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Flexible Printed Circuit Board
Impedance For Flex: Challenges For Dynamic Flex
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Plane at z = 580

Frequency =12.5

Phase = @ degrees

Maximum-2d = 123202 V/m at -1Z2 / 0 / 500
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FOXCOoOnn°

OUTLINE

Impedance Requirements

®» Conventional Stripline, Mesh and Coplanar Structures
» Microstrips (SE & Diff)
» Coated & Embedded (SE & Diff)
» Mesh Ground
» Coplanar

® Dynamic Flex - Hinges
®» Novel Structures
®» Mesh Ground

®» Coplanar w/o Ground
®» Broadside Coupled w/o Ground

Foxconn Proprietary 2



FOXCOnn°

High-Speed Flex Transmission
Lines

Signal Interfaces

! ]

» 1394 (110 Ohm)

» PCIl-Express Genl (100 Ohm)
» USB2.0 (90 Ohm)

» Video (90 Ohm)

» PCIl-Express Gen2 (85 Ohm)
» Memory (75 Ohm)

Foxconn Proprietary 3



b FOXCOnn°

Conventional Stripline
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Stripline Transmission Lines

ath
P \ Cover

Stripline !
n 4h
Z0o= \/Er [ 0.0677 w (0.8 + t/w) ]
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E Cover |
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T _Cover

Design Consideration

General
*Propagation velocity dependant
on dielectric constant of
laminate
*Signal has two effective return
paths

Dual Stripline

*Parallel circuits traces between
layers can result in excessive

croasstalk
*Orthagonal crossings can result
in:
*Coupling in sensitive circuits
(analogq)

*Reduced impedance
°Increased propagation delay

Z0=80*In[1.9*(2h 1+t)/(0.8w+1)]*(1-B/(4(h 1+h2+t)))/Er*0.5
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Field Distribution: Microstrip

Mag E

f23e+004
Sale+004
Q9e4-004
+004
+004
2lZe4004
4104

Microstrip: Surfacce trace 0.005™ wide, 0.002™ thick

-1 = = = B

LBE2FEe+003

L1711e-005%

—

Mayg E

Se+004

Embedded Microstrip (Soldermask): Surfacce trace
0.005" wide, 0.002™ thick

T D = = b [
)

4

2.1102e-005

Circuit construction: FR-4. er=4.3
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Field Distribution: Stripline

Mag E
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Stripline: 0.005” trace ¥: oz copper
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Asymmetric Stripline: 0.005™ trace ' oz copper
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. .

N

Circuit construction: FR-4, er=4.3
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FOXCONnN®

Surface MicroStrip With Ground

66 : A‘ —— L] ¥ > ya =1 \ — A
1T Cu(Thick (T1)=17 um
Substrate 1 Height H1 28 0000 j ST
irface Microstrip 2B E \
Surface Microst P Substrate 1 Diglectric En 3.200|]::|| w 52T \
Substrate 2 Height HZ I 25,0000 :Il : 60 \
Substrate 2 Dielechric Er I 350@]::" %58 a
= L
Lawer Trace Width W1 |1IJD.IJDDEI::|| ggs r
Upper Trace Width W2 | BE.0000 :Il 2‘154 F \
Trace Thickness T 17.0000 :Il - f i -
50 E q‘_‘m—tﬂ
. -.h__ﬂg_*__,_ﬂ___tk_ﬁﬁ_ﬁiq
Impedance Zo I B2 07 ot
10 108 10 10
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Coated MicroStrip With Ground

Dual Coated Microstrip 2B

Motes: [First b lines will print)

Irilenlace Siple
¢ Standard
™ Ewtended

Add your comments here

G.5. Convergence
’75' Fine [Slower)
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Substrate 1 Height
Substrate 1 Dielectric
Substrate 2 Height
Substrate 2 Dielectric
Lower Trace Wwidth
Upper Trace Width
Trace Thickness
Coating Above Substrate
Coating Above Trace

Coating Dielectric

2nd Coating Above Substrate

2nd Coating Above Trace

2nd Coating Dielectric

—‘ Impedance

62
C L R
r . —
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58 \
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a0
CSEr [ 32000 F
49-F
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2o [ w2 ok Cu. Thick (T1)=35 um
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Differential Lines

Film

Edge Coupled Stripline

h1 W
h2 |
l Film
' _

Cover

Broadside Coupled Stripline

Foxconn Proprietary

Design Consideration

General

*Excellent common mode rejection.

Matched length required to maintain low
common mode currents.

e ower crosstalk and EMI

Edge Coupled

*Geometry and spacing defined by artwork
eCan achieve high differential impedance
eImpedance drop as "S" is reduced

eImpedance approaches 2x the single ended
impedance as "S" is increased

*Different routing through fine pitch holes

Broadside Coupled

*Geometry affected by layer registration
*Construct differential pairs on "core" layers
*Can achieve very low differential impedance

eEasy to route while maintaining propagation
skew

10



FOXCOonn°

" Differential Lines (Microstrip)
Cﬁﬂdmimxj %L fw Design Consideration

? _L l *Conductor thickness is a function of copper

Dielectric [ ] plating (Cu Foil + Cu Plating)
ﬂ\& I 5 *Copper thickness impacts coupling
AC Return Path - *Mixed dielectric: Laminate + Air
Difterential Lines T *Higher propagation velocity than Stripline
Edge-coupled Differential Lines ( Microstrip) using equivalent laminates

*Solder Mask lowers the effective dielectric
constant between lines

|4_ W *Solder Mask increased mutual capacitance
. h  between lines

Conductor
Solder Mask

eConductor edge geometry (plating & etch

Dielectric T factor) affect coupling
¢ 5 *Non masked lines can provide better control
AC Return Path s (optional surface finish gold, ect.)

Differential Lines T
Edge-coupled Differential Lines ( Coated Microstrip) Example

Impedance (ohms) Where:
Dielectric (er) =4.3, 3.6 mask
t Zo | Zodd]| Zeven Line width (w) =0.005"
Plane distance (h) = 0.0065"
Microstrip 0.0017" | 72.9] 61.0] 83.8 SM thickness (h1) =0.0005"
Coated Microstrip 0.0017" | 67.0] 546 78.5 Cu thickness (t) =0.0007" +
CM-Over Plated 0.0027" | 63.1] 495 75.5 Cu plating 0.001" to 0.002"
Spacing (s) =0.008"
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Modal Impedances

Single ended (Zo)

Virtual ground

Even Mode Odd Mode

*Differential impedance is twice the odd
mode impedance

*Odd Mode os not the same as Differential
Mode

*Only differential signals work on the
difference between values

*Differential lines set up a virtual ground at

Odd mode the axes of symmetry between the two

signal lines

Foxconn Proprietary 12
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Z0=52.6 Zodd 48.8 Zeven=56.2

O000e4000

0000e=001

ood0e—-001

ooode—0021

Oo000e—-001
000 0e=+000

go00e—-001

oo000e—001

ood0e—-001

0000e=001

Luode—S-0u

l1.2113e+003

Z2.237Te-004
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Differential Coated MicroStrip

Substrate 1 Height

H1 [ 250000 =

strip 28 Substiate 1 Dislecti En -
ubstrate 1 Dielectic r 2.2000 -3
8 =1 P o
Substrate 2 Height H2 25.0000 — r
Substrate 2 Dielectric Er2 2.6000 ﬁ Lt
Lower Trace Width W1 1000000 ::II 83 E
Upper Trace Width W 56.0000 ﬁ 82 E
Trace Separati 51 - E
1ace Separation 100.0000 — :
Trace Thickness T 17.0000 ﬂ E " E
i =l 7
Coat?ng Above Substrate C1 250000 — §79 F A~ T L/ AN A= . L
Coating Above Trace L2 [mooo=f 2" - wu HmoeKgntr)=1ui1 Bl
o ¢
Notes: [First 5 lines will print) Coating Between Traces L3 [ 250000 = =7
Add your comments here [ Intetfacs Sty Coating Dielectic CEr 36000 = E s
& Standard ) ; j 3 - \\
 Estended 2nd Coating Above Substrate C51 250000 E7s ; <]
- - 2nd Coating Above Trace cs2 25.0000 ﬂ 7 f \\
G.5. Convergence . E [
& Fine (Slower 2nd Coating Between Traces CS53 25.0000 ::Il " E "“*‘\ L]
" Coarse [Faster] 2rid Coating Dielechic CSEr 2.2000 ﬁ = E L‘w\*_ht_ﬁ‘_ L
~ Tolerance Mode —— SFp s i 72 g
l
& Abeolte ifferential Impedance i | 2450 e e ey -
[E— s ORI R s o
110 126 — .
- : _———‘—/_—A
: 120 [ //
10 L ]
C \ 15
100 F
- 110+
s E |
L O 105
o £ r
i IS
90 \ 100+
r ‘\k‘*¥+14 r
N &Mm‘_‘l‘h 90 H
5 ; L L L L L L1 L L L L L L L L L L |- L L L L L
107 10° 10° 10 2 1 120 140 160 180 200 220 240
Frequency - Hz H1 - Microns
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Differential Coated Stripline With Ground

Dual Coated Coplanar Strips With

Ground 2B

L

Motes: [First 5 lines will print]

Add pour comments here

— Interface Style
& Standard
" Extended

—[@.5. Convergence —
& Fine [Slower]
" Coarse [Faster]

— Tolerance Mode——
* Abzolute
 Percentage [%)

— Parameter Snap——

Foxconn Proprietary

Substrate 1 Height

Substrate 1 Dielectric
Substrate 2 Height

Substrate 2 Dielectric

Lower Trace Width

Upper Trace Wwidth

Lower Ground Strip Width
Upper Ground Strip 'idth
Ground Skip Separation
Trace Thickness

Coating Above Substrate
Coating Above Trace
Coating Bebween Traces
Coating Dielectic

2nd Coating &bowe Substrate
2nd Coating &bove Trace
2nd Coating Between Traces

2nd Coating Dielectric

|Impedance

HT [ 250000 =
Er 3.2000 =
H2  ["25.0000 =
B2 [36000 3
w1 [700.0000
W2 [ 56.0000

jmy

G1  |e5.3897 =
Gz [539.9598 =
01 [v00.0000

™ [ 350000 =
Cl [ z5.0000 =
L2 [ 25.0000 =
L3 [ 250000 =
CEr [36000 =
€51 [25.0000 =
€52 [ 250000 =
€53 [ 25.0000 =
CsEr [ 32000 =

Zo | 4287

15

58

o o o w
S o B &

Impedance Magnitude - Chms

N
w0

46

42

48

47

S & £ & 5

B

Impedance Magnitude - Ohms

40

39

38

e

e, |
T

L Tt —e— |

L N Ll |
107 10° 10¢ 10°

Frequency - Hz

|- -

£ ™ *H'_“**—o(_*

g HEE
10 10° 10 10°

Frequency - Hz
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Mesh Ground

Foxconn Proprietary 16



Differential Embedded MicroStrip w/Mesh (40%) GND

Edge-Coupled Embedded Microstrip 2B2A

otes: (First 5 lines will print)

4,dd your comments here

Interface Style——

{¥ Standard
" Extended

(3.5, Convergence

Substrate 1 Height
Substrate 1 Dielectic
Substrate 2 Height
Substrate 2 Dielechic
Substrate 3 Height
Substrate 3 Dielectic
Substrate 4 Height
Substrate 4 Dielectic
Lower Trace Width
|Ipper Trace Width
Trace Separation

Trace Thickness

Differential Impedance

H1
Er
Hz2
Erd
H3
Erd
H4
Erd
L
i
51
T

=

ra

Zditt

Zdiff - Ohms

Copper drea %

Mon Copper Area %

Foxconn Proprietary

Hatch Pitch
Hatzh width

HF
Hiwf

e 7 —Tar

£0.00

60

170

~ Set Hatch Width for desired Copper Area % 60 E
0% | 20z | ok
i o+
wz | s | g0t
5 _F

" 120

£k

M

;

L




Differential Embedded MicroStrip w/Mesh (70%) GND

12

Substrate 1 Height HU | 20000 =
" s
Substrate 1 Dielectric Er 3.2000 ) -
i | r
Substrate 2 Height HZ2 1.0000 :
Substrate 2 Dielectric Er2 3.2000 :II ;
. = 108
Substrate 3 Height H3 | 1.0000 3 : f
o o500
Substrate 3 Dielectric Er3 | 32000 5 :
Substrate 4 Height He | 20000~ N ST " .
g =] r Y ~—
Substrate 4 Dielectic Erd 3_2uugﬁ %0 ; CU\-I:h ICk (T1 ) 1 7 um
Lower Trace Width Wil 47500 j f
! ol wf e
Upper Trace Width W2 37500 =5 : \
otes: [First 5 lines will prin Trace Separation 51 aoon = s [
[ pin] Interface Style = r I
dd your comments here & Standard Trace Thickness T1 0.7000 ﬂ 705, | | | I | | | | [ | [
+ Standar z 3 4 5
" Estended e
Differential Impedance Zdiff 95 99
|—G.S. Ennvergencej
“ Hatch Configuration 130 '
Hatch Fitch HP g 2 190 e
Hatch Configuration i =
Hatch 'Wwidth Hiwd 107642 5 410

Copper drea %

70,00

Mon Copper drea %

Foxconn Proprietary

Set Hatch 'w/idth for desired Copper drea %

Zdiff

wz | ez | a3z |
0% | | eox |
% | [ 90z |

30.00

18

[55]

Mils




FOXCONnnN°

Actual Flex Material Stackup

H,=0.0005"

Cu Thick (T1)=17 um
Pl Adhesive(Eg,)
00008 o Pl Adhesive(Eg;)
Cu Thick (T1)=17 um
Pl Cover Adhesive

PR o Layer

Need 5 materials and different angles on the MESH
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Coplanar Structures
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- FOXCOnn-°

Coplanar Transmission Lines

| So | . : .
Conductor w — Design Consideration
AC Return Path 3
(Pwr/ Gnd) *Conductor thickness is a function
h of copper plating (Cu foil + Cu
T plating)
Dielectric _ _ *S1 & S2 critical for impedance
Coplanar Microstrip control
*Mixed dielectric: Laminate + Air
*Higher propagation velocity than
. — stripline using equivalent
S1m— S, |— laminates
Conductor -
W | *Solder Mask lowers the effective

AC Return Path _l dielectric constant
Dielectric |

Coated Coplanar Microstrip

Foxconn Proprietary 21
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Field Distribution: Coplanar

Signal Trace

Mags E

LS095e+004

.5911e+00d
272%9e+004

Coplanar Stripline: Surface Trace
0.009 trace 0.002™ thick

S.d31Ze-005
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Embedded Coplanar Stripline With-Out Ground

79+
Cu Thick (TH=17-um
g Substrate 1 Height H1 250012 ﬁ F \ /
Embedded Coplanar Waveguide 2B1A ) ) F
Substrate 1 Diglectic Er 32000 ::II U
Substrate 2 Height H2 = Lf
gJ 2502 = £ 7 :
Substrate 2 Dielectnc ErZ 26000 ::Il o
@7
Substrate 3 Height H3 250012 ﬁ % ; \
Substrate 3 Dielectric Er3 32000 ﬁ 2 e et
o C T+
Lower Trace Width Wil 300.0000 ﬂ é - el
= k] C M_‘R‘——h
Upper Trace 'Width W2 | 2pE.0000 ::Il Eﬁ F T
72
Ground Strip Separation ] 1000000 :II [
Trace Thickness T 17.0002 ::Il e
Mates: [Firgt 5 lines will print) 0 F
Interface Stule F
Add pour comments here Impedance Zo I r
| [F Standard [ g
10 10° 10° 10
Frequency - Hz
E 2500 T
D | EN |
E \ 2000 r ‘! ]
/N - e
L - r :
r - 100
» B4 \\ 1500 / & -
g E \ 1 '
5% N ~20p o
~ r SR
n [ .\- E
7 i \ Q%QQ T
- ‘\ -
k [ 300
76 ) o
I \\ \_96
Tt T
i \ Wy » -
NAs >y
= =1 | | | | | | | | | | | | | .If'ls-'?) ns Q—(_;‘SJ
100 150 200 250 300 350 ' 5
W1 - Micrans
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FOXCOonne
Differential Embedded Coplanar Stripline With Ground

RIIIAN AT LR
. Cu Thick (T1)=17 um
S|
gl \
=
Substrate 1 Height H1 oso00 = 2 i \
Substrate 1 Dielectric En | 3.2000 =5 i 8
Substrate 2 Height H2 15000 5 1 i \
Substrate 2 Dielectric Er2 2.2000 j f e
i | i m
Substrate 3 Height H3 2.0000 == i
Substrate 3 Dielectric Er3 2.2000 ﬁ P P 0 pre
. Frequency - Hz
Lower Trace Width W1 2.0000 ::II
Upper Trace Width W2 7.2000 ﬁ
Trace Separation 51 2.0000 ﬁ |
Lowser Ground Stip Yidth G1 1000000 ﬁ 130
Mates: [First 5 linez will print) Upper Ground Strip YWidth G2 100.0000 ﬁ I |
Interface Style ) :
Add wour comments here Ground Strip Separation 01 = E 490 o
& Standard } 8.0000 = . <%
 Estended Trace Thickness T 0.7700 ::ll '=I-'
N

& Fine [Slower]

- T
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120 e
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3.5, Convergence — 110 /’ .~~ 10
’7 Differential Impedance Zdiff E1.95 ' . i
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Diff. Embedded Coplanar Waveguide With-Out Ground

Diff Embedded Coplanar Waveguide 2B1A

Mates: [First 5 lines will print]

Add your comments here

Foxconn Proprietary

Subsztrate 1 Height
Substrate 1 Dielectric
Substrate 2 Height
Substrate 2 Dielectric
Subsztrate 3 Height
Substrate 3 Dielectric
Lowwer Trace width
Upper Trace \Width
Trace Separation
Ground Strip S eparation

Trace Thickness

Differential Impedance

H1
Er
Hz2
Er2
H3

y

Er3
L
2
51

D
T

=

par

Zdiff

|
05000 =5
A
3.2000 =

1
15000 =4

|
3.2000 =5
|
2.0000 =

=
3.2000 -+

=
4.0000 =
=
3.2000 =

_‘I
4.0000 =
_‘I
3.0000 =

|
1.4000 —

I 109.01

110

100

80

25

Zdiff - Ohms

_L = = = = [}
I} = = = © 1=}
=) = =} =) =) =)

=
B
=

Impedance Magnitude - Ohms

Zdiff - Ohms

Cu Thick (T1)=17 um
.
N

Frequency - Hz
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Diff. Broadside Coupled

Foxconn Proprietary 26
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Broadside Coupled Lines

WM T Wan
. [ S |
I nt  Fim | h1 * Film
h2 ho
| A Film
Broadside Coupled Stripline (odd mode) Broadside Coupled Stripline (even mode)
Broagdside Coupled Stripline
! Even mode
07 Broadside Example
2 g0 |
g %07
% [ Where:
2 Dielectric (er) =43
2 | Line width (w) = 0.005"
= 60 + )
= ; Plane distance (h) =0.031"
] (2h1l +h2 + 2t)
50
[ moae Cu thickness (t) =0.0013"
4 = . . .. ... ... ... | Diel Spacing(h2) =0.006"to 0.018"
6 8 10 12 14 16 18

Signal spacing [mils)
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Z0=063.0 Zodd=50.1 Zeven=75.6

Mag E

.0657e+004
LB187e+003
.5500e+003
4012003
A1Z25e+003
. 3437e+003
.2 50e+003
a062e+003
.1375e+003
0687e+0035
L17d2e-006

o B et B R e el g B R S e R T e o

Foxconn Proprietary




FOXCOnn°

Broadside Coupled Lines

Way
g S |— . : :
. Design Consideration
h1 Film
_l__ *Signals opposite the same core provide
better impedance control.

h2

_|_ | Film

*Signal to plane distance control is less
critical than signal - signal.

Broadside Coupled Stripline

80 :
_ — Broadside Example
oy Even mode Where:
7 704 Dielectric (er) =
s [ Zo 4.3
S 651 Line width (w) =
$ | 0.005"
E 607 Plane distance (h) =0.031"
: (2h1 + h2 + 2t)
%1 Odd mode Diel. Spacing (h2) = 0.00115"
50 . Cu thickness (t)  =0.00137"
0 1 2 3 4 5 6 7 8 Trace allignment(s)=0 to 0.008"

Multilayer mis-allignment (mils)
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Broadside Differential Stripline With Ground

Broadside-Coupled Stripline 35 i:z:::: ;:i:cttric ::1 2:2222 E
) = 57 oY = —_ TimA

Substrate 2 Height H2 50.0000 g w6 Cu -l h ICk ‘ r1 )_ 1 7 um |
Substrate 2 Dielectric Er2 32000 ::ll éé o
Substrate 3 Height H3 5 0000 ::I| é .
Substrate 3 Dielactric Er3d 32000 ::I| %?‘53
Lower Trace ‘Width W1 [{00.0000 ::Il E
Upper Trace "Width W2 BE.0000 ﬁ §52
Trace Offzet 01 238 0000 ::I| 2t
Trace Thickness 1 12.0000 ::Il 30

Motes: [First B lines will print] &

Interface Style . . ) '
Add your comments here Differential Impedance Zdift 7523 - e : n
+ Standard 10 10° 10 10

Frequency - Hz

qﬂkr*—ﬂ

Zdiff - Ohms

Zdiff - Ohms
TT T

5

5 100 150 200 250 300 350 400
01 - Microns
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Broadside Differential Stripline With-Out Ground

92+
Substrate T Height HT [ 10000 = E
91
Substrate 1 Dielectic Er 3.2000 ::II F \
Substrate 2 Height H2 1.5000 ::II 0L
Substrate 2 Dielectric Er2 32000 ::II 89 F \
Substrate 3 Height H3 [qooooo- £ |
£
Substrate 3 Dielectric Er3 1.0000 ﬁ °Tr
o E
_ E Ll L AN 4™
Lawer Trace Width w1 40000 = ELIgE -
_ = H Cu Thick (T1)=17
Upper Trace Width w2 3.2000 ::II Se6 [
Trace Ofset o =8
race .se 4.DDDUj E g
Trace Thickness T 1.4400 = Ex E
Mates: [First 5 lines will print] "1
Interface Style F
Add your comments here v Differential Impedance Zdiff I £9.01 83
i+ Standard £ 1
n Lo F—\
g2 "
e B e i
81+
7 - o pre 10%
; £ Frequency - Hz
+ [[e— e
180+ /
» 170 f
2 N . 160 f
z ! - <0 150 f
‘ 10|
2130
ET ¢
; o _r
120
. = E
5
Na10-F
100+
% 90 f
80
70 f
60 F
s L] | | | L]

Foxconn Proprie

01- M\||5
1]
|

Frequency - Hz
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Dynamic Bend for Different Stackup
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Hinge Type

e Universal
Diagram
Application
i Coaxial
cable TR, o0l *lex

D flex :coaxial cable
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FOXCOnn°

Hinge Type Structufe

Hinge Type .
Shell Revolve | Universal
Diagram :
|
Copper RA copper RA copper RA copper HTE copper
Thickness % 0Z % 0Z % 0Z 1/3 0z
Pl 1mil or % mil 1mil or % mil 1mil or % mil 0.7mil,0.8mil or % mil
1.Single side flex 1.Single side flex 1.Single side flex 1.Single side flex is
2.Double sided 2.Double sided 2.Double sided preferred
Structure f!ex with one flex with one side flex with one side 2.Doubl.e sided .
. side trace trace trace flex with one side
suggestion 3.Multi-layer with trace
air gap 3.Due to very tight
space, air gap is not
preferred.
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Test Sample Description

> > Shield material

Bending radius

Key message:

.Bending radius: 1.15mm

Stroke:25mm

.Frequency: 0.5 Cycle/s

.Shield material: Outward

.Pass criteria; Resistance variation less than 10%

Foxconn Proprietary 35



W FOXCOnne

Static Bending Radius

Stack Thickness Bending angle Bending radius Remark
(Mandrel)
1-Layer 0.11 180 0.6
2-Layer 0.165 180 0.6 Mesh ground copper

iIs much better than
solid ground copper

3-Layer 0.2 180 0.6 Layer transition is
much better for
folding

4-Layer 0.29 180 1.25 Layer transition is
much better for
folding

5-Layer - Not recommended - Layer transition is
much better for
folding

Key message
. The bending radius is minimum on the table.
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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.

4 layer Region

< »
I~ g

»
g

) Layer transition
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Novel Flex IMP Structures
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Dynamic Flex Transmission Lines

B Mesh GND Differential Microstrip

Amil 4 mil, 4mil

D —

B Coplanar Differential Microstrip

Amil 4 mil, 4mil
[—>le—>le—>

____________________________________________________________________________________
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Mesh Ground Diff Microstrip

Amil 4 mil 4mil

I e —.

E-Field (peak) .

lane at z = 465

eeeeeeee = 12.5
Phase = B degrees
Maximum-Zd = 98991.Z VU/m at B / 8 / 465

d Ifferentl a.l 'pal r &Z??m = cfield (fo12.5:2=165 E—f i e 1 d
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Co-planar Transmission Line

4mil  4mil, 4mil

D D —.

Co-planar

‘‘‘‘‘‘
aaaa

Q\\*“linch
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Embedded Coplanar Differential Stripline

With-Ground (moved)

Diff Em

Motes: [First 5 lines will print)

Interface Style
* Standard
" Estended

Add your comments here

* Fine [Slower]

"G.S. Convergence

Diff Embedded Coplanar Wa

No Polar Model yet

Motes: [First 5 linez will print)

Interface Style
& Standard
£ Extended

Add pour comments here
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Substrate 1 Height
Substrate 1 Diclectric
Substrate 2 Height
Substrate 2 Dielectric
Substrate 3 Height
Substrate 3 Dielectric
Lowwer Trace ‘width
Upper Trace Width

Trace Separation

Lower Ground Stip ‘width
Upper Ground Strip 'Width

Ground Strip Separation

Trace Thickness

Differential Impedance

Substrate 1 Height
Substrate 1 Dielectric
Substrate 2 Height
Substrate 2 Dielectric
Substrate 3 Height
Substrate 3 Dielectric
Lawer Trace width
Upper Trace Width
Trace Separation
Ground Strip Separation

Trace Thickness

Differential Impedance

H1
En
H2
Er2
H3
Er3
kil
W2
51
G1
G2
01
T

Zdiff

H
Er
H2

= I—

Er2
H3
Er3
W
W2
51

D
T1

=

Zodiff

05000 =
32000
15000 =
32000
20000 =
3.2000 =
4.0000 5
32000 -
40000
100.0000
33.0000 %4
30000 =
1.4000

I 347

0.5000
32000
15000 —+
32000 =
20000 =
32000
40000 =
32000 -+
4.0000
3.0000
1.4000 =

I 105.0



Width of
Guaded Ground = 60 |

~ FOXCOnn°

Stackup for Application

INETT ‘ Material

Copper
Weighi (oz)

Thickness
(mil)

‘ nERH

Y
A

CVL T o 3.2
CuPlating | ECu | 0.3
Cu 0.5 0.7
AD 0.5

CCL PI 1.0 3.2
AD 0.5
0.7
0.3
1.0

m 3.2
8.0

a=4._ 3 g 47

Dvoid = 24

Width of

Guaded Ground > 60
Foxconn Proprietary

Width of
__ Guaded Ground > 60

Width of
Guaded Ground = 60
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Application to TOP END PCs

PCI-Express Tx + Rx
& Reference CLK

Foxconn .
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g -f;."’ - AR iy
Extend-! %
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Fie Edit Wiew Setup Utlifies Applications Help [95'Waveforms | Tekmoni: | x|
él %l F Iﬁ hl:I ri?l RuniStop ] Acg Mode I.ﬂverage _:I Trigllnlernal Clock _:l |2L]I]kHz _:J i I EI
IF‘uIs ¥ |J'-‘-.rnp|ilude 'I ]‘mlml(glmlmlmlmlml?:lﬁlﬁl*lﬁ JUJI [=Iw [ "

|0 C1 20005y
C2 20 00Q/div
M2 20 005 div

(5]

- - R TMax M1 Ay,
10130812

l omin M1 A,

Eye Diagram: Voltage, mV
L]

77
it
UMNDEFI

M2 | WW IM (Q.l Ql 29.6000p= [ 41.838
Bt — - FBREMIER — TIRER AR Z R EH

| 316.4M 8/18/2007

-400ps -300ps -200ps -100ps 100ps 200ps 300ps

+ =~ AR E R a1 E s £ B st s A4 2 PCI-Express 3%
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Patented New Design Scheme
— Broadside Coupling Differential Pair

Signal Interfaces

2

1394 (110 Ohm)

PCI-Express Genl
(100 Ohm)

USB2.0 (90 Ohm)

PCI-Express Gen2
(85 Ohm)

E Inorderto 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
routed on the upper and lower plane respectively.

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

d (mil) Zdiff (Ohm)
Differential Pair : 120847
45 116.744
4 mil
4 112.339
3.5 107.789 r
3 103.115
w 25 08.337
d 2 93.298
15 88.198
Figure. New Design Scheme : Change the offset distance (d) 1 82.83
of the P/N signal lines on different layers to match the requirement 0.5 77.564
of the target differential impedance. 0 12,09

Table. The relationship of offset distance d and Zdiff.
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New Design Scheme
—Twisted Broadside Coupling Differential Pair

B Based on the proposed broadside-coupled differential signal design, an extended design
scheme called twisted differential pair signals is proposed.

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

Lower-Layer

* e

Upper-Layer
Routing

Upper-Layer
Routing

P
P/N Exchange Routing Layers

00000 =

Conventional Twisted Cable

ower-Layer
Routing
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New Design Scheme
—Twisted Broadside Coupling Differential Pair

Section 1 Section 2

N Signal

B On the same layer, the current flow
direction through Section 1 and
Section 2 is inverse and can furthel
suppress EM radiation.

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

Twisted scheme is a little worse !
70 1 than conventional broadside -
coupling scheme under 1GHz.
2 gl ‘ Twisted scheme is better than
E ! conventional broadside
o .
c coupling scheme above 1 GHz.
o)
8 50 |
O
=
5
£ ;
g 40 r ; — Boardside Coupling Differential Pair
S .
i — Twisted Boardside Coupling Differential Pair
30 |
20
0 0.2 0.4 06 0.8 1 1.2 14 18 18 2
frequency (GHz)
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) 6orhparison of Different Design Schemes
to Fix Low Impedances in FPC

Conventional Mesh Ground CgZéffig g???éségﬁr
EMI Suppression Acceptable Good
Measured TDR Impedance Bad Good
Common-mode Noise Suppression Bad Good
Routing Feasibility Acceptable Good

* 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.

* This new proposal only adjusts the routing manner without extra cost, and is therefore considered
an cost-effective and novel solution.
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Broadside Differential Stripline With-Out Ground (moved)

109+
Substrate 1 Height H1 20000 j 108 ;
Substrate 1 Dielectric En 3.2000 :II 107 g
e ZHeigt K2 [0 e Cu Thick (T1)=17 um
Substrate 2 Dielectric ErZ 2.2000 :II £ it g
Substrate 3 Height H3 49,9992 :II % - F \
Substrate 3 Dielectric Er3 1.0000 :II gm c
Lower Trace width Wil 4_|:||]D[|::I| g;m F //A\‘\
Upper Trace 'Width W2 32000 :II £ \\‘ﬁ_‘a_w/, ) Y L
u 101
- 1‘—1.
Trace Offset 01 49000 = c I SR
=] 100 [
Trace Thickness T - E
07700 — ol
s
Differential Impedance Zdiff 100.57 10° we 10° 10
130 e 7iff  wmmmmmm Target Impedance
120 w150
110 CI
L E 100
» 100
E
6 B Broadside Stripline 38
_ﬂé _ . www. polasinstruments. com
E . - mn- \\
N : \
) SN
- :mu \\\\ ' |
60 quu \\\ |
5.0 55 6.0 6.5 7.0 75 8.0 ;\“-\ |
O1-N g | | L B . -
~ | |
60 + 1 k“*—f;,\*

Foxconn Proprietary U PUTER VU SO0 DU OO SOV DUV FRUTY OV DO o



FOXCOonn°

Conclusions

 There is a number of novel ways to implement
high-speed transmission lines, either single-
ended or differential for dynamic flex
applications.

* The highest performance is achieved when the
Reference GND plane is moved, removed or de-
populated (Mesh).

* All of these structures are being employed for
the newer high-speed bus structures in
computers.

THANK-YOU FOR YOUR TIME TODAY
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Impedance Design Suggestion

Foxconn Proprietary 95



~ FOXCOnn°

How to Improve Impedance Tolerance

Dielectric How accurate?

Constant

Dielectric How accurate of the thickness?
Thickness a. Adhesiveless vs. adhesive base
Trace width How accurate of trace?

Dry film selection

Exposure machine parameter optimization
Etching parameter optimization

Width uniformity

Copper Incoming material inspection?
thickness Process control?(+/-100u” )
Button plating?

Etching factor How to increase etching factor? ‘ -
Semi-additive process implement?

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

design
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Impedance Design Suggestion(l)-Equivalent Space

e ————

-

A

Incomplete ground

A=A Unequal space Without one side guide shape

ground guide

OK NG NG NG

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.
Foxconn Proprietary o7



Impedance Design Suggestion(ll)-Missed Ground Via

No via on the ground No via on the ground
guide guide

Insufficient via on
the ground

OK NG NG NG

Key message:
. For ground guides, it needs vias to connect the ground plane to form a better performance.
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Impedance Design Suggestion(lll)-Across Two Ground Reference

OK

Key message:

NG

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

Foxconn Proprietary
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Impedance Design Suggestion(lV)-Missing Ground Plane

Signal without

ground reference

NG OK

Key message:
. The signal has to be located over the ground plane.Otherwise, it will cause impedance unstable.
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Impedance Design Suggestion (VI)-Improper Mesh Distribution

Mesh Ground

ORORO

®
®
©

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

— =

NG(without ground plane)

OK(Double sided)

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

Key messages:

. 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.
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Impedance Design Suggestion(VI)-Uniform Ground Distribution
1: With ground -1:Without ground

-1

Impedance L =R

Normal condition

Key message:

Foxconn Proprietary

-1

—»| Ground

Clearance varies with the
mesh distribution

63

A

—» Ground

Impedance L #R

. Cross Section
Improper design

.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.



-
C
0
X
0
L

Impedance Variation(Ground Mesh)

Uniform Ground distribution

Distance

B
»

A

aouepadw|

Lower down

due to extra
conductive
material

A

Variable Ground distribution /

A 4

Distance

[
»

A

aouepadw|

Empty

T,
R

T,
G

%
SRS

L

4

o
e

b
b

i

P
e

b

o

i
)

S e

ettt

b

o
b

et
el

bttt

bttt

Key message

. Impedance varies with different types of ground hatch density.

it is very difficult to control well.

the ground pattern has to be uniform.Otherwise,

3

. For impedance stabilization

64
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Ground Hatch Cover Rate Definition

P Effective Ground Cover rate:

)
| ‘ Rate: P P-LP-W)*(P-W)]
P*P

¥ Solid ground:
Rate=1

P Without ground:
Rate=0

Mesh ground:
O<Rate<1

In general ,the rate is 50~60%.

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

> »
< »

A
Y

W W well. But it doesn’t decrease flexibility

P: Trace pitch either.

W:Trace width
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Ground Hatch Cover Rate:(75%0)

' ™
Same Ground Cover Rate V.S. Different Hatch Trace Width
54
N / o
:g 50 e S— —_— 2 .85mil
R
48 o 3.25mil
46
44
42
Solid 3 4 5 6 7
Hatch Trace Width(mil)
N _/

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
adjusted to keep the same cover rate.

.Through the diagram, the impedance difference is minor.
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Different Ground Hatch Cover Rate:(21%26—75%0)

- ™
Impedance v.s. Different Ground Cover Rate
75
70 \\\
65
E \\ — 3 05mil
60 = — 3.25mil
3.45mil
55 =
3.65mil
50 <
45
40
21.00% 31.00% 40.00% 50.00% 62.00% 75.00%
Ground cover rate(%)
N _/
Rate 3.05 3. 25 3. a5 3.65
21.00% 7T2.23 69.43 67.55 687.49
31.00% 68.35 66.57 65 .96 62 .64
40.00% 67.055 6599 64a. .52 61.25
50.00%6 63.89 58.7 55.01 53.85
62.00% 53.79 53.57 53.56 51.495
75.00% 148.8 A47.33 45.91 45.89
Key message:

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

60

FOXCconne
Ground Copper Reduction v.s. Impedance

50

40

30 -

20

—a— Single End
Differential

10

Impedance increment

R AMMAS

Key message:

PP R A PR DRI ESEF RN FRH PP

Ground Copper reduction rate %

.The more ground copper reduction, the more impedance increment.

Foxconn Proprietary
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Conclusions:

.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 ohm
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 shielding.

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