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Flexible Printed Circuit BoardFlexible Printed Circuit Board
Impedance For Flex: Challenges For Dynamic Flex

d

4 mil4 mil 4 mil

d dd

PCI-Express Tx + Rx & Reference CLK

Symmetry E-field
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OUTLINEOUTLINE
Impedance Requirements

Conventional Stripline, Mesh and Coplanar Structuresp , p
Microstrips (SE & Diff)

Coated & Embedded (SE & Diff)

Mesh Ground

Coplanar

Dynamic Flex - Hinges

Novel Structures
Mesh Ground

Coplanar w/o Ground

B d id C l d / G d
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Broadside Coupled w/o Ground



Hi h S d Fl T i iHigh-Speed Flex Transmission 
Lines

Signal Interfaces

1394 (110 Ohm)

PCI Express Gen1 (100 Ohm)PCI-Express Gen1 (100 Ohm)

USB2.0 (90 Ohm)

Video (90 Ohm)Video (90 Ohm)

PCI-Express Gen2 (85 Ohm)

Memory (75 Ohm)
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C ti l St i liC ti l St i liConventional StriplineConventional Stripline
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Stripline Transmission LinesStripline Transmission Lines

Design Consideration
h W

"AC"
Cover

General
Propagation velocity dependant 
on dielectric constant of 
laminate

Filmt
AC  

Return 
path

Cover

Stripline
Signal has two effective return 
paths

Dual Stripline
Parallel circuits traces between h1

Zo= 
60
Er

ln  [ 4h
0.067 w (0.8 + t/w) ]

layers can result in excessive 
croasstalk
Orthagonal crossings can result 
in:Film

h1

t

Wh2
Cover

"x" Signal

Dual Stripline Coupling in sensitive circuits 
(analog)
Reduced impedance
Increased propagation delay

Cover

"y" SignalDual Stripline
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Zo=80*ln[1.9*(2h1+t)/(0.8w+t)]*(1-B/(4(h1+h2+t)))/Er^0.5 



Field Distribution: MicrostripField Distribution: Microstrip
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Field Distribution: StriplineField Distribution: Stripline
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Surface MicroStrip With Ground

Cu Thick (T1)=17 um

Cu Thick (T1)=35 um
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Coated MicroStrip With Ground

Cu Thick (T1)=17 um

Cu Thick (T1)=35 um
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Differential LinesDifferential Lines
Design Consideration

General

Excellent common mode rejection
h w

s Excellent common mode rejection.
Matched length required to maintain low 
common mode currents.
Lower crosstalk and EMI

Covert

Film

s

Edge Coupled

Geometry and spacing defined by artwork
Can achieve high differential impedance
Impedance drop as "S" is reduced

Edge Coupled Stripline
Impedance drop as S  is reduced
Impedance approaches 2x the single ended 
impedance as "S" is increased
Different routing through fine pitch holes

h1
W

h2
Film

Broadside Coupled

Geometry affected by layer registration
Construct differential pairs on "core" layers
C hi l diff ti l i d

Prepregt

Cover

Foxconn Proprietary 10

Can achieve very low differential impedance
Easy to route while maintaining propagation 
skew

Broadside Coupled Stripline



Differential Lines (Microstrip)
Design Consideration

Conductor thickness is a function of copper 
plating (Cu Foil + Cu Plating)
C thi k i t li

Differential Lines (Microstrip)

Copper thickness impacts coupling
Mixed dielectric: Laminate + Air
Higher propagation velocity than Stripline 
using equivalent laminates
Solder Mask lowers the effective dielectric

Edge-coupled Differential Lines ( Microstrip)
Solder Mask lowers the effective dielectric 
constant between lines
Solder Mask increased mutual capacitance 
between lines
Conductor edge geometry (plating & etchConductor edge geometry (plating & etch 
factor) affect coupling
Non masked lines can provide better control 
(optional surface finish gold, ect.)

Where:
Dielectric (r) = 4.3, 3.6 mask
Line width (w) = 0.005"
Plane distance (h) = 0 0065"

Impedance (ohms)
Example

t Zo Zodd Zeven

Edge-coupled Differential Lines ( Coated Microstrip)

Foxconn Proprietary 11

Plane distance (h) = 0.0065
SM thickness (h1) = 0.0005"
Cu thickness (t) = 0.0007" +
Cu plating 0.001" to 0.002"
Spacing (s) = 0.008"

Microstrip 0.0017" 72.9 61.0 83.8
Coated Microstrip 0.0017" 67.0 54.6 78.5
CM-Over Plated 0.0027" 63.1 49.5 75.5



Modal ImpedancesModal Impedances

Differential impedance is twice the odd 

Even Mode Odd Mode

mode impedance
Odd Mode os not the same as Differential 
Mode
Only differential signals work on the 
diff b t l

Foxconn Proprietary 12

difference between values
Differential lines set up a virtual ground at 
the axes of symmetry between the two 
signal lines



Zo= 52 6 Zodd 48 8 Zeven= 56 2Zo  52.6     Zodd 48.8     Zeven  56.2
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Differential Coated MicroStrip

Cu Thick (T1)=17 um
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Differential Coated Stripline With Ground

Cu Thick (T1)=17 um
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M h G dM h G dMesh GroundMesh Ground
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Differential Embedded MicroStrip w/Mesh (40%) GND

Cu Thick (T1)=17 um
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Differential Embedded MicroStrip w/Mesh (70%) GND

Cu Thick (T1)=17 um
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A t l Fl M t i l St kActual Flex Material Stackup
H5=0.001”

PI C Adh i (E )

PI Cover Layer (ER5)

Cu Thick (T1)=17 um

H2=0.001”

H3=0.0005”
H4=0.0005” PI Cover Adhesive (ER4)

PI Adhesive(ER3)

PI Film(ER2)

H1=0.0005”

PI Cover Adhesive

PI Adhesive(ER1)
Cu Thick (T1)=17 umMESH

PI Cover Layer

Foxconn Proprietary 19

Need 5 materials and different angles on the MESH



C l St tC l St tCoplanar StructuresCoplanar Structures
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Coplanar Transmission LinesCoplanar Transmission Lines

s2
s1

C d t Design Consideration

Conductor thickness is a function 
of copper plating (Cu foil + Cu 

Film h
t

w
s2Conductor

AC Return Path
(Pwr / Gnd)

pp p g (
plating)

S1 & S2 critical for impedance 
control

Mixed dielectric: Laminate + Air

Coplanar Microstrip
Dielectric

Higher propagation velocity than 
stripline using equivalent 
laminates

Solder Mask lowers the effective Conductor w
s2

s1

dielectric constantAC Return Path
(Pwr / Gnd) Film

t
h
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Coated Coplanar Microstrip
Dielectric



Fi ld Di t ib ti C lField Distribution: Coplanar

Foxconn Proprietary 22



Embedded Coplanar Stripline With-Out Ground

Cu Thick (T1)=17 um
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Differential Embedded Coplanar Stripline With Ground

Cu Thick (T1)=17 um
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Diff. Embedded Coplanar Waveguide With-Out Ground

Cu Thick (T1)=17 um
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Diff  B d id  C l dDiff  B d id  C l dDiff. Broadside CoupledDiff. Broadside Coupled
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Broadside Coupled LinesBroadside Coupled Lines

h1

Wavg

Film
+

h1

Wavg

Film
+

Adhesive
t

h2

Film

+

+

Adhesive
t

h2

Film
-

Even mode

Broadside Coupled Stripline (even mode)Broadside Coupled Stripline (odd mode)

Where:

Zo
Broadside Example

Dielectric (r) = 4.3

Line width (w) = 0.005"
Plane distance (h) = 0.031"
(2h1 + h2 + 2t)
Cu thickness (t) = 0 0013"Odd mode
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Cu thickness (t)     = 0.0013
Diel. Spacing (h2)  = 0.006" to  0.018"



Zo= 63 0 Zodd= 50 1 Zeven= 75 6Zo= 63.0    Zodd= 50.1    Zeven= 75.6
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Broadside Coupled LinesBroadside Coupled Lines

Design Consideration
h1

Wavg s

Film
Signals opposite the same core provide 
better impedance control.
Signal to plane distance control is less 
critical than signal - signal.

Adhesive

h1

t
h2

Film
+

-

Broadside Example

Film

Where:
Dielectric (r) = 
4.3

Broadside Example
Even mode

Zo
Line width (w) = 
0.005"
Plane distance (h) = 0.031"
(2h1 + h2 + 2t)

S ( )Odd mode
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Diel. Spacing (h2) = 0.00115"
Cu thickness (t) = 0.00137"
Trace allignment(s) =0 to 0.008"

Odd mode



Broadside Differential Stripline With Ground

Cu Thick (T1)=17 um
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Broadside Differential Stripline With-Out GroundBroadside Differential Stripline With Out Ground

Cu Thick (T1)=17 um
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D i  B d f  Diff t St kD i  B d f  Diff t St kDynamic Bend for Different StackupDynamic Bend for Different Stackup
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Hinge TypeHinge Type

Hinge TypeHinge Type ShellShell RevolveRevolve UniversalUniversal SlideSlide

DiagramDiagram

α type

ApplicationApplication

α type

crank

slidespring spring

crank

Coaxial 
cable +flex

Coaxial 
cablespring
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:flex :coaxial cable



Hinge Type StructureHinge Type Structure

Hinge TypeHinge Type ShellShell RevolveRevolve UniversalUniversal SlideSlide

DiagramDiagram

CopperCopper

ThicknessThickness

RA copperRA copper

½½ ozoz

RA copperRA copper

½½ ozoz

RA copperRA copper

½½ ozoz

HTE     copperHTE     copper

1/3 oz1/3 oz

PI PI 1mil or 1mil or ½½ milmil 1mil or 1mil or ½½ milmil 1mil or 1mil or ½½ milmil 0.7mil,0.8mil or 0.7mil,0.8mil or ½½ milmil

1.Single side flex1.Single side flex

2.Double sided2.Double sided

flex with oneflex with one

1.Single side flex1.Single side flex

2.Double sided2.Double sided

flex with one sideflex with one side

1.Single side flex1.Single side flex

2.Double sided2.Double sided

flex with one sideflex with one side

1.Single side flex is 1.Single side flex is 

preferredpreferred

2 Double sided2 Double sidedStructureStructure

suggestionsuggestion

flex with oneflex with one

side trace side trace 

3.Multi3.Multi--layer withlayer with

air gap air gap 

flex with one sideflex with one side

tracetrace

flex with one sideflex with one side

tracetrace

2.Double sided2.Double sided

flex with one sideflex with one side

tracetrace

3.Due to very tight3.Due to very tight

space, air gap is notspace, air gap is not

Foxconn Proprietary 34

preferred.preferred.



Test Sample DescriptionTest Sample Description

Shield material
Stroke

FPCFPC

Bending radius

Slide direction

Key message:
.Bending radius: 1.15mm

.Stroke:25mm

.Frequency: 0.5 Cycle/s
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.Shield material: Outward

.Pass criteria: Resistance variation less than 10%



Static Bending RadiusStatic Bending Radius

StackStack ThicknessThickness Bending angleBending angle Bending radiusBending radius

(Mandrel)(Mandrel)

RemarkRemark

11 LL 0 110 11 180180 0 60 611--LayerLayer 0.110.11 180180 0.60.6

22--LayerLayer 0.1650.165 180180 0.60.6 Mesh ground copper Mesh ground copper 
is much better than is much better than 

lid dlid dsolid ground coppersolid ground copper

33--LayerLayer 0.20.2 180180 0.60.6 Layer transition is Layer transition is 
much better for much better for 

foldingfolding

44--LayerLayer 0.290.29 180180 1.251.25 Layer transition is Layer transition is 
much better for much better for 

foldingfolding

55 LL N d dN d d L i i iL i i i55--LayerLayer -- Not recommendedNot recommended -- Layer transition is Layer transition is 
much better for much better for 

foldingfolding
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Key message

. The bending radius is minimum on the table.



Remove Partial Layer (Layer Transition)Remove Partial Layer (Layer Transition) 
For multi-layer flex, partial layers could be removed to increase the flexibility. 

Air gap is another way to increase the flexibility. Impedance at this 

region will vary dramatically. However, the interval is very short.

Air gap
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4 layer Region 2 layer Region 4 layer Region

Layer transition



N l Fl  IMP St tN l Fl  IMP St tNovel Flex IMP StructuresNovel Flex IMP Structures
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D i Fl T i i LiDynamic Flex Transmission Lines

Mesh GND Differential MicrostripMesh GND Differential Microstrippp

d’ d

4 mil4 mil 4 mil

d

Coplanar Differential MicrostripCoplanar Differential Microstrip
4 mil4 mil 4 mil

d

4 mil4 mil 4 mil

d

BroadsideBroadside--Coupled Twisted Diff PairCoupled Twisted Diff Pair
4 mil
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4 mil



Mesh Ground Diff MicrostripMesh Ground Diff Microstrip
4 mil4 mil 4 mil

d’ dd

Mesh ground
E-field is asymmetry

1 inch
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1 inch 
differential-pair E-field



Co-planar Transmission LineCo planar Transmission Line
4 mil4 mil 4 mil

dd

Co-planar Symmetry E-field
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1 inch E-field



Co-planar Transmission LineCo planar Transmission Line
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Embedded Coplanar Differential StriplineEmbedded Coplanar Differential Stripline 
With-Ground (moved)

W1 D1

H2=0.002”

No Polar Model yet
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Stackup for ApplicationStackup for Application 
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Application to TOP END PCs
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A li i TOP END PCApplication to TOP END PCs
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f f O CPerformance Validation for TOP END PCs
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Patented New Design SchemePatented New Design Scheme
 Broadside Coupling Differential Pair

In order to avoid too close of the distance between the upper signal layer and the lower ground plane which leads to In order to avoid too close of the distance between the upper signal layer and the lower ground plane which leads to 
lower trace impedance, the design which claims removing the ground plane is proposed. Besides, P/N signal lines are lower trace impedance, the design which claims removing the ground plane is proposed. Besides, P/N signal lines are 
routed on the upper and lower plane respectively.routed on the upper and lower plane respectively.

Change the offset distance d of the P/N signal lines to match the requirement of the target differential impedance.Change the offset distance d of the P/N signal lines to match the requirement of the target differential impedance.

d (mil)d (mil) Zdiff (Ohm)Zdiff (Ohm)

55 120.847120.847

4.54.5 116.744116.744 Signal Interfaces

Differential Pair
4 mil

44 112.339112.339

3.53.5 107.789107.789

33 103.115103.115

2.52.5 98.33798.337
PCI-Express Gen1
(100 Ohm)

1394 (110 Ohm)

4 mil

4 mil

Figure. New Design Scheme：Change the offset distance (d)
of the P/N signal lines on different layers  to match the requirement

f th t t diff ti l i d

22 93.29893.298

1.51.5 88.19888.198

11 82.8382.83

0.50.5 77.56477.564

PCI-Express Gen2
(85 Ohm)

USB2.0 (90 Ohm)d
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of the target differential impedance.
00 72.09672.096

Table. The relationship of offset distance d and Zdiff.



New Design Scheme 
Twisted Broadside Coupling Differential Pair
Based on the proposed Based on the proposed broadsidebroadside--coupled differential signalcoupled differential signal designdesign, an extended design , an extended design 
scheme called twisted differential pair signals is proposedscheme called twisted differential pair signals is proposedscheme called twisted differential pair signals is proposed.scheme called twisted differential pair signals is proposed.

Characteristic: P/N signals continually exchange the routing layers at a specific distance, Characteristic: P/N signals continually exchange the routing layers at a specific distance, 
which mimics the twistedwhich mimics the twisted--cablecable--like routing.  like routing.  

N

Lower-Layer 
Routing

Upper-Layer 
Routing

Upper-Layer 
R ti

Via

Via

Routing

Conventional Twisted Cable

P

P/N Exchange Routing Layers
Lower-Layer 

Routing

Routing
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New Design SchemeNew Design Scheme 
Twisted Broadside Coupling Differential Pair

On the same layer, the current flow On the same layer, the current flow 
di ti th h S ti 1 ddi ti th h S ti 1 d

N Signal
Section 1Section 1 Section 2Section 2

direction through Section 1 and direction through Section 1 and 
Section 2  is inverse and can further Section 2  is inverse and can further 
suppress EM radiation.suppress EM radiation.

P SignalP Signal
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Simulation Results  Common Mode 3-Simulation Results Common Mode 3
Meter Far-Field Radiation

T i t d h i littlTwisted scheme is a little worse 
than conventional broadside 
coupling scheme under 1GHz.

Twisted scheme is better than 
conventional broadsideconventional broadside 
coupling scheme above 1 GHz.

Foxconn Proprietary 51



Comparison of Different Design SchemesComparison of Different Design Schemes 
to Fix Low Impedances in FPC

Conventional Mesh GroundConventional Mesh Ground
Twisted Broadside Twisted Broadside 

Coupling Diff. PairCoupling Diff. Pair

EMI SuppressionEMI Suppression AcceptableAcceptable GoodGoodEMI SuppressionEMI Suppression AcceptableAcceptable GoodGood

Measured TDR ImpedanceMeasured TDR Impedance BadBad GoodGood

CommonCommon--mode Noise Suppressionmode Noise Suppression BadBad GoodGoodCommonCommon mode Noise Suppressionmode Noise Suppression BadBad GoodGood

Routing FeasibilityRouting Feasibility AcceptableAcceptable GoodGood

* Thi l l dj t th ti ith t t t d i th f id d

* The proposed twisted broadside coupling differential pair, which combines the concept of 
the previously-published broadside coupling differential scheme, not only can precisely control 
Transmission line impedance but also can further suppress EMI effect.
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* This new proposal only adjusts the routing manner without extra cost, and is therefore considered
an cost-effective and novel solution. 



Broadside Differential Stripline With-Out Ground (moved)

Cu Thick (T1)=17 um
H3=long
E3=1.0

H l

H1=0.002” O1

H3=long
E3=1.0
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ConclusionsConclusions
• There is a number of novel ways to implement 
high-speed transmission lines, either single-
ended or differential for dynamic flex 

li tiapplications.
• The highest performance is achieved when the 
Reference GND plane is moved removed or de-Reference GND plane is moved, removed or de-
populated (Mesh).
• All of these structures are being employed for g p y
the newer high-speed bus structures in 
computers.
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THANK-YOU FOR YOUR TIME TODAY



Impedance Design SuggestionImpedance Design SuggestionImpedance Design SuggestionImpedance Design Suggestion
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How to Improve Impedance ToleranceHow to Improve Impedance Tolerance
Dielectric Dielectric 
ConstantConstant

How accurate?How accurate?

Dielectric Dielectric 
ThicknessThickness

How accurate of the thickness?How accurate of the thickness?

a.      Adhesiveless vs. adhesive basea.      Adhesiveless vs. adhesive base

Trace widthTrace width How accurate of trace?How accurate of trace?

a.a. Dry film selectionDry film selection

b.b. Exposure machine parameter optimizationExposure machine parameter optimization

c.c. Etching parameter optimizationEtching parameter optimization

dd Width uniformityWidth uniformityd.d. Width uniformityWidth uniformity

Copper Copper 
thicknessthickness

a.a. Incoming material inspection?Incoming material inspection?

b.b. Process control?(+/Process control?(+/--100u100u＂＂))

cc Button plating?Button plating?c.c. Button plating?Button plating?

Etching factorEtching factor a.a. How to increase etching factor?How to increase etching factor?

b.b. SemiSemi--additive process implement?additive process implement?
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Cross mesh Cross mesh 
designdesign

a.a. How to route or design trace? The angle between the signal trace and mesh.How to route or design trace? The angle between the signal trace and mesh.



Impedance Design Suggestion(I)-Equivalent Space

A A’ A A’

A=A’ Without one side 
ground guide

Incomplete ground 
guide shape

A

Unequal space

NG NG NGOK
K
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Key message:

. For differential pair,the two signal traces width would be the same.

. All spaces have to be equal.Otherwise, it will cause the impedance of signal trace without complete ground guide unstable.



Impedance Design Suggestion(II)-Missed Ground Viap g gg ( )

No via on the ground No via on the ground 
Insufficient via on

NG NG NGOK

g
guide

g
guide

Insufficient via on 
the ground
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Key message:

. For ground guides, it needs vias to connect the ground plane to form a better performance.



Impedance Design Suggestion(III)-Across Two Ground Reference

Ground 1

Ground 2

OK NG
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Key message:

. For ground plane, the signal passes through mono ground plane but mixed grounds



Impedance Design Suggestion(IV)-Missing Ground Planep g gg ( ) g

Signal without

ground reference

OKNG
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Key message:

. The signal has to be located over the ground plane.Otherwise, it will cause impedance unstable.



Impedance Design Suggestion (VI)-Improper Mesh DistributionImpedance Design Suggestion (VI)-Improper Mesh Distribution

Mesh Ground

1

2

3

5

4

66
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Key message:

. There are 6 transmission lines with same width (single end)  travelling across the mesh ground. But impedance of group 1 
(1,3,5) will differ from that of group 2(2,4,6). Because group 2 will behave like solid ground.



Impedance Design Suggestion(V) Adding Extra Ground PlaneImpedance Design Suggestion(V)-Adding Extra Ground Plane

Substrate
Signal

Ground Plane
OK(Double sided)

Cover layer Cover layer
Ground Material

Substrate
Signal

NG(without ground plane)
Substrate
Ground

Cover layer Cover layer

Cover layer opening to connect allCover layer opening to connect all 
ground traces(Single side)

Key messages:
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. Impedance varies with different types of ground due to capacitance variations.

. To achieve impedance stability, it is imperative to keep the ground pattern/angle uniform across various regions of the flex.



Impedance Design Suggestion(VI)-Uniform Ground Distribution

1-1

1: With ground -1:Without ground

1-1

p g gg ( )

Ground
Ground

Signal

L R L R

PI
Ground

PI

Impedance L = R Impedance L ≠R

Normal condition Improper design
Clearance varies with the 

mesh distribution

K

Cross Section
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Key message:

.Under normal condition, the ground copper distribution varies in the trace axial direction.

.Under the improper design, the ground copper distribution stays constant along axial direction. It will behave like solid copper.



Impedance Variation(Ground Mesh)
m

pe
da

nc
e

Uniform Ground distribution

Solid Ground

Distance

Im
da

nc
e

Lower down 
due to extra 
conductive 
material

Variable Ground distribution

Fine Mesh Middle Mesh Coarse Mesh Solid Ground+

Distance

Im
pe

d

Solid Ground Fine Mesh 
Ground

Middle Mesh 
Ground

Coarse Mesh 
Ground Empty

Solid Ground+
Extra conductive 

material

Conductive 
material

Key message:
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Key message:

. Impedance varies with different types of ground hatch density.

. For impedance stabilization, the ground pattern has to be uniform.Otherwise, it is very difficult to control well.



Ground Hatch Cover Rate Definition

P Effective Ground Cover rate:

P*P-[(P-W)*(P-W)]R t

W

[( ) ( )]
P*P

Rate:

Solid ground: 

Rate=1

P

Rate=1

Without ground:

Rate=0

W Mesh ground:

0<Rate<1

In general ,the rate is 50~60%. 

W W

If the rate is less than 50~60%,the shield 
performance does not work 

well. But it doesn’t decrease flexibility 
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P: Trace pitch

W:Trace width

either.



Ground Hatch Cover Rate:(75%)

Same Ground Cover Rate V.S. Different Hatch Trace Width

50

52

54

hm
) 2.85mil

3 05 il

46

48

Im
pe

da
nc

e(
oh 3.05mil

3.25mil
3.45mil

42

44

純銅 3 4 5 6 7

Hatch Trace Width(mil)
Solid

( )

Key message:

If the cover rate is fixed by 75% the impedance still varies with the hatch trace width For thicker trace the pitch has to be
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.If the cover rate is fixed by 75%, the impedance still varies with the hatch trace width.For thicker trace,the pitch has to be 

adjusted to keep the same cover rate.

.Through the diagram, the impedance difference is minor.



Different Ground Hatch Cover Rate:(21%~75%)

Impedance v.s. Different Ground Cover Rate

75

( )

60

65

70

da
nc

e(
oh

m
) 3.05mil

3.25mil

3.45mil
Different 
trace width

40

45

50

55

Im
pe

d

3.65mil
trace width

40

21.00% 31.00% 40.00% 50.00% 62.00% 75.00%

Ground cover rate(%)

Rate 3 05 3 25 3 45 3 65Rate 3.05 3.25 3.45 3.65

21.00% 72.23 69.43 67.55 67.49

31.00% 68.35 66.57 65.96 62.64

40.00% 67.055 65.99 64.52 61.25

50.00% 63.89 58.7 55.01 53.85

62.00% 53.79 53.57 53.56 51.495

75 00% 48 8 47 33 45 91 45 89

Foxconn Proprietary 67

Key message:

.Through the diagram, the higher ground cover rate, the lower impedance.

75.00% 48.8 47.33 45.91 45.89



Ground Copper Reduction v.s. Impedance pp p
Increment

40

50

60

20

30

40

Single End

Differential

n
ce

 in
cr

em
en

t

0

10

0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80 84 88 92 96 10
0

Im
p

ed
an

1

Ground Copper reduction rate %

Key message:
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.The more ground copper reduction, the more impedance increment.



Conclusions:Conclusions:

Th i i ifi t diff f i d d i b t SF PC 1000.There is no significant difference of impedance dropping between SF PC-1000 

and SF PC-5000 even though different thickness

.Silver ink affects impedance variation more than shield film.( average 5 ohmp ( g

dropping)

.The shield material on the signal side affects impedance variation than the one

on the ground side.

. There is no significant difference between single side shielding and double

sided shieldingsided shielding.

. Non-conductive material like silk screen does not cause much variation.
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Thank You
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