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Overview

De-emphasis is a commonly used technique
when transmitting electrical signals at
gigabit data rates. It compensates for signal
integrity issues caused by the channel on
printed circuit boards and backplanes.

The most popular high-speed electrical
standards require transmitter de-empha-
sis. These standards are: PCI EXPRESS®,
SATA 3 Gb/s, fully buffered DIMM, Hyper-
transport, CEI, and 10 Gb Ethernet.

Topics:

o The definition of de-emphasis

. Correlating time and frequency
domains

Using de-emphasis for:

. Characterization of receivers and
media

. Compliance testing according to a
standard

. De-embedding a test setup

o De-emphasis implementation with
three taps

. IEEES802.3ap
. Combining two N4916A
o The benefits of a three-tap solution
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Figure 1: The normal and complement waveform of a de-empha-
sized signal and its data content
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Figure 2: The channel model with embedded loss: the TX output
uses de-emphasis, the RX input uses equalization to improve
signal integrity

Signal integrity issues on printed circuits,
motherboards and connectors arise from
loss in the transmission channel that de-
creases signal performance.

Using de-emphasis at a transmitter (TX)
output and equalization at a receiver (RX)
input can compensate for the channel and
optimize the transmission

(see figure 2).

Figure 1 shows the waveform of a de-em-
phasized signal. Sometimes this is called
pre-emphasis, as one could see it as boost-
ing the first cycle after a transition. How-
ever, usually the signal’s amplitude is
reduced after a delay of one unit interval
(UD), if the data content does not change,
so the method is called de-emphasis.

This product note deals with implement-
ing de-emphasis with the Agilent N4916A
De-emphasis Signal Converter. It describes
how this can be used for characterization
and compliance testing according to vari-
ous standards. It covers a de-embedding
technique to improve the signal integrity in
a bench-type test setup, and it

covers a sophisticated example of combin-
ing two N4916A units for the IEEE802.3ap
standard.



De-emphasis improves signal integrity

The signal integrity issues on printed cir-
cuits, motherboards and connectors arise
from loss in the transmission channel. The
loss has many causes. It depends on the
conductivity of the signal line, especially
the skin effect, which concentrates the cur-
rent at the edge of the conductor. Another
source of loss is the dielectric material,
where the storage of humidity has a large
influence. Bandwidth issues can affect the
loss. And last but not least, the radiation of
signal energy contributes to the loss.

Loss can be compensated for at the
transmitting and the receiving end. At the
transmitter the loss can be compensated
either by boosting the high frequency con-
tent (pre-emphasis) or by decreasing the
low frequency content (de-emphasis).

Figure 3: Agilent N4903A high-performance serial BERT
(Bit Error Ratio Tester) and the N4916A De-Emphasis Signal
Converter
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Figure 4: Block diagram of a two-tap de-emphasis

On the receiving end, there is the choice of
using analog techniques, by applying high
pass filters to reverse the channel effect,
or digital techniques, using Decision Feed-
back Equalization. Analog filters may have
the disadvantage of collecting unwanted
noise.

A description for loss is: it performs like

a low pass filter applied to a data signal.
However, the reality is more complex than
a simple, 1st order, low pass filter. There

is no roll-off, nor a constant decrease after
the roll-off. The loss curve is proportional
to the data rate”1.5.

Another large area of signal integrity
issues are reflections. Reflections occur
because of impedance mismatches. But
reflections cannot be compensated for by
de-emphasis.



The definition of de-emphasis

The Agilent N4916A De-Emphasis Signal
Converter, as shown in figure 3 with the
N4903A J-BERT, provides a two-tap de-em-
phasis, as shown in figure 4.

The first tap is the main signal while the
second tap inverts and delays the signal
by 1 UI, before the two signals are added
together.

The output parameters are defined by C(0),
which is controlled by the level program-
ming of the N4903A and C(+1) which is
defined by the de-emphasis value.

The de-emphasis is the ratio of the differ-
ential amplitude after the transition and
the amplitude after 1 Ul It is a unit-less
figure, which may also expressed in dB,
as shown in figure 5.

The de-emphasis value is positive, even
though the signal is subtracted after the
delay. An example of the waveform is
shown in figure 7.

The signal shown in figure 4 may also be
called “post-cursor”, but this name can
have different meanings in different stand-
ards, and may be applied to more com-
plex signal conditioning. Because of this
possible naming conflict, the expressions
pre— and post-cursor are not used in this
document.

Vpre Vde

R = Vpre / Vde, in dB: R = 20 * log (Vpre / Vde)

Figure 5: Definition of the amplitude parameters of a two-tap de-

emphasis



Using the Agilent N4916A De-Emphasis
Signal Converter with negative
de-emphasis values

The Agilent N4916A allows de-emphasis

to be programmed as a negative value, as
shown in figure 8. As shown in figure 6,

the un-delayed tap is inverted. C(+1) is
controlled by the N4903A levels and C(0) is
controlled by the de-emphasis value.

The main signal is subtracted from the pre-
shoot after 1 Ul This is the same as invert-
ing the data signal. As shown in the result-
ing waveform, in figure 9, the de-emphasis
behaves like a pre-shoot.

Please note that the absolute delay through
the N4916A is the same for the first
transition whether using positive or nega-
tive de-emphasis.

This means, when combining two Agilent
N4916A to create a signal with three taps
(one tap for a pre-shoot and one tap for the
de-emphasis), it is necessary to delay one
N4916A 1 Ul against the other.

This is discussed later in this document.
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delay C(0)
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Figure 6: Diagram of the N4916A two-tap de-emphasis when
programming a negative de-emphasis value
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ISI and de-emphasis in the time and
frequency domains

This experiment visualizes and correlates

effects in the time and frequency domains.

The experiment uses a long twisted pair
cable (length 20 m), operating at a data
rate of 50 Mb/s. Due to the low data rate,
we do not use the N4916A; but the
principle applies at higher data rates.

The experiment is set up as shown in fig-
ure 10. For the screen shots shown here,
we used an Agilent 81104A Pulse Pattern
Generator (PPG) with two channels as the
stimulus, though another PPG, such as the
Agilent 81110A could also have been used.

Custom signal conditioning circuitry was
used to generate the de-emphasized sig-
nals, as shown in figure 15. The receiver
end of the twisted pair cable is connected
with both wires to two scope channels,
with the inputs switched to 50 Ohm
termination.

We used an Agilent Infiniium scope to look
at the digital signal in the frequency do-
main, we used a 86100C DCAj to look at
the signal in time domain. The scope can
calculate the Fourier transformation (FFT),
which shows the harmonics corresponding
to the edge speed of the digital signal.

The edge speed is responsible for the odd
harmonics in the frequency domain, so
the energy of the digital signal appears as
peaks at n x f, where f = data rate/2, and
(n=1,3,5,...)

The faster the edges, the higher the peak,
and the more peaks we see before the
signal disappears in the noise. In this
example we look at the 9th harmonic at
225 MHz. The diagrams show that there is
still reasonable energy in the 19th
harmonic at 475 MHz.



Figure 10: Setup for ISI measurements to correlate results in the
time and frequency domains

The figures shown here are grouped as fol-
lows:

(figures 11/13/15/17): Eye diagrams from
an Agilent 86100C DCAJ

(figure 12/14/16/18): Frequency diagram
(FFT). The ratio of harmonic k9 to the base
is circled

(figures 11 to 14): Signals without de-em-
phasis

(figures 15 to18): Signals with de-emphasis

(figures 11/12/15/16): Signal at the cable
input, single ended

(figures 13/14/17/18): Signal from cable
output, single ended measured



Conclusions

Looking at the results in the time domain De-emphasis restores energy to the har-
(top row of pictures), the cable loss causes monics, which improves signal integrity by

signal droop, slower transition times and compensating for the degradation caused
eye closure (jitter). Though it does not re- by the loss in the cable. The nice thing
store it completely, the de-emphasis of about de-emphasis is that it boosts the har-
4 dB improves the signal, and in particu- monics and not the noise, which is what a

lar it reopens the eye, removing the effect linear filter or amplifier would do.
caused by ISI jitter.
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In the frequency domain (bottom row of for the degradation caused by the loss in
pictures) the loss attenuates the the cable.

harmonics. It reduces harmonic k9 by 6.2 The nice thing about de-emphasis is that
dB (figures 12 and 14). De-emphasis boosts it boosts the harmonics and not the noise,
harmonic k9 by 0.7 dB (compare figures 12 which is what a linear filter or amplifier
and 16 with figures 14 and 18). De-empha-  would do.

sis restores energy to the harmonics, which

improves signal integrity by compensating
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Figure 15: Input signal eye diagram, with de-emphasis Figure 17: Output signal eye diagram, with de-emphasis
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Using the E4916A De-Emphasis
Signal Converter to Compensate
for a Backplane at 5 Gb/s

This example shows the waveforms of
the input and output signals obtained
on a 20“ backplane without and with
de-emphasis.

This could be used as base for compliance
testing of a PCIe™ 2nd generation receiv-
er, for example.

The screen shots shown here from the
scope are grouped as follows:

This page: Test setup (figure 19), and
input (figure 20) and output (figure 21)
signals without de-emphasis

Next page: Test setup (figure 22), and
input (figure 23) and output (figure 24)
signals with de-emphasis

N4903A J-BERT

nOut  Out

y

motherboard

86100C DCAJ

Electrical In

Figure 19: Setup for the reference measurements on the
motherboard without de-emphasis
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Figure 20:Input signal to the motherboard @ 5 Gb/s without
de-emphasis
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Conclusions

The motherboard causes an eye closure of
roughly 0.3 UI. A de-emphasis of around 6
dB compensates adequately for the ISI
jitter: the remaining eye closure due to ISI
is less than 0.1 UL

Varying de-emphasis makes characteriza-
tion measurements possible, by sweeping
the de-emphasis and logging the resulting
ISI jitter. This makes it possible to optimize
a specific setup. The de-emphasis can be
programmed according to specific stand-
ards and the remaining eye opening can be
checked for compliance.

Another application is to connect the
motherboard to a receiver. Sweeping the
de-emphasis while measuring BER charac-
terizes the proper range of operation.

N4903A J-BERT

nOut Out

N4916A De-Emphasis

Signal Converter v
Out In
motherboard

86100C DCAJ

Electrical In

Figure 22: Setup for the measurement on the motherbhoard with
de-emphasis
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Again, by setting a de-emphasis according
to a specific standard, the BER measure-
ment can verify compliance.
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Using the E4916A De-Emphasis
Signal Converter to Compensate for an
E/O Converter at a Data Rate of 10 Gb/s

This example provides the waveforms of
the input and output signals obtained from
an e/o converter without and with de-em-
phasis at the data rate of 10 Gb/s.

This can be used to de-embed a bench-type
test setup for testing the receiver of

10 Gb/s optical transceivers.

N4903A J-BERT

nOut Out

N4916A De-Emphasis
Signal Converter v

Out In

\ 4

e/o converter

86100C DCAJ
Optical In

Figure 25: Setup for the reference measurements of an e/o
converter without de-emphasis

The screen shots shown here from the
scope are grouped as follows:

This page: Test setup (figure 25), and input
(figure 26) and output (figure 27) signals
without de-emphasis

Next page: Test setup (figure 28), and input
(figure 29) and output (figure 30) signals
with de-emphasis
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Figure 26:Input signal without de-emphasis
10Gb/s
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Figure 27: Output signal from the e/o converter with the input
signal from figure 26



Conclusions

The e/o converter causes an eye closure of
around 0.15 UI. A de-emphasis of around 6
dB reduces the ISI jitter to close to 0.1 UL
This may sound marginal, but bearing the
various 10Gb/s standards in mind, this can
be the key to de-embedding a bench setup
to create a precisely defined stressed eye
by adding the various sources of jitter.

By varying the de-emphasis, the eye open-
ing and the signal shape can be optimized.

As a next step, the specific jitter sources of
the N4903A can be used to close the eye,
according to the stress condition of a
specific standard.

This signal can be fed to the receiver of the
optical transceiver, to perform characteri-
zation and conformance measurements
with the BER. For characterization meas-
urements, the jitter sources can be swept
over frequency and magnitude, while for
conformance tests the jitter sources can
be set to the corner cases defined in the
standards.
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Figure 29: De-emphasized input signal

N4903A J-BERT

nOut Out

N4916A De-Emphasis
Signal Converter v
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Optical In

Figure 28: Setup for the measurements with de-emphasis
applied to the input of the e/o0 converter
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Figure 30: Output signal from the e/o converter with the de-em-
phasized input signal from figure 29

13



A Three-tap Solution for the IEEE802.3ap
10GBASE-KR

The 10GBASE-KR transmitter includes
programmable de-emphasis to compensate
for frequency-dependent loss in the back-
plane channel, and to facilitate data recov-
ery at the receiver. This de-emphasis uses
a three-tap finite impulse response (FIR)
configuration as shown in figure 31.

The actual implementation of the transmit-
er de-emphasis, including the incorpora-
tion of additional taps, is beyond the scope
of the IEEE802.3ap standard.

Transmitter de-emphasis performance is
specified in terms of Vpre, Vpst, Vss, Rpre,
and Rpst, as defined in figure 32.

It should be noted that the valid ranges of
c(1) and c(-1) coefficients may have posi-
tive or negative values. A value of zero is
used to turn off equalization for the tap.

Input

(1)

Figure 31: Block diagram of the IEEE802.3ap three-tap finite impulse response

(FIR) configuration
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Figure 32

Square wave test
pattern (n > 8)

0 .

Test pattern with
equalization

pre

— A

Definition of the pre and post tap ratio:

V

R, = -
pre Vss
Rpsf _ ?Sr
AR

A = peak differential transmit output amplitude
T = symbol period
t, = zero-crossing point of the rising edge of the AC-coupled signal
t, = zero-crossing point of the falling edge of the AC-coupled signal
Vpre = minimum voltage measure in the interval t- T to t;
Vpst = maximum voltage measured in the interval t to t, + T
Vss =

t0+2Ttot1-2T

steady-state voltage measured as the average voltage in the interval

Figure 32: IEEE802.3ap transmitter waveform definition, based on the

block diagram shown in figure 31



How to setup a solution for a
three-tap de-emphasis

The setup uses an Agilent N4903A J-BERT,
two Agilent N4916A De-Emphasized Signal
Converters and an Agilent 86100C DCAJ
for calibration and measurements.

The setup is connected as shown in figure
35. The N4916A responsible for Vpst is
connected through a 1 Ul delay to the nor-
mal data output of the J-BERT.

The N4916A responsible for Vpre is con-
nected to the inverted data output of the J-
BERT. There are inversions of the data and
the negative de-emphasis, so altogether
both N4916A are in phase.

As can be seen in figure 33 the delay of

1 Ul is achieved using variable phase shift-
ers in both data lanes. The phase shifters
will be adjusted for a 1 Ul delay between
the two paths. The output signals of both
N4916A are combined using an Agilent
11636B power divider.

This adjustment is performed using the
Agilent 86100C DCAJ to monitor the
combined signal. For the adjustment, the
N4916A responsible for Vpst is set for

0.1 dB the other N4916A is set for

-.0.1 dB de-emphasis. A repeating pattern
of ,1111111100000000° is recommended.
The DCA] is triggered with a sub rate clock
divided by 16 from the N4903A sub rate
clock out.

The N4916A outputs are alternately re-
placed by a termination at the power di-
vider. The phase shifters are adjusted until
a positive edge of both N4916A outputs
are at the same position (+/- 1 ps) on the
screen of the DCAJ.

16

After completing the adjustments, both
N4916A outputs are connected to the pow-
er divider and the de-emphasis values are
set to: 12 dB for Vpst and - 4 dB for Vpre,
resulting in a signal as shown in figure 34.

N4903A J-BERT

- nOut Out
v
usB 1 Ul Delay
N4916A De-Emphasis
|| Signal Converte V
/ Out In
N4916A De-Emphas\
UsB Signal Clonverter
Ext. PC Opt
11636B

~ Power Divider

86100C DCAJ

v

In

Figure 33: Block diagram of the combination of two N4916A for
the three-tap solution
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Figure 34: Three-tap waveform generated with the setup in
figure 33




Actual setup

The N4916A responsible for Vde is connect-
ed to the Data Output; the unit responsible
for Vpre is connected to the complement

Data Output

Two phase shifters are used to adjust the 1

Ul delay between both N4916A

N4916A for Vpst
N4916A for Vpre

The top trace is the de-emphasized input
signal.
The bottom trace is the motherboard out-
put signal

Motherboard with a 12 trace

Two power dividers are cascaded to first
add the signals from the two N4916A and
then split this signal for scope and mother-
board input

Not shown is the programming of the two
4916A units: the upper unit is connected
over USB to the N4903A and the value for
the de-emphasis is set from the graphi-
cal user interface there. (Controlling the
N4916A from the N4903A requires a
software revision 4.8 or higher.)

The second N4916A is controlled over USB
from an external PC, where an offline ver-
sion of the N4903A software is installed.
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Figure 35: Actual setup including N4903A BERT with two
N4916A and a DCAJ for the motherboard measurements
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The need for de-emphasis with
a three-tap implementation

Figure 36 to 38 show the measurements
over a backplane with a 12“ trace, using

a 2"7-1 PRBS pattern. The measurements
use the setup from figure 35. The Agilent
86100C DCAJ is used in eye mode, the
trigger is set at the data rate. The top trace
is the input signal, the bottom trace is the
motherboard output signal.

Figure 36: Both de-emphasis values are set
to a minimum: 0.1 dB for the ratio Vpst/
Vss and -0.1 dB for the ratio Vpre/Vss.

Figure 37: The ratio Vpst/Vss is set to 12
dB, the ratio Vpre/Vss is kept at- 0.1 dB (a
similar result is obtained if Vpst/Vss is set
to 0.1 dB and Vpre/Vss is set to 12 dB)

Figure 38: The optimum eye opening is
obtained for Vpst/Vss set to 12 dB and
Vpre/Vss set to -6.0 dB. This achieves an
eye opening of around 0.55 UI. A signal
transmitted over a 12“ backplane at a data
rate of 10.3125 Gb/s needs three taps for
the de-emphasis to achieve a reasonable
eye opening.
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Figure 37: Input and output signal with a two-tap de-emphasis




Conclusion

A two-tap implementation is not sufficient
to open the eye at all.

The combination of two Agilent N4916A
De-Emphasized Signal Converters together
with an Agilent N4903A J-BERT provides a
solution for characterization measure-
ments and compliance testing according to
IEEES802.3ap 10GBASE-KR. This solution
is more economic and convenient than a
solution using multiple generator channels
added together.

Figure 38: Input and output signal with an optimized three-tap
de-emphasis

19



Pub. No.
5989-2899EN

Related Literature

J-BERT N4903A
Data Sheet

81141/2A Serial Pulse
Data Generator
Data Sheet

Agilent N4916A
De-Emphasis
Signal Converter
Data Sheet

5989-3052EN

5989-6062EN

Equalisation: 5989-3777EN
The Correction and
Analysis of Degraded

Signals

www.agilent.com/find/N4916

Product specifications and descriptions in this
document are subject to change without notice.

For the latest version of this document, please visit
our website at www.agilent.com/find/n4916 and go
to the Product Library.

Agilent Email Updates

www.agilent.com/find/emailupdates
Get the latest information on the products and
applications you select.

Agilent
Open "asr

www.agilent.com/find/open

Agilent Open simplifies the process of connecting
and programming test systems to help engineers
design, validate and manufacture electronic prod-
ucts. Agilent offers open connectivity for a broad
range of system-ready instruments, open industry
software, PC-standard I/0 and global support,
which are combined to more easily integrate test
system development.

Remove all doubt

Our repair and calibration services will get your equip-
ment back to you, performing like new, when promised.
You will get full value out of your Agilent equipment
throughout its lifetime. Your equipment will be serviced
by Agilent-trained technicians using the latest factory
calibration procedures, automated repair diagnostics
and genuine parts. You will always have the utmost
confidence in your measurements.

Agilent offers a wide range of additional expert test and
measurement services for your equipment, including
initial start-up assistance onsite education and train-
ing, as well as design, system integration, and project
management.

For more information on repair and calibration serv-
ices, go to:

www.agilent.com/find/removealldoubt

@ Agilent Direct

www.agilent.com/find/agilentdirect
Quickly choose and use your test equipment
solutions with confidence.

For more information on Agilent Technologies’ products,
applications or services, please contact your local Agilent
office. The complete list is available at:

www.agilent.com/find/contactus
Phone or Fax
China:

(tel) 800 810 0189
(fax) 800 820 2816

United States:
(tel) 800 829 4444
(fax) 800 829 4433

Europe: Japan:
(tel) 31 20 547 2111 (tel) 0120 (421) 345
Korea: Latin America:

(tel) (080) 769 0800
(fax) (080) 769 0900
Other Asia Pacific Countries:
(tel) (65) 6375 8100
(fax) (65) 6755 0042

(tel) (305) 269 7500

Taiwan:
(tel) 0800 047 866
(fax) 0800 286 331

Email: tm_ap@agilent.com
Revised: 10/24/07

© Agilent Technologies, Inc. 2008, 2005
Printed in USA, February 7th 2008

5989-7193EN

0

Agilent Technologies



