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ABSTRACT 

hat ‘thing’ under your socket is a Printed Circuit Board (PCB) – a critical part of your packaged 
test and/or burn-in solution. This tutorial’s scope offers attendees an across the board examination 

of those Printed Circuit Boards sitting under your socket. The focus is on learning about the attributes, 
materials and processes required to produce the PCB’s used as test interface boards. In ‘bringing the 
Printed Circuit Board shop to the tutorial hall’, a better understanding of the challenges you and your 
PCB vendors face is attained.  

T 

A brief history of the PCB or PWB (Printed Circuit/Wiring Board) industry is covered, specifically in 
relation to the ATE industry. Next detailed discussions on pitch, layer count, board thickness and via drill 
hole diameter (to name but a few of the critical attributes of today’s interface boards) on 
manufacturability and cost is explored. Additionally, the many options currently available for materials, 
and how those options may be shrinking (as is device pitch!) are examined.  

That is followed by a detailed explanation of the PWB manufacturing process - from raw materials 
through finished product, including new visual aids and a hands-on exhibit of a PWB in all its process 
stages.  

Last, but certainly not least, the quality and performance characteristics you can demand of your supplier(s) 
are analyzed. Even with today’s boards becoming more crowded (with components) and pitch and pin 
counts driving attributes ever smaller, there are ways to verify and validate the quality of your interface 
boards with your suppliers. You’ll learn how, with samples of data gathered over years of process 
development, characterization and verification. 
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Who should have attended this tutorial? 
 

Test Engineers & technicians (and others) who want more detailed knowledge of just what a printed circuit 
board is (and isn’t) will find this an excellent tutorial on Printed Circuit Board design and manufacturing. This 
is a rare opportunity where attendees, whose work in the test and burn-in arena would benefit from a 
deeper understanding of Printed Circuit Board technology, can participate in a concentrated tutorial 
covering such a key topic area, and come away with a new-found understanding of PCB technology 
capabilities and limitations. 
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March 8, 2009March 8, 2009

Born on this dateBorn on this date
–– Oliver Wendell Holmes Oliver Wendell Holmes –– SC Justice SC Justice –– 18411841
–– Mickey Mickey DolenzDolenz –– 19451945
–– Jim Rice Jim Rice –– Boston Red Sox Boston Red Sox –– 19531953
–– Gary Gary NumanNuman –– Cars Cars –– 19581958
–– Jason Elam Jason Elam –– NFL kicker NFL kicker –– 19701970
–– Nanette Pearson Nanette Pearson –– Miss America Miss America –– 19961996
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March 8, 2009March 8, 2009

Died on this dateDied on this date
–– Nat Gordon Nat Gordon –– ““last piratelast pirate””? ? –– 18621862
–– Millard Fillmore Millard Fillmore –– 1313thth President President –– 18741874
–– William Howard Taft William Howard Taft –– 2727thth President President –– 19301930
–– John F. John F. BothwellBothwell –– Freckles Freckles –– Our Gang Our Gang –– 19671967
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March 8, 2009March 8, 2009

Dog licenses become law in NY Dog licenses become law in NY –– 18941894
IRS begins IRS begins ‘‘operationsoperations’’ –– 19131913
Pan Am begins operations Pan Am begins operations –– 19271927
International WomenInternational Women’’s Day s Day –– 19451945
GrouchoGroucho, Chico, , Chico, HarpoHarpo –– 19571957
Casey Stengel Casey Stengel –– HOF induction HOF induction –– 19661966
Goodyear Blimp Goodyear Blimp –– first flight first flight –– 19721972
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What you came here forWhat you came here for……

A little history of A little history of PWBPWB’’ss
–– The evolutionThe evolution
–– The marketplaceThe marketplace
The AttributesThe Attributes
Materials and moreMaterials and more
The ProcessThe Process
Manufacturing ChallengesManufacturing Challenges
Process VerificationProcess Verification
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Printed Circuit BoardsPrinted Circuit Boards

A PWB consists of a nonA PWB consists of a non--conducting conducting 
substrate (typically woven fiberglass with substrate (typically woven fiberglass with 
epoxy resin) upon which a conductive epoxy resin) upon which a conductive 
pattern or circuitry is formed.pattern or circuitry is formed.
WikipediaWikipedia……A printed circuit board, or A printed circuit board, or 
PCB, is used to mechanically support and PCB, is used to mechanically support and 
electrically connect electrically connect electronic componentselectronic components
using using conductiveconductive pathways, on a nonpathways, on a non--
conductive substrate. conductive substrate. 
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Some evolution info.Some evolution info.

19501950’’ss
–– Patent 2,756,485 July 31, 1956 (process of Patent 2,756,485 July 31, 1956 (process of 

assembling electrical circuits)assembling electrical circuits)
–– SingleSingle--sided circuitrysided circuitry
19601960’’s s –– 19701970’’ss
–– DoubleDouble--sided circuitrysided circuitry
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Some more evolution info.Some more evolution info.

19801980’’ss
–– MultilayersMultilayers and surface mountand surface mount

19901990’’ss
–– DoubleDouble--sided assemblysided assembly
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MarketplaceMarketplace

20072007
–– US$50BUS$50B

20122012
–– US$76BUS$76B

US Market in 2007US Market in 2007
–– US$13BUS$13B
ATEATE
–– US$.5B to US$1B (difficult to estimate)US$.5B to US$1B (difficult to estimate)
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WhatWhat’’s in a name?s in a name?

PCBPCB
PWBPWB
DUT board, DIB, PIB, Load board, ATE DUT board, DIB, PIB, Load board, ATE 
boardboard
Interface BoardInterface Board
–– Between Between DDevice evice UUnder nder TTest and Testerest and Tester
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AttributesAttributes

PitchPitch
–– Device, line, space, hole to copperDevice, line, space, hole to copper

LayersLayers
–– rowsrows

Hole DiameterHole Diameter
–– Function of device pitchFunction of device pitch
Aspect RatioAspect Ratio
–– Ratio of thickness to hole diameterRatio of thickness to hole diameter
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Attributes Attributes -- PitchPitch

Device PitchDevice Pitch
–– 1.0mm, 0.8mm, 0.5mm, 0.4mm 1.0mm, 0.8mm, 0.5mm, 0.4mm ……..
–– Translates to other attributesTranslates to other attributes

Line widthLine width
SpacingSpacing
Dielectric spacingDielectric spacing
Hole to copper feature dimensionsHole to copper feature dimensions
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Pitch TranslationPitch Translation

ExtremeExtremeHighHighMed.Med.LowLowA/RA/R

0.1mm0.1mm0.12mm0.12mm0.18mm0.18mm0.25mm0.25mmHole2CuHole2Cu

0.2/0.070.2/0.070.2/0.080.2/0.080.2/0.120.2/0.120.2mm0.2mmLineLine

0.1mm0.1mm0.15mm0.15mm0.3mm0.3mm0.37mm0.37mmHoleHole

0.3mm0.3mm0.35mm0.35mm0.66mm0.66mm0.76mm0.76mmPadPad

0.4mm0.4mm0.5mm0.5mm0.8mm0.8mm1.0mm1.0mm
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Hole to CopperHole to Copper
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Attributes Attributes -- LayersLayers

Rows = Signal LayersRows = Signal Layers
Signal Layers need ground planesSignal Layers need ground planes
–– Impedance controlImpedance control
Additional routing layersAdditional routing layers
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Rows = LayersRows = Layers
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Attributes Attributes –– Hole DiameterHole Diameter

Drill / Hole diameterDrill / Hole diameter
Human hair Human hair 
–– 0.04 to 0.25mm0.04 to 0.25mm
0.1mm 0.1mm ‘‘averageaverage’’
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Attributes Attributes –– Aspect RatioAspect Ratio

1.0mm1.0mm
–– 13:113:1

0.8mm0.8mm
–– 16:116:1

0.5mm0.5mm
–– 31:131:1
0.4mm0.4mm
–– 47:147:1



20092009 Tutorial 2

March 8 - 11, 2009 10

©© 2009 R&D Circuits2009 R&D Circuits

3/20093/2009 BiTS 2009 Tutorial: What's That Thing Under My Socket?BiTS 2009 Tutorial: What's That Thing Under My Socket? 1919

Materials & MoreMaterials & More

WikipediaWikipedia……A printed circuit board, or A printed circuit board, or 
PCB, is used to mechanically support and PCB, is used to mechanically support and 
electrically connect electrically connect electronic componentselectronic components
using using conductiveconductive pathways, on a nonpathways, on a non--
conductive conductive substratesubstrate..
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Materials & MoreMaterials & More

LaminateLaminate
–– PrePre--pregpreg

Glass cloth (woven)Glass cloth (woven)
ResinResin

–– Copper foilCopper foil
Electrodeposited (ED)Electrodeposited (ED)

–– 1 ounce per square foot (305g/M1 ounce per square foot (305g/M22) (35 microns thick)) (35 microns thick)
–– ½½ ounce per square foot (153g/Mounce per square foot (153g/M22) (17 microns thick)) (17 microns thick)
–– ¼¼ ounce per square foot (80g/Mounce per square foot (80g/M22) (9 microns thick)) (9 microns thick)
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MaterialsMaterials
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LaminatesLaminates

FrFr--44
Enhanced FrEnhanced Fr--44’’ss
HF laminatesHF laminates
TeflonTeflon
HybridsHybrids
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Glass StylesGlass Styles

16.7x17.216.7x17.260x5860x583.83.821162116

22.7x31.322.7x31.344x3244x326.86.876287628

16.7x17.916.7x17.960x5660x562.92.921132113

16.7x21.316.7x21.360x4060x402.32.310801080

17.9x17.917.9x17.956x5656x561.41.4106106

Yarn PitchYarn PitchYarn Ct.Yarn Ct.Glass Dia.Glass Dia.StyleStyle
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ConstructionsConstructions
EErr @@
10 GHz10 GHz

EErr @@
1 MHz1 MHz

Resin Resin 
ContentContent

ConstructionConstructionToleranceToleranceThicknessThickness

4.024.024.364.3648.6%48.6%1 21161 2116
1 21131 2113

0.0010.0010.0080.008

4.124.124.384.3842.6%42.6%1 76291 76290.0010.0010.0080.008

4.114.114.544.5443.0%43.0%2 21162 21160.0010.0010.0080.008

4.124.124.554.5544.4%44.4%1 76281 76280.0010.0010.0080.008
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ConstructionsConstructions

Know what youKnow what you’’re gettingre getting
Understand the implicationsUnderstand the implications
Electrically insignificant?Electrically insignificant?
Mechanically significantMechanically significant
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Material PropertiesMaterial Properties

Mechanical & ThermalMechanical & Thermal
–– Peel strengthPeel strength
–– XX--Y CTEY CTE
–– Z CTEZ CTE
–– TTgg

DSCDSC
TMATMA
DMADMA
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Material PropertiesMaterial Properties

ElectricalElectrical
–– Dielectric Constant orDielectric Constant or
–– εεr r (or relative permittivity)(or relative permittivity)

The dielectric constant is a ratio of the capacitance 
of a capacitor in which a particular insulating 
material is the dielectric, to the capacitance of the 
capacitor in which a vacuum is the dielectric.

–– Effective PermittivityEffective Permittivity
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Fiberglass
Warp/Fill

Resin

Via 1 Via 2

Dielectric Property Between Dielectric Property Between ViasVias

Lambert Simonovich
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++
++

--
--

E-field

Higher glass to resin ratio between 
charges => Higher effective 

dielectric constant

Higher glass to resin ratio between 
charges => Higher effective 

dielectric constant

VSVS

ViasVias EtchEtch

E-field Resin 

Fiberglass 

Laminate Weave EffectLaminate Weave Effect

Lower glass to resin ratio between 
charges => Lower  effective 

dielectric constant

Lower glass to resin ratio between 
charges => Lower  effective 

dielectric constant

Lambert Simonovich
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Inner Layer ImagingInner Layer Imaging

PhotoPhoto--resist applicationresist application
UV ExposureUV Exposure
–– Film and collimated lightFilm and collimated light
–– LDI or Laser Direct ImagingLDI or Laser Direct Imaging

Polymerizes photoPolymerizes photo--resistresist

–– DevelopDevelop
Removal of nonRemoval of non--polymerized resistpolymerized resist
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Inner Layer ImagingInner Layer Imaging
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Inner Layer ImagingInner Layer Imaging
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Inner Layer EtchInner Layer Etch

Remove base copperRemove base copper
–– NonNon--polymerized areapolymerized area
–– Various chemistries availableVarious chemistries available

Ammonia basedAmmonia based
Cupric chloride basedCupric chloride based

Resist removal (stripping)Resist removal (stripping)
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Inner Layer EtchInner Layer Etch
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AOIAOI

PostPost--Etch PunchEtch Punch
–– Registers all layers to optical targetsRegisters all layers to optical targets

Automated Optical InspectionAutomated Optical Inspection
–– Data download from CAMData download from CAM
–– Core layer scannedCore layer scanned
–– Compared to CAM dataCompared to CAM data
–– VerificationVerification
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AOIAOI
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Oxide TreatmentOxide Treatment

Copper Surface PreparationCopper Surface Preparation
Adhesion promoterAdhesion promoter
–– Added bond strengthAdded bond strength
Reduced OxideReduced Oxide
–– Pink ring eliminationPink ring elimination
Alternative OxideAlternative Oxide
–– Variety of materialsVariety of materials
–– Multiple or sequential laminationsMultiple or sequential laminations
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Layup and LaminationLayup and Lamination

Registration and stacking of coresRegistration and stacking of cores
Combines cores, preCombines cores, pre--pregpreg, Cu foil, Cu foil
Pin laminationPin lamination
–– Registration or layer to layer alignmentRegistration or layer to layer alignment
Vacuum chamberVacuum chamber
Heat, pressure, timeHeat, pressure, time
Controlled process windowControlled process window
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Stack upStack up
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DrillDrill

XX--ray panel inspectionray panel inspection
–– Scale and skewScale and skew
–– Every panel, every layerEvery panel, every layer
Database captureDatabase capture
–– History and future useHistory and future use
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DrillDrill

Mechanical hole formationMechanical hole formation
–– 0.1mm0.1mm
OptoOpto--mechanical positioningmechanical positioning
–– Glass scalesGlass scales
RealReal--time analysistime analysis
–– DiameterDiameter
–– RunRun--outout
–– Broken bitBroken bit
Stub Drilling (backStub Drilling (back--drilling)drilling)
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DrillDrill

Tool Capacity Tool Capacity –– 250250
Positioning Speed Positioning Speed –– 1,180 IPM1,180 IPM
Feed Rate Feed Rate –– 44--500 IPM500 IPM
Retract Rate Retract Rate –– 44--1,000 IPM1,000 IPM
Positioning Feedback Positioning Feedback -- .0005mm (.00002.0005mm (.00002””))
–– Glass scaleGlass scale
Positioning Accuracy +/Positioning Accuracy +/--.005mm (.0002.005mm (.0002””))
Spindle Speed Spindle Speed –– 15,000 to 125,000 RPM15,000 to 125,000 RPM
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DrillDrill
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DrillDrill

Laser hole formationLaser hole formation
–– MicroviaMicrovia’’ss

Down to 25 micronDown to 25 micron

OptoOpto--mechanical positioningmechanical positioning
Blind Blind viavia’’ss
Buried Buried viavia’’ss
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Hole Prep & Copper PlateHole Prep & Copper Plate

DesmearDesmear
–– Removes epoxy Removes epoxy 

smear from smear from 
interconnectsinterconnects

–– Drilling operationsDrilling operations
–– Chemical removalChemical removal
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Hole Prep & Copper PlateHole Prep & Copper Plate

EtchbackEtchback
–– Different from Different from 

desmeardesmear
–– Removes epoxy from Removes epoxy from 

dielectric spacedielectric space
–– Glass etchGlass etch
–– Three point connectionThree point connection
–– Some materials Some materials 

resistant to chemical resistant to chemical 
removalremoval
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Hole Prep & Copper PlateHole Prep & Copper Plate

Copper DepositionCopper Deposition
Seed layerSeed layer
–– Prepares dielectric and interconnects for Prepares dielectric and interconnects for 

subsequent plating operationssubsequent plating operations
–– 3030--40 40 µµ followed by copper platefollowed by copper plate
–– 7575--125 125 µµ to prep for imaging processto prep for imaging process
Unfriendly chemistryUnfriendly chemistry
Inherently unstableInherently unstable
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Hole Prep & Copper PlateHole Prep & Copper Plate

Carbon  (Black HoleCarbon  (Black Hole®®))
Graphite (ShadowGraphite (Shadow®®))
PalladiumPalladium
ElectrolessElectroless Nickel (UltraNickel (Ultra--PlatePlate®®))
Conductive PolymerConductive Polymer
NonNon--FormaldehydeFormaldehyde--Based Based ElectrolessElectroless
CopperCopper
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Hole FillHole Fill

Fill to create flat surfaceFill to create flat surface
–– Need for socket touchdownNeed for socket touchdown

Vacuum assistVacuum assist
Compressed airCompressed air
–– Thru system & thru holesThru system & thru holes
High aspect ratioHigh aspect ratio
Blind Blind viavia’’ss
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Hole FillHole Fill
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Hole Fill (2)Hole Fill (2)
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Outer Layer ImagingOuter Layer Imaging

Reversed from inner layer imagingReversed from inner layer imaging
Plating resist, not etch resistPlating resist, not etch resist
PhotoPhoto--resist applicationresist application
UV ExposureUV Exposure
–– Film and collimated lightFilm and collimated light
–– LDI or Laser Direct ImagingLDI or Laser Direct Imaging

Polymerizes photoPolymerizes photo--resistresist
–– DevelopDevelop

Removal of nonRemoval of non--polymerized resistpolymerized resist
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Cu Ni Au PlatingCu Ni Au Plating

ElectroplatingElectroplating
–– Chemistry (electrolyte solution)Chemistry (electrolyte solution)
–– Power rectifierPower rectifier

Rectifier converts AC to DCRectifier converts AC to DC

–– Anode (copper)Anode (copper)
–– Cathode (PCB panel)Cathode (PCB panel)
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Process 
Interactions

Equipment

Bath Composition Additives

Carrier 
Wetter

Leveler
H2SO4

CuSO4

Agitation

Time

Anode 
Type & 

placement

Cu Ni Au PlatingCu Ni Au Plating

Other

BrightenerCl

Rectifier

Via 
Shape

Seed 
Layer

Aspect 
Ratio
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Cu Ni Au PlatingCu Ni Au Plating
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Cu Ni Au PlatingCu Ni Au Plating

1 mil minimum thickness in holes1 mil minimum thickness in holes
Minimize surface buildupMinimize surface buildup
Aspect ratioAspect ratio
–– Thru holes and / or microThru holes and / or micro--viavia’’ss
Robust and survivableRobust and survivable
Etch ResistEtch Resist
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Outer Layer EtchOuter Layer Etch

Define the outer Define the outer layer(slayer(s) pattern) pattern
–– Removal of base copperRemoval of base copper
–– Lines, pads, other featuresLines, pads, other features
–– Impedance controlImpedance control

Nickel / Hard Gold typical ATE finishNickel / Hard Gold typical ATE finish
Etch factors and overhangEtch factors and overhang
Other finishes availableOther finishes available
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Outer Layer EtchOuter Layer Etch

OverhangOverhang
–– Depends on finishDepends on finish
–– 1:1 thickness1:1 thickness
–– Surface thickness Surface thickness 

criticalcritical
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Electrical TestElectrical Test

Direct measurement for first boardDirect measurement for first board
Indirect Measurement all othersIndirect Measurement all others
–– Isolation and continuityIsolation and continuity
–– Capacitive or electromagnetic couplingCapacitive or electromagnetic coupling

Broken trace = reduced couplingBroken trace = reduced coupling
Shorted trace = increased couplingShorted trace = increased coupling
Trace to ground (Trace to ground (↑↑ degree of confidence)degree of confidence)

–– Adjacency analysisAdjacency analysis
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Electrical TestElectrical Test
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SoldermaskSoldermask

Epoxy based coatingEpoxy based coating
–– Available in Available in ccoolloorrs s and clearand clear

Surface protectionSurface protection
Solder resist, as the name impliesSolder resist, as the name implies
IdentificationIdentification
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SoldermaskSoldermask

ScreenScreen--floodflood
Liquid PhotoLiquid Photo--imageableimageable (LPI)(LPI)
–– Spray coatedSpray coated
–– consistencyconsistency

Via PluggingVia Plugging
Dry FilmDry Film
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SilkscreenSilkscreen

Assembly nomenclature or legendAssembly nomenclature or legend
CCoolloorrss availableavailable
Product identificationProduct identification
Screen printScreen print
InkjetInkjet
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DeDe--panelizationpanelization

RoutingRouting
Secondary DrillSecondary Drill
Back / Stub DrillBack / Stub Drill
CounterboresCounterbores / countersinks/ countersinks
SlotsSlots
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Final InspectionFinal Inspection

Visual and dimensionalVisual and dimensional
–– Cosmetic defectsCosmetic defects

Impedance TestingImpedance Testing
Cross sectioningCross sectioning
Other measurements and certificationsOther measurements and certifications
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ATE DirectionsATE Directions

New devices?New devices?
New chip manufacturing technology?New chip manufacturing technology?
–– FlexibilityFlexibility
–– ScalabilityScalability
–– PerformancePerformance
–– SupportSupport
–– CostCost



20092009 Tutorial 2

March 8 - 11, 2009 36

©© 2009 R&D Circuits2009 R&D Circuits

3/20093/2009 BiTS 2009 Tutorial: What's That Thing Under My Socket?BiTS 2009 Tutorial: What's That Thing Under My Socket? 7171

Manufacturing ChallengesManufacturing Challenges

FlexibilityFlexibility
–– Variety of platformsVariety of platforms
–– Range of pin countsRange of pin counts
–– PitchPitch
–– MultiMulti--sitesite
–– Process capabilitiesProcess capabilities
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Manufacturing ChallengesManufacturing Challenges

ScalabilityScalability
–– Manufacturing capabilityManufacturing capability

Board to boardBoard to board
Lot to lotLot to lot

–– MultiMulti--sitesite
–– High pin countHigh pin count
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Manufacturing ChallengesManufacturing Challenges

PerformancePerformance
–– Wider range of materialsWider range of materials
–– Controlled processControlled process

ImpedanceImpedance

–– Lot controlsLot controls
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Manufacturing ChallengesManufacturing Challenges

SupportSupport
–– Vendor stabilityVendor stability
–– Vendor knowledgeVendor knowledge
–– Vendor process capabilityVendor process capability
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Manufacturing ChallengesManufacturing Challenges

CostCost
–– Layer counts (thicker boards)Layer counts (thicker boards)
–– Aspect ratioAspect ratio
–– Line and space requirementsLine and space requirements
–– Hole to copper dimensionsHole to copper dimensions

PitchPitch

–– ReliabilityReliability
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Process VerificationProcess Verification

IST = Interconnect Stress TestIST = Interconnect Stress Test
Determines overall PCB reliabilityDetermines overall PCB reliability
Test copper interconnect and materialsTest copper interconnect and materials
IPC approved Test MethodIPC approved Test Method
Wide industry acceptanceWide industry acceptance
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Process VerificationProcess Verification

IST Defined
– IST = Interconnect Stress Testing
– Thermal Cycles by Electrically Heating an 

IST Test Coupon
– Continuously Measures Resistance of 

Circuits During Cycle
– 10% Increase in Resistance is Failure –Test 

Stops in Seconds
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Process VerificationProcess Verification
IST Process
– Select and Fabricate a Representative Coupon
– Prescreen Coupons and Select a Test Sample
– Precondition – Simulate Assembly & Rework on 

Tester
– Test Coupons by Thermal Cycling to Failure (10%)
– Determine the Exact Failure Location (Thermal 

Camera)
– Failure Analysis for the Root Cause and Latent 

Failure Modes
– Evaluate Data, Rank Variables, Draw Conclusions
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Process VerificationProcess Verification

IST Coupon – Representative Design
– Test Vehicle Engineered for Sensitivity
– Testing Copper Interconnections and 

Material
– Finds Barrel Cracks, Interconnect 

Separation, Delamination
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Process VerificationProcess Verification

Hardware - IST Testing Machine
– Six Individually Controlled Test Heads
– Automated – Preconditioning and Testing – 5 

Minute/Cycle
– Testing Any Temperature – Ambient to 

300°C
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Process VerificationProcess Verification

Software
– Automated Control of Heating and Cooling
– Continuous Measurements of Environment 

and Product
– Automated Report Generation
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Hardware and SoftwareHardware and Software
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Thermal Cycling Thermal Cycling –– Cross Section Cross Section 
AnimationAnimation
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IST Metal Fatigue IST Metal Fatigue –– Metal Fatigue Metal Fatigue 
AnimationAnimation
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Traditional Failure ModesTraditional Failure Modes
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Sample ReviewSample Review

We have prepared and have available for We have prepared and have available for 
review, a series of process panels review, a series of process panels 

representing each of the process steps we representing each of the process steps we 
reviewed during todayreviewed during today’’s presentation. We s presentation. We 
can review and discuss any questions you can review and discuss any questions you 

may have.may have.
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R&D CircuitsR&D Circuits

Founded in 1969Founded in 1969
Privately Owned & OperatedPrivately Owned & Operated
~$16M in Sales, FY08~$16M in Sales, FY08
Full TurnFull Turn--Key SupplierKey Supplier
–– Design Design -- LayoutLayout
–– FabricationFabrication
–– AssemblyAssembly
–– Sockets, Contactors, InterconnectsSockets, Contactors, Interconnects
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R&D Circuits LocationsR&D Circuits Locations

Mesa, AZ Mesa, AZ –– Design CenterDesign Center
South Plainfield, NJ South Plainfield, NJ –– PWB FabricationPWB Fabrication
Allentown, PA Allentown, PA –– PWB AssemblyPWB Assembly
Singapore Singapore –– Sales and Support, AsiaSales and Support, Asia
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