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Network analysis from 10 MHz to  
110 GHz in a single sweep
The R&S®ZVA110 vector network analyzer covers the entire frequency range from 10 MHz to 110 GHz, 

making it ideal for on-wafer measurements as well as other applications. Millimeter-wave converters can 

be used to expand the frequency range of the R&S®ZVA110 to 500 GHz for band-specific measurements. In 

addition, the R&S®ZVA110 is able to perform frequency-converting and pulsed measurements.

FIG 1 The R&S®ZVA110 does not require additional control hardware or external signal sources, making it the most compact 110 GHz network analyzer 

system on the market.

The most compact 110 GHz system on the market
The high-end R&S®ZVA110 vector network analyzer (FIG 1) 
consists of an R&S®ZVA67 four-port vector network analyzer 
that is enhanced by two R&S®ZVA-Z110E millimeter-wave 
converters and two diplexers with 1 mm ports. In the ana-
lyzer’s basic frequency range between 10 MHz and 70 GHz, 
the test signal is routed to the 1 mm test ports via the diplex-
ers. In the range between 70 GHz and 110 GHz, the test sig-
nal from the analyzer is upconverted in the millimeter wave 
converters and routed via the diplexers to the 1 mm test 
ports. Controlled by the network analyzer, the diplexers auto-
matically switch between the two paths, enabling continu-
ous sweeps from 10 MHz to 110 GHz. No additional con-
trol hardware or external signal source is required, making 
the R&S®ZVA110 the most compact 110 GHz system on the 
market.

The modular system can be easily expanded to cover band-
specific measurements up to 500 GHz. It is a simple matter 
to connect other Rohde&Schwarz millimeter-wave convert-
ers instead of the existing converters and diplexers; no addi-
tional hardware or software is needed. This flexibility means 
real investment protection since the system can be expanded 
to handle future test requirements.

The R&S®ZVA67 is the only network analyzer that offers four 
coherent signal sources up to 67 (70) GHz whose amplitude 
and phase offset can be adjusted relative to each other. This 
unique functionality is useful in applications such as antenna 
beamforming, modulator characterization and for true differ-
ential measurements.
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Amplifier characterization
A power meter makes it easy to calibrate the test setup for a 
constant power at the input of the amplifier under test. The 
electronic attenuator in the R&S®ZVA-Z110E millimeter-wave 
converter regulates the R&S®ZVA110 output power, which 
also allows compression point measurements to be per-
formed on the amplifiers. The coherent signal sources enable 
true differential measurements up to 110 GHz.

On-wafer measurements
Continuous sweeps up to 110 GHz are especially interesting 
for on-wafer measurements (FIG 2) since, in order to obtain 
comparable results, measurements in the entire frequency 
range up to 110 GHz should be carried out using a single 
test setup – which is no problem with the R&S®ZVA110. The 
R&S®ZVA110 is also compatible with commercially available 
probers and the SuessCal and WinCal™ software packages.

Optimal test setup for on-wafer measurements
The losses that occur between the converters and the probe 
tips are uncritical at low frequencies, but become more 
important as frequencies increase. Common 1 mm coaxial 
cables have relatively high loss. A 16 cm long cable, for exam-
ple, has a total loss of about 3 dB. These figures make it clear 
why it would not make sense to integrate the converters and 
diplexers into the R&S®ZVA base unit. The cable loss between 
the test port and the DUT would be too high. For this rea-
son, the diplexers are designed and set up so that the signals 
in the basic frequency range up to 70 GHz are not combined 
with the signals from the converter path (up to 110 GHz) until 
just before the 1 mm test port. The signal path from the test 
port to the probe tip needs to be as short as possible. Short 
1 mm coaxial cables are commonly used, with a length of 
16 cm, for example (FIG 3). Semi-rigid cables are used for a 
stable test setup. The wafer prober manipulators on which 
the converters, diplexers and probe tips are mounted, are 
designed so that the entire setup moves as a single unit.

FIG 2 On-wafer measurement with the R&S®ZVA110.
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Probe tip contact on the wafer or a substrate
Probe tip contact can be made manually or automatically 
via a wafer prober using appropriate control software. In 
order to achieve comparable results, it is important that one 
and the same test setup be used for measurements. The 
R&S®ZVA110’s continuous sweep from 10 MHz to 110 GHz 
and the sophisticated trace / channel concept make this pos-
sible. Nothing stands in the way of performing frequency and 
power sweeps to measure amplifier compression characteris-
tics using a single test setup.

On-wafer amplifier characterization
In addition to S-parameters such as gain and matching, the 
compression of amplifiers is of interest. Traditional compres-
sion point measurements on amplifiers using coaxial connec-
tors require power calibration at the amplifier input in order to 
maintain a defined input level that is constant over frequency. 
However, it is not possible to perform power calibration on 
the wafer plane. How can a constant, defined absolute power 
over frequency be obtained with the reference plane shifted 
to the wafer (i.e. the probe tips)?

One possibility is to perform power calibration at the 1 mm 
diplexer output. By determining the frequency-dependent 
loss between the diplexer output and the probe tip, the out-
put power of the R&S®ZVA can be corrected such that the 
power calibration plane is shifted to the wafer. In other words, 
the losses in the path from the diplexer to the probe tip are 
compensated by the R&S®ZVA’s higher output power. These 
losses can be determined using transmission measurement 
on two contacting probe tips or using reflection measurement 
on one probe tip.

An alternative method is to use UOSM calibration using the 
diplexer to wafer path as an unknown through standard. The 
losses are measured and automatically taken into account 
when setting the R&S®ZVA generator power level. Coaxial 
1 mm calibration standards are used at the diplexer end, and 
on-wafer calibration standards are used at the wafer end.

Summary
The R&S®ZVA110, with its continuous sweep from 10 MHz to 
110 GHz, is an outstanding instrument for on-wafer character-
ization of components. It can be expanded to cover band-spe-
cific measurements up to 500 GHz. The flexibility and the ver-
satility of this analyzer provide true investment protection.

Andreas Henkel

FIG 3 Test setup with diplexers, 1 mm coaxial cables and probe tip.

Condensed data of the R&S®ZVA110
Frequency range  10 MHz to 110 GHz
Dynamic range at 110 GHz > 80 dB, typ. 89 dB
Output power at 110 GHz –28 dBm to –11 dBm, electronically adjustable
Output power accuracy at 110 GHz < 3 dB, typ. 2 dB
Max. permissible input power +27 dBm
Trace stability  10 MHz to 110 GHz: typ. < 0.4 dB and typ. < 4°
Effective source match 10 MHz to 110 GHz: typ. < 32 dB
Effective directivity  10 MHz to 110 GHz: typ. < 32 dB
Effective load match 10 MHz to 110 GHz: typ. < 32 dB
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