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Abstract—The paper presents results of error vector magnitude
(EVM) measurements in a 300 GHz transmission system. The
EVM was determined using real-time oscilloscope and consec-
utive mathematical processing in a computer instead of using
a commercial vector signal analyser. The uncertainty of EVM
measured with the real-time oscilloscope is open to analysis.

Index Terms—error vector magnitude, waveform metrology

I. INTRODUCTION

Nowadays, new communication technologies providing
higher data rates are being developed as the frequency spec-
trum is very scarce. The frequencies are shifting towards
higher unoccupied bands and prospective THz communication
systems are studied [1]. There are many challenges on the way
towards THz communication system, since building blocks of
such systems are rarely commercially available. Recently, a
transmission system has been developed [2] which aims at the
metrological characterization of propagation channels, mate-
rial properties and field strengths in the 300 GHz frequency
band. In [2], a successful transmission of an analogue video
signal upconverted to 300 GHz has been demonstrated. In
order to prove the system usability for digital signal trans-
mission, another series of experiments has been performed
in [3], where OFDM DVB-T and DVB-S2 signals have been
transmitted and the modulation quality has been measured
with a vector signal analyzer (VSA). This paper describes
measurements of the error vector magnitude (EVM) at the
output of the 300 GHz transmission system using a real-time
oscilloscope and subsequent processing of voltage samples
using in-house code according to [4]. The EVM is one of
the key parameters used to define the performance of wireless
communication equipment. It is defined as the magnitude
of the difference between the reference waveform and the
measured waveform in a vector diagram (see, e.g., [4], [5]). A
traceable link between qualitative parameters used in wireless
communications, such as EVM, and basic physical quantities
is problematic. Several approaches for traceable measurement
of EVM have been shown recently. The British National Phys-
ical Laboratory uses waveform metrology techniques based
on digital real-time and sampling oscilloscopes that form an
unbroken chain between the electro-optic sampling system and
the modulated RF waveform [6], [7]. The high bandwidth
of today’s real-time oscilloscopes makes them an ideal tool
for characterization of future ultrawideband communication
systems (the system described here is able to transmit a signal
bandwidth of 10 GHz), as shown, e.g., in [8].

II. SYSTEM SETUP

The transmission system consists of autarkic transmitter and
receiver unit. A subharmonic mixer is used to upconvert a
signal (DC–10 GHz, delivered by an arbitrary signal source)
up to 300 GHz. The transmission is performed with horn
antennas directly attached to the mixer blocks. In the original
setup, two dielectric phase-locked resonator oscillators are
used. In this experiment they are replaced by two commercial
microwave generators phase locked to a laboratory 10 MHz
reference clock. A detailed system description with its perfor-
mance is given in [2]. The measurement setup is depicted
in Fig. 1. The downconverted signal is captured with the
digital real-time oscilloscope which has the bandwidth of
2 GHz. The oscilloscope is triggered using a marker signal
derived from the modulated signal symbol rate and period.
In Fig. 1, f31 is the the carrier frequency of the modulated
signal and f41 = |2f21 ± f31|. Similarly f42 is the received
signal frequency spectrum, f32 is the actual downconverted
modulated signal. Moreover, the spectrum of the received
signal contains additional parasitic components produced by
amplifier and subharmonic mixer nonlinearities. The TX and
RX antennas were placed close to each other in this experiment
(1 mm to 3 cm to gain the received power as high as possible),
since the generator #2 is used for oscilloscope triggering and
it is convenient to place the whole measurement setup on a
single bench. In this paper, simple single carrier modulation
16QAM scheme with a pseudorandom data sequence has
been transmitted and measured. Application of the waveform
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Fig. 1. Measurement setup for the measurement of modulation error
parameters in the 300 GHz transmission system.
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metrology to more complicated modulation schemes with
larger bandwidth is under investigation.

III. EXPERIMENTAL RESULTS

In [3], a commercial TV analyzer has been used to measure
the EVM. Although measurements with a VSA are very
convenient, we show a different approach using a digital real-
time oscilloscope and consecutive signal processing in this
paper. The advantage is the ability to evaluate the measure-
ment uncertainty, in contrast to paper [8]. The aim of this
measurements was to determine the EVM of a signal at the
output of the RX subharmonic mixer, i.e., the influence of the
transmission system on the quality of the modulated signal.
The EVM of the generator #2 output was measured as well
(without the 300 GHz transmission system) for comparison.
The baseband TX signal modulated to a RF frequency (gen.
#2) is generally converted into another frequency band at
the output of the RX subharmonic mixer (depending on the
frequency setting of microwave generators). TX frequencies
have been chosen in order to obtain a reasonable low frequency
f31 . For low f31 a slower sample rate can be used in
the oscilloscope and thus faster subsequent signal processing,
on the other hand for higher f31 the parasitic products are
spectrally located far from the modulated signal and it is easier
to filter them. The oscilloscope was set such that the RF signal
was captured with the oversampling factor of 10 to 20. The
real-time oscilloscope used in the experiment was equipped
with a commercial vector signal analysis software which is
able to analyze general modulated signals and determine the
EVM. The signal was sampled according to the oscilloscope’s
setting, however the EVM calculation in the software was
only performed from few samples per symbol (even if the
oscilloscope’s setting may correspond to hundreds of samples
per symbol). The uncertainty of the EVM determined by the
VSA application is not specified. Fig. 2 shows a comparison of
the EVM determined by the oscilloscope built in application
and with the in-house code (together with the uncertainty
error bars, 95 % confidence, the main contribution is the
statistical std. deviation). The EVM was measured at the
output of the RX subharmonic mixer (caption with TX system)
and at the output of the gen. #2 itself (caption without TX
system). The modulation scheme was 16QAM, averaging 64 in
both cases. The results for each symbol rate were determined
from 10 measurements. The measurement uncertainty analysis
exceeds the scope of this paper, yet it can be claimed that the
oscilloscope measurement system is more open to uncertainty
analysis than is the system with a VSA. The main uncertainty
contributions are the noise, limited dynamic range of the
oscilloscope, parasitic products, phase instability from the
transmission system and statistical standard deviation.

IV. CONCLUSION

In the paper, EVM measurement results have been shown
for a 300 GHz transmission system. The received signal spec-
trum is rich due to mixing and other parasitic products which
may cause problems when measuring using commercial vector
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Fig. 2. Comparison of EVM measured using the in-house code and VSA
application; measurement with and without the 300 GHz transmission system.

signal analysers. A method using real-time oscilloscope and
consecutive signal processing in a computer has been shown,
which not only is more open to measurement uncertainty
analysis, but also allows to measure modulated signals with
bandwidths exceeding that of today’s VSAs. The calculated
EVM results were compared with values given by commercial
vector signal analysis application and good agreement was
obtained. The phase instability of the received signal due
to frequency multiplying and mixing may be significant,
which could cause problems especially for modern multicarrier
modulation schemes.
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