ADVANCED
CIRCUITS

#1 in Quickturn PROTO & PRODUCTION PCBs

Building a Printed Circuit

Board




Thispresentation isawork in progress. As
methods and processes change it will be
updated accordingly. It isintended only as
an introduction to the production processes
used in building a circuit board and asa
training aid for employees, customer s and
friends of Advanced Circuits. Many of the
process descriptionsused herearevery
generic in nature. Some depict specific
processes used by Advanced Circuits and
may not reflect practices used by other
manufacturers.
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Single & Double Sided Circuit

Boards

A singlesided board is made
from rigid laminate consisting
of a woven glass epoxy base Copper Foil

material clad with copper on
one side of varying thickness.

Double sided boarc
from the samety

sare made
ne of base

material clad wit

N copper on

two sides of varying

thickness.

L aminate
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Multi-Layer Board

Multi-layer boardsare
made from the same base
material with copper foll Copper Foil
on thetop & bottom and
oneor more“inner layer”
cores. Thenumber of
“layers” correspondsto
the number of copper fail
layers.

L aminate ‘

Inner Layer Core Copper Foil
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Multi-Layer Board Fabrication

Multi-layer fabrication begins
with the selection of an inner Copper Foil
layer core— or thin laminate
material of the proper
thickness. Corescan vary
from 0.038” to 0.005” thick
and the number of cores used
will depend upon the board’s
des gn. L aminate
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Dry-film Resist Coating

Inner Layer Core Material

A light sensitive film or photo
Image-able “resist” isthen
applied by heat and pressure
to the metal surfaces of the
core. Thefilm issensitiveto
ultraviolet light. You will find
“yellow light” used In most
| mage processing areasto
prevent inadvertent exposure
of theresist. Thefilters
remove the wave length of Resist Coating
light that would affect the
resist coating. 6
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Photo Tools or Artwork

Thegerber data or electronic data for the part is
used to plot film that depictsthetraces and
pads of the board’s design. The photo tools or
artwork include solder mask and legend or
nomenclature aswell asthe copper features.
Thisfilm isused to place an image on theresist.
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Internal Signal Layer

Each of thecircuit and land patternsare uniqueto
that part number and each layer hasitsown
artwork pattern or piece of film. Inner layer film is
negative and outer layer film ispositive.
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Inner layer filmis
“negative”. That
means that the copper
patternsleft behind
after processing the
corearethe“clear”
areason thefilm.

Outer layer filmis

J

o . “positive”. Thetraces
e . and padsthat are

o 3y “opaque” on the film
-~ - . are copper on the
oAk [¢ g outside of the board
oo/ o and the clear areas
::.'JE[ . *ﬂ:r will be clear of copper.
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Image Expose

Panels are then exposed to a high intensity
ultraviolet light source coming through the
film. Clear areas allow light to passthrough
and polymerize (harden) thefilm resist thus
creating an image of the circuit pattern —
similar to a negative and a photograph.

/Film

Resist
10
© 2009 Advanced Circuits Inc



Image Develop

Exposed Copper

Theexposed coreis
processed through a
chemical solution or
developer that removes
theresist from areasthat
wer e not polymerized by
thelight. Resist
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Inner Layer Etch

Then the copper ischemically removed from
thecorein all areasnot covered by the
dry-film resist. Thiscreatesthe copper
pattern that matchesthefilm pattern.The
core laminate surface is exposed in areas
wher e copper was etched away.
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Resist Strip

After etch, thedeveloped dry-
film resist ischemically
removed from the panel

eaving the copper on the

nanel. Traces, pads, ground
nlane and other design
features are now exposed.
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Automated Optical Inspection
or AOI

Inner layersarethen
Inspected against design
rulesusing data from the
ger ber files.

|f allowed and practical,
some repairs can be made
at thispoint. Information
on defectsis shared with
the appropriate
departmentsto correct
any process problems.
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Oxide Coating

After inspection the panelsare
chemically treated to improve
adhesion of the copper
surface. Advanced Circuits
uses organic chemistry that
leaves the copper a dark
brown. Other types of
chemistry or mechanical
methods can be used and
colorsvary widdly.
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Multi-Layer Construction

Thebasic materials needed to
build a multi-layer board are
copper foil, prepreg and
Inner-layer cores.

Foil

Foil
Prepreg
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Copper Foil

The copper foil used in circuit boardsistypically in
sheets of 20z. and 1 oz. per sguarefoot in weight
or 0.0007 and 0.00134 inches nominal thickness. In
other words - one ounce of copper will cover one
squar e foot when it isrolled out to a thickness of
0.00134” or 1.34 mils.

1 squar e foot

1.34 milsthick
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PrePreg or
Preimpregnated Bonding Sheet

It’sthe “glue” that holdsthe corestogether. Thereare
many types of materials, we use FR4 — a woven
fiberglass cloth pre-impregnated with epoxy resin -
known in theindustry as B-stage.

Theresinisactivated and “melts” during the lamination
process from pressure and heat. It flows acr oss copper
features and exposed laminate on the core and as it cools
bondsthe layersof foil and coretogether.
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Laminated Panels

Inner layer core, copper foil and prepreg are
bonded together under heat and pressure, in a
vacuum, during the lamination process. The
result isa panel with several layers of copper
iInside aswell asthefoil on the outside.

Tfepreg Foil

, 1

Core
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The
production process for both multi-
layer and double sided panels is
generally the same after lamination of
the multi-layer panels.
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Primary or First Drill

Holes of varioussizesaredrilled through a stack of
panels (usually 2to 3 high). Thelocationsare
determined by the board’s designer to fit specific
components. Drilled hole sizesare usually 5 mils
larger than finished plated through hole sizesto
allow for the copper plating process.

__ Layer 1foll

Prepreg

— Layers2& 3onaCore

\ Prepreg

_ Layer 4foll
Drilled Hole

ot
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Deburr

Deburr isan abrasive mechanical processthat
removestheraised edges of the metal or burrs
surrounding the holesthat occur during the
drilling process. Any debristhat may beleft in
the holesisalso removed at thistime.
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Desmear -
Multi-layer Boards Only

Desmear generally applies
only to multilayer boards.

It Isa chemical processthat
removesthethin coating
of resin from the inner
layer connections that is
produced by the heat and
motion of thedrill bitsas
they createthe holes.
Removing theresin smear
Improvestheelectrical
connectivity. ’s
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Electroless Copper Deposition

Oncethe smear isremoved, a thin coating of copper
Is chemically deposited on all of the exposed
surfaces of the panel, including the hole walls.
Thiscreatesa metallic basefor electroplating
copper intothe holesand onto the surface. The
thickness of the electroless deposit is between 45 &
60 millionths of an inch.
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Dry-film Resist Coating
Outer Layer Panels

Resist Coating

Thesameresist or light
sensitive film used on the
Inner layersisused for
theouter layers. The
film coverstheentire
surface including the
drilled holes.

25
© 2009 Advanced Circuits Inc



Outer Layer Expose & Develop

After dry film lamination the pand is exposed and
developed using the same procedure used for the inner
layer cores. Clear areasin thefilm allow light to pass
through and harden theresist creating an image of the
circuit pattern All of thedrilled holesthat are exposed

will be plated through.

Copper exposed
after develop

|

Exposed Hole
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Copper “Pattern” Plate

Theelectroplating processesthat electrically plates
copper onto the exposed metal surfacesisnext. The
copper will be plated up to a thickness of
approximately 1 mil (0.001”), depending on the
required final finish for the pandl.

Copper
Plated onto
the exposed
surface and

Into the holes

27
© 2009 Advanced Circuits Inc



Tin Plating

The copper plating step isfollowed by plating tin
onto all the exposed copper surfaces. Thetin
will be used as an etch resist to maintain the
copper traces, hole padsand wallsduring the
outer layer etch process.

Tin Plated
over the
Copper
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Resist Strip

Thedeveloped dry film resist isnow removed
from the panel. Thetin plating is not affected.
Any holesthat were covered with resist are now
open and will be non-plated. Thisisthefirst
step in the common phrase “strip-etch-strip” or
“SES” process.

Resist >
removed
exposing
Copper fall.
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Etch

Copper isnow removed from all partsof the panel that
arenot covered by tin. Thetin resiststhe chemicals
used to etch away the copper. Only the pads and traces
from the artwork areleft behind on the panel surface.
The“E” of SES.
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Tin Strip

Then thetin ischemically removed leaving behind a
bare copper and laminate panel. The surface pads,
traces and plated through holes are the exposed
copper. Thisisthelast step in strip-etch-strip.
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Clean and Prep for Solder Mask

The exposed copper surface pads, traces and plated
through holes must be clean and free of oxidation
prior to applying solder mask. During the cleaning
process the surface is scrubbed with pumiceto

Improve adhesion of the mask aswell asto remove
any surface contamination.

r‘ﬁ
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LPI Solder Mask Application

A photo-sensitive epoxy based ink isapplied, completely
coating the pandl. It isthen dried to the touch but not
final cured. Using a method identical to image, the
panels are exposed to a light source through a film tool.
Then the pand Isdeveloped exposing the copper pads
and hole defined by the artwork.
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Solder Mask Cure

Solder mask isnormally cured by baking in an oven;
however, some fabricatorsareusing infrared heat
sources. The primary purpose of themask isto
restrict the areasthat will be covered with solder. It
also protects panels from contamination, handling
damage and possible electrical shorting during
assembly and installation.

At Advanced Circuits, whenever possible, legend or
nomenclature would be screened on the panels
before further processing. Also, at Advanced the
nickel and gold plating for edge connectors occurs
Immediately after final cure of the solder mask and
legend.
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Thereareanumber of processing options that
can occur depending upon the desired final finish.
Currently at Advanced Circuits we can provide our
customerswith a SnPb or lead free solder finish,
hard gold, Electro less Nickel Immersion Gold
(ENIG), Immersion tin or immersion silver. Other
finishesinclude Organic Solderable Preservative
(OSP), soft or bondable gold and a number of other
“exotic” finisheslike palladium.

“Normal” processing would continue with the

application of solder.
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Legend, Silkscreen, Nomenclature,
Component Designhator

Ink Is silkscreened onto one or both sides of the pané
depending on therequirements of the customer. The
printing usually dictates component placement, part
number or name, date code, logo or other specified
Information. Panels are then baked to curetheink.
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Hot A1r”SOIder Levehng (HASL)

Thepanesarecoated with flux — a viscous compound
that promotes even coating of the copper. Then the

panels aredipped completely into a
solder. The solder coversall exposec

nath of molten
metal surfaces.

Asthepand isremoved from the so

der, high

pressure hot air isdirected at both sides of the
pand. The“blast” of air removes excess solder from
the holes and smoothes the surface of the pads.
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Rout, Fabrication, Score, Bevel

After HASL the boardsare cut to sizeon a CNC machine
or router. Most panels have the individual partsrouted
out into single pieces or arrays of varying sizes. Boards
or arrayscan also be scored so that they can be easly
broken apart after assembly.
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Then the boards are generally checked for
cleanliness, sharp edges, burrsand other
fabrication requirements. Chamfers, slots,
countersinks and bevelsare added during the
rout & fabrication processes.

Chamfer

T~
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Bare Board Electrical Test

Boards aretested for opens and shortsin thecircuitry, in
one of the last steps of production. Test programscan be
loaded directly onto varioustypes of test machines or
used to create specific fixtures and test programs.

Flying Probetest
machine.
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Dedicated
fixtureon a
universal grid
test machine.

Shortsarerepaired when possible and retested for
verification. At Advanced Circuitswetest 100% of
the networkson the board for continuity and
Isolation (opens and shorts) using test programs
generated from the Gerber data.
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Final Inspection

Boardsarevisually inspected
to assurethey meet our
customers’ requirements,
Industry specifications and
Advanced Circuits’
standards, aswell as having
the physical dimensions and
hole sizesverified.
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Packaging and Ship

Circuit boards meeting the acceptability standards
are counted, shrink wrapped and readied for
shipment along with all therequired certificates,
samples, cross sections, etc. All of theseare
packaged for shipment using products made from
renewable resource materials.
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The End

Thispresentation isintended only as an introduction
to the processes used in building a circuit board
and asatraining aid for employees, customers and
friends of Advanced Cir cuits.

All of the artwork, photography and text isthe
property of Advanced CircuitsInc and may not be
used without per mission. Please Contact Tony
Garramone, Corporate Training Manager at

1-800-979-4pcb x1344 for infor mation.
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