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Agilent Technologies 81200
When Digital Goes Analog: How to deal
with signals, which have two or more
states

The digital world is not always just
0s and 1s. Sometimes more than two
levels occur. Figure 1 is an example
of this in a 5 level signal. These kinds
of signals are used in the Gigabit
Ethernet over categories 5 and 6. The 
technology can operate at a 
relatively low frequency, yet still pro-
vide a data rate of 1 Gbit/s. Figure
one is the eye diagram of such a sig-
nal. The technical 
benefits, when compared to 
signals at Gigabit speed include
lower emissions and higher noise
immunity. The commercial 
benefit is that one can take advan-
tage of cheaper 
transmission media. In addition, the
cabling infrastructure or 100MBit
LAN systems, which are already
installed, can simply be re-used,
meaning lower upgrade costs.

With help from the E4838A 
generator front-end, the Agilent
81200 is capable of generating multi-
level signals: it supports a mode
called 'Analog Channel Add', which
allows the generation of signals with
more than 2 
levels. Figure 2 shows the 
implementation of such an 
amplifier along with a 
description of how this signal is
made. 
The amplifier consists of a 
programmable voltage source and
two switchable current sources with
programmable current values. There
are complimentary outputs, so the
current flows either from the node
'out' or 'nout' through the 50-Ohm
resisters. With no current from a
node, the output voltage is the same
as the voltage source is set to, which
provides the high level (Vhi) to the
output. With the 
current switched from the node, the
drop in voltage across the 50-Ohm
resistor lowers the output voltage to
the low level (Vlo). Therefore, the two
current switches can achieve two 
independently low levels (Vlo1 &
Vlo2).  

When both currents flow at the same
time from one node, a 4th level,
which has the lowest 
output level, occurs. The 4th level
can be calculated as Vhi - (I1o1+
I1o2) x 50-Ohm. This level cannot be
set independently.
For ease of use, the system is oper-
ated by programming levels.  So
there are entry fields for Vhi, Vlo and
Vlo2. In this case the 4th level will be
calculated as: Vlo + Vlo2 - Vhi. Figure
5 is a picture of the programming
window and is explained a little later
in this product note.  

Both current sources need 
independent switching signals. For a
4 level signal one needs two format-
ted signals. This means that data
information from the memory and
timing information in terms of for-
mat (NRZ, RZ,…), delay and width
are available.  The Agilent 81200
E4841A 
module provides 4 formatted 
signals as shown in figure 3. These
are normally the signals, which make
4 channels. Each of these signals is
available twice. One goes directly to a
front-end generator and is used in
normal (not channel add enabled)
mode.

Figure 1: Gigabit Ethernet over Category 5
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Figure 2: Analog Channel Add, Agilent E4838A Front-end
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The second one either goes into the
formatting circuitry of the neighbor-
hood channel for digital add or goes
to the secondary input of the E4838A
amplifier. Of course the E4841A is
deskewed for all different signal
paths.
So there are two different adding
modes: digital and analog. The digital
add mode allows the generation of
signals with glitches or changes in
timing from cycle to cycle, called
'Change Timing On the Fly' (CTOF).
Alternatively, it can be used for dou-
bling / quadrupling the memory
behind one pin or doubling the data
rate to 1.32 Gbit/s. These modes are
supported by either the E4843A or
the E4838A generator front-ends.
Figure 6 gives an overview of the dig-
ital adding capabilities.
The Analog Channel Add mode only
works with the E4838A front-end.
When the Channel Add mode is
selected, two formatted signals are
provided for the two current sources
inside the amplifier.  In case of level
coding, one would set both to NRZ
format. In case of glitch or noise
emulation, one of the formatted sig-
nals might be set to RZ format, simi-
lar to the example in figure 2.
When working with such a signal for
the first time it can be a little confus-
ing, as when changing one of the
three parameters (high level, low
level or low level two), it is always
the 4th level (the lowest one) that
changes with the parameter being
worked on. This is because it is not
independent of the other three
parameters. As this is the lowest
level when looking at normal output,
it might appear strange that it is the
bottom signal.  Always keep in mind,
however, that this implementation
referring to the high level.

Figure 5: Analog Channel Add Setup the E4838A
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Figure 3: Analog Channel Add, Agilent E4841A Back-end and Generator Front-ends

Figure 4: Analog Channel Add Agilent E4838A Front-end

Figure 4 is a screen shot of the signal
setup, according to figure 5. First the
Analog Add mode (A2) is selected. In
this example there is an E4838A
installed in front-end slot 4 of 
module E4841A in slot 2, Digital Add
is the only option, the A2 mode is
non-selectable. Then the output
parameters are entered in the
'Output' and the 'Analog Channel
Add' page.  The 'Analog Channel Add'
page contains the value of the second
lowest level and also the control for
the transition time belonging to this
transition. If the timing parameters
for both formatted signals are the

same, then they are entered on the
'Timing' page of the same editor
(Resource Field indicates: Data In
Port). If format, delay and width
need to be different for each channel
being added, then the machine edi-
tors' channel resources have to be
used (Resource Field indicates:
C1M2C4, for example).

Figure 6: Digital Channel Add
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A few other rules also need to be
considered: 'Channel Add' is only
possible in slot 2 and 4 of the front-
end E4841A module.  When 'Channel
Add' is enabled, the added signal is
available from amplifiers installed in
the odd front-end slots.  However,
there is no need for those front-ends.
These slots can be emptied, if they
are only targeted to use the 'Channel
Add' mode. 'Channel Add' is only
possible for generator channels. It
cannot be selected if any analyzer
channel is in the chain of channel
add signals, as shown in figure 3.

Multi-Level Generation
The application given at the begin-
ning requires a 5 level signal. This
can be achieved by combining two
generator channels as shown in fig-
ure 7. This works because each gen-
erator itself can act as a terminator
at the end of the line. The termina-
tion is not perfect and there is a rea-
sonable amount of reflection. But, by
playing with the frequency and trans-
mission line length, this reflection
can be placed at the transition area
in the eye diagram. Therefore, it will
do no harm to the eye openings. It is
important to consider that there has
to be high impedance at the DUT
point, which is not a problem as any
input pin of an ASIC will do this,
providing there are no pull-up/ -
down resistors on the chip. For the
DUT fixture it is important to con-
nect to two transmission lines as
close to the pin as possible, any stub
has to be avoided. A waveform as
shown in figure 9 can be established
with proper setup. At the point of
DUT there is the superimposition of
the two signals coming from the two
generators. An Infinium scope with
1.5 GHz bandwidth is connected with
1 Meg input impedance to the DUT
point.

Figure 8 shows the configuration of
the setup used: one side is the
E4838A amplifier in 'Channel Add'
mode, the other side is an E4843A
amplifier in normal mode. The timing
of all three channels is set to NRZ
and the delay is adjusted to compen-
sate for the delay due to wiring.
Figure 8 gives a detailed overview
how the different states are gener-
ated in this setup. It is important to
understand that there are four
parameters to control: Vhi, I1, I2, I3.

As a consequence there are 4 levels
in figure 9, which can be set inde-
pendently, while the other 4 levels
are a function of those parameters
and cannot be set independently. So
if we want more than 4 levels, the
combination of parameters must fit
the desired levels. But for multi-level
signals with equidistant levels, this is
not an issue. The picture given in fig-
ure 8 uses PRWS based data loaded
into the stimulus memory. This
makes it possible to see the eight-
level eye diagram. For the application
requesting a 5 level signal, there are
two choices: either the bits used
should contain only 5 of the possible

8 states, to avoid using the upper
three or lower three level states, or
current source I3 would be pro-
grammed to be equal to current
source I1. In this case, two bit combi-
nations, resulting in a true 5 level
picture would generate three level
states. This method has the advan-
tage that the complementary signal
appears in the same voltage window.
The complementary outputs of the
E4838A and E4843A generator front-
ends are not shown in figure 9, but
these outputs are available and the
combination of them will work the
same. 
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Figure 8: Analog Channel Add, Combination of 2 Generators

Figure 7: Analog Channel Add, Combination of 2 Generators

Figure 9: Analog Channel Add, Combination of 2 Generators
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For the Gigabit Ethernet application,
which requires a true 5 level signal,
the programming for the Vlo(I3) is
changed to Vlo(I3) = +0.5V. This will
raise the three lowest levels in line
with the higher levels, shown in fig-
ure 11. So the pseudo random pattern
can be used without modification and
the signal stays within the 0V to 2V
window with 5 levels. Figure 12
shows the 5 level pattern at
225MBit/s in eye diagram measure-
ment mode with the help of the
Infinium scope.

The total configuration of an Agilent
81200 needed for the generation of
such a 5 level signal would be: 1x
E4840A,1x E4805A, 1x E4841A 2x
E4838A, 1x E4843A. The second
E4838A is not a must, but is helpful
for setting signals up before it is
added. Along with an Infinium scope
this is a viable tool-set for the charac-
terization of the physical layer of
Gigabit Ethernet Category 5, 5
Enhanced and Category 6.

If normal and complementary output
is used, the test fixture will closely
match the propagation delay between
the normal and complementary path
as deskewing between them is not
possible. This is only possible for the
normal and complementary outputs
together.Figure 10 shows the setup
on the 81200 Graphical User
Interface, which achieves the signal
in figure 9.  The connection editor
(background window) shows the
standard dual level generator
(machine reference: C1M2C1, model:
E4843A) and the added generator
(machine reference: C1M2C3 &
C1M2C4, model E4838A). The map-
ping into two ports is done in order
to exchange the pattern from static
to random data, for deskewing and
level setup, quickly and easily. Then
there are three windows for the level
programming. The left and middle
windows are for programming the
E4838A. The left window with 'low
level' entry, controls current source
I1, also referenced as Vlo(I1). In the
middle window the '2nd low level'
controls current source 2, also refer-
enced as Vlo2. In the right window,
the 'low level' controls current source
I3, also referenced as Vlo(I3).

The actual programming values differ
from the levels desired. Two issues
have to be considered: - there are two
voltage sources for Vhi. This works
as if Vhi were be connected by 25
Ohm (2x 50Ohm in parallel). As a
consequence the programming value
of Vhi1 and Vhi2 for the two ampli-
fiers is half of the value which is
eventually desired for the high level
Vh: Vh = Vhi1 + Vhi2. Unsymmetrical
programming is not recommended:
the programming values for Vlo(I1),
Vlo2, Vlo(I3) are not directly true.
This has to be considered as some-
thing different from Vhi1/2, but now
appears from Vh. This works as the
currents continue to flow from 50
Ohm as in normal operation of the
amplifiers. As the combination dou-
bles the high level, the resulting
swing is achieved from doubled volt-
age. Example: assuming the desired
levels are Vh=2V, Vlow1=1.5V,
Vlo2=1V, Vlo3=0V, one would set:
Vhi1 = Vhi2 = 1V, Vlo(I1) = .5V, Vlo2 =
0V Vlo(I3) = -1V. These are the levels
also used on the following pictures. 

Figure 10: Analog Channel Add, Combination of 2 Generators



Agilent Technologies’ Test and Measurement
Support, Services, and Assistance
Agilent Technologies aims to maximize 
the value you receive, while minimizing
your risk and problems. We strive to
ensure that you get the test and measure-
ment capabilities you paid for and obtain
the support you need. Our extensive sup-
port resources and services can help you
choose the right Agilent products for your
applications and apply them successfully.
Every instrument and system we sell has 
a global warranty. Support is available 
for at least five years beyond the produc-
tion life of the product. Two concepts
underlie Agilent’s overall support policy:
“Our Promise” and “Your Advantage.”

Our Promise
“Our Promise” means your Agilent test
and measurement equipment will meet its
advertised performance and functionality.
When you are choosing new equipment,
we will help you with product informa-
tion, including realistic performance spec-
ifications and practical recommendations
from experienced test engineers. When
you use Agilent equipment, we can verify
that it works properly, help with product
operation, and provide basic measurement
assistance for the use of specified capabili-
ties, at no extra cost upon request. Many
self-help tools are available.

Your Advantage
“Your Advantage” means that Agilent
offers a wide range of additional expert
test and measurement services, which you
can purchase according to your unique
technical and business needs. Solve prob-
lems efficiently and gain a competitive edge
by contracting with us for calibration, extra-
cost upgrades, out-of-warranty repairs, and
on-site education and training, as well 
as design, system integration, project man-
agement, and other professional services.
Experienced Agilent engineers and techni-
cians worldwide can help you maximize
your productivity, optimize the return on
investment of your Agilent instruments and
systems, and obtain dependable measure-
ment accuracy for the life of those products.

Get assistance with all your 
test and measurement needs at: 
www.agilent.com/find/assist
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