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Virtual Embedding Networks option
ZVR-K9 is a new tool that opens up a
whole variety of new applications for
Network Analyzers ZVR and ZVC [1].
This software allows so-called virtual
networks to be taken into account in 
S-parameter measurements.

The measurements that can be handled
with the aid of ZVR-K9 split into two
complementary classes. In the first
place, a component may have to be
measured as if it were contained in 
a defined but physically non-existent
circuit environment, ie embedding. The
other possibility is measurement of 
a component actually embedded in a
real circuit environment but as if the 
environment did not exist, ie de-embed-
ding [2; 3]. 

Here is a typical example of embed-
ding: a surface-acoustic-wave filter with
an impedance of several hundred ohms
is to be worked in a 50 Ω environment.
For this purpose the filter has to be 
embedded in an external matching 
circuit, eg an RLC combination. To 
simplify system design for the user, 

the manufacturer specifies the filter to-
gether with the matching circuit in
which it is also tested. This external cir-
cuit must be highly stable to minimize
measurement uncertainties. If several
circuits of the same type are used to 
increase the testing throughput, the 
circuits must be reproducible to a high
degree. Most real matching circuits 
fall somewhat short of these two 
requirements. Option ZVR-K9 allows
operation of the filter in a real 50 Ω
environment and consideration of a 
virtual matching or transforming net-
work in the measurement. This virtual
network is a data record, so it is per
se stable and reproducible. Consid-
eration of the network in the measure-
ment is possible by appropriate modifi-
cation of system error-correction data.
This means that no extra step is needed
in the processing of measured results
and the high speed of ZVR is main-
tained. The two upper diagrams in 
FIG 1 show the forward S-parameters
S11 and S21 of a through-connection
embedded in two (mismatched) Inser-
tion Adapters ZPV-Z1. Each diagram
contains two traces, one representing

measurement with a real transforming
network and the other a simple through-
connection between the 50 Ω test
cables with the network virtual. The two
traces are almost identical, which is
shown by the vector difference in the 
diagrams below. Note that the outer 
circle corresponds to a difference of 
only 0.02. 

In a de-embedding application, the
DUT ports of interest are not access-
ible but you know the S-parameters 
of the network in which the DUT is em-
bedded. This may be a test adapter,
for instance, or the package of an
MMIC whose inner chip is to be 
measured. By virtually embedding 
the DUT with the real transforming 
network into the corresponding in-
verse network, the transformation 
can be neutralized and the de-em-
bedding problem thus turned into one
of embedding (FIG 2). 

For two-port DUTs the general embed-
ding network is a four-port network. 
In most practical applications however,
it is sufficient to take the special case of
a dual two-port. The scattering parame-
ters of the virtual network must be
known for both embedding and de-em-
bedding. If they are not known but the
network is physically available in the
form of a sample circuit, this real net-
work can be measured with ZVR-K9
(unterminating). Or scattering parame-
ters may also be read in from a CAD
simulation. The ASCII formats of Ansoft
(eg Serenade®, Super Compact®) and
HP-EEsof (eg Series IV®, Touchstone®)
are supported in this case. Conversely,
the measured scattering parameters 
of a network can also be exported in
these data formats.

Option ZVR-K9 comes as a Windows
application for ZVR or ZVC with option
ZVR-B15 (controller function). It is in-
stalled with the aid of a setup program.
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FIG 1  
Upper diagrams: 
S11 and S21 of
through-connection,
embedded in physi-
cally real Insertion
Adapters ZPV-Z1 
(red traces) or in 
virtual ones (blue
traces). Vector dif-
ference of two traces
is shown below 
each diagram.
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ZVR-K9 is controlled by a menu bar
and pulldown menus. Functions requir-
ing a lot of user entries, eg measure-
ment of real transforming networks, are
organized in successive windows.
These contain help graphics in part and
are easy to view. User-friendly opera-
tion is enhanced by numerous manage-
ment functions for both the virtual net-
works and the system error-correction
files that are to be modified. Selection
of the required virtual network from 
the program’s internal database, for 
instance, is supported by a list of impor-
tant parameters such as frequency
range, number of points, storage date
and an optional comment. With the dis-

play channels decoupled, an individual
virtual network can be selected for each
channel.

Dr Jochen Simon
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FIG 2 De-embedding solved by embedding 
real DUT with transforming network in virtual, 
inverse network

Test hintAccurate data-rate measurement in digital video broadcasting

Data transmission rate has to be measured fre-
quently in digital television, independently of an
MPEG2 Measurement Decoder DVMD and direct-
ly after DVB modulation. Direct measurement of 
the symbol rate is not always accurate enough,
even if it is determined with accuracy of 1 kHz 
as with TV Test Receiver EFA. Seen in relation 
to the data rates of 38.153 Mbit/s and 64 QAM 
(DVB-C) common in today’s cable systems, 
1 kHz resolution is equivalent to an error of
1/(38153 x (204/188)/6) = 1.45 x 10–4. But
what if the maximum permissible error is 1 ppm? 
No problem for DVB-C Test Receiver EFA. Used
with a frequency counter that has the required 
resolution and accuracy, it measures the exact 
data rate. The data-clock output on the EFA rear
panel is permanently locked to the data rate of the
transmitted MPEG2 transport stream. So measure-
ment of this clock yields maximum accuracy. The

frequency counter shows the data rate Dcable-gross,
of course including Reed-Solomon error control.
The conversion

Dcable-net = Dcable-gross x 188/204

produces the net data rate of the MPEG2 transport
stream transmitted via cable at the frequency
counter’s accuracy, ie to 1 ppm.

With satellite transmissions (DVB-S) a data-rate
clock output is normally unavailable, so you 
have to resort to symbol-rate measurement. This 
is where QPSK Demodulator CT050PD comes 
in. The procedure is basically the same, the only
difference being that the effect of convolutional
coder and puncturing (Prate) are taken into account
in calculation of net data rate. For DVB-S the equa-
tion is therefore:

Dsatellite-net = Ssatellite-gross x 2 x Prate x 188/204

The symbol rate Ssatellite-gross and puncturing Prate 

for satellite operation are usually known and 
are entered into the DVB demodulator manually.
The data rate can then be measured via the symbol
rate if DVB-S is within the capture range of the
demodulator’s internal PLL used for symbol-rate
synchronization. The capture range can be 
assumed to be ±300 kHz, which is sufficient for 
the proposed measurement also on DVB-S.

Sigmar Grunwald
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Reader service card 160/16 for more information
on EFA and CT050PD
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