Production Test

Improve PCB
gold-plating
yields using DOE

ing during PCB manufacture by excessive loss of gold-plating scrap caused by photoresist

Full—body electrolytic gold plat- The gold-plating process in PCB manufacturing has been plagued

has been a troublesome pro-  breakdown. DOE will help you identify the responsible factors and
cess. It has been associated with the  ©ffer solutions to overcome the problem.

production of excessive amounts of

gold-plating scrap caused by photo- By MARK ). ANDERSON
resist breakdown. To overcome this  vice President & General Manager
problem a circuit board company, Stat-Ease Corporation

which builds boards containing 4 to

40 layers each—roughly 1,500 lay-and two-factor interactions are meaiributor to the breakdowndigure
ers each day, applies Design of Exsurable. Also the fewest number ofl). In the case of Factor B, plating
periments (DOE) techniques to itsboards are sacrificed while producfproduction operators had been try-

gold-plating line. ing statistically accurate results.
Factor Low level High level
Resist type Product A Product B
Post-flash clean Flash/Electroless Flash/Pumice/Re-flash
Laminator roll 105°C 125°C
temperature
Exposure level Step 22 Step 26
Solder strip method 2 Tanks Conveyor

Table 1: Consider five factors for the DOE, which you think, are responsible for the

production of gold-plating scrap.

ing to ensure void-free holes by

flashplating panels at the begin-
ning of the line.

After flash-plating, operators
would then begin to scrub the
panels with Scotch-bright and
pumice before photoresist lami-
nation (factor B’s high level as
shown in Table 1). This particu-
lar cleaning method, however,
did not leave a consistently uni-
form surface.

Choosing factors and levels Analyzing the results

The experimenters chose five factord he design experiment
and five levels to studyTé@ble 1), results analyzed by the¢

then input their choices into a DOEDOE software exhib-
software package (Design-Ease softted extreme varia-
ware). These were factors affectingions. While some tes
the photoresist imaging process priopanels showed no re
to gold plating. The DOE packagesist breakdowns, oth;
screened the factors and possible irers manifested up tg
teractions, which contributed to re-600 defects.
sist breakdown. Further study with
Due to the high cost of rework the software revealeq
usually encountered in a gold platinghat the interaction of
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Effect

process, the experimenters limited=actor B (post-flash

their tests to five factors in 16 experi-cleaning method) andrigure1:Youcaneasilyidentifysignificantinteraction
ments. Several other advantages jus-actor E (solder stripbetweenpost-flash (B) and solder-strip (E) cleaning.
tify this decision. Apart from being method) was a statistiAlso note the significance of factor B alone. Factors
reliable and fast, all the main effectscally significant con- on or about the line indicate normality.
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mained unused because it re-
quired laborious hand calcula-
tions. Today, off-the-shelf, statis-
tically sound DOE software can
be easily set up and used.
High-end DOE software cost-
ing less than US$1,000 now fits
data into mathematical equations
and predicts outcomes for any
combination of values. You can
further optimize these responses
and identify combinations that
best serve your needs. @

What is Design of Experiments
(DOE)?

DOE provides information about
how factors such as time, tem-
perature, or photoresist type in-
teract in a system. It simulta-
neously evaluates multiple fac-
tors within a process, offering a
tool for circuit board fabrication.
DOE is superior to traditional
one-factor-at-a-time (OFAT) ex-

perimentation because OFAT
needs a number of runs to ob-
tain equivalent knowledge of a
process. Moreover, OFAT can-
not reveal the results of inter-
actions between different sys-
tem parameters.
Although DOE was in-

vented in the 1920s, it re-

Two methods were used to sol-A second DOE run

der-strip PCBs (Factor E). One wasThe second DO Factor Low level High level

a two-component two-tank sys-specifically ad- . . . . .

tem—the low level (Table 1). The dressed the electro} 318 Acid-T&T 32°C, 1min. 46°C 6 min.

other method utilized was a con-lytic nickel-gold T —

veyor solder strip method—the highprocess. Again, five ICTote el oEdll

level. factors were studied  Ni-asf/thick 1A 3A
The continuous interactions be-(Table 2). . _

tween post-flash cleaning and sol- Upon carefully | HCL-predip 30 sec. 5 min.

der strip figure 2) have clearly in- analyzing the re- .

dicated that the highest yields aresults gathered with Gold strike No ves

attained by running the line at low-the DOE S,Oftwareﬂable 2: The DOE software identified 318 acid cleanerand
IeveI_ B and high-level E. The gold-the eXpe”menterSHCL-predip as major contributors to resist breakdown
plating process was thereforelearned that two of j/ine the electrolytic Ni-Au process.

modified to run only a flash/elec- the factors—318

troless process, while the tank solacid cleaner and HCpredip—sig- sist, thus allowing gold to leach un-
der strip process was eventuallynificantly contributed to resist der the resist. Based on these DOE
eliminated. breakdown during gold plating.  findings, HCI has now been replaced

Surprisingly, the with a sulfuric predip.
resist breakdown You can thus improve yield
was lower when the through process optimization, and
318 acid cleaner was significantly reduce rework by in-
used at the higher corporating DOE in your produc-
level (at higher tem- tion line. DOE offers real-world so-
perature and for lutions to your gold plating yield is-
longer dwell time). sues, with production settings and
This usually hap- procedures that are repeatable and
pens because thestatistically valid.
photoresist eventu-  Armed with understandable and
1.00 ally hardens during detailed graphs and images pro-
the process, there-duced by the DOE software pack-
by reducing resist age, you can identify and solve
breakdown caused problems that hinder production
by nickel plating line efficiency. D
chemistry.

The presence of
chlorides in the HCI-
predip eventually
weakens the photore-
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You may send your comments on this
article to Mark Anderson through e-
mail at info@statease.com, or fax: 1-
612-3782152.

Figure 2: FactorBrunatalowleveland FactorErunatits
highlevelminimizesdefects.Thismeansthatyoushould
clean the boards first by flashplating, then electroless.
Use the conveyor method during solder-strip.
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