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Fiber weave effect: Modeling, measurements,
challenges and its impact on differential

insertion loss for weak and strong-coupled
differential transmission lines

B AR IS R A &, A SR BIPEAF U8 1) worst case 52, 1EWT_ESCHr
i, FRATTIR MEHR BB L1208 51 L 1 i 22 145 3, DRI 5 vkt 2 3 i ke A, H4eit
177 A, MK EFEAR I HEHIE N4 2] worst case FIHLE o

1. BRWYES “FELE”
2. AN _gH, FiR¥E




Fdadec s pos i SARRERUBAYS . BNERARER

— o g B FIR. WHE RS BEZHEANXE : http://www.edadoc.com/book

Get some statistical data on a test coupon that can be used to represent worst
case skew based on differential pair pitch routing design might satisfy.
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1” and 5” traces test traces.

Variation traces along the
edges of the board to study
weave variation.

1 ply vs 2 ply, north-south
and east-west trace routing.

Pitch X and Pitch Y of
differential pair

Glass A, B, C
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Measured Skew on Pitch-X Differential Traces Measured Skew on Pitch-X Differential Traces
West to East Routing North to South Routing
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Summary from measurements so far

+  While evaluating effects of skew, one shouldn’t just look at quality of glass style but the material —

glass + resin composite as a whole.

* On similar resin, different glass styles give different skew performance.

+ There is a lot of statistical variation in bundle to bundle dimensions as we see from our cross-
sections — hence what you measured on few traces may not present the whole picture.

* Relative location of weave to PCB traces is statistical, hence hard to capture
worst case skew in measurements.
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Build behavioural laminate models(glass+resin specific) to predict worst case

skew.

X @B NENE R MR T U], E SR MNIRE R TR, iR a R i %
P AN N Z 18] skew, #RJE I8 HSLHIY] T KA BE A A IR KA B 240, 140 pitch

1. BRUES “FELE”
2. FfAM 4N, FTaa¥E




E a aC AR R E PCB B0 SRAMRRIBAXE , BEHRiRkBBER

ur best partner

— @ 8 o Wit R W —WPE BEBHEANE : http://www.edadoc.com/book

S ;. |

KN, SRJEARIE VL (05 Bt AT = 4R B, SRJE R R AT 07 32, AEREHEN S R
AT DLUE R T AR R S MU B AT E D AR B ZE 5 DL«

Overview of Methodology

Build test Compute TDT Get SEM Build full Sweep trace location with
: : | -| . . - >

vehicle with from measured s- pictures of wave respect to the glass bundles
good parameters. cross-section model of and find the worst case skew
distribution of Caleculate skew as of glass
diff pairs difference in zero transmission weave and

crossing times of line correlate to

P & N signals measureme

nts
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Full wave model of 411.6 mil Casc.adlng S-parame,lers mADS (4 x 102.9 mul = 411.6 nmuls)

stripline on glass weave

1. BRUES “FELE”
2. PRGN %M, FFHh¥ES




Fdadae  ssmocims pes it Sl LBEREE o S R B

— W g # Bb #fR. BE—WRTEE EZHEANXE : http://www.edadoc.com/book

S ;. |

3, BEAT O A HEIL A, 383 3058 2 I H An R 3T 1B AT AR i £ DK, DF fE .
FAR N AN P B LB AL HE H ARy 1dB:

Magnitude(S13) - measurement vs simulation Magnitude(S24) - measurement vs simulation
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Simulated and measured insertion loss correlate within a maximum of 1 dB difference after
the Dk, Df of glass and resin are tuned
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glass and resin are tuned
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Diff {Portl .. Pmﬁ} Diff
TDT13 & TDT24 Por s POrt4

0.4 TDT24 TDT13 Skew | Skew per
(Zero (Zero (ps) | Inch (ps)
Crossing) | Crossing)

TDT13 - Measurement Measured | 2.733ns | 2.713 ns 20 1.281

Voltage (V)
=
=

TDT24 - M. .
.02 Simulated | 2.735ns | 2.714ns | 21 1.407
TDTI3 -
0.4 TDT24 - Simulation Skew Correlation is achieved between measurement and
T simulation after tuning the Dk, Df of glass & resin to
-0.6 L e e e e S N B e e e ey e
2.5 2.6 2.7 2.8 2.9 3.0 31 Material | DK @ 1GHz | DF @ 1 GHz
time, nsec Glass 6 0.0058

Resin 3.65 0.02
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Skew vs Location of Trace
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Skew per Inch (ps)

Relative location of trace relative to glass bundle (n)
Step size : 1.9 mils

Glass Pitcil
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+ Main message is what you measure in the lab is never the worst case as you cannot
control the alignment of 2 bundles to each other and to trace but in simulation this is
possible.
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* |n weak coupled traces, there is a sharp dip in diff. IL curve
« Diff. IL increases dramatically as skew increases
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Channels for 10Gbhps test, UI=100ps Channels for 25Gbps test, UI=40ps
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When skews are same in terms of Ul percentage,
increase of IL due to skew is same in both cases (channels for 10G, 25G)
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Diff. loss due to skew

IL—insertion loss
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Zero-skew IL is subtracted
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Channels for 10Gbps, UI=100ps Channels for 25Gbps, Ul=40ps
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* Loss due to skew is smaller in MS than in SL
= At higher data rate (25Gbps), insertion loss due to skew is small in MS
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Separation hetween traces swept from 10 to 60mil in step of 10mil

Diff . IL plots TDS=67ps Diff. skew due to skew
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Zero-skew IL is subtracted
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Transmission Line theory

Effect of skew on s parameters
coupled TLs

3 4
, ty = phase(Ssaz1)/(21f) =t,-
Time delay ¢, = phase(Seas1)/ (27f) Skew fskew=t1-t2
Additional diff. IL loss due to skew: dB(Sg421(tskew))=20Log(cos(Tftsp o))

Mode conversion: Sggzq = |S21-S23|sin(mTf tskew)

Convert skew to differential loss and calculate mode conversion due to skew
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Diff.loss due to skew Diff. loss due to skew

w))

Red--- Simulations
Pink--- Equation

dB(Saaz21 (tske

» ) 6 ' ;'7 -;‘ (15 é 110 1‘2 114 1’6‘1‘8 2’0
0 8 6 A N M f [GHz]
: Dashed line — eq.
f [GH2] Zero-skew ILis subtractec e

Solid line --- meas

SNEMERERRL, B BRI, AR R,

dB(Sgaz21 (tekew)) =dB(1 —a?sin® (7w f (top +takew )) )/ 2

s tep = 1/4fcp is time associated with difference between
time delays of even and odd modes

o Jepis frequency at which dip appears in single-ended IL due
to forward-coupling

« ¥ is coupling and skew dependent parameter

Equation is fitted to simulation results to be obtain values of «x
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Diff. loss due to skew Diff. loss due to skew
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