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A STUDY ON REDUCING CROSSTALK FOR A ETHERNET
CONNECTOR

Student : Bo-Wei Lin Advisor : Dr. Ja-Hao Chen

Institute of Electrical Engineering
Tung Hai University

ABSTRACT

In this thesis the ADS2006A is used for designing and evaluating the effect on
the PCB in RJ45 jack. The simulation environment can be used for designing the
transmission line and be verified from the result of measurement and simulation.
The parasitic capacitance and parasitic inductance in RJ45 Jack will cause the
signal unbalancing and will occur the crosstalk which decreases the performance
of transmission. In order to conform the specification of CAT6, the comb
capacitor is used for compensating, which is result in the balancing signal for the
reducing of crosstalk caused by parasitic effect. The simulation and measurement
data of the capacitor we designed are compliant. Consequently, the simulation
environment can be used for calculating and compensating the capacitance on
PCB. Therefore, we also design the transmission line on PCB and build the
simulation environment from the products. In the past, the method of reducing
crosstalk in 1745 jack is trial- and —error and it is difficult and time-consuming.
With the higher frequency, the influence of the parasitic effect is apparent and the
calculation is more difficult. The method that we present in the thesis will

increase the efficiency of designing the high speed Ethernet connector.
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CHAPTER 1
INTRODUCTION

In recent years, the communication system is developed and the methods of
communication are divided into two type: wireless and wire. The wire
communication is particularly applied to the network because of the higher speed
and capacity. The media of wire communication system is the transmission line
which is used widely for the signal transmission. Transmission line has two forms,
one is dual conductors like coaxial cable, microstrip line, twisted line, and the
other is single transmission line like waveguide. The function of transmission line
1s to transmit signal from transceiver to receiver, and it causes the loss, that the
strength of electromagnetic signal becomes small result from signal delivery and
the parasitic effect between the transmission line. In order to satisfy specification
of the high speed network, the improvement of the transmission line is very
important. Recently, the purpose is to cancel the noise from the transmission path,
and keep the data source complete. RJ45 is a modular connector conformed to the
specification of Ethernet, and uses the unshielded twist pair (UTP) to deliver the
differential signal that the high speed network is based on. Theoretically, a

differential signal referred to as the ‘common-mode’, on the other hand, is carried



on two conductors, however the signal value is the difference between the
individual voltages on each conductor, the average of the two voltages will often
remain the same. The benefits of differential signal is that smaller DC signals can
be easily discriminated and is highly immune to outside electromagnetic
interference (EMI) and crosstalk from nearby signal conductors. Practically, the
signal will not be balanced completely because of the parasitic effect from the
component and material of transmission line and connector. The crosstalk in the
UTP is usually caused by the untwisted end part of the cables in order for the
twisted cables to be connected to the Modular Jacks. To compensate the
unbalanced coupling capacitance is the method to reduce the crosstalk but it is too
difficult to analyze and count accurately. In this thesis we demonstrate that using
the EDA tool to assist in analyzing the influence of near end crosstalk for RJ45
connector and compensating the capacitor embedded PCB to conform the
EIA/TIA standard. There are four chapters in this thesis. It will present the method
that reducing the crosstalk noise in modular jack, to introduce the “CAT 6 high
speed data transmission modular jack, fundamental of crosstalk, and the method to
balance the capacitive coupled crosstalk noise in second chapter. For third chapter,
we design the comb capacitor embedded on PCB in RJ45 jack for balancing and

design the transmission line embedded on PCB, and use EDA tool to establish the



simulation environment for analyzing and balancing the crosstalk noise. In fourth
chapter, we test and verify the simulation environment and show the simulation
and measurement result fitting the specification of Category 6. The final chapter

will make a conclusion regarding this thesis.



CHAPTER 2
THE METHOD OF REDUCING CROSSTALK NOISE
IN MODULAR JACK

2.1 Introduction

In recent year, the development of high-speed internet is more complete. With
the increase of working frequency, the crosstalk noise has become a significant
problem. In this chapter, we introduce the modular jack and the crosstalk reducing
method, satisfying the CAT-6 specification for frequencies up to 250 MHz. CAT6
cable is an Ethernet cable standard defined by EIA/TIA (Electronic Industries
Association and Telecommunications Industry Association), and more reliable for
Gigabit Ethernet, which speed is up to 1Gbps. The high-speed operation of CAT-6
cable is based on differential mode signal transmission using unshielded twist pair
(UTP) cable. The crosstalk characteristics of the modular jack on the printed
circuit board (PCB) were improved by inserting embedded capacitors, which
compensate for the unbalanced capacitive crosstalk in the plug and insert.
Particularly, due to limit PCB area, the balancing capacitor is designed, with using
a double-sided PCB design. Less than -46 dB connecting hardware NEXT loss
was achieved after the crosstalk noise compensation, to satisfy the CAT-6

specification for frequencies up to 250 MHz.



2.2 The Modular Jack for High-Speed Ethernet

The modular jack used as Ethernet connector is typically called 8p8c (8
Position 8 Contact) connector or RJ45 connector. The RJ45 connector has two
main components: the male plug and the female socket with eight channels. The
conductors on the male plug are flat, and the conductors inside the socket are
suspended diagonally. The modular jack consists of four pairs of twisted wires,
the plug, socket shell, the insert, and PCB. The majority of the crosstalk noise is

generated in the untwisted region of the wires in the plug and insert.

Conductor

Channel

Untwisted Region

UTP

Fig.2.1.1 = The plug of CAT-6 has an untwisted region, resulting in crosstalk noise
between nearby pairs at the 250 MHz operational frequency of the CAT-6 network

systems.



Socket '
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|
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. Transmission Line
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sl
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Fig.2.2 The modular jack consists of four pairs of twisted wires, the plug, the housing,

the insert, PCB, and IDC.

The cable will be “untwisted” when the contact between plug and the insert to
conform the specification of network transmission. Therefore, the influence of the
capacitive coupling must be minimized to reduce the crosstalk noise. But the
mutual capacitances cannot be removed because the natural phenomenon. The
available method is to cancel them by adding balanced capacitive crosstalk in the
modular jack. We can add mutual capacitance on the PCB inside the modular jack

for the purpose of balance.



2.3 The Foundation of Crosstalk

Crosstalk is caused by the mutual inductance and mutual conductance, which is
result from two nearby transmission line. In particular, the higher density of the
circuit layout on PCB, the problem of crosstalk is more serious. A crosstalk can be
divided into three group, crosstalk through common impedance, inductive
crosstalk, and capacitive crosstalk. The capacitive crosstalk is universal in the high

frequency application. And crosstalk also can be divided into two classes: far end

crosstalk (FEXT) and near end crosstalk (NEXT).

C ... _
ZO% Viexi(t) Veexr(1) Zo

Fig.2.3.1  The equivalent circuit of crosstalk.

Fig.2.3.1 is the equivalent circuit of crosstalk [1], C,, is mutual capacitance, L,
is mutual inductance and Z, is characteristic impedance. AB is defined as
Aggressor Line, and CD is defined as Victim Line. The crosstalk of Victim Line
occurs nearby the source of Aggressor Line is called NEXT, and that occur close

to the load side of Aggressor Line is called FEXT.



Aggressor Line

Terminated

(2)

— Signal
— NEXT
— FEXT

(b)
Fig2.3.2  (a) The scheme of crosstalk with terminated victim.

(b) NEXT caused by terminated victim.



The amplitude of the NEXT is determined by the Backward crosstalk
coefficient (Kb) and the input voltage (Vin) of aggressor line. The pulse width of
NEXT is two time longer than the propagation delay time of Victim Line. The
amplitude value of FEXT is directly proportional to Forward crosstalk coefficient
(K¥), the length of the parallel line (X), and input voltage of Aggressor Line, and

inversely proportional to rise time of the input signal. [1][2]

Amplitude of NEXT:
Vin [Lm Cm
A= [T+T] 2.1)
Amplitude of FEXT:
VinXVLC [Lm Cm
B=— - 22)
Backward crosstalk coefficient:
1(Cp . Lm
Ky =3 (2 +52) (2.3)

Forward crosstalk coefficient:

k=-S5 (p-2) 24)



Aggressor Line

(2)

2TD

—_— Signal
— MNEXT
—_— FEXT

Fig2.3.3  (a) The scheme of crosstalk with open victim.

(b) NEXT caused by open victim.
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Amplitude of NEXT:

— Vin [Lm , Cm
A= 4 | L t C ] (23)
B=-C (2.6)
Amplitude of FEXT:
_ _ VipXVLC[Lm _ Cm
c=-m - @7)
Backward crosstalk coefficient:
1(Cy . Lm
Ky =3 (+3) (2.8)
Forward crosstalk coefficient:
_ VLC(Lm Cp
Ke =-S5 () (2:9)



2.4 Balancing the Crosstalk Noise

The twisted pair (UTP) structures are used for the CAT-6 cable system. The
twisted structure of the cable provides the differential signal with balancing for
reducing the capacitive crosstalk. The mutual capacitance is related to the structure
of the joining point of two conductors and permittivity and loss of dielectric,
cross-sectional structure, distance, length, and thickness of the lines. One of the
methods of balancing the mutual capacitance is to insert the substantive capacitor
between the lines embedded on PCB in modular jack. In this section, we will study

on the method to balance the crosstalk noise.

Vi1

O

Pair2 V2

Pa|r4 Pa|r3 Pa|r1 Va
cla Yoo O,
(a) (b)

Fig.2.4.1 (a) Four pair of the UTP. (b) The capacitive coupling noise caused by wire 4, 5.

Fig.2.4.1 shows the four pair of the cable system. Wire 1 and 2, wire 3 and 6,
wire 4 and 5, and wire 7 and § are the differential signal pair in the middle of the
plug. Here, we focus on the two pair (1, 2), (4, 5). [3] [4] Wires] and 2 construct a
differential signal in the plug, and wires 4 and 5 pair construct another differential

12



signal pair. If a digital signal is transmitting on wires (1, 2) in the differential mode,
the capacitive coupling noise occur in another wires (4, 5). A capacitive coupling
noise voltage,V1, occurs on wire 1 and another capacitive coupling noise
voltage,V2, occurs on wire 2, because of the differential signal voltage(V4, V5) on
the differential signal pair (4, 5). The mutual capacitance between wire 2 and wire
4 is much greater than the mutual capacitance between wire 2 and wire 5, the
capacitive coupling noise V2 has the same polarity as that of V4. For the same
reason the capacitive coupling noise V1 has the same polarity as that of V4. The
V1 does not equal V2 because of the difference of distance between the
differential pair (4, 5) and wire 1 or 2, consequently the unbalanced mutual
capacitance in wire 1 and 2 is generated. In a similar way, unbalanced capacitive

crosstalk noise is generated in the other differential pair.

.
ONOMONORORORONO
Figf2|.4.2

Fig.2.4.2. shows the mechanism of the unbalanced capacitive coupling noise that

13



cause by wiring arrangement in the untwisted region in the plug and in the insert.
The mutual capacitance C67 is greater than the mutual capacitance C37. C68 is
much greater than C38, and the mutual capacitances C37 and C38 were neglected.

The balancing capacitance is necessary compensated between wires 6 and 8 with

the value Cb = C67 - C68.

Fig.2.4.3 The method to compensate the capacitance generated in the plug is to
change the distance of the unbalanced pairs. To move wire8 and wire4 close wire6,
and wire5 and wirel close wire3. The balancing capacitors, (Cb1= C23- C13); (Cb2
= (C34 — C35); (Cb3 = C65 — C64); (Cb4 = C67 — C68), are generated by the change

of distance.

14



CHAPTER 3
THE DESIGN OF THE CAPACITOR AND
TRANSMISSION LINE ON PCB
3.1 Introduction
In order to compensate the unbalanced coupling capacitance, the balancing
capacitors are added between each pair of transmission line on the PCB. The
balanced capacitance of each wire results in the cancel of the crosstalk. The
calculation of the coupling capacitance and the balancing must be accurate.
However, it is difficult to control the balance because of the components of the
modular jack exit other parasitic effect at 250MHz for category 6 specification. In
addition to the parasitic effect, the layout of signal line on PCB is varied to fallow
a variety of modular jack, and it is hard and complicated to calculate and adjust. In
this chapter, we design the capacitors to compensate on PCB and employ the EDA
tool “ADS 2006a” and “Momentum” to extract the characteristic of the balanced
capacitor. Consequently, we verify with the complete product of the capacitor. The

design procedure is as follows.

15



To desien the capacitors

v

Determine the parameter of PCB+

v

To run momentum with the comb capacitor, and convert
the result into circuit component in ADS 2006A«

¥

To extract the capacitance in ADS
2006A«

h 4

Tape-out the PCB with embedded
capacitor we designed+

!

The measurement of
the capacitance«

I

To verify the result of simulation and
measurement.

Fig.3.1.1  The design procedure of capacitor

3.2 Design of Capacitors

For the effective capacitance on the double layer PCB a comb structure is
utilized, because of the structure of parallel-plate on the thick PCB is not suitable
to generate the appropriate capacitance. Initially, design the basic comb capacitor
and then set the variable for designing. We change one variable and fix the others

for eight cases to design.

16



N | L1 L2 W D1 D2 D3 T
3 [ 64mil | 56mil | 8mil | 7mil | 8 mil | 72 mil | 1.4 mil
(a)

< L1 N

{w
L2
01l
lDz

Dy

W: Width of the line.

L1: Length of the teeth.

L2: Interleaving length.

D1: Distance between teeth and line.

D2: Distance between two teeth.

(b)

Fig.3.2.1 (a) Layout of the basic unit.

(b) Variable of the basic unit.

T: Thickness.

N: Number of the teeth.
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The scheme of the PCB we used to imbed the comb capacitor and signal wire is

shown in Fig.3.2.2.

Fig.3.2.2

Fig.3.2.3~Fi1g.3.2.10 show the CASE.1~CASE.8. In the CASE.1, we change the
number of tooth and fix other variables to observe the influence of the teeth
number for capacitance. Similarly, In CASE.2 the line width is changed, the
distance between the teeth is changed in CASE.3, the length of the teeth is
changed in CASE.4, and the distance between teeth and line and fixed the
interleaving length is changed in CASE.S. The distance between the capacitor and
the signal port is considered in CASE.6. Furthermore, the capacitors located on top
and bottom layer is overlapping entirely in CASE.7, and the capacitors of top layer

and bottom layer are cross overlapping in CASE.8.

18



CASE.1

N L1 L2 w D1 D2 D3 T
3,6,9,12,15 | 64mil | 56 mil | 8mil | 8 mil | 7mil | 72 mil | 1.4 mil
Fig.3.2.3

N | L1

L2

w

D1

D2

D3

64 mil

S6émil | 2,6, 10,14, 18, 22mil

8 mil

7 mil

72 mil

1.4 mil

Fig.3.2.4
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CASE.3

L1

L2

D1

D2

D3

64 mil

56 mil

8 mil

8mil | 3,7,11, 15 mil

72 mil

1.4 mil

Fig.3.2.5

CASE4

L1

L2

D1

D2

D3

32,48, 80,96, 128,192 mil

24,40, 72, 88, 120, 184 mil

8 mil

8mil | 7 mil

40, 56, 88, 104, 136, 200 mil

1.4 mil

Fig.3.2.6
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CASE.S

L1

L2

D1

D2

D3

59,74, 84,94, 104 mil | 56 mil | 8 mil

3,18,28,38,48 mil

7 mil

62,92, 112, 132, 152 mil

1.4 mil

Fig.3.2.7

CASE.6

N

L1

L2 w

D1

D2

D3

D4

6

64 mil

56 mil | 8 mil

8 mil

7 mil

72 mil

1.4 mil

40, 60, 80,120 mil

D4: distance between capacitor and port.

Fig.3.2.8
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CASE7

N | L1 L2 4 D1 D2 D3 T

6, | 64mil | 56 mil | 8 mil | 8 mil | 7mil | 72 mil | 1.4 mil

Top and bottom layer are overlapping

Fig.3.2.9

CASE.8

N | L1 L2 w D1 D2 D3 T

6, | 64mil | 56 mil | 8 mil | 8 mil | 7mil | 72 mil | 1.4 mil

Top and bottom layer are cross overlapping

Fig.3.2.10
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3.3 Simulation of Capacitors

We use “Advance Design System 2006A” for pre-calculating the capacitance,
and initially, to deal with the capacitor we designed by “Momentum”. “Momentum”
is planar electro-magnetic analytic soft which is a part of “ADS2006A”. It can
analyze the layout with any shape of multi-layer structure by layout-driven mod
and generates the exact EM model after the magnetic simulation with S-parameter
result, which put the coupling and parasitic effect into consideration automatically.
The result will be used for the application of circuit analysis and show the
distribution of surface current and Far Field Range. The material of PCB is FR4
and simulated using the parameter given in Table I, the setting of substrate is

shown in Fig.3.3.1

TABLE I
Parameter of PCB
Thickness 1.6 mm
Permittivity 4.6
Loss Tangent 0.02
Permeability 1
Thickness of copper 1.4 mil
Conductivity of copper 5.96E+007 Siemens/m
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Subsztrate Layers

FreeSpacel

FreeSpaced

(a)

Thickness
[16

Permittivity [Er]

[~

|I'ﬂ|'ﬂ

|F|e, Losz Tangent ﬂ
Feal

|46

Lozs Tangent

=

Lavout Laper

Name [ToPLavER

Model

=
|Thick [Expansion Up) j
[

Thickness [14 |mi\

Material ‘ Conductor [Sigma) j
Real [5.36E +007 [siemens/im |
Imag [i] |Siamens/m j

Z
Overlap Precedence il 3 %
e e

Info

Layout layer mapped as STRIP
- Model upwards expanded thick conductar
- Material: conductor [frequency dependent loss]

(b)

Fig.3.3.1 (a) The substrate and the parameter of FR4. (b) The parameter of top layer

which material is copper.

The process of momentum is as fallow steps

Stepl.

To put the port set internal type into the

capacitor. (Fig.3.3.2)

A

Step2.

Enable the RF Mod, set the Mesh
condition and define the frequency plan for
S-parameter simulation. (Fig.3.3.3)

\ 4

Step3.

To Simulate and generate the data

(Fig.3.3.4)

A 4

Step4.

Convert the result into component for
calculation of capacitance. (Fig.3.3.5)

A

StepSs.

Use impedance matrix to calculate the

capacitance. (Fig.3.3.6)

Step6. Extract the capacitance. (TABLE II)

Fig.3.3.2. The process of momentum.
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Fart Type

Intermnal

Fig.3.3.3 Insert the port set internal type into the capacitor.

EF Mode Arc Rresolution (maz 45 deal

Substrate k
Port Editor. ..

Mesh Frequency  [om =
Mesh Density @@ celsimavelength
45 dearees
™ EdgeMesh
I~ Transmission Line Mesh
.

Box - Waveznide P
‘ v Mesh reduction

Component L

(a)

[ Thinlayer overlap extraction

[¥ Horizontal side curents (thick conductors)

(b)

Edit/Define Frequency Plan

Sweep Type

Adaptive -

Start

[10

M

Stop

sz

[500 M
Sample Points Limit

e

(©)

sz

Fig.3.3.4 (a) Enable RF mode. (b) Mesh setting (¢) Edit frequency plan

Hesh gencration finished z
S parameter simulation

Layout is electrically small below 49.5 GHz (
Substrate is electrically small below 7,76 GH:
Solver selection: automated choics of direct &

< I 3

Status / Summary

solving interaction matriz -

511

..calculating S—paramsters
Adsptive: 100.0 % of frequency range coversd
S—paranster simalation finished

. saving results in dataset CAPAL_1_mom.ds
Dataset creation started
Dataset creation finished

. saving project files

. .opening data display

m

777777777 Momentum Simulation finished —————

< M 3

freq (0.0000Hz o 1.000GHzZY

Mag. [dE]

0.00.

S11

201
0.02.]
.02
0.04]

-0.05

-0.08

0.0 02

T T
0.4 08

Frequency

Fig.3.3.5 The simulation and result with s-parameter and smith chart

Momentum RF| Window DesignGuide Help

Disable RF Mode ;
)] el p] 0]

Box - Waveguide 3

Component 3 Parametars.

Mesh Create/Update...
Model Database.

Simulation

Optimization

* v v v

Post-Processing

3DEM

Substrate 3
Port Editor. BOTTOMLAYER M|l ;

Advanced Model Composer

1 .

CAPA1.1 .
CAPA1_1_1
ModelType=RF

Fig.3.3.6 Convert the characteristic of capacitor into component.
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We transform the scattering matrix result from momentum to an impedance

matrix for extraction of the capacitance. The syntax is as fallow.

Define the impedance matrix
Z; = stoz(S)

Set the input impedance Z;,

21, 1) = Z(2, 1)Z (1, 2)]
in 7.(2,2)

Cin1s the capacitance

-1
21 x freq X imag(Z_in)

in

| ‘MeasEgn’

© ‘Meas2 -
-Z_t=stoz(s) - -
C_in=A1/2"pi*freg*imag(Z_in)). . .
Z_in=Z_t{1 1)-(Z_H21)Z_1{1,20)7_1(2,2)

Fig.3.3.7 The syntax to extract capacitance.
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The simulated result of capacitance is as fallow

TABLE |1
CASE.1
N 3 6 9 12 15
Cin | 0.22 pF | 0.35 pF | 0.51 pF | 0.63 pF | 0.8 pF
CASE.2
W | 6mil 10mil | 14 mil | 18 mil | 22 mil
Cin | 0.31 pF | 0.38 pF | 0.42 pF | 0.46 pF | 0.51 pF
CASE.3
D2 | 3mil 7 mil 11 mil | 15 mil
Cin | 0.39pF | 0.35pF | 0.33 pF | 0.33 pF
CASE .4
L1| 32mil | 48 mil | 80 mil | 96 mil | 128 mil
Cin | 0.22 pF | 0.28 pF | 0.4 pF | 0.45 pF | 0.59 pF
CASE.5
D1 | 8mil 18 mil | 28 mil | 38 mil | 48 mil
Cin | 0.22 pF | 0.22 pF | 0.22 pF | 0.23 pF | 0.22 pF
CASE.6
D4 | 27mil | 40mil | 80 mil | 60 mil | 120 mil
Cin | 0.35pF | 0.35pF | 0.36 pF | 037 pF | 0.4 pF
CASE.7
N 3 6 9 12
Cin | 0.4 pF | 0.63 pF | 0.93 pF | 1.2 pF
CASE.8
N 3 6 9 12
Cin | 0.4 pF | 0.65 pF | 0.93 pF | 1.2 pF
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3.4 Measurement Data and Simulation Result
These capacitors were implemented after the design of ADS. We contrast the
measurement data with simulation result and analyze whether the trend be
consistent or not. Therefore, we should combine the simulation and practice for
prospective performance. An aerial view of the capacitors embedded on PCB is
shown in Fig.3.4.1. Due to the limit of the PCB structure, we must design the cal

kit and fixture for the PCB.

Fig.3.4.1 The finished capacitor on PCB, here shows CASE.1~6

The cal kit for the PCB is shown to Fig.3.4.2

T |t o 0 S|0 ¢ o @

Fig.3.4.2 The cal kit.
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The fixture for measurement is referred to Fig.3.4.3

el 0 le
o

¥ SMA Plug

(b)
Fig.3.4.3 (a) Shows the layout of fixture we design.

(b) A fixture is combined with SMA Plug and UTP.
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The measurement work is finished by Agilent N5230A PNA-L Network
Analyzer shown in fig.3.4.4. The complete view of the measurement is shown in

Fig.3.4.5 TABLE 1II briefly describes the setting of PNA-L Network Analyzer.

) [
0

I [l (00
0 dooolea

1j{7]

Fig.3.4.4 Agilent N5230A PNA-L Network Analyzer.

Fig.3.4.5 Complete view of the measurement system.
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Table 111

Parameters Values
Frequency range | 10MHz~500MHz
Power 0dB
Impedance 50 ohm
Sample Point 401
Band Width 300

The measurement has error capacitance from the UTP about 0.55 pF at 250MHz
after calibration. We deduct the error from the data at 250MHz and capture the
value adjusted to contrast with the simulated value of capacitance at 250MHz. The

capacitance from measurement and simulation at 250MHz is shown as fallow.

CASE.1
0.9

0.8 Z

0.7 4

0.6 =
Cin /PF 0.5 5

0.4 2

0.3

—&—Sim
0.2

--4-- Measure

0.1

N

CASE.1
N 3 6 9 12 15
Simulation 0.22 pF | 0.35pF | 0.51 pF | 0.63 pF | 0.8 pF
Measurement | 0.21 pF | 0.36 pF | 0.53 pF | 0.65 pF | 0.82 pF

Fig.3.4.6 Measurement data and simulation results of CASE.1 at 250MHz
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CASE.2

0.6
_,ﬂ‘
o
0.5 - .
W e
0.4 —— R =
0.3
0.2
—&— Sim
0.1 --#&-- Measure
0
0 5 10 15 20 25
W mil
CASE.2
W 6 mil 10mil | 14mil | 18 mil |22 mil
Simulation 0.31 pF | 0.38 pF | 0.42 pF | 0.46 pF | 0.51 pF
Measurement | 0.37 pF | 0.4 pF | 0.46 pF | 0.52 pF | 0.57 pF

Fig.3.4.7 Measurement data and simulation results of CASE.2 at 250MHz
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0.45
0.4
0.35
0.3
0.25
Cin /PF
0.2
0.15
0.1

0.05

Fig.3.4.8 Measurement data and simulation results of CASE.3 at 250MHz

CASE.3

20

A
I* ~~~~~
\t“‘* —meeoo
—&— Sim
--#&-- Measure
5 10 15
D2 mil
CASE.3
D2 3 mil 7 mil 11 mil | 15 mil
Simulation 0.39 pF | 0.35pF | 0.33 pF | 0.33 pF
Measurement | 0.41 pF | 0.36 pF | 0.35 pF | 0.34 pF

33



Cin /pF

CASE 4

0.7
0.6 o
0.5 A -
/A"
0.4 <
0.3 - 2
--4-- Measure
0.1
0
0 50 100 150
L1 mil
CASE .4
L1 24mil {40 mil |72 mil | 88 mil | 120 mil
Simulation 0.22pF | 0.28 pF | 0.4 pF | 0.45 pF | 0.59 pF
Measurement | 0.26 pF | 0.3 pF | 0.44 pF | 0.51 pF | 0.62 pF

Fig.3.4.9 Measurement data and simulation results of CASE.4 at 250MHz
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CASE.5

0.3
0.26
- *"“\
0.22 }: T,
Cin /PF il
0.18
—&— Sim
014 --#-- Measure
0.1
0 10 20 30 40 50 60
D1 mil
CASE.5
D1 8 mil 18 mil |28 mil | 38 mil | 48 mil

Simulation 0.21 pF | 0.22 pF | 0.22 pF | 0.23 pF | 0.22 pF
Measurement | 0.21 pF | 0.23 pF | 0.23 pF | 0.24 pF | 0.22 pF

Fig.3.4.10 Measurement data and simulation results of CASE.5 at 250MHz



0.6
0.5
04
Cin/PF o3
0.2
0.1

6E-16

Fig.3.4.11 Measurement data and simulation results of CASE.6 at 250MHz

CASE.6

10

—&—Sim H—
--#-- Measure
(i) 20 40 60 0 100 120 14
D4 mil
CASE.6
D4 40mil | 80 mil | 60 mil | 120 mil
Simulation 0.35pF | 0.36 pF | 037 pF | 0.4 pF
Measurement | 0.37 pF | 0.4 pF | 0.4 pF | 0.42 pF
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CASE.7
1.6

14 A

1.2 L
’,A' /.
1 L
Cin /pF /,,/./
0.8 ‘

Fig.3.4.12 Measurement data and simulation results of CASE.7 at 250MHz

’,K
0.6 o
0.4 ./ —&— Sim
--#-- Measure
0.2
0
0 5 10 15
N
CASE.7
N 3 6 9 12
Simulation 0.4pF |0.63pF |0.93pF | 1.2pF
Measurement | 0.37 pF | 0.7 pF | 1.08 pF | 1.4 pF
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CASE.8

1.4

1.2

0.8 2
Cin /PF /
0.6
/ —&—Sim

|~
0.4 s
¥ -~#&-- Measure
0.2

0

0 2 4 6 8 10 12 14
N
CASE.8
N 3 6 9 12

Simulation 0.4pF |0.65pF | 0.93 pF | 1.2 pF
Measurement | 0.37 pF | 0.7 pF | 1.08 pF | 1.4 pF

Fig.3.4.13 Measurement data and simulation results of CASE.8 at 250MHz



3.5 CONCLUSION

The purpose to designing the capacitors on PCB is to understand the
characteristic of capacitor on PCB and build the simulation environment conform
the true situation. At last, we find the capacitance we required for compensating
to reduce the NEXT. We use balun to generate differential signal and measured by
the Network analyzer. The layout of capacitors is designed by Protel99 and
simulated in ADS2006. The results of simulation and measurement are similar

and the simulation environment can be used for designing the capacitor exactly

on PCB.
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CHAPTER 4
THE SIMULATION RESULT AND MEASUREMENT
DATA FOR THE TRANSMISSION LINE WITH
COMPENSATION OF CAPACITANCE

4.1 Introduction

Recently, Modern network products have been developed to hold more
bandwidth, more internet access, and higher speed. These purposes challenge
designers to have effective method to support the trend of complexity in products.
The compensation on PCB can reduce the crosstalk occurred in the untwisted
region of RJ45 connector, however, the wire on PCB also generates capacitive
coupling noise and other effects to interfere the calculation of the compensated
capacitance. In addition to the effects on PCB, the component and geometry of
RJ45 Jack increase the difficulty in designing. The old way of trial- and -error
design practices is no longer acceptable today. It must be more effective to design
the products from the first time through the design cycle. In this chapter, the tool
ADS2006A is used to design the layout of wire on PCB with established
framework and build the model of RJ45 jack for the effective design. The design

flow is shown in Fig.4.1.1

40



Design of transmission line

A 4

Measurement of transmission line on PCB

A 4

Simulation and building the

simulation environment

A

Use the simulation environment

to Compensate capacitance.

A 4

Finish the design

Fig.4.1.1

4.2 Design and Measurement of Transmission Line on PCB

The PCB in RJ45 jack is used for compensating, however, the density of the
wire on PCB causes the problem of crosstalk and on-board parasitic capacity.
Because of the limit of structure and fixed signal position on PCB, we only
consider the path width of wire. Fig.4.2.1 shows the location of the signal port on

PCB.

In put Out put
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We decrease the density of wire for less parasite capacity and scatter the wire for
less crosstalk on PCB. Fig4.2.2 shows the layout of trace and the finished product.
The width of the signal wire is 8mil, and we put the wire on the same layer for the

convenience of compensation on another layer. [5][6]

Fig.4.2.2

The measurement work is started after finishing the product. The measurement
must utilize CAT-6 cabling meet all of the requirements of TIA/EIA-568-B.2-1 and
its respective addenda [7]. The specification of Connecting hardware pair-to-pair
NEXT loss for CAT-6 is determine using (4.1), where f [MHz] is the measurement

frequency, and the value is shown in TABLE.IV.

NEXT.ony = 54 — 20log (f/100)dB @.1)
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TABLE.IV

Frequency (MHz) | NEXT loss (dB)
1.0 75.0
4.0 75.0
8.0 75.0
10.0 74.0
16.0 69.9

20.0 68.0
25.0 66.0
31.25 64.1
62.5 58.1
100.0 54.0
200.0 48.0
250.0 46.0

The instrument for the measurement is Agilent PNA-L Network Analyzer, and

two balun transformers are used for accurate transmission measurements of the

balanced twisted pair cables and connectors. Baluns are arranged at orthogonal

locations on the ground plane.

50(0hm)

Differential

foput =0

(a)

5008m}

(b)

Fig.4.2.3
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The scheme for measuring the NEXT between two pairs is shown in Fig.4.2.4

Balun

Connect to PNA Terminate with
RJ45 Jack 100 ohm

Fig.4.2.4.

The measurement system uses two input signal from PNA to balun which
generate differential signal, and we use impedance 100ohm to terminate. The DUT
is the PCB with wire we designed in RJ45 jack, and the data of connecting
hardware pair-to-pair NEXT loss is measured. From the result, (12, 36), (36, 78),
(45, 78) has been achieved the specificity of NEXT loss because of the method in

ch3 being used for the insert.
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4.3 Establishment of the Simulation Environment

The method for simulation has been shown in chapter 3. The electromagnetic
behavior of transmission line on PCB will be extracted after the simulation by
“Momentum”, and the result will be calculated. Fig.4.3.1 shows the setting of
simulation used to calculate the NEXT loss. The setting is shown in TABLE.V. We
use the circuit in Fig.4.3.1 to generate differential signal in the simulation
environment and terminate the four pair with 1000hm, then run S-parameter to

calculate the NEXT loss between every two pair on PCB. The result is shown in

Fig.4.3.2. ~Fig.4.3.7.

| & | S-PARAMETERS I

. 5_Param
Start=10 MHz

‘P2 - SR
E

Stop=0.5 GHz
: StEp 0.01 GHz® -

' '
=
} ! 3
. Term TErm . R . d . . .
Term1 Term2 = =
Mum=1 Mum=2
i Z=50 Ohm Z=SOOAmT T fn ‘ ‘ " 1F3
TF5 TF2

T1=1:414 R - :
T2=1414 To=1414 A vy -

Fig.4.3.1

TABLE.V

S-parameter
Start | 10 MHz
Stop | 500 MHz
Step | 10 MHz

Z 50 Ohm
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The results of simulation and measurement show that the tendency of the curve is
similar but the amplitude is different, because the environment of simulation is too
ideal. In order to match the result, we add other effects into consideration.
Obviously, the interferences are from the measurement system consists of many
components which cause the effects, and the crosstalk from the four pair in the
untwisted region. These effects can be represented by equivalent capacitance or
inductance. We add four capacitances in the simulation environment and finish the
establishment of simulation by tuning to matching the curve. TABLE.VI shows the

four capacitances added in the simulation environment.

TABLE.VI
12-36
C13 C16 C23 C26
0.2 pF 0.1 pF 0.1 pF 0.2 pF
12-45
C14 C15 C24 C25
0.4 pF 0.55pF 0.55 pF 0.4pF
12-78
C17 C18 C27 C28
0.4pF 0.2pF 0.2pF 0.45pF
36-45
C34 C35 C64 C65
0.6 pF 0.1 pF 0.1 pF 0.6 pF
36-78
C37 C38 C67 C68
0.1pF 0.25pF 0.25pF 0.1pF
45-78
C47 C48 C57 C58
0.15 pF 0.2 pF 0.2 pF 0.1 pF
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4.4 Compensation and the Result

In this section we use the simulation environment to compensate the capacitance
on the PCB to reduce the NEXT. We don’t need to calculate and compensate on
the measurement system, and reduce the NEXT directly on the simulation
environment. In Fig.4.4.5, the results of (12, 45) and (12, 78) do not conform the
specification of EIA/TIA 568b, and we try to compensate capacitance on (12, 45)
and (12, 78). Initially, we can directly regulate the capacitance of the ideal
capacitor on the environment to conjecture the tendency of the NEXT loss.

TABLE VII shows the result of conjecture.

TABLE VII
(12, 45)
Pair Ciq | Cis | Gy | Cps
change |+ |4 [+ |4
Tendency | ¢ |4 |4 |4 TABLE.VIII
(12, 78) Capacitor Cisg Cys Cig
Pair Ci7 | Cig | Cpy | Cug Capacitance | 0.36 pF | 0.33 pF | 0.51 pF
change |4 |4 |4 |4
Tendency | 4 |+ |+ |4

The capacitors that we designed and produced in CH 3 can be used for
compensating in the simulation environment. We choice the similar capacitance
fallow TABLE VII, and do fine tuning. We add the capacitor between wire 1-4 and
2-5 of (12, 45) and between wire 1-8 of (12, 78). The capacitance is shown in
TABLE.VIII. The result of compensating on PCB is shown in Fig.4.4.1.and
Fig.4.4.2.
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The NEXT on PCB in RJ45 jack was reduced by the implementation of the
balancing capacitors between the signal lines on the PCB. Fig.4.4.3 shows the
results of final product. We can see that the pair (12, 36), (12, 45), (12, 78), (36,
78), (45, 78) are compensated successfully. Less than -46dB of NEXT loss was

achieved at 250MHz.

Final Product

12-45 o—o—
12-78 =—=—

36-78

45-78 e—6—

-90 | Criteria me—

-100 |

0 100 200 300 400 500
freq, Mhz
Criteria | 12-36 1245 | 1278 | 3678 | 4578
250 (Mhz)  -46 dB | -53.6 dB| -52.2dB| -49.6dB| -52.1dB -48.8dB
Fig.4.4.3
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4.5 Conclusion

The RJ45 connector consists of many components and these components result in
much interference for the transmission. Especially, it is difficult to calculate the
exact capacitance compensated on PCB for balancing. To improve the method of
compensation, we use ADS2006 to assist the evaluation of the crosstalk on PCB to
help us calculating the capacitance and finishing the work of compensation
efficiently. In this chapter, we have successfully applied the simulation environment
to the design of the CAT-6 RJ45 jack. The simulation environment is successfully
used to compensate the crosstalk in RJ45 connector and being validated by

measurement data. More than 46 dB of NEXT loss was achieved at 250 MHz.
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CHAPTER S5
CONCLUSION

Crosstalk is a critical issue in high speed transmission and connection, the
method and products to reduce crosstalk noise are researched and developed. The
effective method to reduce crosstalk noise recently is balancing the capacitive
coupling and the inductive coupling. This balancing technique is already applied in
twisted pair cable systems. In this thesis, we support the method of compensating
the capacitance on PCB in Rj45 Jack for the Ethernet transmission. ADS2006A is
used for evaluation. It is “Momentum” for the simulation of electromagnetic, and
analyzing the effects of transmission line on PCB, and then producing the comb
capacitor applied to compensating the unbalancing signal result in the capacitive
crosstalk. We produce the comb capacitor and use VNA to measuring the
capacitance and NEXT loss on PCB exactly, then finishing the simulation
environment by utilizing the electromagnetic simulation tool for the purpose to
conform the specification of CAT6 at 250MHz. The front half part introduces the
basic principle of the crosstalk and the method of compensation to balancing. In
order to generate the balancing signal, we should understand the situation of

crosstalk between each pair of transmission line and we should take the
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compensating capacitance into consideration for the best compensating result. So as
to research the characteristic of the capacitors, to establish the model of comb
capacitor is necessary. The length, width, thickness, and distance of the teeth are the
variables, and are used to extract the characteristic of capacitor on PCB at 250MHz.
From the data of measurement and simulation, the results of both are matched.
Consequently, the simulated results would help us to calculate the capacitance for
compensation directly. After extracting the characteristic of the capacitor on PCB,
we design the transmission line on PCB and also build the simulation environment
for compensation. The method of reducing crosstalk on PCB can be applied directly
by using the simulation environment and be implemented on the modular jack for
Ethernet transmission. These simulation works reported in this thesis is convenient
and efficient for designing a compensating capacitor and a connector where the

crosstalk is reduced at the frequency 250MHz.
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