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Abstract:

With the advent of two way communications over
Hybrid Fiber Coax (HFC) networks, new technical
demands are being made of conventional element
of the coax drop. Products originally engineered
and designed to accommodate forward path trans-
missions only are increasingly being used in two
way systems. In these networks high level reverse
path transmissions hold the key to future revenue
growth and proliferation of services offered by
cable operators.

This paper examines a specific problem,
Intermodulation, as it relates to transmission of
high level reverse path signals through RF passive
products. The factors contributing to
Intermodulation Distortion occurring are explained
in detail and a variety of solutions currently being
pursued by passive product manufacturers are pre-
sented. Isolation performance of RF passivesis
also discussed as it relates to optimizing reverse
path stability and managing intermodulation. In
conclusion, passive product design criteriais pre-
sented which should be considered carefully in the
selection of next generation passives.

A History of CATV Coaxial Network Design:

Cable Television systems are designed for optimum
forward path operation (in one direction only), allow-
ing 6BMHz analog video channels to move from the
Headend to the home over a Hybrid Fiber/Coax medi-
um. The products used in these networks, from
amplifiers to passives, were designed with forward
transmission as the key requirement. As RF travels
from the cable system Headend to the home, a num-
ber of things happen. For the purpose of understand-
ing Intermodulation and why it occurs, the key thing
to remember about RF signals passing through any
medium is that they attenuate or lose strength. Cable
systems are engineered to ensure that the RF signal

present at the entry to every home is optimized to
guarantee a minimum video level at the highest fre-
guency of operation. To accomplish this, passive
products are designed to attenuate RF signals that
pass through them by varying degrees. Depending on
how far away a particular home is from the last
amplifier (distribution and drop cable length), the dB
value of atap (coupling value) is chosen to ensure
that the dB level at all homes fed from that particular
amplifier is constant. Homes fed from different taps
at different distances from the amplifier should all
receive the same signal level in order for the set-top
box to work correctly (typically 7dB at the input to
the home splitter). Consider the following example
(See Figure 1).
In this next example, let’s look first at the forward
direction. The output level of the amplifier is
50dBmV. Thisis attenuated by the following losses
as it moves towards the home:
* 1.0dBmV Insertion Loss of the first Tap installed
on the Amplifier outpuit.
* 5.0dBmV loss of the distribution cable between
Amplifier and Tap #2.
» 5.0dBmV loss of the drop cable between Tap #2
and Home B.

If a7dBmV signal level is desired at the home entry
point, a 32dB Tap must be selected in order to proper-
ly budget the available RF. Amplifier output (50dB),
minus Insertion Loss of first Tap (-1dB) minus cable
loss (-5dB) minus Tap dB attenuation (-32dB), minus
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Figure 1. The RF signal level at the entry point to each home must be approxi-
mately 7dBmV. The coupling values of Taps 1 through 4 are chosen to ensure this
consistent RF level at each home entry port.




drop cable attenuation (-5dB), equals signal available
at the home. [50dB minus 1dB, minus 5dB, minus
32dB, minus 5dB] equals 7dB. This RF budgeting
has been carried out with only the forward path con-
Sidered.

CATV Coaxia Network Demands Today:

Cable systems today are beginning to utilize their
reverse paths extensively. The best example of this
is the rapid deployment of cable modems, which
allow customers high speed Internet access through
their cable television networks. In order for cable
modems to operate properly, they rely on being
able to receive and transmit data from the home to
the Headend over the cable network. As cable sys-
tems deploy cable modems, they are learning more
about the limitations of passive products in this
area. The limitations have primarily to do with the
passive product’s ability to pass high level RF sig-
nals in the reverse direction. From a fundamental
design standpoint, RF passes freely through any
passive product in either direction. The technical
issues have more to do with what happens to the
signal asit passes. More specifically, the
Intermodulation issue relates to and results from
the high RF signal level at which a cable modem
must transmit a signal in order to ensure that it
reaches the headend accurately and within an
acceptable Bit Error Rate range. Just as a RF sig-
nal is attenuated through a passive devise in the
forward direction, it is also attenuated by the same
degree as it passes through that devise in the
reverse direction. Consider the following example
(See Figure 2):

Reverse Path Signal Level Budgeting:

Let’s now consider asignal originating at the cable
modem and the obstacles it must overcome in order to
reach the amplifier, at which point it can be amplified
and continue its journey back towards the Headend.
Consider the following example (See Figure 3):

In this case, we are looking at a signal originating at
the cable modem output. This signal must be trans-
mitted at alevel sufficient to overcome interference
due to ingress (noise funneling from home appliances
etc.), and the losses of passive devices and cable
between the modem and the first amplifier upstream.
These losses are the same as in Figure 2, with the
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Figure 2. This example shows typical attenuation losses, in the forward direc-
tion, of taps and drop cable for a desired 7dBmV at the home.

addition of aloss through a 2-Way Splitter inside the
home which was added to allow the cable modem to
be connected, and the added cable between the entry
point to the home and the Indoor Splitter. Beginning
at the cable modem, the transmitted signal must over-
come the following losses:

e 3.5dBmV loss of the 2-Way Splitter

« 5,5dBmV loss of the drop cable

e 32.0dBmV loss of the distribution tap

* 5.0dBmV loss of the distribution cable between
tap and amplifier.

¢ 1.0dBmV insertion loss of the first tap on the
amplifier output

TOTAL LOSS = 47.0dBmV

Let’s assume that the reverse amplifier requires a min-
imum input signal level of 13dBmV in order to opti-
mize the carrier to noise and dynamic range. The
total output level of the cable modem must now be
60dBmV (47dBmV + 13dBmV) in order to over-
come all losses along the way and still reach the
amplifier with an acceptable signal strength.

This extremely high cable modem output level of
60dBmV is the root cause of the intermodulation
problem we will now discuss.

What |s Intermodulation?:

CATV Passive products are constructed using trans-
formers with ferrite cores and various resistive/capaci-
tive tuned circuits. These circuits function together to
ensure that the RF signal is minimally compromised
as it passes through the devise in order to redirect, split,
reduce it in power by a predetermined factor, or com-
bine it with other signals.

The following circuit diagram depicts a typical 3-Way
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Figure 3. This example shows added attenuation losses of 3.5dBmV due to 2-
Way Splitter addition for connection of cable modem.

splitter circuit:

The ferrite core material is particularly sensitive in
terms of its magnetic characteristics (linear magneti-
zation curve) and how it alows a broadband (5-1000
MHz) RF signal to pass through it with minimum
interference. It is used because of its ability to man
age such a broadband signal while continuing to oper-
ate linearly or within a predictable and flat range
across the entire 5 to 1000 MHz spectrum. The linear
operation of aferrite core is dependent on its magnet-
ic properties remaining within a stable range (linear
region). The stable magnetic range of aferrite can be
represented by what is known as a hysteresis curve.
This curve depicts the stable operating range of the
ferrites magnetic property which occurs between the
upper and lower hysteresis limits (linear region).
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Figure 4. A typical passive device circuit is designed to redirect, split, and/or
reduce signal power by a predetermined factor, or to combine it with other sig-
nals.

The Problem:

As we have demonstrated earlier, a cable modem
must output signal levels over a wide dynamic range
(25 to 60 dBmV typical) in order to overcome the

losses it encounters on its way back to the amplifier.
In fact, cable modems are designed to automatically
increase their output level until they can verify the
signal they are transmitting has been received at the
headend within an acceptable bit error rate range.
This adds an element of unpredictability to the actual
output level of any given modem at any given time.

Assuming the modem output level isareadlistic 55
dBmV, the first passive device encountered is the 2-
Way Splitter used to connect the cable modem to the
CATV network. Depending on where the ferrite
material is sitting about the hysteresis curve, the fer-
rite cores may no longer be capable of operating with-
in their linear range when hit by such a high signal
level. The high RF level changes the magnetic proper-
ties of the core, and results in operation of that core
outside of its stable hysteresisrange. Thisisreferred
to as “saturation of the core” (non-linear operation).

When saturation occurs, undesired beats or signal
sources are generated at harmonic's of the original
frequency (fundamental frequency). For example, if
the return path signal is being transmitted at 40 MHz
and the ferrite saturates due to the high level being
transmitted, a second harmonic beat will appear at 80
MHz (twice the fundamental frequency). This second
harmonic beat now falls in the forward video band; its
level is unpredictable and can distort the video chan-
nel being transmitted at 80OMHz (causing severe inter-
ference on the TV picture).

Other lower level beats may appear at higher harmon-
ic frequencies depending on the level of the original
beat. Detection of the problem will only occur when
the cable modem is operating and a television set
close to the modem is tuned to a channel which falls
on one of the harmonic frequencies. This makes the
interference itself intermittent and difficult to trou-
bleshoot if not understood by the service technician.
The following graph depicts this interaction (See
Figure 5).

Common Approaches to Controlling
Intermodulation in Passive Products:

Manufacturers have for some time known about this
problem and have made some attempts to develop and
implement a solution. Initial solutions for the most
part fell short in one fundamental manner. They did



not address the problem at the root cause, which is
the physical design, material composition and lineari-
ty of the ferrite component itself. Other contributory
solutions include making the ferrite less susceptible to
saturation by merely increasing its size, improving the
“as produced” magnetic properties of the ferrite by
ensuring it is completely demagnetized on leaving the
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Figure 5. This example shows a return path signal that is being transmitted at
32MHz. As the ferrite saturates, due to the high level signal being transmitted,
a second harmonic beat will appear at 64MHz (twice the fundamental frequen-

cy).

factory, or adding components which prevent or limit
other sources of interference such as impulse noise or
other forms of voltage spikes. A closer examination
of these different solutions reveals some of their
inherent drawbacks if relied upon entirely.

Ferrite Size: By simply increasing the size of the fer-
rite, it can become more capable of handling higher
signal levels before saturating. However, it is not
only physical size that matters, the material composi-
tion also plays an important role. Merely increasing
ferrite size has a direct negative impact on the broad-
band performance of the ferrite. In other words, as
the size increases it becomes increasingly difficult to
maintain desired return loss and frequency response
characteristics across the 1000MHz band and the
lower and upper portions of the band are most severe-
ly affected.

Demagnetizing Ferrites in Production: This process
is known as “Degaussing” and involves passing the
final product through a degaussing chamber just
before final packaging at the factory. The resulting
ferrite is demagnetized and operating at optimum lin-
earity on leaving the factory. The problem with this
solution is that various things can happen in a stan-
dard network to re-magnetize the ferrite rendering the
product susceptible once again to saturation. The
most common re-magnetizing force is a voltage spike

caused by impulse noise or lightening. It actually
requires rather low voltage levels to change the mag-
netic properties of the ferrite once again rendering its
intermodulation performance unpredictable. Changes
in temperature can also vary the magnetization charac-
teristic.

Adding Components to Prevent Re-Magnetization of
the Ferrite: Many manufacturers are now adding
blocking capacitors with various voltage ratings to all
ports of an indoor splitter. These blocking capacitors
essentially reduce the level of the voltage spike reach-
ing the ferrite, thereby preventing the ferrite from
being re-magnetized. This method does help reduce
the effects of low voltage spikes, but high voltage
spikes can still induce enough magnetic change to
cause the ferrite to operate non-

linearly. It is therefore at best only a partial solution
or defensive measure against the problem.

Isolation and It’s Role in Cable Modem Operation:

Isolation refers to the ability of a product to prevent a
RF signal from coupling onto adjacent ports and
interfering with other subscribers or other sets con-
nected off the same passive product. For example,
the signal transmitted by the cable modem, in an ideal
situation, travels directly back to the headend and the
isolation performance of the passives through which it
must pass is sufficient to ensure that it does not inter-
fere with adjacent ports.

Unfortunately, once again the high output level of a
cable modem places unusual isolation demands on
particularly the first passive it encounters, since its
signal level is highest at this point. This again will be
the indoor splitter used to connect the modem into the
CATYV network. Because of this, it is not only neces-
sary to prevent intermodulation in the design of the
splitter, but also to increase the port-to-port isolation
performance of the splitter to protect adjacent ports
from the high level cable modem output signal.



Passive Products - Design Solutions:

The critical consideration in controlling or eliminat-
ing intermodulation in passive devises lies in main-
taining the broadband linearity of the ferrite compo-
nent itself. A multi-stage solution involving careful
selection of ferrite materials and fine-tuning of ferrite
manufacturing processes has been shown to pre-
dictably provide a level of linear broadband perform-
ance greater than ever achieved in the past. Advances
in circuit designs have also been shown to achieve a
guaranteed higher level of broadband RF perform-
ance. In addition to these measures, some of the per-
formance insurance measures presented above, such
as optimizing the physical size of the ferrite and
adding blocking capacitors, should be incorporated to
provide redundant protection.; The selection of PCB
material, tolerances of individual components and
production tuning methods have also been attributed
with Isolation performance improvements in the order
of 10dB over conventional passives. This is particu-
larly necessary over the important reverse path fre-
quency band where high level signals are present.
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