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Better than tubes: solid-state amplifiers 
for satellite uplinks
Tubes or solid-state? The question is now no longer relevant for RF power amplifiers in the Ku band. New 

amplifier models have combined the best of both worlds.

Fig. 1: For example, if a carrier has high power consumption but low bandwidth consumption, this 

tells the user to reduce the spectral efficiency of the carrier somewhat, i.e. to increase the band-

width at a constant data rate and to reduce the transmission power.

Satellite links are known for their inde-
pendence from terrestrial infrastructure 
as well as their intercontinental range. 
In certain applications such as radio 
links at sea, there are no real alterna-
tives – while in other applications, satel-
lite links are highly attractive. As a result, 
demand for satellite services is continu-
ously increasing.

In satellite communications, signals are 
transmitted by uplink stations (earth sta-
tions) to the satellite (Fig. 1), where they 
are converted to a different frequency 
and rebroadcast for reception on the 
ground or for other satellites.

Various frequency bands are allocated 
internationally for satellite communi-
cations. Currently, about 25 % of com-
munications takes place in the Ku band 
between 12 GHz and 18 GHz. Due to 
the typically demanding requirements 
for QoS parameters such as availability 

Fig. 2: R&S®PKU100 indoor model with 400 W output power.

and signal quality on satellite trans-
mission links, the transmission system 
must be extremely reliable. Of course, 
this also applies to the RF power ampli-
fiers that are used.

Tubes or solid-state?
As a result of advances in the field of 
semiconductor technology, solid-state 
amplifiers are increasingly found in 
applications previously dominated by 
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tube amplifiers (mostly traveling wave 
tube amplifiers, or TWTAs). Currently, 
tube amplifiers are still widely used 
to generate high power levels in the 
Ku band. Compared with conventional 
solid-state amplifiers, they have high 
efficiency, which means they consume 
less power.

However, TWTAs also have disad-
vantages. The tube needs to warm 
up before stable RF performance is 
attained, and this can take a few min-
utes. As a result, backup systems must 
be run in hot-standby mode at all times 
to be able to immediately take over if 
the primary amplifier fails. Substantial 
energy costs are the result.

Failure of the tube causes a total break-
down. The amplifier stops producing 
RF power, and replacing the tube is 
costly. Furthermore, tube technology is 
relatively fragile. A change in operating 
mode (e.g. frequency) can often have 
undesired consequences for the signal 
quality. Ambient temperature fluctua-
tions also influence the output power.

The high noise figure of tube amplifi-
ers does not help the signal quality. In 
order to achieve good power output, 
the nonlinear distortion is compensated 
at a specified operating point using a 

larger and heavier than tube amplifiers 
with comparable output power. In addi-
tion, their energy consumption is still 
significantly higher at the present time.

R&S®PKU100: the best of  
both worlds
During development of the 
R&S®PKU100 high-power RF amplifiers, 
the goal was to combine the benefits of 
both worlds while mitigating the weak 
points. The new amplifiers combine the 
compactness and other benefits of tube 
amplifiers with the advantages of solid-
state technology. In order to deliver high 
output power, the final stages are built 
using interconnected microwave inte-
grated circuits (MIC). If one MIC fails, 
the R&S®PKU100 continues operation 
with (reduced) output power – which is 
often adequate to maintain the uplink.

The amplifiers come in indoor and out-
door versions with 400 W or 750 W 
peak power. They are available for the 
frequency ranges from 12.75 GHz to 
13.25 GHz and 13.75 GHz to 14.5 GHz 
(Figs. 2 and 3). Both indoor versions 
have a height of only 3 HU; the 400 W 
model weighs only 18 kg. The form fac-
tor of the amplifiers is therefore unique 
among solid-state amplifiers; it is com-
parable to tube amplifiers with the same 
output power. In terms of efficiency, the 
R&S®PKU100 also comes very close to 
TWTAs with a value of at least 20 % ref-
erenced to peak power.

The quality of the RF output signal is 
critical. It is determined primarily by the 
amplifier’s linearity. Here, a distinction is 
made between in-band and out-of-band 
signal quality (Fig. 4):

In-band signal quality
The amplifier output signal must exhibit 
a certain level of quality as defined by 
parameters such as the modulation 
error ratio (MER). The MER represents 
the sum of all factors that degrade the 
quality of the wanted signal during dig-
ital wireless transmission. It includes 
noise and nonlinear distortion that yield 

Fig. 3: The R&S®PKU100 outdoor model with 400 W output power.

linearizer. However, if the output power 
is adjusted, the linearizer must be re-
optimized. Maintenance of tube ampli-
fiers is also far from trivial: due to the 
high tube voltages, experienced person-
nel is mandatory.

Solid-state amplifiers have many advan-
tages. Currently, gallium nitride (GaN) 
and gallium arsenide (GaAs) transis-
tors are typically used. Their main bene-
fit is their high failsafety. Since they use 
a set of single transistors whose power 
is combined by fully isolated coupling 
networks to produce the total output 
power, operation can continue with 
reduced power in case of failure of a 
single transistor. Although the lifetime 
of transistors is also limited due to elec-
tromigration, their time-to-failure is typi-
cally over 100 years.

Solid-state power amplifiers are imme-
diately operational and do not require 
any warm-up time. Temperature-com-
pensated control circuits keep the out-
put power constant (< ±0.1 dB) across 
a wide temperature range.

Weight and size are shortcomings of 
conventional solid-state power ampli-
fiers. This is due to the combiners 
needed to interconnect the transis-
tors. As a result, they are typically much 
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Typical DVB-S2 signal spectrum mask
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In-band: 
The goal is a good MER value for 
better signal quality.

Out-of-band: 
The goal is very low adjacent 
channel power in order to 
minimize interference to 
adjacent channels. 

Example of a spectrum mask
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Fig. 5: Adaptive linearization boosts the signal quality. Spectrum and EVM (or MER) without (left) 

and with linearization in the case of 64APSK modulation.

in-band spectral components. The bet-
ter the MER for the transmitted signal, 
the lower the signal-to-noise ratio that 
is acceptable in the receiver for error-
free signal decoding. Another parame-
ter used to characterize the in-band sig-
nal quality is the error vector magni-
tude (EVM). The EVM is a measure of 
the deviation of the transmitted symbols 
from the ideal constellation. The lower 
the EVM, the better the signal quality.

Out-of-band signal quality
The spectral purity of the signal in adja-
cent channels is another important 
aspect when selecting an amplifier. 
Here, the shoulder attenuation of the 
wanted signal is a good criterion. The 
higher this value is, the less interference 
that impacts the adjacent channels. For 
amplifiers used for satellite uplinks, the 
third-order out-of-band  intermodulation 
products typically must not exceed 
–25 dBc. This limit ensures that a DVB-S 
QPSK signal basically complies with the 
spectrum mask – although some sat-
ellite operators have more stringent 
requirements.

High signal quality is necessary for 
new TV standards such as DVB-S2 that 
define higher-order modulation types 
(e.g. 64APSK).

Top signals through adaptive 
linearization
For even higher-quality output sig-
nals, automatic adaptive linearization 
is available for the R&S®PKU100. The 
input signals are modified to allow opti-
mal compensation of nonlinearities in 
the amplifier and significantly increase 
the shoulder attenuation (Fig. 5). Net-
work operators typically specify a value 
of –35 dB for this parameter, which 
the R&S®PKU100 easily attains with 
this option. With conventional amplifi-
ers, the output power must be strongly 
reduced in order to ensure operation in 
the linear region and attain the desired 
shoulder attenuation.

The linearization also improves the MER. 
A value of 25 dB is attained without 

uplink and thus creates additional power 
reserves on the transmission path. If the 
output power or frequency is changed, 
the linearization can be automatically 

Fig. 4: The greater the shoulder attenuation, the less the adjacent channels are affected by 

interference.

linearization and almost 35 dB with lin-
earization. This is an added benefit of 
adaptive linearization, which signifi-
cantly increases the signal quality in the 

Satellite communications



to the amplifier in the L band, where 
losses are lower. All of the amplifiers 
in the R&S®PKU100 family are there-
fore available with an integrated block 
upconverter (BUC) as an option.

Redundant and convenient
Using power supply redundancy, the 
amplifiers can be fed from two different 
power networks. If one power network 
or power supply unit fails, the uplink 
is not affected. An optional DC supply 
(48 V) is useful for mobile applications 
or any other application in which tem-
porary bridging of the backup supply is 
provided via rechargeable batteries.

The amplifiers are operated using an 
intuitive web interface (Fig. 6) or the 
device user interface. Easy  integration 
into higher-level management  systems 
is facilitated by an SNMP interface 
accessed via LAN, a serial RS-232/485 
interface or a floating parallel interface.

Summary
The RF power amplifiers in the 
R&S®PKU100 family for the Ku band 
combine the benefits of tube and solid-
state amplifiers. They are compact, 
lightweight and available in indoor and 
outdoor models. Using automatic adap-
tive linearization, the amplifiers pro-
duce very high-quality signals and are 
well-suited for use with higher-order 
modulation schemes as defined in the 
DVB-S2 standard.

Dr. Wolfram Titze; Christian Baier;  

Lothar Schenk

Fig. 6: The R&S®PKU100 can be operated using any web browser.

adapted. This option is suitable for use-
ful signal bandwidths < 100 MHz.

Integrated block upconverter
Due to the high frequencies, the cable 
losses in the Ku band are quite high. 
That is why the signal is typically fed 
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