom-up filling.” 
Analytical tools such as CVS analysis, the most 
common in the industry, may be utilized, al-
though other techniques such as HPLC (high 
performance liquid chromatography) are avail-
able to determine the concentrations of the ad-
ditives.

In Figure 1, wetter or suppressor is repre-
sented with green, leveler with red and bright-
ener with yellow. Wetter molecules predomi-
nantly adsorbed on the surface suppressing 
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the surface, while the leveler molecules adsorb 
selectively on to the high current density areas 
due to the positively charged, quaternized N 
group. This prevents over-plating at the edges 
and avoids premature closure of the via leav-
ing voids in the center of the via. Brightener, 
being a small sulfur-containing molecule, dif-
fuses faster into the via and accelerates the 
plating[8]. Since the geometry of the via chang-
es during the plating process, the brightener 
becomes concentrated inside the via causing a 
rapid plating in the via. This is called the cur-
vature-enhanced-accelerator coverage (CEAC) 

mechanism[9]. Finally, when the via gets lev-
eled with the surface and the plating rates in-
side the via and on the surface become equal, 
the bottom-up filling stops. 

Conditions and Bath Components
Table 1 shows the operational conditions 

and optimum additive levels. Typically, via fill 
baths have high copper and low acid to achieve 
the desired bottom up fill.

Test Vehicles
Test panels with different via sizes were used 

during the evaluation. The thickness of the test 
vehicles used in the process evaluation were 
1.6 mm with via diameter range from 75–175 
µm, and the via depths of 75 µm and 100 µm. 
All geometries for each test board thickness 
were plated at the same time in the same tank 
and later the fill ratio was calculated by using 
cross-section analysis. Fill ratio is defined as:

Eq. 1

Figure 2 shows a typical cross-section of a 
filled via with a dimple; dimple is the fill dif-
ference A-B.

Figure 1: Schematic representation of bottom-up filling.

Table 1: Bath components and plating conditions.
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Cross-Section Analysis
Cross section analysis was started with the 

sample preparation process by punching or 
routing sections from a desired area on the 
board or test panel. Pre-grinding of the cou-
pon was done to get a flat surface closer to 
the through holes. Plastic index pins were used 
to align the coupon vertically to the grinding 
surface. A fast-cure acrylic resin was used to 
mount the coupons. A ratio of 1-to-1, harden-
er-to-resin, was used to provide optimum pen-
etration and a quick cure rate (10–15 minutes). 
After the section hardened they were subjected 
to grinding, polishing, and microscopic inspec-
tion. Figure 2 shows a cross-section of a via in-
dicating the points of measurements.

Process Flow
The process flow included the following op-

erations:

• Acid cleaner: wets the hole and remove 
   any organic contaminants
• DI water rinse
• Micro-etch: further smooths the surface 
   and ensures excellent copper to copper 
   adhesion
• DI water rinse
• Acid dip: acidifies copper surface prior to 
   plating
• Electroplating of copper in acid copper 
   bath

Results and Discussion

Via Fill and Bath Plating Performance 
Initial plating results showed that excellent 

filling can be obtained with different surface 
copper amounts. A 125 x 75 µm via can be 
filled even with only 10 µm copper on the sur-
face as shown in Figure 3. Flow rate variation 
showed that the formulation has a wide range 
of operation from 0.4 LPM to 0.8 LPM with re-
sults shown in Figure 4. A larger dimple was 

Figure 2: Via fill ratio.

Figure 3: Via fill performance of 125 x 75 µm with different surface copper.

Figure 4: Via fill performance of 125 x 75 µm with different solution flow rates of 0.4, 0.6, 0.8, 1.2 liters per minute (LPM).



Move into the future with the latest innovations 
in Fabrication Technology from the Industry Leader!

689
6-station precision drilling

and routing system

COBRA II
Hybrid laser system

HS-1L DS
Single-station, dual spindle

high-speed system

136L
High accuracy and speed

154L
Large panel applications

HS-2L
2-station, high-speed

129
Single-station precision system

Manufacturers of  precision Micro-Machining
Solutions for over 50 Years

www.excellon.com

http://iconnect007.com/ads/links.php?id=8729
http://iconnect007.com/ads/links.php?id=8728
http://iconnect007.com/ads/links.php?id=8727
http://iconnect007.com/ads/links.php?id=8730
http://iconnect007.com/ads/links.php?id=8731
http://iconnect007.com/ads/links.php?id=8732
http://iconnect007.com/ads/links.php?id=8733
http://iconnect007.com/ads/links.php?id=8734


48    PCB007 MAGAZINE   I   JUNE 2018

observed at very high flow rate. A typical plat-
ing was done under the conditions summa-
rized in Table 1 and followed the process flow 
given above; this resulted in a via fill shown in 
Figure 5. A via with diameter of 150 µm and 
depth of 100 µm was seamlessly filled with-
out any issue. Surface was flat, and the depos-
it was bright with surface copper thickness at 
only 8−11 µm.

Total organic content (TOC) of the bath was 
obtained for the fresh and aged bath. Accord-
ing to the data summarized in Figure 6, the 
TOC did not change significantly over time and 
the fresh bath has very low TOC. Low TOC in 
the fresh makeup means, the bath will have 
prolonged lifetime and stability. Since the or-
ganic buildup is very low with age, the bath 
requires less frequent carbon treatment. This 
makes the process more environmentally be-
nign and hassle-free in terms of waste treat-
ment. 

Compatibility of this via fill formulation in 
direct metallization was evaluated by plat-
ing propagation panels. These are panels with 

eight through-holes alternatively connected 
and processed with a carbon-based direct met-
allization layer. Maximum propagation result 
is eight: two regions for high current densi-
ty and low current density were plated simul-
taneously in a Hull Cell. According to the re-
sults summarized in Figure 7, the formulation 
reported here has an excellent propagation at 
high current density area and low propagation 
at low current density area.

A 1.6 mm thick through-hole panel was plat-
ed to evaluate the micro-distribution. The mi-

Figure 5: Typical via fill capability for different via diameter and depth at surface copper ~8–11 µm.

Figure 6: Total organic content of the new bath and aged 
bath.
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cro-distribution is defined as the ratio of the 
average copper deposit thickness in the center 
of the through-hole to the average copper de-
posit thickness at the surface. According to the 
data shown in Figure 8, greater than 65% mi-
cro-distribution was obtained even in an elec-
trolyte designed for via fill, that is, a high cop-
per and low acid electrolyte. The cross-sec-
tion evaluation of the through-holes showed 
no thin corners; however, a sloping was ob-
served from the bulk surface to the through-
hole edge. 

Further, a solder float test was performed to 
evaluate thermal characteristics of the depos-
it in accordance with IPC TM-650 2.6.8. Solder 
shock (SS) conditions were 10 seconds float at 
288°C for three times on the same side of the 
test coupon. Results are shown in Figure 9. Af-
ter 3X SS testing, no cracks, or via bottom sep-
aration was observed.

Structural Analysis, Hardness and Impurities
X-ray diffraction (XRD) study was performed 

for the plated deposits to identify the crystal 
phase and different planes. A typical diffrac-
tion pattern (Figure 10) was obtained as the 
standard reported in the literature with reflec-
tions from planes (111), (200), (220), and (311) 
were observed[8]. Narrow sharp peaks in the 
XRD pattern were observed which indicates 
highly ordered copper crystals in the deposit. 
Table 2 and 3 show no significant change in 
the major peaks, lattice constant or density of 
the plated copper after aging. This is an indi-
cation that the crystal phase of the deposit is 
similar even after bath aging up to 150 Ah/L. 

Figure 7: Propagation results for direct metallization 
applications.

Figure 9: Solder float results.

Figure 8: Throwing power for 1.6 mm board thickness. Corresponding micro-distribution shown in graph above.
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tion. Lotgering factor needs to be considered to 
verify this. The Lotgering factor, f, is for each 
Miller index (hkl) showing whether it is in the 
range of the thermodynamic stable Miller in-
dex distribution for copper (literature values) 
or which crystal orientation is more preferred 
up to a certain degree[10]. The calculation of the 
Lotgering factor for each Miller index is per-
formed according to the following equation 
(here for the example (00l):

Eq. 3

where P00l is the sum of the relative inten-
sities for all (00l) diffractions divided by the 
sum of the intensities of all (hkl) diffractions 
(Σ I00l/ Σ Ihkl), and PO is similarly defined for a 
randomly oriented sample (Σ I0

00l/ Σ I0
hkl). The 

maximum obtainable value for the Lotgering 
factor is 1. This means that there is a very high 
preference for this Miller index. Table 4 shows 
the positive values for (111) plane, indicating 
that the deposits have a slight preference for 
(111) plane over others, which is the densest 
plane of all.  

The hardness of the copper foils is indepen-
dent from the bath age at 79 ± 8 HV0.05. Fur-
thermore, up to 150 Ah/L the incorporation of 
carbon, sulfur, nitrogen and chloride into the 
copper lattices was investigated. The results 
are shown in Table 6. Impurity analysis was 
done as follows: C and S using combustion IR 
method using production analysis equipment, 
N by using carrier gas hot extraction (CGHE) 

Figure 10: X-ray diffraction pattern for copper deposit 
plated using current formula.

Eq. 2

Table 2: X-ray diffraction data of the deposit at different bath age.

Tabulated in Table 3 is the crystal size cal-
culated from the full width at half maximum 
(FWHM) from the XRD peaks using the Scher-
rer equation (Eq.2). The data show no sub-
stantial changes in the crystal size, which 
agrees with the FIB images in Table 5, showing 
the grain structure of the plated copper at dif-
ferent bath age. Beside the relative intensities 
of the crystal orientations, the crystallograph-
ic density and the lattice constant is also of 
interest whether there is a preferred orienta-
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Table 3: Crystal size of the deposit at different bath age.

Table 4: Lotgering factor at different bath age for different XRD peaks.

Table 5: Grain structure of the deposit over bath age. 
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Table 6: Impurity analysis over bath age.

and for Cl, X-ray fluorescence spectroscopy 
(XRF spectroscopy).

Beside carbon, no other non-copper ele-
ments were detected. Carbon is being incorpo-
rated only in very small quantities. No signifi-
cant increase in carbon content was observed 
as the bath aged. 

Physical and Thermal Properties
The two most important physical properties 

for PCB manufacturing are tensile strength and 
elongation %, these properties show the toler-
ance of the deposit for thermal stress. The cop-
per deposit plated with additives suppressor, 
grain refiner, and leveler will show characteris-
tic physical properties. 

Eq. 4

Eq. 5

Eq. 6

Tensile strength and elongation were mea-
sured according to the IPC TM-650, 2.4.18.1 
test method standard. A stainless-steel panel 
was plated with the current formulation. Sam-
ple strips were extracted from the plated pan-
el and baked in an oven at 125°C for four to 
six hours. A production mechanical proper-
ty test instrument was used to test the strips. 
The measurements were used to calculate ten-

sile strength and elongation % using equa-
tions 4, 5, and 6. Figure 11 shows the results 
at two different bath ages, fresh bath and bath 
age around 62 Ah/L. According to the results, 
properties improved with the bath age.

Conclusions 
In summary, a new via fill chemistry is intro-

duced in this paper. The formulation showed 
excellent via fill capability, with minimum sur-
face copper. Over bath age, very low TOC was 
observed and insignificant foreign element up-
take in the copper deposit was observed. Eval-
uation of structure showed stable crystal struc-
ture during aging, with a slightly preference on 
the (111) plane. The hardness of the plated de-
posit was 79 ± 8 HV0.05 regardless of the bath 
age. The physical properties, tensile strength 
and elongation improved as the bath aged. All 
the additive components can be analyzed us-
ing CVS analysis. PCB007 

Figure 11: Tensile strength and elongation of the plated 
deposit.
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At the recent CPCA Show 2018 in Shanghai, Jochen 
Zeller, vice president of AWP Group, sat for an interview to 
discuss the challenges impacting wet processing, such 
as the continuing miniaturization trend leading to finer 
widths and line spacings. Zeller also explains his perspec-
tive on the need for integrated, automated lines in a facto-
ry, and how this benefits PCB manufacturers. Other topics 
include AWP Group’s part in Whelen’s engineering project, 
the technology they provided, the challenges encountered, 
and how they were able to help address those issues.

RTW CPCA Show: AWP Discusses Whelen Engineering Project Success
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ers that rely on Chinese materials, components 
and equipment to produce their products. 

Combining Strengths Synergistically: 
PDS and Green Circuits E
Power Design Services (PDS) and Green Cir-
cuits have just announced their merger. I-Con-
nect007 Publisher Barry Matties recently sat 
down with Joe O’Neil and Matthew Becker of 
PDS, along with Ted Park of Green Circuits, to 
get the full scoop. 

ACT Completes Acquisition of ECT E
Additive Circuits Technologies LLC (ACT) is 
pleased to announce the conclusion of a cor-
porate reorganization and the incorporation of 
assets acquired from EarthOne Circuit Tech-
nologies (ECT) and technology advancements 
for Autonomous Vehicles. 

Sustaining F-35 Electronic Warfare 
systems E
BAE Systems has received a contract from 
Lockheed Martin to ensure the readiness of 
critical electronic warfare (EW) systems on the 
F-35 Lightning II fighter aircraft. 

Sparton Teams with Raytheon on Next-Gen 
Mine Neutralization System E
Sparton Corp. will team with Raytheon to sup-
port the design, test, and deployment of the 
next generation Barracuda Mine Neutraliza-
tion system. 

Lasers in Space: Earth Mission Tests
New Technology E
Imagine standing on the roof of a building in 
Los Angeles and trying to point a laser so ac-
curately that you could hit a specific building 
in San Diego, more than 100 miles (160 kilo-
meters) away. 

It’s Only Common Sense: Finally, State Dept
Shows its Teeth on ITAR E
A good friend of mine sent me this article he 
received in an email from the law firm of Wil-
liams Mullins. Read it and weep, ITAR offend-
ers! Law-abiding companies, rejoice. 

Testing Todd: AVI—Your Tireless Friend
in Final Inspection E
The “automation vs. human” debate contin-
ues. There are experts with many years of ex-
perience performing final inspection with pre-
cise detail. This is not debated. However, cir-
cumstances change with unpredictable results.
 
Triangle Labs: Covering the Niche Market 
of Large Boards E
I recently had the opportunity to speak with John-
Michael Gray, president of Triangle Labs. We had 
quite a discussion on their rather unique capa-
bility of building large-format PCBs and multilay-
ers—perhaps the largest PCBs in the world. 

Tariffs on China Could Harm U.S. 
Electronics Companies E
IPC—Association Connecting Electronics In-
dustries today warned that the Trump adminis-
tration’s plan to impose higher tariffs on goods 
imported from China could harm many small- 
and medium-sized U.S. electronics manufactur-
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Abstract
The characteristics of electroless gold/palla-

dium/gold (IGEPIG) deposit, which has been 
newly developed for fine-line application as 
electroless nickel-phosphorus (EN) free, has 
been compared with that of conventional elec-
troless Ni-P/Pd/Au (ENEPIG) deposit and elec-
troless Pd/Au (EPIG) deposit. 

The IGEPIG deposit had excellent wire bond-
ing reliability (WBR) compared with other de-
posits even if the gold thickness of IGEPIG at 
the top surface was less than that of the EPIG 
and ENEPIG deposits. From the results of AES 
analysis after heat treatment for 16 hours at 
175°C, Pd and Cu was hardly detected at the 
top surface of Au, and it indicated that IGEPIG 
deposit prevented Cu and Pd diffusion. Also, 
it was revealed by EBSD (electron back scat-
ter diffraction pattern) analysis that Pd grain 

size on Au was about ten times bigger than 
those on a Pd-activated copper surface. It was 
assumed that the prevention of Pd and Cu dif-
fusion was relative with bigger Pd grain size of 
IGEPIG deposit.

Solder joint reliability (SJR) of IGEPIG de-
posit with SAC305 (Sn-3.0Ag-0.5Cu) solder 
ball is better than that of EPIG deposit, and 
almost the same with that of ENEPIG depos-
it. IGEPIG deposit had excellent pattern ability, 
because of no EN deposit and Pd activator pro-
cess compared with ENEPIG and EPIG. 

Introduction
Recently, the pattern of copper lines and 

spaces on PCBs has become narrower with 
the miniaturization of the integrated circuit. If 
using a conventional ENEPIG process with a 
nickel thickness of 5–6 μm, it will be easy to 
cause short circuits between each pattern line 
because of over-plating. Electroless nickel plat-
ing grows both vertically and horizontally, thus 
increasing the chance of bridging traces when 
the distance between traces is small. Converse-
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ly, the electroless palladium and immersion 
gold plated deposits are normally quite thin 
which reduces chance of metal bridging. 

In addition, there is the requirement for re-
ducing the EN deposit because less electronic 
signal loss is necessary for RF (radio frequen-
cy) module. As an EN-less or EN-free process, 
the electroless thin Ni/Pd/Au (thin ENEPIG) 
or EPIG process has been proposed. However, 
the pattern ability of thin ENEPIG has some re-
strictions for extremely fine patterns because a 
Pd activator process is used. In some cases, re-
sidual Pd activator (catalyst) could remain be-
tween traces, even with thorough rinsing, and 
help to serve as sites for extraneous metal plat-
ing between traces. And the WBR of EPIG after 
heat treatment (HT) was inadequate, especial-
ly when the gold thickness is less than 0.1 μm. 
The main factor is that WBR becomes worse 
by HT is Pd and Cu diffusion to the top sur-
face of Au. 

After much examination, we developed the 
IGEPIG process without Pd activator or any EN 
deposit as a new process which has excellent 
WBR and pattern ability. In this study, we in-
troduce the performance of the IGEPIG deposit.

All three finishes discussed are wet plating 
processes, depositing metals from aqueous so-
lutions. ENEPIG utilizes both immersion reac-
tions (palladium catalyst and immersion gold) 
and electroless reactions (electroless nickel 

and electroless palladium). EPIG utilizes im-
mersion reactions (palladium catalyst and im-
mersion gold) and one electroless palladium 
step. IGEPIG utilizes two immersion reactions 
(an initial immersion gold and final immer-
sion gold) and one electroless palladium step. 
All three processes utilize the same aqueous 
chemical pre-treatment of cleaning, copper mi-
cro-etching, and acid dipping.

Experimental Methods
The coupons used in this study consisted of 

a copper-clad laminated substrate which was 
copper plated to a thickness of 20 µm using 
an acid copper electroplating process. For SJR 
tests, the copper-plated substrate was coated 
with solder mask and imaged to form the sol-
der ball pads of 0.25 mm diameter. Further-
more, the substrate of the copper pattern with 
20 µm space of the wiring line was used for 
evaluating of the pattern ability. Each substrate 
was plated with EPIG, ENEPIG and IGEPIG by 
using plating chemicals commercially avail-
able from Uyemura. Table 1 shows the plat-
ing process of each deposit. For Pd plating of 
ENEPIG deposit, pure Pd and Pd-P type were 
compared. And pure Pd type was used for Pd 
plating of EPIG and IGEPIG.  

As the solder ball for the evaluation of SJR, 
0.3 mm diameter of Sn-3.0Ag-0.5Cu was used. 
The reflow profile with the top temperature of 

Table 1: Plating processes of ENEPIG, EPIG and IGEPIG.
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240°C or 260°C was applied for mounting the 
solder ball as shown in Figure 1. SJR was mea-
sured by ball pull (BP) test as shown in Table 
2. The cross-section image of the deposits was 
observed by FIB-SEM. Electroless Ni was plat-
ed to protect Au deposit at the top surface be-
fore FIB. And the cross-section image of inter-
metallic compounds (IMC) after mounting the 
solder ball was observed by FE-SEM after pol-
ishing by cross section polisher. 

WBR was evaluated by wire bonding and 
pull test as shown in Table 3. The condition of 
heat treatment for WBR was done for 16 hours 
at 175°C. 

The element analysis at the top surface for 
each deposit was measured by Auger elec-
tron spectroscopy. The conditions of AES are 
shown in Table 4.

Inverse pole figure (IPF) image of the cross-
section for each deposit was observed using 

Figure 1: Reflow profiles.

Table 2: Test conditions of ball pull (BP) test. Table 3: Test conditions of wire bonding.



62    PCB007 MAGAZINE   I   JUNE 2018

FE-SEM equipped with OIM (orientation im-
aging microscopy) system of EBSD after pol-
ishing by CP and carbon coating. EBSD condi-
tions are shown in Table 5.

Results and Discussion

Pattern Ability 
The ability to plate fine patterns is demand-

ed for most of today’s boards and packages. 
While electroless nickel plated layers serve as 
an excellent diffusion barrier to copper, limits 
are being seen for deposit thickness in many 
of the new board designs. Figure 2 shows the 
comparison of plating pattern ability between 
IGEPIG, EPIG, and ENEPIG deposits with pure 

Pd. Although ENEPIG process had over-plat-
ing in the space of the wiring line and a little 
over-plating was observed for EPIG deposit, no 
over-plating was observed for IGEPIG depos-
it. It seemed that the thickness of EN depos-
it was main factor of over-plating while the Pd 
chemical activator process also had some in-
fluence. Because IGEPIG process has no elec-
troless nickel and activator process, the pattern 
ability was excellent compared to the others.

Solder Joint Reliability
For the evaluation of SJR for each deposit af-

ter mounting the solder ball, BP was evaluated 
by the failure mode after pulled the solder ball 
as shown in Figure 3. Points were assigned to 
four types of failure mode. For complete bro-
ken case in the solder ball, 5 points were as-
signed. If the broken interface contained less 
than 25% IMC, 2.5 points was assigned. Final-

Table 4: AES conditions.

Table 5: EBSD conditions.

Figure 3: Failure mode of BP and BP point for each ball.

Figure 2: Optical microscope image of fine line pattern 
with L/S=30 μm/20 μm (a) before plating, (b) after IGEPIG 
plating, (c) after EPIG plating, (d) after ENEPIG plating.
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ly, if the broken interface contained more than 
25% IMC or voids, zero points was assigned. 
For example, if all 20 balls were broken com-
pletely at the solder without IMC appearance, 
total point results equal 100 since five points 
were assigned for each ball. 

Total BP points are shown in Table 6 for each 
deposit and each reflow condition. For ENEPIG 
deposit with Pd-P, BP points were 100 even 
when the reflow condition was 5x at 260°C, 
which condition is too severe and usually not 

required. IGEPIG and ENEPIG 
with pure Pd deposits were 
also 100 except for 5x reflow 
at 260°C. The important thing 
is that SJR of IGEPIG was al-
most same with that of EN-
EPIG with pure Pd, which is 
entirely acceptable for indus-
try, and was better than that 
of EPIG deposit. 

The cross-section image of IMC was observed 
to consider difference of SJR when reflow con-
dition was one time at 260°C. From IMC ob-
servation results of Figure 4, (Cu, Ni)6Sn5 was 
formed as layer 1 and Ni+Ni3P was formed 
near Ni-P layer as layer 2 when ENEPIG de-
posit was used both with Pd-P or pure Pd[1, 2,3). 
On the other hand, Cu6Sn5 was formed as layer 
1 and Cu3Sn was formed near Cu layer as lay-
er 2 when EPIG or IGEPIG deposit was used[4). 
IMC which formed from ENEPIG deposit was 

Table 6: Ball pull points of each deposit.

Figure 4: Cross-section image of IMC; (a) ENEPIG with Pd-P, (b) ENEPIG with pure Pd, (c) 
EPIG, and (d) IGEPIG, one time reflow at 260°C.
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thin and uniform compared with that in case 
of IGEPIG and EPIG. It seemed that this thin 
and uniform IMC resulted in excellent SJR. 
The difference of SJR for P contents in EP lay-
er for ENEPIG deposits had already reported[5).

The cross-section images of deposits before 
mounting solder ball were also observed as 
shown in Figure 5 to consider the difference 
of EPIG and IGEPIG. A lot of voids were ob-
served between Pd layer and Cu for EPIG de-
posit. On the other hand, it is difficult to con-
firm any voids in this magnification for IGE-
PIG deposit. Generally, voiding between cop-
per and plated metal is influenced by copper 
surface roughness, the type of electrolytic cop-
per, the kind of palladium activator, soft etch-
ing, etc. It was assumed that the palladium ac-
tivator process caused these voids because this 
process is a displacement reaction with cop-
per and these voids had some worse influence 
for SJR of EPIG deposit, compared with that of 
IGEPIG deposit.

Wire Bonding Reliability
WBR was evaluated by pull 

strength of gold wire pull test 
for the sample as plated and 
after heat treatment as shown 
in Table 7. For the sample as 
plated, wire pull strength of 
EPIG, ENEPIG and IGEPIG de-
posits were all sufficient. For 
the sample after heat treat-
ment (HT) for 16 hours at 

175°C, wire pull strengths of EPIG and ENEPIG 
deposits decreased. On the other hand, though 
the strength for IGEPIG deposit became slight-
ly worse after HT, the value was still sufficient 
and comparable to ENEPIG and EPIG deposits 
without heat treatment (the sample as plated).

The wide scans of AES were measured at 
the top Au surface of each deposit after HT as 
shown in Figure 6 to understand the difference 
of pull strength of Au wire. Though Pd for EN-
EPIG, Cu and Pd for EPIG were detected, these 
metals were not detected for IGEPIG deposit. 
The ratio of Pd, Cu, Ni, and Au intensity at Au 
surface after HT for each deposit was calculat-
ed from AES results as shown in Figure 7. Ob-
viously, IGEPIG deposit prevented Cu and Pd 
diffusion. The comparison between EPIG and 
ENEPIG showed EN barrier prevent Cu diffu-
sion. Wire bonding reliability related with the 
Au ratio at the top surface of each final fin-
ishing. Because Au ratio of IGEPIG was quite 
high even if it was after heat treatment, IGE-
PIG deposit had better potential of WBR than 

  Table 7: Pull strength of gold wire for each deposit, before and after heat  
  treatment for 16 hours at 175°C.

Figure 5: Cross-section image by FIB-SEM; (a)EPIG, (b) IGEPIG; *Ni; protecting layer of Au layer during FIB.
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ENEPIG deposit. It was assumed that Pd lay-
er of IGEPIG had some difference with that of 
EPIG because there was the different degree of 
Pd diffusion between EPIG and IGEPIG. So, as 
next step, Pd layer itself was focused for IGE-
PIG and EPIG deposit.

When the cross-section image of EPIG and 
IGEPIG deposits were compared by FIB-SEM 
which Pd was thicker as shown in Figure 
8, and the grain size of Pd layer for IGEPIG 

seemed to be much bigger than that for EPIG. 
For EBSD analysis, IGEP (Au/Pd) and EP (Pd) 
on Pd activator were utilized instead of IGE-
PIG and EPIG deposit. SEM image and the col-
ors of inverse pole figure (IPF) image which 
shows crystal orientation of each metal (verti-
cal plane) were compared at same magnifica-
tion in Figure 9. It was easy to distinguish the 
interface between Pd and Cu from SEM imag-
es. However, it was difficult to distinguish the 

Figure 6: Wide scan results of AES for each deposit after 16 hours at 175°C.

Figure 7: Ratio of Pd, Cu, Ni, and Au intensity at the top surface for each deposit after 16 hours at 175°C.
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interface between Cu and Pd from IPF image 
for IGEP deposit, which Pd area had partial-
ly same color with Cu area. Obviously, it in-
dicated that Pd crystal orientation grew along 
with that of Cu for IGEP deposit. This may re-
late with the crystal lattice that Cu, Au, and Pd 
are face-centered cubic (FCC). The gold lay-
er of IGEP deposit was too thin to observe in 
this EBSD condition, which the sample tilt was 

70 degrees and the accelerating voltage and ir-
radiation current of this condition are higher 
than those of high resolution conditions.

On the other hand, Pd grain size was very 
small for EP deposit which Pd layer deposited 
from palladium activator on copper and this 
crystal orientation of Pd grain was random. It 
was very difficult to analyze EBSD pattern be-
cause the grain size was small. So, there were 
a lot of black parts in IPF image of EP depos-
it. The average grain size of Cu as under lay-
er was around 0.7 µm from the calculation by 
EBSD analysis, which grain boundaries was 
defined as more than 5 degrees. The average 
grain size of Pd deposit on Au layer was about 
0.34 µm, which had same order with Cu grain. 
However, Pd grain size which deposited from 
Pd activator on copper was less than 0.045 µm 
which is an order less than that of Cu. It means 
the Pd layer did not grow along with Cu struc-
ture. In the case of ENEPIG with pure Pd, be-
cause Ni-P layer is known as an amorphous 

Figure 8: FIB-SEM image; (a) EPIG with 1.2 μm Pd, 
(b) IGEPIG with 1.2 μm Pd.

Figure 9: EBSD results; (a) SEM image of IGEP, 
(b) IPF image of IGEP, (c) SEM image of EP on Pd 
activator, (d) IPF image on Pd activator, 
(e) color-coded map of IPF images.
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structure, the Pd grain size of 
the Pd layer also seemed to 
small size. From these results, 
it was thought that Au on Cu 
and Pd on Au deposited as epi-
taxial growth along with crys-
tal orientation of under layer, 
and this fact resulted in bigger 
Pd grain on IG. 

WBR of IGEPIG was more 
superior to that of other conventional process. 
The superiority of WBR came from prevention 
of Cu and Pd diffusion to the top surface of Au 
from the AES results. EBSD analysis revealed 
that Pd grain size of IGEPIG was quite bigger 
than that of EPIG and Pd crystal orientation of 
IGEPIG was same with that of Au on Cu and 
Cu itself. It seemed that Au on Cu and Pd on 
Au were formed as epitaxial growth along with 
Cu crystal orientation of under layer. For IGE-
PIG deposit, it was assumed that the preven-
tion of Pd and Cu diffusion came from bigger 
Pd grain size of IGEPIG deposit and resulted in 
excellent WBR even if after HT. 

Because Pd grain size depends on the crys-
tal structure of Cu, it will be necessary to in-
vestigate the influence of electrolytic Cu type, 
grain size of Cu, the condition of etching and 
Au plating bath condition on Cu, and so on. 

Conclusions
The IGEPIG process had better pattern abil-

ity for narrow spaces, compared with the con-
ventional ENEPIG and EPIG process because 
of the elimination of EN and Pd activator pro-
cess. IGEPIG deposit indicated excellent WBR 
after HT for 16 hours at 175°C, compared 
with EPIG and ENEPIG deposits, even if Au 
thickness of IGEPIG at the top surface was 
same with that of EPIG and ENEPIG depos-
its (Table 8).

From the results of AES analysis after HT, it 
was confirmed that no Pd or Cu was detected 
at the top surface of Au when using IGEPIG de-
posit, although Pd or Cu diffusion was detected 
when using EPIG or ENEPIG deposit. At same 
time, the mechanism which Pd diffusion pre-
vention was relative with bigger Pd grain size 
was clarified by using cross sectional EBSD. 

Additionally, SJR of the IGEPIG deposit was al-
most same with that of ENEPIG with pure Pd 
and was better than EPIG deposit when using 
Sn-3.0Ag-0.5Cu as solder ball. PCB007
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PTH Failure Mechanisms and 
Using IST as a Tool, Part 1

Trouble in Your Tank
Feature Column by Michael Carano, RBP CHEMICAL TECHNOLOGY

Introduction
Getting to the root cause of a defect is not a 

simple task. As stated numerous times in these 
columns over the last several years, a defect 
may have its genesis in a process or process-
es several steps removed from the operation 
where the defect manifests itself. This edition 
of “Trouble in Your Tank” will elucidate the 
difficulty of root cause defect analysis when 
incorrect assumptions (and thus conclusions) 
are made. Further, I will illustrate that when 
proper tools are used to study the issue, addi-
tional data is gathered that supports the actual 
cause of the defect. 

The Issue
In this instance, a fabricator was in the pro-

cess of evaluating a different electroless cop-
per process. While the initial start-up and sub-
sequent production was satisfactory, there 
was a defect noted after several weeks of op-
eration. At first, in-circuit test 
(ICT) found an open. Cross-
sectioning revealed a fracture 
in the electroplated copper af-
ter solder float. The fabricator 
then decided to perform additional testing us-
ing interconnection stress test (IST) from PWB 
Interconnect Solutions. The internal brain-
storming team strongly felt this issue must be 
related to the electroless copper process. Yet 
there was no concrete evidence to support this 
theory. 

What follows is a systematic procedure to 
get to the root cause of the problem. But first, 
a bit of background on IST.

IST Testing and Mechanism
IST has been a standard failure analysis 

method in the industry for over two decades. 
IST is a tool that provides insight into PWB 
failure mechanisms and allows fabricators and 
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chemistry/material suppliers to make improve-
ments in the fabrication process to enhance 
long-term reliability. These improvements are 
not exclusive to process and materials as de-
sign of the PWB may also contribute to failure.

IST has both the capability of effectively and 
rapidly quantifying the integrity of the plated 
through-hole (PTH) and the unique ability to 
identify the presence and levels of post sepa-
ration within the multilayer board (MLB)[1]. A 
typical IST coupon has two circuits typically 
designed into the coupon: a power circuit for 
direct heating through the interconnect and a 
sensing circuit to measure stress and strain in 
the barrel of the PTH. 

This test method measures cycles to fail-
ure on these specially designed IST coupons 
that are thermally cycled using current flow 
through internally heated circuits that heat the 
coupon and the adjacent plated-through holes. 
Failure is defined as a 10% increase in the re-
sistance of the PTH[2]. 

In short, there are any number of factors that 
can precipitate the failure of either the electro-
less copper-to-post interconnect, or the failure 
of the electroplated copper in the via itself. In 
terms of failure in the plated-through hole or 
the post interconnect, thermal excursions are 
the major cause of failures. Figure 1 depicts a 
schematic of key defects in the plated through-
hole that are thermally induced. 

The primary cause of barrel cracking is the 
CTE mismatch between the resin matrix and 
the electrodeposited copper. This is taking 
place in the Z-axis. Movement in the X-Y plane 
is somewhat more restricted than in the Z-ax-
is due to the glass fiber reinforcement. In addi-
tion, the resin CTE increases sharply above its 
glass transition temperature, causing further 
CTE mismatch strain induction on the copper 
and the potential for PTH/PTV failure. 

With all this information, where does the 
fabricator go from here? Certainly, using high-
er Tg, lower CTE materials would be a bene-
fit for improved reliability. But at what added 
material cost? In addition, a change in material 
will certainly impact other aspects of the board 
including electrical functionality that may not 
be acceptable to the end user.

Interconnect defects (ICD)—that is, the sep-
aration of the plated copper (either electroless 
or electrolytic) from the post innerlayer—is 
a different failure mechanism than described 
above. The good news is that IST testing can 
differentiate between barrel cracking failures 
and ICD failures. The bad news is these are 
both failures. However, understanding what 
the actual failure is will help guide the trouble-
shooter to get to the root cause of the defect.

So, assuming the material set is as is and the 
board construction is as is, let’s first describe 
the defect and work through the troubleshoot-
ing process.

Zeroing in on the Problem
As described earlier, several boards failed due 

to an open detected after solder float. While 
the operations team wanted to blame the new-
ly installed PTH process, closer inspection of 
the problem showed that the defect was barrel 
cracking, not a separation or any other defect 
related to electroless copper. To study the issue 
further, the fabricator decided to use IST and 

Figure 1: Common failure mechanisms in plated through-
holes. (Source: IPC Wisdom Wednesday presentation, 
July 2017)
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downloaded the design file. A schematic of the 
design is shown in Figure 2. Test panels were 
fabricated as follows: 

Stress test (IST) coupon containing plated 
through-hole technology on a 5.0” (126.9 mm) 
X 0.7” (17.8 mm) cou-
pon with a total thick-
ness up to and not ex-
ceeding 0.125” (3.2 mm) 
and limited to a mini-
mum of six layers. This 
coupon is designed on 
two independent grid 
sizes, 0.040” (1 mm) 
and 0.080” (2 mm). The 
maximum hole/pad size 
for the .040” (1 mm) 
grid is 0.015” (.38 mm) 
drilled and pad size is 
0.028” (.7 mm), on both 
power and sense circuits. 
The maximum hole/pad 
size for the .080” (2 mm) 
grid is .056” (1.42 mm) 
drilled and pad size is 
.068” (1.73 mm), on the 
power circuit.

The test vehicles as de-
scribed here were built 
in-house by the fabrica-

Figure 2: IST coupon GT40800D. 
(Source: PWB Interconnect Solutions) Figure 3: Resistance measurements for the two indepen-

dent circuits. The “P” is the power circuit—where the 
direct heat is transferred through the post interconnect 
and measures change in resistance through the post. 
The “S” circuit measures the resistance change through 
the PTH or barrel of the hole.  Results for the test vehicle 
with previous electroless copper.

Figure 4: Resistance measurements for the two independent circuits. The “P” is the 
power circuit—where the direct heat is transferred through the post interconnect 
and measures change in resistance through the post. The “S” circuit measures the 
resistance change through the PTH or barrel of the hole. Results for the test vehicle 
with newer electroless copper.
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tor and processed through the facility. One set 
of panels was processed through the previous 
electroless copper process. Another set was 
processed through the new electroless. All oth-
er process steps were identical.

Several coupons each were prepared for IST 
testing. Initial IST results are shown in Figure 3.

Figure 5 shows the results of microsections 
of the test vehicle coupons after completion of 
the IST cycles.

As the IST results show, the failure was due 
to cracking in the PTH (barrel). Note the sig-
nificant change in resistance detected in the 
sensing circuit. The power circuit resistance 
showed little to no change, indicating a robust 
post connection. 

It was clear that the failure in the barrel is re-
lated to poor ductility of the acid copper elec-
trodeposit. There was no evidence of under-
cured resin material that could have partially 
explained the excessive Z-axis expansion.

Clearly, the root cause of the defect rested 
within the plated through-hole. If there was 
significant change in the post interconnect, 
one could assume that a less than robust elec-
troless copper-to-post interconnection was at 
least contributing to the failure. But in this in-
stance, that was not the case. The failure clear-
ly rested within the plated barrel of the via. 

Thus, possible failure contributors in the 
PTH are:

• Low ductility of the electroplated copper 
   due to additive imbalance or contamina-
   tion of the plating solutions

• Thin electroplated copper in some areas 
   of the via (poor throwing power, rough 
   drilled vias, too low of a current applied)
• Columnar grain structure of the plated 
   copper deposit (yielding a deposit of poor 
   ductility)

To understand the failure hierarchy, it can 
best be described as follows: If the PTH barrel is 
robust (or the post interconnect quality is very 
poor), the inter-plane connection will receive 
increased/extended levels of strain and thus 
fail. If the PTH barrel is not robust, the failure 
mode of barrel cracking will totally dominate 
the interconnect performance, thus the stress-
es are not given the opportunity to distribute to 
the innerlayer copper foil interface to cause mi-
crocracks. The data collected and the visuals of 
the microsection clearly indict the plated barrel 
as the failure mode.

For the engineer reading the resistance graph 
and using the quantitative data of cycles to fail-
ure, insight on the failure mode can be gained. 
It is critical that the actual failure mode is iden-
tified.  PCB007
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Figure 5: Close-up of PTH cross-section (left); wider view on right. Clearly, barrel cracking is the failure mode.
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People tend to treat standard and non-stan-
dard products in the same way; however, they 
represent two parallel product segments and 
consequently different challenges for your 
Lean manufacturing process, especially in re-
lation to production and logistical operations. 
When you fail to differentiate the processing of 
standard and non-standard products, not only 
is the Lean manufacturing process disrupted, 
but you also introduce a variety of production, 
financial and logistical challenges. Why take 
the risk when you don’t have to?

Supply Chain Programs
Supply chain programs are designed to de-

crease inventory, space requirements, lead 
time and potential quality defects. These pro-
grams focus on standardized products as their 
supply chain can be optimized to increase flex-
ibility, theoretically reduce costs, and increase 

credit terms, or as some might argue, transfer 
credit risk to the supplier. 

Literature states that these programs are spe-
cifically designed to address standardized prod-
ucts[1]. Non-standard products are described as 
articles, which are customer-unique and de-
signed for a specific purpose[2] (e.g., PCBs and 
metal casing in the electronic industry).

A supply chain program designed to handle 
these parallel product segments will conse-
quently fail, because you are trying to “open 
two locks with one key at the same time.”  
If the aim is to solve the challenges described, 
you should begin by understanding the  
capability and goal of the supply chain pro-
gram and consequently what it is not able 
to handle, which will be non-standardized  
products.

Lean Challenges: Standard vs. 
Non-Standard Products

The PCB Norsemen
by Didrick Beck, ELMATICA
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What program have you selected?
Let’s look at different supply chain programs 

and their methodological framework.

Lean Manufacturing
Lean manufacturing is focused on preserv-

ing value with less work. The focus is on re-
duction of the original Toyota seven wastes 
to improve overall customer value, but there 
are varying perspectives on how this is best 
achieved. Two aspects include:

Reduction of time: Reducing the time it takes 
to finish an activity from start to finish is one 
of the most effective ways to eliminate waste 
and lower costs.

Reduction of total costs: To minimize cost, a 
company must produce only to customer de-
mand. Over-production increases a company’s 
inventory costs because of storage needs[3].

Just in Time
Just in Time (JIT) is a production strategy 

that strives to improve return on investment by 
reducing in-process inventory and associated 
carrying costs. To meet JIT objectives, the pro-
cess relies on signals (Kanban) between differ-
ent points that are involved in the process and 
tell production when to make the next part. 
JIT focuses on continuous improvement and 
can improve a manufacturing organization’s 
return on investment, quality, and efficiency. 
To achieve continuous improvement, key areas 
of focus could be flow, employee involvement, 
and quality[4]. 

Kanban
This is a method for managing knowledge 

with an emphasis on JIT delivery while not 
overloading the team members. In this ap-
proach, the process, from definition of a task, 
to delivery, to the customer, is displayed for 
participants to see as team members pull work 
from a queue[5]. 

Consignment Stock
With consignment stock, a supplier places 

its stock in the customer’s warehouse and the 
ownership of the consignment stock is passed 
to the customer when the stock is used (issued 

or sold in the case of a shop). Unused stock 
in a warehouse may be returned to the sup-
plier when it concerns standard manufactured 
products. With customer-specific items, agree-
ments concerning returning products should 
be negotiated[6].

Continuous Replenishment Program (CRP)
CRP includes the same aspect as Lean manu-

facturing from the perspective of warehousing 
and handling.

Vendor Managed Inventory
With vendor-managed inventory, the buy-

er of a product (business) provides informa-
tion to a supplier (supply chain) regarding the 
sale of a product, and the supplier takes full re-
sponsibility for maintaining an agreed invento-
ry of the material, usually at the buyer’s con-
sumption location (e.g., a store)[7]. 

Irrespective of the program selected, you are 
quickly presented with the same challenge: 
How can a rigid and homogenous manufactur-
ing process system address non-standardized 
products that are unique and customer-specif-
ic? If the systems are designed for optimization 
and volume production, does that imply they 
cannot handle non-standardized products?

Non-Standard Products
Supply chain programs are designed to re-

duce the impact on inventory, space, lead time 
and quality defects. These elements are anal-
ysed here and demonstrate that this is not ap-
plicable for non-standard products.

Inventory
Supply chain programs focus on the idea of 

a small stock with continuous replenishment 
of orders, often divided into a staged ware-
house. As soon as your demand for produc-
tion increases or decreases, you adjust the cur-
rent and planned orders, making sure the in-
ventory stays at a minimum. Even though you 
lose out on the advantage of placing volume 
orders and you will probably get some upset 
suppliers, you still end up saving money. Or 
do you? Studies show that your suppliers will 
start to adapt to this kind of order frequency 
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and changes, increasing your price. Is JIT a 
good choice for non-standard products (made-
for-order product)?

• Continuous replenishment of stock will 
consequently also increase handling and 
transportation costs for all parties.

• Most buyers will seek to reduce their in-
ventory, as inventory equals costs when 
cash flow is tied up in the warehouse.  
Accounting and logistic departments are 
knowledgeable in this respect and seek  
to continuously reduce the inventory. 
However, do you compare the price of 
credit compared to volume orders! Re-
member if you ask your supplier to hold 
the stock he will also have to adjust to  
this reality and in the medium to long  
run increase the price.  

Space
Most non-standardized products (e.g., PCBs) 

require very little space and should not be a 
challenge regarding space. Many customers’ 
unique products also have a shelf life and con-
sequently storage time can be a limitation. 
Hence, these products should optimally be 
produced to order. 

Lead Time
Lead time will be reduced by these sup-

ply chain agreements. However, this reduc-
tion is dependent upon at least one party tak-
ing the extra cost of increased credit terms as 
the products are invoiced, according to con-
sumption in these programs. There is no rea-
son to store non-standard products in a cen-
tral storage for dispersal to several customers, 
because demand is customer unique. This im-
plies that somebody has to be responsible for 
the increase or decrease in demand and conse-
quently the cost!

Potential Quality Defects
The quality defect ratio for non-standard 

products and supply chain programs will, in 
practice, be equal to normal deliveries, hence 
there is no evidence of quality improvement 
from employing these programs for custom 

products. However, these programs will in-
crease the price of quality handling as defects 
will affect a wide array of complex processes in 
the supply chain such as storage, communica-
tion and transportation. Complex and custom-
er-specific products have more defects than 
standardized products. For example, if a non-
standard product is transported by sea and a 
quality defect is detected during assembly, the 
consequence will be significant with respect to 
new production (unique product), transporta-
tion, and assembly.

What is the solution for non-standard 
products and Lean manufacturing?

As demonstrated, the four goals of supply 
chain programs are not applicable to non-stan-
dard products. The question is, how do we ad-
dress the two elements these programs aim to 
achieve, namely, increased flexibility and cred-
it terms?

How do we reach the goal of increased flex-
ibility and credit terms at minimum cost? Be 
sure to set minimum and maximum stock, a 
large minimum yearly demand to ensure that 
no small products are subject to the supply 
chain program, and analyse parameters re-
garding shelf life and maximum time in ware-
house. This will allow for the implementation 
of automatic invoicing to reduce communica-
tion, since time is money.

Only consider non-standardized products 
for Lean manufacturing processes where you 
can provide the supplier with binding and 
adequate weeks forecast. This will allow the 
supplier to adjust the production volume and 

The question is, how do we 
address the two elements 

these programs aim to achieve, 
namely, increased flexibility 

and credit terms?
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transportation method and hence meet the 
customer’s demand and deliver new boards in 
time if there is a quality defect.

When these parameters are set, it’s simple 
to determine the total credit exposure for the 
supplier and see this in relation to the gener-
al credit terms given to the customer. If this is 
not analysed, then the credit terms can quickly 
reach more than 120 days. This is not optimal 
for any party and it can lead to cash challenges 
for the supplier, delivering custom products to 
you, and hence, not easily replaceable if they 
cannot or are not willing to deliver.

By understanding, discussing and agreeing 
to the exposure of both parties, namely for the 
buyer to provide a binding forecast and the 
supplier to have the correct credit terms, you 
can then establish an equilibrium situation 
that is optimal and favourable for both par-
ties, and a non-standardized product can be 
successfully handled in a Lean manufacturing 
process. 

Implementing non-standardized products in 
a Lean manufacturing process is hence suc-
cessful if we avoid normal, non-optimal cus-
tomer and supplier relationships and focus on 
a partner-oriented approach where informa-
tion and liability sharing represents the basis 
for cooperation.  PCB007
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The 5G-Crosshaul consortium was selected in 2015 
to develop a 5G transport network that would integrate 
backhaul and fronthaul, two typical segments of the 4G 
telecommunications networks. On the fifth generation of 
communication networks that is expected to replace 4G 
around 2020, these two segments merge into what is 
known as crosshaul, to enable a flexible and software-
defined reconfiguration of all networking elements in a 
multi-tenant, service-oriented and unified management 
environment.

The transport network now presented flexibly inter-
connects distributed 5G radio access and core network 
functions hosted on in-network cloud nodes. This config-
uration is achieved through the implementation of a con-
trol infrastructure coupled with a unified data plane, en-
compassing innovative high-capacity transmission tech-
nologies as well as novel deterministic-latency switch ar-
chitectures. “The data plane is like a muscle, while the 
control infrastructure would be like a brain. Thanks to 
their integration we can move a huge amount of data in a 
very short time, and we can do it by controlling how long 
it takes to perform this process,” explains one of the re-
searchers.

“It has been truly an honor to oversee one of the 
most ambitious 5G transport network research and de-
velopment efforts to date,” said the Coordinator of the 
5G-Crosshaul project, Arturo Azcorra, Professor at the 
Telematics Department of UC3M and Director of IMDEA 
Networks. “The successful results of the 5G-Crosshaul 
project have advanced scientific knowledge and the  
international standardization of 5G systems.”

Flexible and Dynamic Transport Solution for 
Future 5G Communications Developed

http://www.halfcostproducts.com/Standardization.htm
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1	Unimicron Germany Rises from the 	
	 Ashes with New Smart Factory E

This is a review of the 
grand opening of Uni-
micron’s new smart fac-
tory in Geldern, Germa-
ny. A fire in a PCB shop 
is an experience we 
all dread, but still it happens, and the conse-
quences can be devastating. In the early hours 
of December 28, 2016, the innerlayer produc-
tion plant at RUWEL International in Geldern 
caught fire and the whole factory and its con-
tents were destroyed. 

2	 Chin-Poon PCB Plant Fire to Affect 	
	 15% of Revenues E

Chin-Poon Industrial, which has more than 
70% of its revenues from the automotive elec-
tronics industry, has estimated that losses re-
sulting from a deadly fire at its production site 
in Taoyuan, Northern Taiwan on the evening 
of April 28 will amount to about NT$300 mil-
lion ($10.2 million).  

3	Flex Talk: Something New
	 for Everyone E
Whether you are new to single- and double-
sided flex, moving into rigid-
flex construction, thinking of 
using bookbinder technolo-
gy, or investigating an addi-
tive process, working with 
new technology can be both 
exciting and challenging. 

4	Printed Circuits Upgrades 
	 Photo Department E

Flex and rigid-flex circuit board manufactur-
er Printed Circuits 
has added two new 
pieces of equip-
ment to their photo 
department includ-
ing a new Orbotech 
Paragon 8-watt la-
ser direct imager and a Fusion 22 automatic 
optical inspection machine with laser via in-
spection capabilities.

Recent Highlights from PCB007
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http://pcb.iconnect007.com/index.php/article/110314/chin-poon-pcb-plant-fire-to-affect-15-of-revenues/110317/?skin=pcb
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5	It’s Only Common Sense:
	 Silence is Not Always Golden E

A few years ago, I worked 
with a client that won and 
then lost 30 customers all 
in the span of 10 months. 
They had bought the cus-
tomer base of a company 
that was going out of busi-
ness. 

6	The Right Approach: the Rebirth of
            Made in America E

I have been on the re-
cord for the past 10 
years saying that jobs 
we lost overseas may 
move out of China to a 
new low-cost country, 
but they were never coming back. I have nev-
er been happier to be wrong! I talk to a lot of 
CEOs, and the first question I ask is, “How’s 
business?” The answers are overwhelmingly 
positive, and it is clear that their optimism is 
at a level not seen for over a decade. America 
as a low-cost country. Think about that. 

7	AT&S Offers a Look into the Future 
	 of Connection Technology E

AT&S presented innovative technologies and 
trends in connection solutions at the 14th 
AT&S Technology Forum. Numerous interested 
customers were able to find out about the lat-
est developments in the electronics and print-
ed circuit board industry for areas such as mo-
bile devices, automotive, industrial, commu-
nications and medical technology and to ex-
change views with the AT&S experts.  

8	Nano Dimension Sells Three Printers, 	
	 Opens Customer Center at U.S. HQ E

Nano Dimension Ltd. has 
announced new sales of 
the DragonFly 2020 Pro 3D  
printer to three prominent 
American customers. Nano 
Dimension also announced 
the opening of its third Cus-
tomer Experience Center co-located with the  
company’s U.S. headquarters in Santa Clara, 
California.

9	Automotive, the Electronics 
	 Industry’s New Driver E

The automobile 
industry is becom-
ing a combination 
of most of the tra-
ditional electron-
ics segments: It’s 
a consumer prod-
uct with a computer, communications center, 
and a few medical monitoring-type tendencies 
(measuring your alertness, heart rate, etc.), 
all rolled (no pun intended) into one incred-
ible machine that is influencing our industry 
as none other. 

J	Varitron Technologies Ramps Up 
	 for Commercial Printable 
	 Electronics Production E
 
The intelliFLEX Innovation Alliance announced 
today that Varitron Technologies is joining its 
eco-system and making a substantial invest-
ment to develop its capabilities in flexible and 
hybrid electronics (FHE). 

For the Latest PCB News and Information, Visit: PCB007.com
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Career Opportunities

New Business Development 
Representative for USA market 

Taiyo Kogyo is a Japanese PCB manufactur-
er founded in 1962. Our unique and differentiated 
boards are used in various industry segments, and 
our products are appreciated for application in pow-
er electronics. High-current and thermal solution 
PCBs are our strength.

Position Summary: 
Responsible for creating new business and  

expanding business with existing customers in the 
U.S. Work at home, part-time (half-day/5 days a 
week) is okay. (Option: After six months, position can 
be upgraded to full-time, based on performance.)
 
Responsibilities:   
• Develop new customers: Work closely with local 
   sales representatives and independently in 
   territories without sales reps
• Educate and support local sales representatives 
• Operate as company’s U.S. Sales office and 
   communicate daily with Japanese headquarters 
   for smooth and speedy communications with 
   local sales reps and customers
• Travel and visit prospective customers with local 
   sales reps or alone to develop new customers 
   (about 6 to 10 times a year)
• Attend company booth at business expo (APEX) 
   during the show
• Search for and appoint competent local sales reps 
   in non-covered regions

Zentech Manufacturing 
is Hiring!

Looking to excel in your career and 
grow professionally in a thriving business? 
Zentech, established in Baltimore, Maryland, 
in 1998, has proven to be one of the premier 
electronics contract manufacturers in the 
U.S. 

Zentech is rapidly growing and seek-
ing to add a circuit layout team leader with 
hands-on Mentor Expedition experience. 
We offer an excellent benefit package in-
cluding health/dental insurance and an em-
ployer matched 401k program, and we hold 
the ultimate set of certifications relating to 
the manufacture of mission-critical printed 
circuit card assemblies, including: ISO:9001, 
AS9100, DD2345, and ISO 13485. Zentech is 
an IPC Trusted Source QML and ITAR regis-
tered.

U.S. citizens only need apply. 
Please email resume to 

sales@zentech.com.

mailto:hit-tomi@wa2.so-net.ne.jp
mailto:sales@zentech.com
https://www.zentech.com
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Career Opportunities

Technology Communications 
Writer/Content Manager

Board Systems Division

Mentor Graphics, a Siemens business, is a glob-
al technology leader in EDA software, enabling 
global companies to develop new and highly in-
novative electronic products in the increasingly 
complex world of chip, board, and system design.

Job Duties:
The Mentor printed circuit board (PCB) techni-

cal writer/content manager will:

• Write and produce high-quality content for 
   various properties (blogs, product collateral, 
   technical white papers, case studies, 
   industry publications, etc.).
• Gather research and data, interview subject 
   matter experts, and transform complex 
   information into clear, concise marketing 
   communications.
• Manage projects across multiple PCB product  

      teams (high-speed design/analysis, advanced 
   packaging, board design) within a 
   deadline-driven environment.

Job Qualifications:
The ideal candidate should possess:

• Strong writing and editing skills with 
   experience in PCB design technologies.
• Desktop publishing skills (InDesign) using 
   project templates and knowledge of online 
   publications and social media.
• A technical background (B.S. in electrical 
   engineering or computer science preferred; 
   this role works closely with the PCB division’s 
   technical marketing engineers and managers.
• Solid project planning and management skills; 
   appreciation for adhering to deadlines; 
   creativity for turning technical information 
   into compelling content; teamwork and 
   strong interpersonal communications skills; 
   ability to be a self-starter.

SMT Field Technician
Huntingdon Valley, PA 

Manncorp, a leader in the electronics assembly  
industry, is looking for an additional SMT Field 
Technician to install and support our wide array  
of SMT equipment.

Duties and Responsibilities:
• Manage on-site installation of equipment and 
    training of customers
• Troubleshoot and diagnose technical problems by 
    phone, email or additional on-site visits, when 
    necessary during post-installation service and support
• Assist with demonstrations of equipment to 
    potential customers
• Build and maintain positive relationships with 
    customers
• Produce service reports
• Cooperate with technical team and share 
    information across the organization
• Assist with the crating and uncrating of equipment

Requirements and Qualifications:
• Three to five years of experience with SMT 
    equipment, or equivalent technical degree
• Strong mechanical and electrical troubleshooting 
    skills
• Proficiency in reading and verifying electrical, 
    pneumatic, and mechanical schematics/drawings
• Organizational skills, detail orientated and capable 
    of multitasking
• Good written and oral interpersonal skills with an 
    ability to work under minimum supervision
• Ability to work with little supervision while traveling
• Availability for frequent travel
• Ability to arrange and schedule service trips
• USA Citizenship required

We Offer:
• Health & dental insurance
• Retirement fund matching

https://www.manncorp.com
mailto:cellis@manncorp.com
https://www.mentor.com
https://chc.tbe.taleo.net/chc01/ats/careers/v2/viewRequisition?org=MENTOR&cws=44&rid=6807
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Career Opportunities

Technical Service Rep, Northeast
Do you have what it takes? MacDermid Enthone 

Electronics Solutions is a leading supplier of specialty 
chemicals, providing application-specific solutions and 
unsurpassed technical support. 

The position of the Technical Service Rep will be re-
sponsible for day-to-day support for fabricators using 
MacDermid Enthone’s chemical products. The position 
requires a proactive self-starter who can work closely 
and independently with customers, sales group mem-
bers and management to ensure that customer expec-
tations and company interests are served.

• Thoroughly understand the overall PCB 
   business, and specifics in wet processing areas
• Prepare action plans for identification of root 
   cause of customer process issues 
• Provide feedback to management regarding 
   performance
• Create and conduct customer technical 
   presentations
• Develop technical strategy for customers
• Possess the ability to calm difficult situations 
   with customers, initiate a step by step plan, 
   and involve other technical help quickly to 
   find resolution

Hiring Profile
• Bachelor’s Degree or 5–7 years’ job-related 
   experience
• Strong understanding of chemistry and 
   chemical interaction within PCB 
   manufacturing
• Excellent written and oral communication 
   skills
• Strong track record of navigating technically 
   through complex organizations 
• Extensive experience in all aspects of customer 
   relationship management 
• Willingness to travel 

Zentech Manufacturing is Hiring 
Manufacturing Engineers!

Are you looking to excel in your ca-
reer and grow professionally in a thriv-
ing business? Zentech, established in 
Baltimore, Maryland, in 1998, has prov-
en to be one of the premier electronics 
contract manufacturers in the U.S. 

Zentech is rapidly growing and seek-
ing to add a Manufacturing Engineer. 
We offer an excellent benefit package 
including health/dental insurance and 
an employer-matched 401k program, 
and we hold the ultimate set of certifi-
cations relating to the manufacture of 
mission-critical printed circuit card as-
semblies, including: ISO:9001, AS9100, 
DD2345, and ISO 13485. Zentech is an 
IPC Trusted Source QML and ITAR regis-
tered.

U.S. citizens only need apply. 

Please email resume to 
sales@zentech.com.

https://www.zentech.com
mailto:sales@zentech.com
http://www.macdermidenthone.com
https://workforcenow.adp.com/jobs/apply/posting.html?client=MACDERMID1&ccId=19000101_000001&type=MP&lang=en_US
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Career Opportunities

Ventec Seeking U.S. Product 
Manager for tec-speed

Want to work for a globally successful and 
growing company and help drive that success? 
As a U.S.-based member of the product and 
sales team, your focus will be on Ventec’s signal 
integrity materials, tec-speed, one of the most 
comprehensive range of products in high-
speed/low-loss PCB material technology for 
high reliability and high-speed computing and 
storage applications. Combining your strong 
technical PCB manufacturing and design 
knowledge with commercial acumen, you will  
offer North American customers (OEMs, buy-
ers, designers, reliability engineers and the 
people that liaise directly with the PCB man-
ufacturers) advice and solutions for optimum 
performance, quality and cost.
 
Skills and abilities required:

• Technical background in PCB manufacturing/
   design
• Solid understanding of signal integrity solutions
• Direct sales knowledge and skills
• Excellent oral and written communication skills 
   in English
• Experience in making compelling presentations 
   to small and large audiences
• Proven relationship building skills with partners 
   and virtual teams
 

This is a fantastic opportunity to become part of 
a leading brand and team, with excellent benefits.

Please forward your resume to 
jpattie@ventec-usa.com and mention 

“U.S. Sales Manager—tec-speed” 
in the subject line.

PCB Manufacturing, 
Marketing Engineer

Use your knowledge of PCB assembly and 
process engineering to promote Mentor’s 
Valor digital manufacturing solutions via in-
dustry articles, industry events, blogs, and 
relevant social networking sites. The Valor di-
vision is seeking a seasoned professional who 
has operated within the PCB manufacturing 
industry to be a leading voice in advocating 
our solutions through a variety of market-
ing platforms including digital, media, trade-
show, conferences, and forums.

The successful candidate is expected to 
have solid experience within the PCB assem-
bly industry and the ability to represent the 
Valor solutions with authority and credibility. 
A solid background in PCB Process Engineer-
ing or Quality management  to leverage in 
day-to-day activities is preferred. The candi-
date should be a good “storyteller” who can 
develop relatable content in an interesting 
and compelling manner, and who is  com-
fortable in presenting in public as well as en-
gaging in on-line forums; should have solid 
experience with professional social platforms 
such as LinkedIn.  

Success will be measured quantitatively in 
terms of number of interactions, increase in 
digital engagements, measurement of senti-
ment, article placements, presentations de-
livered. Qualitatively, success will be mea-
sured by feedback from colleagues and rele-
vant industry players.

This is an excellent opportunity for an in-
dustry professional who has a passion for 
marketing and public presentation.

Location flexible: Israel, UK or US

http://www.ventec-group.com
mailto:jpattie@ventec-usa.com
https://www.mentor.com
https://chc.tbe.taleo.net/chc01/ats/careers/v2/viewRequisition?org=MENTOR&cws=44&rid=6807
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Career Opportunities

Technical Support Engineer, UK

As a UK-based Technical Support Engineer, 
you will help customers choose and optimize 
the use of Ventec materials in their Printed Cir-
cuit Board manufacturing processes. You will 
provide a two-way channel of technical com-
munication between Ventec’s production facil-
ities and UK/European customers.  You will be 
required to undertake some laboratory testing 
(including the use of TMA, DSC, Melt Viscom-
eter, Gel Plate Timer, and laboratory scale mul-
tilayer presses) and provide appropriate tech-
nical support to Ventec UK and European sales 
personnel to maximize results.

Skills and abilities required for the role:
• Hold a HNC, HND, degree or equivalent in 
   a technical/scientific discipline.
• Excellent communications skills and 
   ability to write full technical reports for 
   group or customer distribution.
• Ability to work in an organized, proactive, 
   and enthusiastic way.
• Ability to work well, both in a team as well 
   as an individual.
• Good user knowledge of common 
   Microsoft Office programs.
• Full driving license essential.

Appropriate training will be given if required.

This is a fantastic opportunity to become 
part of a successful brand and leading team 
with excellent benefits. For more information, 
please click here.  

Please forward your resume to 
HR@ventec-europe.com.

IPC Master 
Instructor

This position is responsible for IPC and 

skill-based instruction and certification 

at the training center as well as train-

ing events as assigned by company’s 

sales/operations VP. This position may 

be part-time, full-time, and/or an inde-

pendent contractor, depending upon 

the demand and the individual’s situa-

tion. Must have the ability to work with 

little or no supervision and make appro-

priate and professional decisions. Can-

didate must have the ability to collab-

orate with the client managers to con-

tinually enhance the training program. 

Position is responsible for validating 

the program value and its overall suc-

cess. Candidate will be trained/certified 

and recognized by IPC as a Master In-

structor. Position requires the input and 

management of the training records. 

Will require some travel to client’s facili-

ties and other training centers.

For more information, click below.

http://www.ventec-group.com/about/vacancies/
mailto:HR@ventec-europe.com
http://www.ventec-group.com
mailto:HR@ventec-europe.com
https://www.blackfox.com
mailto:sharonm@blackfox.com
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IMS 2018 International Microwave 
Symposium E
June 10–15, 2018 
Philadelphia, Pennsylvania, USA

Eurosatory 2018 Defense and 
Security International Exhibition E
June 11–15, 2018
Paris, France

IPC E-Textiles 2018 Workshop E
September 13, 2018
Des Plaines, IL, USA

electronica India
productronica India E
September 26–28, 2018
Bengaluru, India

electronicAsia 2018 E
October 13–16, 2018
Hong Kong

SMTA International E
October 16–17, 2018 
Rosemont, Illinois, USA

TPCA Show 2018 E
October 24–26, 2018
Taipei, Taiwan

electronica 2018 E
November 13–16, 2018
Munich, Germany

HKPCA/IPC International 
Printed Circuit & South China Fair E
December 5–7, 2018
Shenzhen, China

Events Calendar

Additional Event Calendars

https://ims2018.org/
http://www.eurosatory.com/?lang=en
http://events.ipc.org/events/ipc-e-textiles-2018/event-summary-ebeb5e206ba0415fb2bdd0cf0093b0e8.aspx?dvce=1
https://www.productronica-india.com/
http://m.hktdc.com/fair/electronicasia-en/electronicAsia.html
https://www.smta.org/expos/#1450
http://www.tpcashow.com/en/
https://electronica.de/
http://www.hkpca-ipc-show.org/2018/en/index.html
http://www.ipc.org/IPCCalendar.aspx
https://www.smta.org/news/smta_calendar/calendar.cfm
http://community.inemi.org/calendar_list.asp
http://pcb.iconnect007.com/landing/pcb/events?skin=pcb
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Coming Soon to PCB007 Magazine:
JULY:  Solder Mask
The latest in chemistry, equipment and coating methods.

AUGUST:  Reliability
In the new world of IoT, autonomous vehicles and 5G.
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