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| 2000 Levels
;_V;yﬂ;a'“@vlobal mobile data traffic will increase 26-fold between 2010 and 2015*
~# Two-thirds of the world’s mobile data will be video by 2015*

‘g%ata transmission at high speeds used to involve very specialized
~ circuitry that was concentrated near the processor.

5@% High speed signals are no longer restricted to thick packages.
~ There are many more applications for thin dielectrics.
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Loss per Unit Length (dBf/cm)

Model Data - Dielectric Thickness on Loss
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7| Extract Permittivity from Impedance Measurements
?# Analyze Loss Tangent from Transmission Loss Measurements
2 Evaluate Time Domain Effects from Eye Patterns

N PR 1 Utilize specially designed connectors to obtain measured

_ stripline results. Use Simbeor Methodology to extract parameters (Dk and
@s Df) from stripline transmission lines.

N )

2 Phase lll — Apply extracted parameters to a PCle-Gen3 application.
Compare to parameters extracted from
traditional flex used as incumbent material.
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Fle X|ble Copper Clads:

2 AP-100 Adnesiveless PI, Ultra Low Profile RA Cu, 100 um dielectric

Q« AP-50 Adhesiveless PI, Low Profile RA Cu, 50 um dielectric

2 TK-100 Fluoropolymer/Pl Composite, Ultra Low Profile RA Cu, 100 um dielectric
A TK-75 Fluoropolymer/Pl Composite, Ultra Low Profile RA Cu, 75 um dielectric

2 TK-50 Fluoropolymer/PlI Composite, Ultra Low Profile RA Cu, 50 um dielectric
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Phase | - Common Test Pattern

18"x12"” Panel
-Print and Etch

-No plated finish (just bare copper)

Black = Copper; White = Etched

IS i ol sfe e o A o Five Line Lengths
400 mm, 200 mm, 100 mm, 50 mm, 20 mm
(plus X-section samples)

Nine Designed Line Widths (Wart):
240 um, 220 um, 200 um, 180 um, 160 um,
140 um, 120 um, 100um, 80 um

e B EEEEE One set of lines used for cross section.

NOTE: These are ARTWORK widths, not final fabricated
widths.
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Measure - TDR and X Section

100 mm Line TK-50 W160

Impedanc e {Ohms)
8

e —

A En

200 A0
Propatanon Time {ns)

200 mm Line TK-50 W160

EA

113.31 pm

18.09 pm
127.23 pm

15 lines per (
Lengths x 5 Widths)

This example shows
measurement of one
line width for one clad.
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Base Line Width (W1)
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50 Ohm Line Width at Different Dielectric Constant Values

Surface Microstrip 1B 50 Ohm Li.ne Widths
from Figure 4
ol | Clad | W1{um)
= 1 FR4-100 191
; WM4-100 208
' : M6-100 223
AP-100 240
TK-100 276
TK-75 224
M4-50 107
TK 100 6 7 M6-50 114
7 10 AP-50 119
\ 100 =
_--"""'--_
TK CT——
oMo Mu
50
2D 3 3.9 4 4.5

Er (Dielectric Constant)
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2 Since five different lengths are measured, effects of connectors can be
subtracted off by looking at the DIFFERENCE in loss divided by the
'DIFFERENCE in length.
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Insartion Loss |dB)

Ingertion Loss Sumrnary: TH-F5 W240
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Frequency (GHz)

Mismalch Loss Summary: TH-TZ Wa40

Insertion Loss from
S21 and S12 of one width
_ (5 lines)

£

Average of 25 lines (five
lengths x five widths)
from the TK-75 clad
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Loss/Length for each case
length difference 100 mm
or more
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Summary Data - Loss 100 um Clads

Loss Comparison - 100 um Thick Clads - 0.5 Oz Copper 10 15 20 25
0 1 2 3 4 5 6 7 8 9 10|00
0.00 , , , , i 0.1 Frequency (GHz)
T Fr%quency{GHz} | | | ’
0.05 o MEASURED ——
i | — RESULTS 0.2
i _0.15 : \ T~ %"-—m o
5 020 91 - TK-100 = e il el
| ~ :
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M4 -0.04 AP  +0.04 M4 -0.1 d %
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FR4 -0.25 UBM
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Summary Data - Loss 50-75um Clads

Loss Comparison - 50-75 um Thick Clads - 0.5 Oz Copper 10 15 20 25

o 1 2 3 4 5 6 7 8 9 10| o0 |
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—  RESULTS
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040 1] * AP-50

. . | .
0.50 Delta M6 1 -1.0 “ pelta M6
Thickness Effect at 5 GHz: at 5 GHz: : : at 10 GHz:
M6(50)-M6(100) = -0.07 TK +0.02 Thickness Effect at 10 GHz: TK—+006
M4(50)-M4(100) = -0.02 AP 0 M6(50)-M6(100) = -0.12 AP +0.02 33
AP(50)-AP(100) = -0.08 M4 -0.07 M4(50)-M4(100) = -0.01 M4 -0.13 - H
TK(50)-TK(100) = -0.08 AP(50)-AP(100) =-0.13 -

TK(50)-TK(100) = -0.12 UBM
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ar CtI’IC are LARGER than any differences between different
\ es of low-loss dielectrics of the same thickness.

per cm versus Frequency is roughly a linear function between 5
GHz and 25 GHz (once skin effect becomes dominant).
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@' \ductivity measured by measuring DC resistance and back-
Tcuiatlng from cross sectional dimensions of lines. Found to be
_ﬁprOX|mater 4 x 107 S/m. Same value used for all models.

ﬁﬂ“ Used Agilent ADS and Polar SI9000 to calculate loss/cm up to 25
- GHz. Determined to give virtually the same results.
2 Sonnet EM solver with thick metal model with roughness.

:@s 2 For composite dielectric, models are generated that assume...
A Homogeneous (averaged) dielectric properties
A Composite — individual dielectrics considered separately

T TH
aBBee.

i
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- 100 um Thick Dielecic
F R4'1 oo FR4-100 ADS Model vs Measured 0.5 o2 Standard Profis £D Cu
0 1 2 3 4 5 7 8 9 10

0.0
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£.03 e frequencies
3 S
T 0.4 + 0 5 10 15 20 m:}:::ﬁ\'“
00 . S
T
0.5 702 | ~ 100 um IR
06 14 f}.; : :':.l::::'t‘-f“-zlﬁ. __ | Er=4.2 o JR O
e Ra=1.2um
0.7 4|7 ™= | |0.50zCu UBM
- : — E|eCtr0n|CS




M4-100 ADS Mode! vs Measured 100 um Thick Dielectic
0.5 az RTF Mediim Profie ED Cu
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-0.05
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ﬁﬁﬁ-ﬁ_ : T = |Ra=0.6um

0.50zCu Electronics




ME-100 ADS Model vs Measured

100 um Thick Dialeciric
0.5 gz Ulra Low Profie E0 Cu
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04 ! - - fand = 0.004 ' | qulﬂ-‘.!'lﬁ!f (GHz) e lal'lf:lT,I:ﬂ_qE]gE |
=== land=0.008 -0.05 ot . == - = - tan(d)=0.004
02 e = d - - - tan(d)=0.008
E L 3 B iy S Bl ==t Measured Data
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o 1 2 23 4 = & T g 9 10 ! as [-=s 0.5 0z Cu
0.00 : : : |
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-0.10 et — - - - tan(d}=0.004 ) ]
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-0.20 ‘“il:;-a.::__H = Measured Data
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AP-100, AP-50

dBicm

. AP-100 ADS Model vas Measured
4] 1 2 3 4

100 um Thick Digfaglde
0.8 oz Ukra Low Proflie R Cu

& 7 & 8 10

AP-50 ADS Model vas Measured

50 um Thick Diedectric
0.5 oz Law Prafiie RA Cu

7 L] 9 kL]
I I
= = = tamd = 0002
- = tand = G003

] 1 2 3 &
0.0 \k .
A1
0.2
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L]
@ )
0.3 it
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0.4 a1
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4.5
2t
17

AP-50 Sonnet Model vs Measured

- = tamd = 0004

g - -

Measured Values in Dranga
Model Vaiues on Ootted Lines
Er=34

|RME Roughness = 0.4 um

|

e -~ Frequen z) - - - tang =0.002
PP . S b0k ‘ . P 4 2 3 4 5 €& 7 & 4§ 10
e = = = tand = 0.004 : : s s |
o T rea, Frequency {.G"ll] - - - tan(d)=0.002
: Ci - ~ | - - - tan(d=0.003
E 015 H{sn" I (1. s " ™ ‘ - - - tan(d)=0.004
o T s Measutad Data
0,20 ! -"-,_,I_.:‘ 1 E™ |
J-.;:'L.E:_ % I ] 15 1) %|="'--‘:_
D25 T as L [T Weasured Values i Cranpe 0.30 4| . = "%
Wadel Valies an Dotied Lines o1 = i
0,30 4, it i o3 —= 50 um
AP-100 Sonnet Model vs Measured o (B Dapress - Do Ll (B \"\_R Er=31
©c 1 2 3 4 5 & 7 8 9 10 A =1 | | |lRaz0
0.00 +— - - R —— iy = oe Oé o
| 'Fi-e_‘?uenc:y (GHz) || - - - tan(d)=0.002 =0zt
-0.05 - - - tan{d}=0.003
- - - tan{d)=0.004 ) .
0.10 Mejsured oaa | Tan d is 0.002 at frequencies <5
o RS | GHz, 0.002 - 0,003 between 5-10
Y [T ..
0201 100 um GHz and 0.003 — 0.004 between 4 B
= R o, ' = A e
0.25 !_:.3 m% —| E; =3613 - 10-20 GHz %0’
o3 S (oor UBM
220 |4; = [|0.50z Cu
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0.00 -

TK-100 ADS Model vs Measured 100 um Thick Deslectns
0.5 oz Ultra Low Profiie RA Cu
0 i 2 3 4 2 g f & 2 10
T | M I T 1
;“‘ FrequenTy (GHz) A RO
e = = fand = 0,002
MH\L = = fand = 0.003
e
; i

dBfcm

-0.05
‘ -0.10
-0.15

-0.20

-0.25

TK-100: Sonnet Model Assuming Composite (T:K:T)
0 1 2 3 4 5 B 7 8 9 10

0.00 : ' i i i i |
Freguency (GHE) | - - - Kapton® tan(d)=0.001
| - - - Kaptan® tan(d)=0.003
-0.05 T = - - - Kapton® tan(d}=0.005
Teflon® | | Measured Data
Er=2.0
0.10 1 ! = :
: tan(d) =0.0005 ‘ | “-'.‘l‘q__:..q“___‘
%4.15 1 r:l '5 E = = | b g
[
AR — _‘J\N
-0.20 tloz *umqa__:__ﬁ : Kapton®
05 = Er=3.2
025 B | ' 'Ra=0.3um

If considered as composite:
Tellon® Tan d = 0.0005

Kapton® Tan d = 0.003-0.005 up to
20 GHz

Er=25

bbeasured Vaiues in Graan
bodel Values on Dotled Lines

RS Roughness = 0.3 um

If considered as a

homogeneous structure:

Tan d is 0.002 at frequencies
up to 20 GHz

TK-100: Homogeneous Sonnet Model

dBicm

0.00 e
Frequency (GHz) | - - - tan(d)=0.001

0.05 e | - - - tan(d}=0.002

- I | -« tan(d)=0.003

-H"'"\-u.
0.10 M“‘::‘:_:.:.‘__ Measured Data
'G. 1 5 T o ] 10 1% a0 [o—i r .. ..
L1 $— | :: ::

el L‘""‘*-ir-.u__._‘ o
s A Ra= O 3um
o T-“ s Electronics




TK-75 ADS Model vs Measured

0.00

-0.30

TE um Thick Dielecinz
0.5 oz Utra Low Preflie RA Cy

0 1 2 3 4 5 6 7 8 a 10
' i i
\ EreyEney (op) = = - tand = 0.001
'\\\ - - -tand= 0002
e - = = lan d = 0.003
N‘T\"i‘:; i
:] ik J @l i’ :L- “:_' ISP

0254 |

|Measured Values in Green
[IModes Vaes an Dotted Lines
Er=23

RIS Roughness = 0.3 um

If considered as a homogeneous

structure:

Tan d is 0.002 — 0.004 up to 10
GHz then goes down to 0.001 at
around 15 GHz

TK-73: Sonnet Model Assuming Composite (T:K:T)

fos

0 1 2 3 4 3] G T a8 9 10
0.00 ' [ ' =t
| Frequ em:% (GHZ) | - - - Kapton® tan(d)=0.001
0.05 £ o = = = Kapton® tan(d)=0.003
=1 - - - Kapton® tan(d)=0.005
0.0 4 Teflon® . . I'u'!ea5ured Data
= Er=2.0 o= _
o i —
& 0.15 ftan(d) =0.0005 ———+— =
- 0 T 15 an Py
0,20 --| i
Fot 2= :
0.25 %7 : Kapton®
:.r_\-3 . e EI’ = 32
0304 | = Ra=0.3um

If considered as composite:

A little better agreement between model and
measured, but does not explain loss behavior > 15
GHz. Theory: Teflon® is under-represented in the

composite model.

TK-75: Homogeneous Sonnet Model
o1 2 3 4 &5 88 F 8 8 10
0.00 ' | i | ! .
Fr*aque*lqr {Jst] - - - tan{d)=0.001
0.05 o - - tan(d)=0.002
N - - tan(d)=0.003
-0.10 Measured Data
§ 0.15
e e P e
- 1 ] " H* ® @
.| 1 o0 [ X
020 ¢ B HR
T *0g0®°
0.25 f 0z ]
v P! || Er=23 UBM
03,0~ i % Ra=0.3um Electronics
i =Ell]
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0.00
-0.05
010

dBfem

-0.40

o 1 2 3

TK-50 ADS Model vs Measured

4

50 um Thick Dielectric
0.5 ez Ulira Lew Srallie RA Cu

5 6

7 8 g 10

T

Freguen

cy (Gl

iz)

A - - - tan d = 0.001

| -~ - tan d = 0.002
| ---tand =0.003

0.15
: -0.20
-0.23 1

-0.30 -
-0.35 -

045 -

0l

1

oar

03 -t

A

051

oe !

o =S|I

TK-50: Sonnet Model Assuming Compaosite (T:K:T)
o 1 2 3 4 &5 8 ¥ 8 8 10
0.00 gl i i | i |
RUSETPTITOnTEY _— 05 Ffﬁf-l‘h?““!i (GHZ) |- - - Kapton® tan(d)=0.001
- _ | - - Kapton® tan{d)=0.003
0.10 | < = = Kapton® tan{d)=0.005
.0.15 - Teflon® _h% Measured Data
E gog Er=20 x,ﬂ_ﬁ_ﬁ
e L2 - —
5 tan(d) =0.0005 xTHM_H--._
= | [ 5 ETD 15 T ? "“--.._____._l :
‘{}3[] | G
0.35 4 S
.0 Wos %-...__._____ _ Kapton®
| [ e, | Er=32
0.45 | | i | = —=| Ra=0.3um

If considered as composite:

A little better agreement between model and measured,
but does not explain loss behavior > 15 GHz. Theory:
Teflon® is under-represented in the composite model.

| |[Measured Vales In Graen
Miode! Values on Dolied Lines
Er=25

RS Roughness = 0.3 um

If considered as a homogeneous

structure:

Tan d is 0.002 — 0.004 up to 10
GHz then goes down to 0.001 at
around 15 GHz

TK-50: Homogeneous Sonnet Model
0 1 2 3 4 5 = T 8 g 10
D.DD T | L L | I
Frequency (GHz) || - - - tan(d)=0.001
0.05 - - - - tan{d)=0.002
0.10 - - - tan(d)=0.003
015 H""--m_ Measured Data
; =
E -0.20 mﬁ%
—— | b e, |
S -0.25 ¢ 0 5 10 15 20 _:--3% ® 8
-0.30 £ °° os oo
o 8 %5
035 1 = o
im0 P UBM
-0.45 =524 [ “‘1'13:‘_5 | aztoum mmssmm  Flectronics
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=Launch =
36"long
cables

- 10.7 Gbit/s
-~ Clock

DUT =
200 mm
long

8 microstrip
| samples

* Pseudo-
Random Bit
Stream
Pattern
PRBS-31

V: 150 mV/div

H: 18 ggl{div

« Data
accumulated
over 1
minute
integration
time.
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Eye Pattern Measurement /| Analysis

/

T e

Y

R b
.

EEE

200 mm Lengths For All Rise Time {ps) Signal Amplitude P-F Jitter {ps) Eye Height {m\) Evye Width {ps) Signal to Noise Ratio
Two 36" cables used for | Time | % difference % difference % difference % difference vs % difference vs % difference vs
interface to BERTScope | (ps) vs MG imv) vs ME ips) vs MG mV) vs MB (ps) vs ME idB) vs ME
2%36"cables+2cm Thru 304 582 9 12.5 701.8 813 IR

100um FR4- 51 ohms 5219 8% 7393 -8% 344 65% 2411 -45% G0 4 -17% 31 -15dB
100um M4 51 chms 523 % 7857 -2% 254 22% 362.9 -18% 656 -6% 4.0 -0.6 dB
100um MG 50 chms 491 3000 208 4400 7238 46

100um AP: 55 chms 474 -3% 817.5 2% 19.8 -5% 463.9 5% 7449 3% 50 +0.4 dB
100um TK: 60 ohms 468 -5% 522 9 3% 18 4 -12% 478 9 9% 752 3% 51 +0.5 dB
T5um TK: 50 chms 483 8239 204 4479 737 43

S0um M4: 51 ohms 537 1% 730.0 4% 377 19% 2228 -30% 56.0 -11% 249 -0.5 dB
S50um MB: 52 ohms 5313 7572 N7 320.0 633 37

S0um AP: 50 ohms 50.9 -5% 7543 0% 26.8 -16% 334.3 4% 67 4 6% 39 +0.2 dB
S0um TK: 49 chms 529 -1% 782 2 3% 241 -24% 366.4 15% 70.2 1% 43 +0.6 dB

5 e
-
i

lowest impedance line available.

Fo,
P e
tMl Attempted to compare 50 ohm examples of each

. The TK-100 was the

2 Lower Er for flex materials leads to less jitter and improved eye width.

7 Lower loss for flex materials leads improved eye height.

s,
S8 es.

ciectronics




i

constant (Dk)w and
actor (Df) values

"f‘CLTs{om SMA connectors with

optlmlzed footprints were

NA measurements were made
and Dk and DF values extracted

- using Simbeor, a commercial
. lool.

UBM
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; stripline topology was
- evaluated rather than a
~_microstrip

' 54*7l Only the TK family of materials
~? Simbeor method requires only

" two samples of differing lengths
to be characterized

2 Launch discontinuities must be

“the same” for both test samples

FR0O110 Coverlay, 2 mils

1/2 Qunce Cu foil
4 mil Bondply TK255025, DK=2.5

1/2 Ounce Cu
3mil Cladply TK187518R , Dk=2.3

s /2 Ounce Cu

FR0O110 Coverlay, 2 mils

UBM
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F ’é
ﬁ

s Magnitude(S), [dB]
0

ped WhICh apprOX|mates the measured insertion Ioss
conductivity = 4.25x 107 S/m

,V“_,§Rgughness 1.2um (surface roughness)
~ Note: Roughness is considered differently in Simbeor than
in ADS or Sonnet

Angle(S), [deg]

— | N i
0 ) N 125
H — “, | %,
-1.25 S~ Lo
il 3 ' e ; \ .
|'r e j :-HWQﬂ_—:T'L;L‘“—h—-:;_:: \\,_H_ y 10
—2 * 5 :i: A L § \" ", I-‘I = \‘_:__‘_'
|I ~ k
! {  Measured ! N
| h f ! N
N Y « | -125
375 J : | "j' Modeled _ ‘\.ill | _
05 1.5 2 25 3 35 4

10 Mow 2011, DB2216, Simbesian bnc

Frequency, [GHZz]
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or frequency variation a

3 =

é required fdr

Dielectric Constant (Dk)

Extracted Dk, Df for TK material

2.5

2.4

2.3

2.2 A
2.1

—Dk

- - Df

10 15 20
Frequency (GHz)

0.0025
0.002
=
0.0015 9
et
[
8
0.001 ¥
©
a
0.0005 &
—
0

e
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Ll A ‘
* hase Il Simbeor extraction differed
hase 1 samples

,@E@ff ripline vs microstrip (Phase 1)

A Overall the correlation is good

F ,% Simbeor Extraction | Phase 1l
G Dk 2.62 2.5
Df 0.002 0.002

UBM
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' Equalization
2 3tap FIR de-emphasis equalization

7 A[_]alyze two different channels
@! Pyralux® FR Bondply (Kapton®)
2 Pyralux® TK (Teflon®/Kapton®)

(I TH
(T 1 TN
0000’
0@0°

UBM
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aIVStS below is for 18” trace length

& ~ Insertion Loss Comparison (TK vs FR)
| ¥ 0
] Df Dk W S
@ -10- FR | 0.02 | 3.02 |3.5mils| 5mils
) ] TK 0.002 2.6 4 mils | 5 mils
g -20- N
4 ] N
T .
S a0 |
< 30 TK \\
] |
2 40 R - W W 3 mils
- ~ | |
. S 3mils 48 3%
'50 — 1 7 17 17 ' 17 U7 71 ©v71 v7T°7° | '.'s ::
0 2 4 6 8 10 12 14 16 18 20 oo’
freq, GHz UBM
Electronics




Phase lll - Flex Assembly Performance

f HH\H\“x \
-30- S
- TK b
-40- =
. FR =
o e R 2 LA I TR T TR T
0 2 4 6 8 10 12 14 16 18 20

freq, GHz

Comparlson

-

ERDL2 Series Flex Assembly

UBM
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'simulation of different trace lengths
er sweeps for the different equalization setting

WﬂResuIts correlated to SEASIM

? The ERDL2 Series Flex Circuit Assembly was modeled in this
‘simulation environment

UBM
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ets the G3 eye mask

Voltge

e
100

S
200

S
150
time, psec

lex Circuit Assembly with TK

PCle G3 EyePattern, TK material

015
3232“\{':’7 W

-0:05 / ﬂ / 5
o ‘T\-—\-

-0.10-
-0.20 1 | T
0 50 100 150 200
time, psec
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Eye Height Comparison at 1012 BER

100 - : 80 -
— — |
E 80 .tg 60 - \
= 60 - ‘ ——Kapton =y ——Kapton
) £ 40 [/ ~
1} | I
= —TK s / \ —TK
k) 20 — \ o 20
0 - ; 0 - !
6 8 10 12 6 8 10 12
CTLE Gain (dB) CTLE Gain (dB)
... ...
o0 [ 1)
o0 o0
o0 [ 1 J
......
Electronics




rent samples/structure
Different test lab
' Different measured data post processing method

A PCle G3 example was shown for an 18” flex assembly length

UBM
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Flash

ENIG vs No Surface Finish: TK-75 and TK-50

0 1 2 3 4 5 €6 T & 9 10
ENIG 0.0 m i 5 | Frequencdy(GHz]
-0.1 i
»»»»»»»» 0.2 A : 2 v
0.3 | il Fy
£ ' S I O
o -0d a 5 i ¥ 20 25
om e 1 .7 P BN I
properties of ENIG is osfl| I E 5700 SRTIT
Ear . Sl E{' Torlo [ 71| #ouTKTS
g/,;,tﬁe pr|nC|paI CU|pI’It for Example 0.8 |5 T, sl [] @CutENIG TK:75
th|S effect. 09 1| o= == & Cu TK-50

A Cu+ENIG TK-E0

ENIG vs No Surface Finish; TK-100 and FR4-100 ENIG vs No Surface Finish: AP-50 and AP-100
0o 1 2 3 4 5 B 7 8 9 10 o 1 2 3 4 5 B ¥ & 9 10
. 1 | 0.0 = — — T {
0.0 18 - -Frﬂql.mjl:jr{ﬁ Hz) | v I u Freque [GJ-Izi
01 N 5 01 * w
= B o B 0.2 @ L i
0.2 - e e -~ o — s o * 141
0.3 - = -0.3 (1 >
E -0.4 ] ] @ o E 04 2 T &
E Al ] : th 15 2 1z ) =4 B g5 o . : . i 2\ il . o
= -0'5 | oh g ——t e i = F I ] : ™ 'rj“:“‘m’“l | L
0.6 4 nz--p:?..".--l-.-l.- I‘-| 0.6 1 -'*";: -'l....." Q9 a
| Fag - ] ., ] | 0 O
OF pmed g = "wal W Cu TK-100 07 1877 | “EETeb, . —{WCuAP-100 & S
08 8. : ol ke, | |ECu+ENIG TK-100 08 __."'f:: O £ Cu+ENIG AP-100 %>
| > Cu FR4-100 1 @ Cu AP-50
0.9 2 e 09 .| e
| ‘aa | & Cu+ENIG FR4-100 | | & CU+ENIG AP-50 UBM
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n though
elatively thin, the
~ effect must be

dBlcm

Effect of Coverlay: TK-100 vs FR4-100

0 1 2 3 4 3 & T a 8 10
0w ;Frd'quan cy(GHz) ' '
0.1 t = m| I
o | ® m N | &Y
0.2 o
#
0.3 W i
0.4 + o 5 1 i5 2 25 * & 1
i I e T e -
0 SRigad | | .
'DE 1 ol Yim " y | MD C
g_“ 2 gl O overlay TR-100
0.7 7 e | =« [WWith Coverlay TK-100
08- =°* [T | < No Coverlay FR4-100
&L . # With Coverlay FR4-100

Coverlay

_1 32.02 pm

TK-75
Example

Effect of Coverlay: TK-75 and TK-50

o 1 2 3 4 5 & F 8 9 1
0-g i
- Fraquency(GHz
il ) q .- cy( i
o s ol
0.2 Y g '
0.3 ﬁ r z_:
-D‘4 =] i 1=z 20 F<] A |
’ o¥ i Fraguancy{GHz) | :
o i R s [
06 - Pl apeos
7 - &2 T :f *&* |oNo Coverlay TK-75
o8- A |@With Coverlay TK-75
' asl | & No Coverlay TK-50

J&With Coverlay TK-50

dBicm

Effect of Coverlay: AP-100 and AP-50

0 1 2 3 4 5 & 7 8 g 10
0 f f {
-T' _Frdquar cﬂde}
0.1 - . :
= (] | O
-0.2 %
T1* 3 [=
031 5 ® w @ @ +
_ﬂq . ol | & Frtiqu:nqqual
054 w2 Eyal !_ |
0.6 4 80 u Rk CF D
P *1*, [ 2% r |0 No Coverlay AP-100
4 d aw |
0.7 * .+, W With Coverlay AP-100
-0.8 -| ' [+ No Coverlay AP-50

+ With Coverlay AP-50

e® Qe
o0 o0
o0 oo
0 oo
... ...
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Tl lizshe

Eye Patterns with Coveriay

b/ . ; T T e L3 = = ._ S8 e —re —

200 mm Lengths For All Rise Timé ips) Fall Time (ps}

rplitu P-P Jitter (ps) Eye Height (mV) Eve Width (ps) | Signal to Moise Ratio
Two 36" cables used for Time | % diff with %a diff with %o diff with % diff with % diff with %o diff with dB diff with
| interface to BERTScope (ps) | coveray | (ps] coverlay (mV] coverlay | (ps) [ coverlay | (mV] | coverlay ips) coverlay | (dB) coverlay
2%36"cables+2cm Thru 31.0 29.7 8584.3 12.5 7043 50.9 7.5
100urm FR4: 48 ohms 54.3 4% 53.0 2% 7272 -2% 39.3 14% 218.6 -9% 54.5 -10% 2.8 -0.3 dB
100um AP: 55 chms 459 3% 48.3 3% 768.6 A% 21.3 7% 4257 -8% 72.5 -3% 4.6 -0.4 dB
100um TK: 55 ohms 50.6 8% 49.9 9% 530.0 1% 214 17% 434 3 -9% 723 -3% 4.6 -0.5dB
Tourmn TK: 52 ohms 52.5 6% 51.6 7% 794.3 A% 244 20% 402.9 -10% 70.3 -5% 45 -0.3 dB
B0urn AP: 48 ohms 51.9 2% 51.6 1% 7167 -5% 327 22% 268.6 -20% 51.0 -9% 3.3 -0.6 dB
50um TK: 50 shms 53.9 2% 527 0% 761.4 -3% 33.1 37% 2743 -25% 51.4 -13% 3.4 -0.9 dB

o

Coverlay had a more negative impact on jitter than expected. This is
ﬁf@lﬁkﬂély due to the dielectric constant mismatch between the coverlay and
- "w’the clad dielectric. Mismatch is larger with the composite clads.

*K&

2 Degradation in eye height consistent with loss degradation shown in
previous slide.

7 "Coverlay effect is more significant as overall stackup thickness
decreases.
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st bulk dielectric properties.

stead f ju

er clad laminates have desirable properties versus thin rigid,
A y at frequencies >10 GHz

- Lower Permittivity

nger Loss

2 Wider Eye

1 and Df data is reliable, having been tested using different samples
and techniques. Separate labs report the same values

2 PCle G3 channel simulations of flex assemblies show the advantage of
;gihproved materials in an 8 Gbps application

2 Effects of surface finishes and coverlay also must be considered
A ENIG has a large impact on loss

L8a,
sHE o,
¥ 20668
[T T M

2 Coverlay has a significant impact on loss and eye pattern

U
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ademarks of E. I. du Pont de Nemours and

corresponds to our current knowledge on the subject. It is offered solely to provide possible
ur own experimentations and use. No warranty is made as to the correctness of this

use condktlons DuPont makes no warranties and assumes no liability in connection with any use of this
nformation. Nothing in this publication is to be considered as a license to operate under or a recommendation
to |nfr|nge any patent right.

tlén Do not use in medical applications involving permanent implantation in the human body. For other
al applications, see “DuPont Medical Caution Statement: H-51459 or H-50102-2.
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