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Abstract:

Modern flexible printed circuits demand improved signal integrity due to increasing data rate requirements for interconnects.
At the same time, form factors available to designers are becoming smaller. All polyimide flexible circuit materials have
been used in high-reliability applications for decades. [1, 2] There is a well-established infrastructure of fabricators skilled in
manufacturing controlled impedance flexible circuits. Solutions to meet the challenge of thinner, higher speed controlled
impedance circuits include improved materials, more disciplined manufacturing and more comprehensive, improved,
electrical characterization data.

Historically, performance specifications for flexible circuits were driven by mechanical properties. Electrical considerations
were secondary. Today, controlled impedance circuit tolerances are becoming tighter and higher frequency performance is
an additional requirement. Since flexible circuit dielectrics are very thin, small differences in dielectric properties can have a
large impact on impedance. These thinner dielectrics reduce form factor due to decreased volume, also thin layers can be
folded into tighter bends than conventional printed wiring.

Designers and fabricators use software tools like Polar [3] to model circuit geometry to achieve the target impedance.
Unfortunately, dielectric data available in typical data sheets is inadequate to successfully design and fabricate a controlled
impedance flexible circuit. As a response to this reality, each fabrication shop and design house uses slightly different values
for dielectric constant. This approach works OK if the impedance tolerance is relatively wide, but becomes unsustainable for
tighter tolerances or higher frequencies.

This paper is divided into two parts:

Part 1 describes differential impedance test structures using adhesive/polyimide, all polyimide, and new high speed flexible
circuit materials. Measured data is compared to Polar models with increasing degrees of complexity. The values of dielectric
constant used will show agreement between measured and modeled results of 2.5% or better.

Part 2 summarizes the evaluation results of new high speed flexible circuit materials from the perspective of a leading
flexible circuit fabricator. The ease and quality of processing will be compared to traditional adhesive/polyimide and all
polyimide flex materials. Results will confirm that the high speed flexible circuit materials are fully compatible with
standard flexible circuit processing without significant process modifications.

Introduction:

A successful controlled impedance circuit has a robust design that consistently falls within the defined specification limits.
Whenever possible, the tolerance is designed as wide as possible to maximize yields and minimize cost. Typical impedance
tolerance for a robust design is £10% or £15%. As speed demands go higher, typically designers need to tighten the
impedance tolerance. Designs with impedance tolerance of £5% are emerging

The physical reason for why impedance tolerance needs to be tightened as speed increases has to do with reflections due to
impedance discontinuities. An ideal controlled impedance circuit will have constant impedance through the entire design
range. Whenever there is a change in impedance over the transmission line, there is reflected signal. The larger the
impedance change, the larger the reflection.

The main adjustment that fabricators can make to keep impedance constant is to control etching and plating so that line width
stays as constant as possible. Designers can adjust more parameters in a circuit including dielectric thickness and types of
dielectrics used. Critical for success of both designers and fabricators is well characterized materials. The most important
material property for controlled impedance is dielectric constant. The focus of this work is to show “real world” controlled
impedance structures. The output of this work is dielectric constant values that designers and fabricators can use for
modeling of controlled impedance flexible circuitry.



Dielectric Constant Values:

Most values stated in product literature for dielectric constant are “bulk” values. In general, samples tested to determine
“data sheet” dielectric constant values are much thicker >10 mils than samples used for flexible circuits. Dielectric constant
values used in practice by flexible circuit designers are generally about 5 to 15% lower than the values stated in data sheets.
Another distinguishing characteristic of dielectrics used in conventional flexible circuits is the fact that the adhesives have a
different (usually lower) dielectric constant than the standard polyimide core material. Based on low frequency bulk
measurements and feedback from various fabricators, DuPont has determined dielectric constant values of standard
polyimide, Adhesives and all polyimide materials. Initial assumptions of new materials (fluoropolymer/polyimide
composites) are also provided as summarized in Table 1.

Table 1
Material Dielectric
Constant
Stand Pl 3.50

Stand Adhesive 2.95
Flame Resistant

Adhesive 3.05
Adhesiveless Pl 3.10
Flouropolymer PI

(1:1 Ratio) 2.50
Flouropolymer PI
(2:1 Ratio) 2.25

In cases where the dielectric constant needs to be determined for a composite structure (such as coverlay), a weighted average
of the two dielectrics determined the dielectric constant used in a model.

Methodology:
An edge-coupled differential microstrip structure was chosen since this is one of the most common controlled impedance

topologies utilized in flexible circuit applications. This structure has a two signal lines above a ground plane. The critical
properties influencing impedance are dielectric constant (Er), dielectric thickness (H), conductor width (W), conductor
thickness (T) and spacing between conductors (S).

Figure 1 — Basic differential microstrip structure used.



Table 2

Case Clad Coverlay
2 mil thick adhesiveless polyimide | 1 mil standard adhesive on one side
A clad to ¥z 0z Cu of 1 mil standard polyimide

2 mil standard polyimide with 1 mil

standard adhesive on each side clad 1 mil standard adhesive on one side

of 1 mil standard polyimide

B with ¥ 0z Cu
2 mil standard polyimide with 1 mil | 1 mil thick flame resistant adhesive
flame resistant adhesive on each side on one side of 1 mil standard
C clad with 2 0z Cu polyimide

2 mil fluoropolymer:polyimide

composite combined at 1:1 ratio clad 1 mil standard adhesive on one side

of 1 mil standard polyimide

DO to Y2 0z Cu
3 mil thick adhesiveless polyimide | 1 mil standard adhesive on one side
E clad to 2 0z Cu of 1 mil standard palyimide

3 mil standard paolyimide with 1 mil

standard adhesive on each side clad 1 mil standard adhesive on one side

of 1 mil standard polyimide

F with Y2 0z Cu
3 mil standard polyimide with 1 mil 1 mil thick flame resistant adhesive
flame resistant adhesive on each side on one side of 1 mil standard
G clad with 2 0z Cu polyimide

3 mil fluoropolymer:palyimide
composite combined at 2:1 ratio clad
H to Y2 0z Cu

1 mil standard adhesive on one side
of 1 mil standard polyimide

A total of 24 samples were fabricated as part of this study. Three boards of eight different copper clad flexible circuits were
manufactured. Compatible coverlay material was used in each case. Two impedance measurements were made on each
board. The following table details the construction for the experiments performed.
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Figure 2 — Detailed descriptions of copper clad laminates and coverlays used in test

For the sake of consistency, the same pitch between signal lines was used for each differential pair. The nominal target
coupon line widths were varied between 5.0 mil and 6.5 mil. As a result, target differential impedance varied between 70
ohms and 120 ohms due to the different thickness and dielectric constants of the materials.

After the test boards were fabricated and impedance measurements were recorded, a coupon from each board was cross-
sectioned. Critical dimensions were recorded according to the Polar SI 9000 cross-section model. The differential
impedance from the calculated model was compared to the measured values. The two results are compared to determine if
either model calculates impedance values that more accurately meet the measured impedance. Model 1 considers both the
clad and the coverlay as homogeneous. Model 2 considers the adhesive and the standard polyimide as having their distinct
dielectric constant values.



Edge-Coupled Embedded Microstrip 1B1A

Figure 3 — Polar SI9000 models used to evaluate impedance.



Results:
Impedance measurements are shown in Table 3 (below) for each of the 24 boards. A typical cross section measurement is
shown in Fig 4.

Table 3
Case Board| Design {mils) | Measured
W s | zdiff (ohms)
1] 60 [ 7.0 72.2
A 2] 60 | 70 73.6
3| 60 | 70 71.7
1] 55 | 75 105.8
B |2]| 55| 75 106.8
3| 55 | 75 104.8
1] 58 | 75 109.1
C |2 55 | 75 108.4
3| 55 | 75 110.6
1] 55 | 75 79.9
D |2]| 65 | 65 78.5
3| 60 | 70 77.4
1] 60 [ 70 88.1
E (2| 60 | 70 89.5
3| 55 | 75 90.0
1] 50 [ 80 122.0
F (2| 55 | 75 114.6
3| 55 | 75 113.4
1] 55 | 75 113.0
G |2]| 55 | 75 113.4
3| 50 | 80 113.4
1] 60 [ 70 99.5
H |2]| s0 | 70 98.6
3| 55 | 75 101.4

Top PI

Adhesive

Clad Dielectric

Figure 4 — Cross Section of a typical “Case B” coupon Ground Cu

Dimensions were measured based on those for a specific Polar model. A separate data table is shown for each model (Table
4 and Table 5).



Table 4

Model 1 Data

Measurements in mils

Case Board| H1 H2 | W1 | w2 | 81 T1
11190 | 272|684 5327240380
A 2 1193|265 | 574 (529|718 (084
3190252610546 | 675 | 081
1 1395|233 | 645 465721079
B 21395 (249|556 (481|721 (077
31405 249|577 (493|696 (085
11428 | 226|556 (481724080
C 2 | 428 252|566 489705 (084
3| 425|242 | 535475 | 7457 | 081
11190229 | 597 (519|695 | 0482
D 21193 (223|617 [ 533 | 666 (078
3196|229 | 653|543 | 623 (085
11291 308|622 543|643 | 074
E 2| 284 (259|573 (532|708 (087
3| 285|285 | 597 (527|692 (0382
1 1493|248 | 473 (427793078
F 2| 610 (238|542 (475|734 (0380
3497 | 262|548 (488|734 (082
11474239550 (4997240483
G 2 | 487 | 252563 (493701082
3| 487 | 259|538 (4838|737 (0380
11284 | 249|622 | 538 | 6.62 | 0483
H 2| 288|249 | 615|542 | 656 | 082
31291272599 546 | 692 | 081
Table 5
Model 2 Data Dimensions in mils
Case Board| H1 H2 H3 [ W1 | w2 31 T1
11190180 (092584 (532|724 | 0380
A 2 1193170095574 | 529|718 | 0584
3| 190 (1467|085 | 610|546 | 675 | 0381
11395144 (089545 (465 | 721|079
B 2| 395 (154|085 (5566|481 | 721|077
3405154085577 |4893 6938|0385
11428 | 137|089 556 (481|724 | 0380
C 2 1428 (160|092 (566|489 | 705|084
3| 4251441088 | 535|475 | 757|081
11190134 (095597 (519|695 | 0482
D 21193144 | 089|617 | 533 | 666 | 078
3| 196 (140 ) 089|653 | 543 | 623|085
11291216 (092|622 (543 | 643|074
E 2284 (163|096 (573|532 | 708|087
3| 285(199 ) 086|597 | 527 | 692|032
11493 150 (098 473 (427|783 |078
F 2 | 510 (140 ) 098|542 | 475 | 734|030
3497 [157 105 (548|488 | 734|082
11474 147 (092550 (499|724 | 0483
G 2 | 487 167|085 (563|483 | 701|082
3| 487 [170) 089|538 |488 | 737|080
11284 | 147 (102622 (538 | 662 | 0483
H 2| 288 (131|085 (615|542 | 656 | 082
31291183089 |599 546|692 | 0481




Analysis:

Dielectric constant values from Table 1 and dimensions from cross sections (Tables 4 and 5) were applied to the Polar
SI19000 analysis tool. The screen shots shown in Figure 5 and Figure 6 show the analysis results for Model 1 and Model 2
respectively. Specifically structure A, board 1 is shown in both examples.

& Polar $i9000 PCB Transmission Line Field Solver - [C:\Program Files\Polar\Si9000\Model1.5i9] R Ex]

File Edit Configuration Help —J
— Parameter Entry Unil
e mf i ol =

Ead
Substrate 1 Height H1 1.59000 =
ﬁ g Edge-Coupled Embedded Microstrip 1B1A -

Wl Substrate 1 Dielectic Er 31000 :II
P Substate 2 Height H2 [ 27200

Substrate 2 Dielectric Er2 3.2300 :II

ﬁ Lower Trace 'width Ll 5.8400 j
Suface Moot |Ipper Trace Width W2 5.3200 j
Trace Separation 51 7.2400 j

Trace Thickness m [0.8000 j

Coated Micrastip Differential Impedance Zditf I 71.60
1B
Figure 5 — Example of Analysis for Model 1
& Polar $i9000 PCB Transmission Line Field Solver - [C:\Program Files\Polar\Si9000\Model2.5i9] R Ex]
File Edit Configuration Help |
— [R— Parameter Entry Uil
e w0
E
Substrate 1 Height H1 1.9000 —|
ﬁ Edge-Coupled Embedded Microstrip 1B2A a2
_ Substrate 1 Diglectric En 31000 :ll
Surface Microstrip
1B Substrate 2 Height Hz2 1.6000 j
Substrate 2 Dielectic Er2 2 9500 j
Substrate 2 Height H3 0.9200 :ll
Surface Micrastip Substrate 3 Dielectric Er3 35000~
Lower Trace Width Ll 5.5400 j
Upper Trace Width W2 53200 j
Trace Separation 51 72400 j
Coated Microstrip Trace Thickness T 0.8000
1B
Mates: [First 5 lines will print]
o oh Interface Style
your comments here i i i
& Standard Differential Impedance Zditf | 72.00
" Extended

Figure 6 — Example of Analysis for Model 2



Ideally the modeled impedance and the measured impedance should be equal. For a model this simple, a difference of +/-5%
is reasonable and a difference of +/-2.5% is considered excellent. Table 6 summarizes the Polar analysis calculations and
compares each model to the measured result. Delta values in green indicate agreement within +/-2.5% while values in red
indicate a deviation of more than +/-2.5%. Note that in all cases, the difference between measured and modeled impedance is
within +/-5%.

Table 6 |Diferential Impedance (Ohms}| %4 (Model-Meas)
Case Board] Model 1 | Model 2 [Measured] Model 1| Model 2
716 720 722 -0.9% 0.3%

—

726 73.0 736 1.3% 0.7%
59.9 70.9 1.7 -2.6% -1.2%
106.2 106.6 105.8 0.4% 0.8%
104.9 105.3 106.8 -1.8% -1.4%
103.2 103.6 104 .5 -1.5% -1.1%
109.4 109.9 1091 0.3% 0.7%
107.0 107.6 108.4 1.3% 0.8%
110.6 111.1 110.6 0.1% 0.5%

772 V7.5 79.9 -3.5% A%
756.6 76.8 785 -2.5% -2.2%
74.3 74.6 774 -1.0% -3.6%

86.3 872 8a.1 2.1% 1.0%
89.1 89.6 895 0.4% 0.1%
879 88.5 80.0 -2.3% -1.6%
1215 122.0 122.0 0.5% 0.1%
115.58 116.1 1146 1.0% 1.3%
113.1 113.6 113.4 0.3% 0.1%
i, 1124 113.0 -1.0% 0.5%
ilfE 112.2 1134 1.7% 1.1%
114.3 114.6 113.4 0.8% 1.0%
96.0 96.4 595 -3.5% -3.0%
96.8 7.9 95.6 -1.9% -0.8%
9581 98.9 101.4 -3.2% -2.5%

T | Ol |m|]O| O | @

L Y ) B ) Y ) B ) RO = ) R =l R LD R




Further Analysis:

All of the boards made from Acrylic based copper clad laminates (B, C, F and D) have excellent agreement between
measured and modeled results. For the all polyimide non-acrylic based laminates (A,D, E and H), the agreement was good,
but all were not within the +/-2.5% target. As a result, cross sections were analyzed more closely to determine if differences
could be found between these two cases. Figure 8 shows typical examples of non-acrylic laminates (Board A) versus acrylic
based laminates (Board B). Note that the signal lines for Board B are clearly fully encapsulated by the coverlay while Board
A appears to have a small air gap, or at least incomplete encapsulation between the signal lines.

Fully Encapsulated by Acrylic

Figure [ — Cross Section Comparison of All Polyimide versus Acrylic Based Laminates

Fortunately, Polar SI9000 has a model that takes this case into account. Figure 9 shows these models, which are essentially
the same as Model 1 and Model 2 except they assume a different dielectric constant between the signal lines. Specifically, a
REr value of 1.0 was used here. These alternate models (Model 1A and Model 2A) were applied using the same inputs as
shown in Tables 4 and 5. As shown in Table 7, results of this revised analysis are excellent with this improved model.



Edge-Coupled Embedded Microstrip 1B1A1R

Figure 8 — Alternate Models for Boards Using Non-Acrylic Laminates

Table 7 Differential Impedance (Ohms) %t (Model-Meas)
Case Board] Model 1A | Model 24 | Measured | Model 1 | Model 2

1 731 7313 722 1.2% 1.5%

A 2 4.3 4.5 736 0.9% 1.2%

3 71.3 715 1.7 0.5% -0.3%

1 79.0 79.2 79.9 1.1% -1.0%

D 2 T84 784 78.5 0.2% 0.2%

3 76.2 76.3 ! -1.6% -1.5%

1 88.6 89.0 88.1 0.5% 1.0%

E 2 914 91.6 89.5 2.1% 2.3%

3 80.0 90 4 890.0 0.1% 0.5%

1 95.8 98.9 99.5 0.7% -0.5%

H 2 99.7 98.6 98.6 1.0% 0.1%

3 101.0 1014 101.4 0.4% 0.0%




Summary and Conclusions:

There are several material choices for designing controlled impedance flexible circuits. Acrylic based copper clad laminates
offer consistent performance for the lowest cost. Applications requiring high reliability and flexible circuit life are best
suited for the use of adhesiveless clad materials. Fluoropolymer/polyimide composite laminates have significantly lower
dielectric constant compared to traditional flexible circuit materials. This enables thinner stack-ups or higher impedance
options for designs.

Differential Impedance of flexible circuits can be modeled accurately based on analytical tools such as the Polar SI9000
software. The dielectric constant values are somewhat different for controlled impedance applications than the “bulk” values
quoted in the typical data sheet. Considering the Kapton® and adhesive separately makes a design more accurate when using
acrylic based materials. It is suggested that consideration be given to the effects of a slight incomplete encapsulation in the
model when utilizing All polyimide or fluoropolymer/polyimide composite clad laminates in the stack-up.

This study was conducted on edge-coupled differential structures. For other structures such as stripline construction that are
more complex, the agreement between modeled and measured results may not be as precise. This work provides a sound
baseline for design and verification of controlled impedance flexible circuits. We welcome alternate designs and suggestions
for future work.
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Signal Integrity

A term associated with transmission of

DIGITAL data.

* Need to get bits from input to output with no
errors.

« The materials
that link the p el [
Input and oo
Ic?uptl;;ut have JIULL Bl 7 v
an impact on \%““’A‘“

Errors

signal integrity.



High Speed Applications

Connecting IC’s on Board
Courtesy of Silicon Pipe (www.siloconpipe.com)

Selected examples e

Flex Interconnect for Military Application -
. - - Assembly by NxGen Electronics n e
Courtesy of Vulcan Flex Circuits (www.vulcanelectric.com)

SRt { i

——... Flexfor High Speed Network Switching Equipment Connecting Between Boards ——
Courtesy of PFC Flexible Circuits (www.pfcflex.com) Courtesy of Optiprint (www.optiprint.ch) '

, i s
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Differences at High Speed

« Low Frequency — You do not have to get too
precise with your lines (strings) or substrate (tub) to
make bass notes. Do not need to worry about the
signal quality.

— A washtub bass shown:

Cost = $9.95 (not including dog)
Minimal expertise required

« High Frequency — The
clarity and overtones need
to be perfect. The substrate
(wood in this case) matters
a lot.

— An antique violin
Cost = $2 Million
Extensive expertise required



http://www.basschurch.com/bassphoto.htm?tubphoto.jpg
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Why Flex?

« Thinner! — Scaled diagrams of the thinnest flex
« Coax is significantly thicker than flex
« Can design for differential or single-ended with flex, not coax.

Smallest Coax Available - 50 AWG wire O &=25 um

: Er=32
Total Thickness EENN—. Coverlay 25 um

400 um Er=45 Clad 50 um

Er=32 s Coverlay

50 um Wide 65 um
Er=3.2 Clad 40 um

Er=32 Coverl
50 um Wide overay 57 um

Er=23 Clad 32 um
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~ Dielectric Constant (Er) Is Important

50 Ohm Microstrip with Coverlay - Width vs Thickness

250
Embedded Microstrip 1B2A
200 - ]HI PO
i
i i
£ e O
= 150 e A
=
o
S M N
Q 100 A u
< eDK=23
. © DK = 2.9
>0 A ADK=34
@ ODK=4.5
0 T T T T T T T
0 10 20 30 40 50 60 70 80

Clad Thickness (um)

Accurate values of DK are critical to design and fabrication
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Dk Values for Flex Materials

« Laminate and
coverlay material is
usually very thin

« Material behaves a
little differently than
glass reinforced
laminates

« DesignCon papers by
author can provide
more insight

Dielectric
Material Constant
Standard Pl 3.50
Standard Adhesive 7 95
Flame Resistant
Adhesive 3.05
Adhesiveless Pl 310
Fluoropolymer:P
(1:1 Ratio] 2.50
Fluoropolymer:P
(2:1 Ratio] 2.23
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Validation Experiment with Vulcan

 Differential Microstrip Structures
— Zgy about 70-125 ohms

* Modeled with Polar Instruments SI19000
* Circuits built and impedance (Z,5) measured
 Measured values compared to model

« All panels
manufactured
at the same
time by Vulcan
Flex Circuit

Clad
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Materials Evaluated

B,C,Dand E
Pl with Acrylic
Adhesive

A and E
Adhesiveless PI

D and H
Fluoropolymer PI
Composites

Standard Acrylic

Coverlays Used for

All

Case Clad Caoverlay
2 mil thick adhesiveless palyimide | 1 mil standard adhesive on one side
A clad to 2 0z Cu of 1 mil standard polyimide
2 mil standard.pnlylmlde Wlt.h 1 il 1 mil standard adhesive on one side
standard adhesive on each side clad . .
s of 1 mil standard polyimide
B with 2 0z Cu

2 mil standard paolyimide with 1 mil
flame resistant adhesive on each side

1 mil thick flame resistant adhesive
on one side of 1 mil standard

C clad with 72 0z Cu polyimide
2 m'.l fluumpqumer:pglylml_de 1 mil standard adhesive on one side
composite combined at 1:1 ratio clad £ 1 mil standard polvimid
0 0 ¥ 0z Cu of 1 mil standard polyimide
3 mil thick adhesiveless polyimide | 1 mil standard adhesive on one side
E clad to 2 0z Cu of 1 mil standard palyimide
3mi standard.pnlylmlde Wlt.h il 1 mil standard adhesive on one side
standard adhesive on each side clad of 1 mil standard polvimide
F with Y2 0z Cu poly
3 mil standard polyimide with 1 mil 1 mil thick flame resistant adhesive
flame resistant adhesive on each side on one side of 1 mil standard
G clad with 72 0z Cu polyimide
3 ml.l fluoropqumer:pglylmllde 1 mil standard adhesive on one side
composite combined at 2:1 ratio clad . .
. of 1 mil standard polyimide
H to Y20z Cu




Cipe

Material Detalls

: I
[ I (5 mil ; : : .
Fluropolymer Fire Resistant Adhesive 1mil
Clad A Adhesiveless P 2mil Clad D[ High Performance Pl 1mil
Fluropalymer i
ey I——— i Clag & ami
_ Fire Resistant Adhesive  1mil
: : ]
Adhegve 1m|| _
Clad B _ 2mil CladE  AdhesivelessPl  3mil S Amil
Adhesive 1mil Clad H  High Performance PI  1mil
] Fluropolymer
I, il
I _ _
Fire Resistant Adhesive _ 1 Lo il . FRLFKapton® 1
FRO110 o Amil
Fire Resistant Adhesive  1mil
I Adhesive 1mil Standard_ 1mil
Coverlay LF Acrylic 1mil
% \\ - \ il N
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Structures Designed

 Line Width

— Target W = W1 in Polar model
— Varied between 5.0-6.0 mils

* Line Spacing
— Target S = space between W1
— Varied between 6.5-8.0 mils

* Impedance Measurements

— Performed at Vulcan Electric
— Used Polar Instruments TDR

Design {mils) | Measured
Case Board| W 5 Zdiff {ohms)
1] 60 [ 7.0 72.2
A 2] 60 | 70 73.6
3| 60 | 70 71.7
1| 556 | 75 105.8
B |2 558 | 75 106.8
3| 55 | 75 104.8
1] 55 | 75 109.1
C |2]| 55 | 75 108.4
3| 55 | 75 110.6
1] 55 | 75 79.9
D |2 55 | 65 78.5
3| 60 | 7.0 77.4
1] 60 [ 7.0 88.1
E 2| 60 | 70 89.5
3| 55 | 75 90.0
1] 50 | 80 122.0
F 2] 55 | 75 114.6
3| 55 | 75 113.4
1| 55 | 75 113.0
G | 2| 55 | 75 113.4
3| 50 | 80 113.4
1] 60 [ 7.0 99.5
H (2] 50 | 70 98.6
3| 55 | 75 101.4




Two Models Evaluated
Model 1

— Considers Coverlay as One Unit

— DK of Pl and Adhesive Averaged
Together

Edge-Coupled Embedded Microstrip 1B1A

Model 2

— Considers Pl and Adhesive
Separately




Take
measurements
for dimensions

Model 1
measurements

Model 2
measurements




Design (mils)

Case Board|] W S
1] 60 [ 70

A |2 50 | 70
3] 60 | 7.0

1] 58 | 75

B |2 55 | 75
3| 55 | 75

1] 55 | 75

C |2]| 55 | 75
3| 55 | 75

1] 58 | 75

D (2] 65 | 65
3| 60 | 7.0

1] 60 | 7.0

E |2 60 | 70
3| 55 | 75

1] 50 | 80

F 2| 568 | 75
3| 55 | 75

1] 58 | 75
G |2 55 | 75
3| 50 | 80

1] 60 | 7.0

H |2 s0 | 70
3| 55 | 75

X-Section Dimensions

< Design
Versus

Measured

/

\

Measurements in mils

Case

Board

W'

VW2

351

11

584
574
5.10

532
529
546

724
718
6.75

0.80
0.84
0.51

545
5.56
677

4.65
4.1
4.93

721
721
£.98

0.79
0.77
0.85

5 56
5.66
535

481
4.89
4.75

724
7.05
757

0.80
0.84
081

5.97
6.17
6.53

5.19
5.33
5.43

6.95
6.66
G.23

0.52
0.7a
0.85

6.22
573
5.97

543
532
h.27

6.43
7.08
6.92

0.74
0.87
0.82

4.73
542
548

4.27
4.75
488

7.93
734
7.34

0.78
0.80
0.82

5.50
5.63
5.38

499
493
488

7.24
7.0
7.37

0.83
0.82
0.50

T | O] m|m|O|O | m]| >»

LRI == ld P L) PO ) D ) O ) B sl R = B —

522
6.15
5.99

5.38
542
5.46

6.62
6.56
6.92

0.83
0.82
081
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Dielectric X-Section

Edge-Coupled Embedded Microstrip 1B1A

Dimensions

Model 1 Model 2

Case

Board

H3

A

0.92
0.95
0.95

0.89
0.95
0.95

0.89
0.92
0.95

0.95
0.89
0.89

0.92
0.96
(.86

0.9
0.98
1.05

0.92
0.85
0.89

T || |m|O|O| @

1.02
0.95
0.g9




Calculating Impedance

(& Polar $i9000 PCB Transmission Line Field Solver - [C:\Program Files\Polar\5i9000\Model1.5i9]

i (=1 % |

*EEZ

e

File Edit Configuration Help

gy

sl [ e )

% EE

Parameter Entry Unirl
* Mils ]

Surface Microstrip

Surface Microstrip

Coated Microstrip
1B

Example of Analysis for Model 1

— B

Edge-Coupled Embedded Microstrip 1B1A

[1R:S

Substrate 1 Height
Substrate 1 Dielectric
Substrate 2 Height
Substrate 2 Dielectic
Lower Trace Width
Upper Trace Width
Trace Separation

Trace Thickness

Differential Impedance

H1
Erl
Hz
Er2
il
2
51

T

Zdif

1.5000
31000 =
27200 =
3.2300 =
5.8400
53200
7.2400 —

[ 08000 =

C:\Program Files\Polar\5i9000'Model2.5i9]

i (=1 % |

71.60

eses==iE| 3 EE

FParameter Entry Unil
* Mils (

Surface Microstrip
1B

Surface Microstrip
2B

Coated Microstrip
1B

r

£

Substrate 1 Height

Edge-Coupled Embedded Microstrip 1B2A

Motes: [First 5 lines will print]

|Add yaur comments here

Example of Analysis Er Model 2

Substrate 1 Dielectric
Substrate 2 Height
Substrate 2 Dielectic
Substrate 3 Height
Substrate 3 Dielectric
Lower Trace Width
Upper Trace Width
Trace Separation

Trace Thickness

Interface Style
Differential Impedance

fa Crzmdard

S =

o

Zdif

1.5000
31000 =
1.8000 =4
25500
0.5200
35000
5.8400
53200
7.2400
0.5000 =

I 72.00
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Analysis

« Comparison of Models to Measured

« All acrylic based materials within 2.5% of model
— Acrlyic adhesive based materials B, C, F and G

— Adhesiveless materials A, D, E, and H had slightly more variation
* Fluoropolymer/Pl composites have higher measured
Z 4 than model

Differential Impedance (Ohms)

Bodh (Model-Meas)

Differential Impedance (Ohms)

%oi (Maodel-Meas)

Case Board| Model 1 | Model 2 |Measured| Model 1 | Model 2 Case Board] Madel 1 | Medel 2 {Measured] Madel 1 | Maodel 2
1 71.6 2.0 722 -0.9% 0.3% 1 86.3 ar.2 da.1 -2.1% -1.0%
A 2 T72.6 3.0 3.6 -1.3% A0.7% E 2 891 69.6 g8.5 -0.4% 0.1%
3 69.9 709 7.7 -2.6% -1.2% 3 ar.g 88.5 90.0 -2.3% -1.6%
1 106.2 106.6 105.8 0.4% 0.8% 1 121.5 122.0 122.0 -0.5% 0.1%
B 2 104 .9 1053 1068 -1.8% -1.4% F i 115.8 116.1 114.6 1.0% 1.3%
3 103.2 103.6 1048 -1.5% -1.1% 3 =D 113.6 113.4 0.3% 0.1%
1 1094 109.9 1091 0.3% 0.7% 1 111.9 1124 113.0 -1.0% 0.5%
C 2 107.0 1076 108 4 -1.3% 0.8% G 2 111.5 112.2 1134 1.7% -1.1%
3 110.6 1111 110.6 0.1% 0.5% 3 114 3 114.6 1134 0.8% 1.0%
1 772 75 79.9 S3.5% 3% 1 96.0 95 4 955 J3.5% S3.0%
D 2 76.6 76.8 8.5 -2.5% -2.2% H i 96.49 97.9 056 -1.9% -0.8%
3 74.3 4.6 T4 4.0% -3.6% 3 8581 8589 1014 -3.2% -2.5%
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Further Analysis

« Adhesiveless Pl and Fluoropolymer/Polyimide Composites looked
different in cross section.
— Board A has acrylic adhesive bonding to adhesiveless polyimide
— Board B has acrylic adhesive bonding to acrylic in clad

« Small amounts of air can be entrained in between signal lines
without blistering (not enough to cause a delamination problem).
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Slightly Modified Models

 Alternate models available In
Polar

« The only difference is the
assumption of a different Er
between the differential lines.

« Assume REr =1.0 (air)

« Applied only to adhesiveless PI
and fluoropolymer/PI
composites (A, D, E and H)

Edge-Coupled Embedded Microstrip 1B1A1R
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Results — Modified Models

 Modified models match the measured results

more closely than the original models.

* All within
2.5%

Differential Impedance (Ohms)

Yofy (Model-IMeas)

Case Board] Model 1A | Model 25 | Measured | Maodel 1 | Model 2
1 731 73.3 2.2 1.2% 1.5%
A 2 74.3 745 3.6 0.9% 1.2%
3 71.3 715 1.7 0.5% 0.3%
1 9.0 9.2 9.9 1.1% 1.0%
D 2 784 784 8.5 0.2% 0.2%
3 6.2 6.3 774 -1.6% 1.5%
1 88.6 89.0 88.1 0.5% 1.0%
E 2 914 91.6 89.5 2.1% 2.3%
3 90.0 90 4 890.0 0.1% 0.5%
1 93.8 989 99 5 0.7% 0.5%
H 2 997 986 98.6 1.0% 0.1%
3 101.0 1014 1014 0.4% 0.0%
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Conclusion
* This experiment shows Sielechiic
that the correct values Material Constant
to us for dielectric Standard Pl 3 50

constant are verified.

_ _ Standard Adhesive 7 95
* Thinner or higher

impedance designs are | o= e 1 305
attainable using Adhesiveless Pl 310
fluoropolymer/PI
: FI lymerPl
composites. 11 Rutio) 2.50
Fluoropolymer:P 295

(2-1 Ratio)
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For More Info

Glenn Oliver
DuPont Electronics and Communications
14 T.W. Alexander Drive
Research Triangle Park, NC 27709

glenn.e.oliver@usa.dupont.com
+1-919-248-5425



mailto:glenn.e.oliver@usa.dupont.com

	Table of Contents

	Presentation

	Home


