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SParameter Measurements Basics for High Speed Digjiigiheers

Frequency dependent effects are becoming more prominent with the increasing data
rates of digital systems. Differential circuit topology is commarsgd

implementation method with the goal of enhancing the data carrying capable of the
physicalayer Simple impedance and delay measurements of copper transmission
lines are not sufficient to ensure accurate analysis of gigabit interconnects. The
challenge to push design rules to the limit now requires the use of concurrent time
and frequency domain measurements.
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This presentation covetbe basics of Parameters and their measurements for high
speed digital engineers. Readers will learn why use, and how to use and handle S
parameters. The session starts wittp&ameter fundamentals and takes you

through the concepts of reflection, transmission angeéameters with typical
nomenclature. This presentation will cover DifferentigdeBameters (e.qg.,

Differential insertion loss) which represents characteristics of differential circuit
topology used in high speed digital applications.

An appendix is also included with information on ENA Option TDR, VNA based TDR
measurement instrument, broadly recognized and used in high speed digital industry
and standards (e.g., USB, HDMI, SBIgglayPortMIPI BPHY/MPHY, Ethernet,
MHL,PCle ThunderboltBroadRReach X 0 @



Why use S-parameters?

~Waveform @Transmitter output

100(:‘“,, Transm’i‘;sion line matches the

7 - “~ characteristics Impedance(50Q)
» - 50Q - S s 7

ﬁ Trace 0Q o e s
S Y| / Time(=Distance)

\Package H_'B PCB Trace \
Card

Transmission line matches the Connector —‘I <f|

characteristics impedance(50Q).

* Why is the waveform @Connector
output degraded?

* |s it not enough measuring the
characteristics impedance??

"Waveform @Connector output

Whyuse Sparameters?

This is a sample of typical transmitter device consists of chip, package, and card. A

OKIFIyySt o0GNlyavYAaarzy fAySakiNI O0Sao
shown in the topright figure). However, the output signal/waveform at the output
connector (bottomright eye diagram) is degraded/distorted compared to the input
signal/waveform (togeft eye diagram). Why is the waveform @Connector output
degraded? Is it not enough measuring the characteristics impedance?
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Catch on digital signals through the view of analog’s

Threshold
Die P> }race 1Gb/s waveform
s % PCB Trace \
Card | :L

Connector —

"

Threshold Test point 2 (TP2)

10Gb/s waveform

I Needs analog signal handling on high speed digital signals I

Catch on digital signals throughKk S @A Sg 2F | yI f 23 Q4
Comparing waveforms before and after transmitting the channel for 1Gbps and

mnDolLJAYE GKS mnDoLJA ¢l OSTF2NN A a

RNJ YIF GAOL

signal. The higher the bitrate, the more we need to observe/manage the digital

signal same as analog signal.



Digital signals vs. Analog signals

100MHz square wave . .
Digital interpretation

200Mbps 10101+-- bit pattern

t Analog interpretation
100MHz square wave which consists
of sine waves

Fundamental
31 Harmonic
3rd
5th moni I 5t
AN 1 .

consists of sine waves 100MHz 300MHz 500MHz

Digital Signals = Analog Signals(consists of sine waves)

Digital signals vs. Analog signals

[ SGQa aSS wd/PSBlI TF20) delyRBi | yOSd 2 A0K RAITAGI
Hnnaold o0AG LI GGSNYyo hy GKS 20KSNJ KIFyYyRX
composite(synthesized) waveform consisting of sine waves, 100MHz fundamental

and harmonics.



Transfer function of sine waves — What is output?

(Linear device)

/\/»

» =

DUT if
(Linear device) N\

Amplitude variation
— Insertion loss

Timing variation
— Phase shift

Linear device = Qutput freq. equals to Input freq.

Qutput/Input
0

Phase
0

(1) Same as input signal
(2) Amplitude = %, Phase = -90 deg
(3) No signal

Signal amplitude/phase are changed depending on frequency: Information on

amplitude and/or phase characteristics in frequency domain = S-parameters

Transfer function of sine wavesWhat is outp

This is an example of a sine wave applied t

ut?
Devices that behave linearly only impose magnitude and phase changes on input
signals. Any sinusoid appearing at the input will also appear at the output at the

same frequency. No new signals are created.

o a linear device which has

characteristics shown in midght figures, Output/Input and Phas&he device
imposes a nofuniform amplitude and phasehange to each frequency component.
At the frequency point lwe can see the output signal same as the input signal
(dotted line in the bottomleft figure). At 2, amplitude is decreased as half and phase
is delayed as90 degree (solid line in the bottoteft figure). At 3, no signal can be

detected from output.

2 KSy | aAy3atS aAydzmaz2AR Aa LI aasSRr
amplitude and phase changes as distortion. However, when a complexyéngag
signal is passed through a linear network, the amplitude and phase shifts can
dramatically distort the timedomain waveform. Therefore botlmplitude and
phase informationn frequency domain are important. The®&parameters is the

parameterwhich supports both information and has many advantages for high

frequency device characterization.
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What are S-parameters?
SZ]

Portt m m Port2

Transmission line

Sn) -Z]: Z#20 CSzZ
e\ DUT
g,

s, / O\

Output port Input port

Reflection/Input = Reflection coefficient — §,,.S,,

Transmission/Input = Transmission coefficient — S,,.,S;,

S-parameters are complex matrix that show Reflection/Transmission
characteristics (Amplitude/Phase) in frequency domain.

What are Sparameters?
Sparameters are complex matrix that show Reflection/Transmission
characteristics(Amplitude/Phase) in frequency domain.

Two-port device has four-farameters. The numbering convention fep&ameters
Ad OKIFGO 0KS FANRG ydzYoSNI F2ft26Ay 3
the second number is the port where the signal is applied. So S21 is a measure of the
signal coming out port 2 relative to the RF stimulus entering port 1. When the

idKS

numbers are the same (e.g., S11), in indicates a reflection measurement, as the

input and output ports are the same.
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What are S-parameters — Expressions e

Reflection S,4,S,, -:::"Reﬂection(Return loss) Refloct:

Impedance ( N\

Admittance Resistance circles
VSWR 0

X=-i50Q

K Smith chart )

issi i i Gain/L
Transmission S,,S,~ Gain/Loss(Insertion loss) ain/Loss

Phase

Group delay(Delay time% ™~

Phase

Group delay
*‘%Qw‘\

Agilent Technologies I

What are Sparametersg Expressions

With amplitude and phase information, we can quantify the reflection and
transmission characteristics of devices. Some of the common measured terms are
scalar in nature (the phase part is ignored or not measured), while others are vector
(both magnitude and phase are measured). For example, return loss is a scalar
measurement of reflection, while impedance results from a vector reflection
measurement. Some, like group delay, are purely plratsted measurements.
Reflection, S11/S22: Reflections(Return loss), Impedance, Admittance, VSWR. Smith
chart is one of display methods for complex reflection coefficient.

Transmission, S21/S12: Gain/Loss(Insertion loss), Phase, Group delay(Delay time).



Smith chart

—

.

in parallel Connect LIy series

m5
A J

m7

Connect

Connect R in parall

el-20 Connect R inserjgs

Connect C jn series

inparallel

m1

freq=50.00GHz
S(1,1)=0.000/0.000

impedance = Z0 * (1.000 + j0.000)

m2

freq=3.001GHz

S(2,2)=0.728 / -43.313
impedance = Z0 * (1.000 - j2.121)

m3

freq=50.00GHz
5(3,3)=0.532/57.858

impedance = Z0 * (1.000 + j1.257)

m4

freq=50.00GHz
S(4,4)=0.333/0.000

impedance = Z0 * (2.000 + j0.000)

m5

freq=20.00GHz
5(6,6)=0.705/134.847
impedance = Z0 * (0.202 + j0.401)

m6

freq=10.00GHz

5(5,5)=0.618 / -128.149
impedance = Z0 * (0.288 - j0.453)

m7
freq=50.00GHz
S(7,7)=0.333/ 180.000

impedance = Z0 * (0.500 + j0.000)

I Smith chart: Impedance conversion is possible intuitively I

What are Sparametersg Smith chart.

Smith chart maps rectilinear impedance plane optdar plane. On the Smith chart,
the vertical lines on the rectilinear plane that indicate values of constant resistance
map to circles, and the horizontal lines that indicate values of constant reactance

map to arcsZomaps to the exact center of the chatt.(i Q& fode&afatidetof
impedance matching network.




What are S-parameters — Smith chart

m8 Cpara\lel 1 42pF
4

\ m3
' freq=1.000GHz
Mo S(2,2)=0.857/76.161
- impedance = Z0 * (0.200 + j1.257)
Csenes 1 2DF// X admittance = YO ™ (0.124 - j0.776)

,’/

m9

freq=1.000GHz
S(1,1)=0.800 / 37.001
impedance = Z0 * (0.995 + j2.658)
admittance = Y0 * (0.124 - j0.330)

\
\
|
/ m10

m10
4
/

freq=1.000GHz

S(3,3)=0.004 / 134.285

impedance = Z0 * (0.995 + j0.005)
admittance = Y0 * {1.005 - j0.005)

R + X
It's possible to adjust the matching circuit in many ways for the target
characteristics at the target frequency

[ S Q& exan$p® of mgiching circuit design. Marker 8 (m8) shows the reflection
(impedance) of a device without a matching circuit and the place of marker 10 (m10)

is the target (system impedance: Z0). If the matching circuit consists of 1.42 pF in

LI NFffSEfX FYR M®PH LIC AY aSNARS&ax GKSYy NBT
way to meet the target characteristic at the target frequency.
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Advantages of S-parameters

=

Freq. [Hz] Freq. [Hz] Freq. [Hz] Freq. [Hz]

Loss [dB]
J
»,
Lo;;+E;B]
,
|
Loss [dB]

Note: they are not actual data

I System performance can be easily predicted by using multiple S-parameters '

Advantage®f Sparameters
The measured-Barameters of multiple devices can be cascaded to prexlietall

system performance.




Differential signaling

A method of transmitting information electrically with two
complementary signals sent on a differential pair.

Pros:

1.  Noise immunity: Common—-mode rejection

2. Margin for signal attenuation: Receiver takes double voltage

3. Low voltage operation: Low power consumption | , di/dt | (EMI suppression)
4. EMI reduction: Cancel out a magnetic field (complementary current)

Cons:
1. Foot print: double traces, area |

Agilent Technologies

Ly G2RI&Qa KAIK 3 differSrital dyhalingdifferéntialcitdidt A O G A 2

topology)is widely and commonly usefl.S (i Q& proskuti xdhssof differential

signaling.

Pros:

1. High noise immunity Commonrmaode rejection

2. High margin for signal attenuationReceiver takes double voltage

3. Low voltage operation Low power consumption, low dit (EMI suppression)

4. Low EMI Cancel out a magnetic field (complementary current)
Cons:

1. Large foot print double traces, more areaeeded

12



Mode conversion on a differential pair

Mode conversion:
Differential > Common-mode

e
; EM: Electromagnetic
AP @ :

AN

Mode conversion:
Common-mode - Differential

Unexpected mode conversion will be occurred on a non-ideal differential
device.

Mode conversion on a differentighir

Norideal differential transmission lines, however, do not exhibit benefits(pros)
described in the previous slide. A differential transmission line with even a small
amount of asymmetry will produce a common signal that propagates through the
device. This asymmetry can be caused by any physical feature that is on one line of
the differential pair and not the other line, including solder pads, jags, bends and
digs. This mode conversion is a source ofilgbtference (emissiorradiation). Most
new product development must paise EMC compliance testing near the end of

the design cycle. Very often the test results show that the design exhibits EM
interferenceor susceptibility (immunity). However, there is usually very little insight
as to what physical characteristic is causing the problem. Mode conversion analysis
provides the designer with that insight so that EM problems can be resolved earlier
in the design stage.

13



Balanced devices

E 24 /
Port1 —° DU$°rt— Port 2\ \
" Diff 2-port
Port1 | bur | Port2
Port1 — aport] Port 3
Port2 — YTl Porta
k Single-ended port config / \ Differential port config /
S _ X mode signal output on port A
Xy "j '? ~ y mode signal input on port B

—— Stimulus port number
— Response port number \ s Single-Ended (Unbalanced)

Stimulus port mode I A .
Response port mode} Mode { d: Differential Mode (Balanced)
¢: Common Mode (Balanced)

(All ports should be noted as logical ports)

I Differential mode responses are represented by Differential S-parameters I

Standard Singtended devices generally have one input port and one output port.

Signals on the input and output ports are referenced to ground. On the other hand,
balanced devices have two pins on either the input, the output, or both. The signal

of interest is the difference and average of the two input or output lines, not

referenced to ground.

Differential mode responsesan be obtained by balanced measurements, arel

represented by Differential-Barameters. The format of the parameter notation

Sxyak = G KSNB G{d NaVISYBNEFTAMNIE{ Aa (KS NBaLR
O2YY2Yy 0> déé¢ Aa UGUKS adAyYdz dza Y2RS ORATFTS
LI2ZNIG ydzYoSNJ YR do0é¢ Aa GKS ailAyYdz dza L2 NI
frequency domain -parameters.

14



4-port Differential S-parameters

Diff > Diff Comm —-> Diff
O - Ao Diﬁer?ntiazll mode C°’“{T‘°“| mode -\ N S
p - p stimulus stimulus ~ - I

{ Logr;c?\ I ‘>:\1: | Logr;c"ial ] l ogica | ~
Lo] port : port 2
Diff mode responses : e L : Mode conversion:
EM susceptibility,
. * e Hund ¥——=  immunity
Diflerential | 557 —>| Sgd11  Sdd12[; Sact1 Sdet2
response | 50 —>|| Sdg21 Sdd22]!Sde21  Sdc22
oo el Irrrreerrrerrseriree
Common | 557 —>[Scg11  Scdt2||[Scct1  Scc12
response | pon2 | Scd21  Scd22 ||| Scc21  Scc22 |
Diff > Comm 7 %, Comm - Comm
o - A~ |Mode conversion: Ao - o
—~ - A=~ |EM interference, emission Ao - Ao

Comm mode responses

' Agilent Technologies

The sixteen Pparameters that are obtained by fully characterizing a differential
interconnect can be categorized into 4 stimulus/response quadrants.

In order to interpret the large amount of data in the differential parameter matrix, it
is helpful to analyze one quadrant at a time. The first quadrant is defined as the
upper left 4 parameters describing the differential stimulus and differential response
characteristics of the device under test. This is the actual mode of operation for most
high-speed differential interconnects, so it is typically the most useful quadrant that
is analyzed first. It includes input differential return loss (Sdd11), input differential
insertion loss (Sdd21), output differential return loss (Sdd22) and output differential
insertion loss (Sdd12).

The second and third quadrants are the upper right and lower left 4 parameters,
respectively. These are also referred to as the Differential quadrants. This is because
they fully characterize any mode conversion occurring in the device under test,
whether it is commorto-differential conversion (EMI susceptibility, immunity) or
differentiakto-common conversion (EMI interference, emission/radiation).
Understanding the magnitude and location of mode conversion is very helpful when
trying to optimize the design of interconnects for gigabit data throughput.

The fourth quadrant is the lower right 4 parameters and describes the performance
characteristics of the common signal propagating through the device under test. If
the device is design properly, there should be minimal mode conversion and the
fourth quadrant data is of little concern. However, if any mode conversion is present
due to design flaws, then the fourth quadrant will describe how this common signal
behaves.

15



S-parameter measurements basics — Vector Network
Analyzer (VNA) agtent E5071C

Signal '
source y

82 1
———
S1 l) [ [T CSZZ
S 12

Ressesl | | Roflection Sy =Al

R1
i Transmission S,, =B/
)| i S, =AIR2

) Transmission
Portl | i Jpom Reflection 822 =B/R2

Block diagram (2-port VNA)
Note: Balanced measurements require 4-port VNA

Measure amplitude & phase of components by using sine wave frequency
i sweep h

For twoport VNA (e.g., Agilent E5S071C ENA Series Network AnalypargrBeters

can be obtained with four receivers: R1, R2, A, and B.

S11 (=A/R1) and S21 (=B/R1) are determined by measuring the magnitude and phase
of the incident (R1), reflected (A) and transmitted (B) voltage signals when the
output is terminated in a perfedo(a load that equals the characteristic impedance

of the test system). This condition guarantees that R2 is zero, since there is no
reflection from an ideal load. S11 is equivalent to the input complex reflection
coefficient or impedance of the DUT, and S21 is the forward complex transmission
coefficient. Likewise, by placing the source at port 2 and terminating port 1 in a
perfect load (making R1 zero), S22 (=B/R2) and S12 (=A/R2) measurements can be
made. S22 is equivalent to the output complex reflection coefficient or output
impedance of the DUT, and S12 is the reverse complex transmission coefficient.
Note that 4port VNA is required for fully characterizin@-port differential device.

16



Frequency domain = Time domain

Frequency response
— T

0 f

_ - Transmission
Inverse Fourier Transform | l

- Reflection

Impulse responseA

— t

0
inegratel |

Step response }7

0 "t

Using Inverse Fourier Transform techniques, the frequency domain response
can be mathematically transformed into the time domain response

Sparameters (frequency response) can be transformed into the time domain
parameters (impulse respongg step response) by performing an inverfearier
transform (IFT).

¢KS YI GNRE NBLJ Bas y Ay3a GKS GAYS R2YILAY
NELX I OSR o0& | a¢¢ R R '
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S-parameter & TDR/TDT measurements

* Tdd11(TDR) Tdd21(TDT)

VounE nw OC T

-
>

Time

wi7-Sdd21(Insertion loss) 'SS

Time (Distance)
%e®  Sdd11(Return loss)

mll (1E !

Frequency Frequency

Both time and frequency domains analysis are valid and feasible

Both time and frequencgomain data help us understand device characteristics. Just
four differential parameters are shown in this slide, but other parameters like mode
conversions are often required to evaluate a device thoroughly.



Time domain - Frequency domain

Frequency response
— T

0 f

: = Transmission
Fourier Transform I'

- Reflection

Impulse responseA

t

TDR/TDR & S-parameters
Which is the best solution,
TDR vs. VNA?

0
Diferentiate]

Step response  [———

/

Agilent Technologies

LiQa | f &2 hdtthéddbhainfpdamatéid (siep tesponeimpulse
response) can be transformed intep&rameters (frequency response) by performing

anfourier transform (FT).
Which is the best solution?
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TDR(Sa

13

pling) scopes

. 3
[

| 86100D

S
"H
m
1

Step generator

Sampler _—

Block diagram (TDR Scopes)

Input step signal, and derive impedance/loss from reflection/transmission
measurements

[ SG§Qa NBOYASS GKS YSI adzNIBeyTOK istrurdddt y OA L S 2
accomplishes this task with a fast step (step generator) with little overshoot in
concert with a wideband receiver (sampler) to measure step response.

20



VNA vs. TDR scopes — Advantage of VNA

[ H Y 10,00 aer A -

» Low Noise 0 Isolation (Magnitude) ~

l-hgh dynam|C range ) o TDR scopes dynamic range
R 30~40dB

- Fast measurement speed , =
- State of the art calibrations -oq{ 80~90d3 FTM
v— o O R scope noise fl (ﬂ
- ESD Robustness - ’[‘ T
= Support both time and o

frequency domain measurements ==
with various format

0.00 MHz(Step 4.88 MHz)  2000.00 MHz/ 20000.00 MHz

VVNA offers more accurate measurements

Agilent Technologies

The VNA uses a precise sine wave and sweeps frequency as a narrow band receiver
tracks the swept input response. This narrow band receiver achiewesoise and

high dynamic range of the VNA. Whether the data acquisition hardware is time
domain based or frequency domain based, Differential data is also compiled in a 4
port measurement system. In this regard, however, VNA offers more accurate
measurements with state of the art calibratitechniques Furthermore VNA offers

faster measurement speed thanks to high dynamic range, and higher robustness
against ESD with protection circuits implemented inside the instrument for all ports
while maintaining excellent RF performance

21



Importance of calibration — With or Without the cal
"%=| Insertion loss(Freq. domain) = w| Reflection(Freq. domain)

10.00 ; 10.00 T T T T DEIUTE UTE Lal |
. Atter the cal oo I |
byl 74 BB 71T e T e
o.M \i‘"‘*«:: :::,N m,‘.‘,H;_{/ " ::} 'W@wﬂww ff AN l
-15.00 ;\:“MA”\\A,::i B S A 40:00 | ll . ,—?l'll N |

2000 P BTN . . / . | [ |
s Before the cal o

e Delta=5dB | .|  Afterthecal ] Delta = 10dB
s Voltage(Time domain) "?"Ej Impedance(Time domain) ‘
— Before the cal | [ ] After the cal
200.0m I I R | | Y P S SN
som [ e e s [N Wi e A

100, ca] | | [ .00 ﬁ[‘t‘/\ﬂL/w 1y

o000 = J aroe | | ,,.,"/'

- ﬁ\fter the Cf" | Delta=30mV.6ns | ew| | || Beforethecal  Delta = 50

Considerable difference with or without the cal = Calibration method is very

important

Without a calibration, we cannot see the actual device characteristics hidden behind
the incorrect results due to measurement errors. Therefore, calibration, in other
words error correction, is important to obtain accurate data.



Importance of calibration — Error types

Systematic error
« Due to imperfections in the analyzer and the test setup

« Assumed to be time invariant (predictable)

« Itis possible to eliminate them mathematically at the time of measurement b Freq. —
determining the characteristics of these errors through calibration

Random error Repeatable
. Vary with tim 2000
« Vary with time in random fashion (unpredictable) WAANKAA

« Main contributors:
« Instrument noise (Signal source phase noise, IF noise, efc...)
« Switch and connector repeatability

« Cannot be removed by calibration

Drift error

« Due to system performance changing after a calibration has bee done
« Primarily caused by temperature variation

1

‘... Agilent Technologies

Importance of calibratior Errortypes

There are three basic sources of measurement error: systematic, random and drift.
Systematic errorare due to imperfections in the analyzer and test setup. They are
repeatable (and therefore predictable), and are assumed to be time invariant.
Systematic errors are characterized during the calibration process and
mathematically removed during measurements.

Random errors are unpredictable since they vary with time in a random fashion.
Therefore, they cannot be removed by calibration. The main contributors to random
error are instrument noise (source phase noise, sampler noise, IF noise).

Drift error are due to the instrument or testystem performance changing after a
calibration has been done. Drift is primarily caused by temperature variation and it
can be removed by further calibration(s). The timeframe over which a calibration
remains accurate is dependent on the rate of drift that the test system undergoes in
GKS dzaSNXORAa (1Sad SYBANRYYSYyGd® t NEGARAY3I |
long way towards minimizing drift.
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Importance of calibration — Systematic error

w

A Crosstalk

R
Directivity rosstal
4‘ ~ N
- )T Y
: i DuTt —
Freguency response 2 2
« reflection tracking (Am Source Load

« transmission tracking (BJR) Mismatch Mismatch

i ?
Six forward and six reverse error terms HOW to Cal Ib rate’
yields 12 error terms for two-port devices g

Agilent Technologies

Importance of calibratiorg Systematic error

There are the major systematic errors associated with network measurements. The
errors relating to signal leakage atectivity and crosstalk. Errors related to signal
reflections are source and load match. The final class of errors are related to
frequency response of the receivers, and are called reflection and transmission
tracking. The full tweport error model includes all six of these terms for the forward
direction and the same six (with different data) in the reverse direction, for a total of
twelve error terms. This is why we often refer to tygort calibration as twelvgerm
error correction.



Importance of calibration — Calibration kits

Mechanical calibration kit Electrical calibration kit (E-Cal)

S >4

E-Cal offers fast, easy, and accurate calibration I

Importance of calibratiorg Calibration kits

Vectorerror correction is the process of characterizing systematic error terms by
measuring known calibration standards, and then removing the effects of these
errors from subsequent measurement.

Traditional tweport calibration usually requires twelve measurements on four
known standardgshortopenloadthrough or SOLT). Some standards are measured
multiple times (e.qg., the through standard is usually measured four times). The
standards themselves are defined icatkit definition file, which is stored in the
network analyzer.

Electronic calibratioECal replaces the traditional calibration technique, which uses
mechanical standards. Mechanical standards require numerous connections to the
test ports for a single calibration. These traditional calibrations require intensive
operator interaction, which is prone to error. WiCala full one to four-port
calibration can be accomplished with a single connection tdBGamodule and

minimal operator interaction. This results in faster and more repeatable calibrations.

By reducing the number of connections required for a calibration, it can: Calibrate
faster, save time and make measurement sooner / Reduce the chance of operator
error, for greater confidence in the calibration / Reduce the wear on connectors, for
lower repair cost on both the test port connectors and calibration standards

25



Simulated waveformr
of stimulus

How do we use S-parameters? — On scopes

“IZEE Simulated waveform
o @t receiver

Measured result at the
probing point

{2YSGAYSa AlGQa

It's easy to move the observation point with S-parameters on a signal
analysis software

RAFTFAOMZ 0 (2 GLONMP 4B ala AlDNISY

move the observation point (simulate a waveform at the target point) from the
actual probing point with $arameters on an oscilloscope (AgilémiiniiSim

Transformation Toolset).

26



How do we use S-parameters? — With simulation SW

[ How well is the transmission Iine?]

- DUT

Advanced Design System

P
=T 2 s

Waveform analysis with pulse pattern generator Simulation with S-parameters
on ADS

It's easy to evaluate the DUT and waveform under various conditions with S-
parameters

Sparameters are easily imported and used for circuit simulations in electronic
design dzi 2 Yl GA2y 095! 0 G22fta tA1S !'aAirtSyidQa
parameters are the shared language between simulation and measurement.
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Why use S-parameters?

Waveform @Transmitter outpjit 100" Transmission line matches the
NIZL N7 “- characteristics Impedance(50Q)
] [ 50Q - = =
Trace 00 mreees g
\Die t_l,_,..,_, / Time(=Distance)

l?agkgge ﬁ‘ PCB Trace N
Card 2 1
| (¥
Connector _.I A\

impedance(50Q).

= Why is the waveform @Connector output degraded?
* |s it not enough measuring the characteristics
impedance??

Now,f SGQa 3I2 o6FO1 G2 GKS aidlF NI LRAYyOGO®
Why is the waveform @Connector output degraded? Is it not enough measuring the
characteristics impedance?
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Why use S-parameters?
Input signal (Freq. domain) F .Iﬁsertion loss (Freq. domg
SoB/div 5dB/div
15dB -
( .. 30dB - =
0GHz 10GHz 20GHz 0GHz = 10GHz —  20GHz
.Die > ' Trace
PCB Trace
Package \
Qrd
Connector — %
Bandwidth is limited by QOutput signal (Freq. don
transmission line 5dB/div
-> S-parameter measurements | |
are being important
0GHz 10GHz 20GHz

Agilent Technologies

Bandwidth is limited by transmission line (insettihf BB 10GHX) S-parameter
measurements are being important in high speed digital applications.

29



Summary

* S-parameter measurements are required in high-speed digital industry

« S-parameters are complex matrix that show Reflection/Transmission
characteristics(Amplitude/Phase) in frequency domain.

- S-parameters support various formats(Rectangular, Smith chart, Polar, ...)
- Differential signal may cause mode conversion (e.g., EM emission)

- Differential S-parameters cover such mode conversions

» S-parameters can be transformed into TDR/TDT

- VNA vs. TDR: VNA offers more accurate measurements

- With S-parameters, it's easy to move observation point on scopes, angd to
simulate waveform under various conditions on simulation software.

Agilent Technologies

Sparameter measurements are required in higpeed digital industry

N Sparameters are complex matrix that show Reflection/Transmission
characteristics(Amplitude/Phase) in frequency domain.

N Sparameters support various formats(Rectanguimith chart, PolaX 0

n Differential signal may cause mode conversion (e.g., EM emission)

n Differential Sparameters cover such mode conversions

N Sparameters can be transformed into TDR/TDT

N VNA vs. TDR: VNA offers more accurate measurements
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waveform under various conditions on simulation software.
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Advanced Design System
(ADS) and EMPro

Bit Error Ratio Testers (BERTSs)

Infiniium 90000 X-Series

86100D Infiniium DCA-X

N1930B Physical Layer
Test System (PLTS)

______

ENA-TDR

Agilent offershigh speed digital and signal integrity solutions from design and
simulation to compliance test.

implementation

Offer whole engineering support (customized, flexible) from installation to
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What is ENA Option TDR?

The ENA Option TDR is an application software embedded on the
ENA, which provides a one-box solution for high speed serial
interconnect analysis.

3 Breakthroughs

for Signal Integrity Design and Verification

i

Simple and Intuitive Operation

[l Fast and Accurate Measurements

el

ESD Robustness

D protection inside

‘... Agilent Technologies

The ENA Option TDR is an application software which provides-laoxrsolution:

We can measure both time domain and frequency domain measurements, and
additionally eye diagram analysis on this product. It offers three breakthroughs,
advantages against competitive solutions: Simple and Intuitive Operation / Fast and
Accurate Measurements / ESD Robustness.
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ENA Option TDR Compliance Test Solution
Certified MOls

Compliance test solutions (i.e. Certified MOls) with the ENA Option TDR are available at:
www.agilent.com/find/ena-tdr_compliance

Cable / Connector Transmitter/Receiver (Hot TDR)

SUPERBPEED N *
[y . P SERIAL o
U, | (T ATAl— IA1A|— | |mipfalliance &
) - —— 8 et e et — —a —
Time Time Time Time Time
& Frequency e B & =
Frequency Fi'equency Frequency Frequency Frequency
[® oisplayport 100BASE-TX 10GBASE-T YMHAL
= = = Fime- o
—‘—"Tf;ne TI;ne 8 Time
] & 5
Frequency Frequency Frequency Frequency
*
YMHL PCI> BroadR-Reach
ZimmTa 5 =4 == More Standards
Time T‘g‘e TI?E Currently Under
i — Y Investigation
Frequency Frequency Frequency
N AN

* For more detail about Thunderbolt and BroadR-Reach compliance test solution using the ENA Option TDR, contact Agilent sales representative

Agilent Technologies

ENA Option TDR is certified for a varietyigh speed serial standards.

For cable/connector compliance testing, certification is available for USB3, HDMI,
SATA, DisplayPort, 100BABE, 10GBASEEthernet, MHL and PCI Express.

For transmitter/receiver Hot TDR testing, certification is available for SATA, MIPI (D
PHY, MPHY) and Thunderbolt.

MOI (or method of implementation) documents, and state files are currently
available from the Agilent web site. State files contain-puafigured setups in
accordance with the standard requirements and allows for quick and easy
measurements.



USB 3.0 Cable/Connector Compliance Test Solution

Developers Conference (Taiwan, April 2010)

- ENA Option TDR introduced
Well recognized and certified as recommended solution for
in many standard bodies CabCon compliance test.

Compliance Update TN
Measurement Exampies -

..... N = =5 Time Domain Frcguencx Domain

“SuperSpeed USB-Compliance: Overview”, \
Rahman Ismail, Intel Corporation

http://www.usb.org/developers/ssusb

Inthe USB3 developers conference, ENA Option TDR introduced as recommended
solution for cable assembly compliance test with its advantage:tmesolution,

both time and frequency domain measurements

Oy 6S R2YyS YdzOK SFaASNI FYyR FFHadSN GKIy

solution is well recognized and certified in many standard bodies.
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ENA Option TDR Compliance Test Solution

Certified Test Centers using ENA Option TDR

Test Centers Support ENA Option TDR \

ENA Option TDR is used world wide by certified test centers of USB, HDMI,
DisplayPort, MHL, Thunderbolt and SATA.

ALLIGN

Agilent Technologies

Many of the test centers for high speed serial compliance testing have already
adopted ENA Option TDR. When looking for an instrument fecpnepliance
testing, it is always preferable to use instrumentation used at the test centers to

ensure measurement correlation.
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Both materials are available in this compliance webpage on A.com. As you can see,
ENA Option TDR supports a variety of high speed digital standards. In the next two
af ARSazX LQY 3J2Ay3 (2 &a4K2g GKz2aS O2ydaSyida
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