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allium Nitride (GaN) FETs boast significant benefits over 
their Gallium Arsenide (GaAs) based counterparts. Higher 
efficiency, wider bandwidth, improved reliability and higher 

output powers are just some of their features. Their higher output 
impedance also means that it is easier to achieve broader bandwidths.

GaN Power Amplifier (PA) Microwave Monolithic Integrated Circuits 
(MMICs) are finally available at Ka-band and are now generating a wave of 
new Block Upconverter (BUC) designs for use in satellite communication 
transmitters. Such designs seek to maximize the advantages of GaN 
devices by making more powerful and reliable units in smaller footprints.

Higher Linear Power
Traditionally, SATCOM based FETs (Field-Effect Transistor) and MMICs 
have operated in class-A. In class-A, the output FET is biased so that both 
the current and voltage are able to swing from rail to rail. This gives the 
best linear performance. However, the maximum theoretical efficiency 
of the output FET is only 50 percent. This efficiency only occurs at the 
maximum output power. Considering Ka-band FETs only produce about 
7-8 dB gain per stage and that all these FETs run off the same input 
voltage, the total overall efficiency of a BUC (Block Up Converter) is less 
than 15 percent. 

GaN FETs have been designed to operate closer to class-B or “deep 
AB.” That is, they operate with the gate voltage biased closer to the 
off condition so that the current is essentially clipped when the voltage 
reaches a peak. This mode of operation improves the efficiency but comes 
with some trade-offs.

The first is increased harmonic content. In class-A operation, the ideal FET 
produces no harmonic content when operating within its voltage limits. As 
the FET is moved from class-A through to class-B, it uses less DC power. 
However, the spectral content increases, which leads to higher harmonic 
and intermodulation distortion products. There is another point close 
to class-B where both the third and fifth harmonics reach a minimum. At 
this point, if a short circuit is applied to the second harmonics, then it is 
possible to produce an amplifier with higher efficiency and less harmonic 
output power.

Another downside of operating in class-
AB is that Pout (Push Out) no longer 
increases linearily with Pin (Push In). 
In other words, the amplifier exhibits 
“soft” gain compression over a wide 
input power range. This effect is exacerbated in GaN PAs where the 
device characteristics add further to the slow gain roll-off. However, it is 
possible to bias the GaN device deep in class-AB such that the soft gain 
compression somewhat corrects itself.

Figure 1 (left column, bottom) shows a comparison of the gain response 
of a GaN MMIC biased in class AB (IDSQ=420mA) and deep class AB 
(IDSQ=200mA). As the curve shows, the gain versus power response for the 
latter case is much flatter. The harmonic content of the amplifier operating 
deeper in class-AB is also lower, as seen by the dip in the third-order 
intermodulation distortion (IM3) response.

Now, linear power is often defined as the total power in two tones when 
the IM3 products are -25 dBc relative to the total power, or -22dBc relative 
to the power in each tone individually. Using this definition, it can be seen 
from Figure 1 that a Ka-band GaN PA biased deep in class-AB will reach 
this linear power when the gain drops by 2dB with respect to the small 
signal gain. Also evident is that as the gain is higher and the IM3 products 
are the same, the achievable output power should also be higher than in 
“mild” class AB. Measuring the output with a power meter confirmed that 
it was actually about 1dB higher.

Such improvement by adjusting the bias suggests that further 
improvement may also be possible by introducing a predistortion 
linearizer. A predistortion linearizer can be modeled in one of two ways. 
One way is to think of the linearizer as correcting the power transfer curve, 
so ideally an amplifier should exhibit a linear power transfer function—
the gain and phase should both remain constant until the amplifier hits 
its saturation point. An ideal predistortion linearizer would exhibit the 
opposite gain and phase response to the PA—overall, the responses 
cancel one another.
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Figure 1. Ka-band GaN PA under different drive conditions.
Figure 2. Equivalent ways of conceptualizing the operation of a 

predistortion linearizer: gain and phase correction (top); 
intermodulation injection (bottom)
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A second way of visualizing a predistortion linearizer is that it actually 
creates opposite-phase intermodulation products that mix with the 
intermodulation products of the main PA. Both of these concepts are 
presented in Figure 2 on the previous page.

One of the most common forms of predistortion in communication 
systems is to use digital techniques at baseband (Digital Predistortion). 
Using this technique, canceling the third- through to the seventh-order 
intermodulation distortion products by more than 30 dB at a particular 
power level is possible. However, this technique has several drawbacks 
and is not often used in SATCOM BUCs.

The first and most obvious reason is that it requires access to the 
baseband signal when it is being generated by the modem. This would 
mean that the BUC and SSPA (Solid State Power Amplifier) must also be 
characterized for operation with a particular baseband generator (modem). 
Also required would be that the IM3 products be largely monotonic with 
respect to the input power.

Finally, the IM3 products suffer memory effects in the SSPA. That is, the 
PA responds slightly differently when abruptly changed from low-to-high 
power as it does when it changes from high-to-low. The digital predistorter 
is simply not fast enough to compensate for this effect.

The preferred option to linearize SATCOM BUCs is to use analog 
predistortion. These circuits generally work by driving an active 
element, such as a diode or transistor, into saturation and coupling the 
intermodulation products, at some predetermined phase, back onto the 
main signal path. Due to their inherit nature, analog circuits are able to 
respond much more rapidly to changes in power level and are not as 
susceptible to memory effects.

EM Solutions has developed an analog linearizer that specifically targets 
GaN PAs and incorporates it into their latest generation of Ka-band 
upconverters. Figure 3 below shows a comparison of the spectral regrowth 

with the GaN PA biased at 420 mA and operating 2dB below saturated 
output power (blue), and the PA with the same bias and output power but 
with EM Solutions’ linearizer turned ON (red).

As can be determined from the plot, the spectral regrowth in the adjacent 
channel has been improved by more than 10 dB. Although the spectral 
regrowth in the alternate (next adjacent) channel is worse, the transmit 
spectral masks are usually such that the benefits of increased output power 
with lower adjacent channel interference warrants use of the linearizer.

Compact Designs
Another benefit of GaN based solutions is the resulting smaller form factor. 
One of the limiting factors in SSPA designs is the ability to effectively 
remove heat from the devices. However, as GaN is more efficient than 
GaAs, it is possible to make higher power units in smaller form factors.

For example, EM Solutions’ first generation Ka-band nanoBUC was able 
to deliver 16W saturated output power in the smallest form factor in the 
market. Using GaN, EM Solutions’ Ka-band multiband nanoBUC can 
achieve 25W saturated power in the identical form factor, using the same 
DC current consumption and is also able to achieve this result over the 
entire 28 GHz to 31 GHz bandwidth.

Another example is EM Solutions’ top-of-the-range Ka-band multiband 
nanoBUC, whose GaAs based predecessor was able to achieve 50W 
linear power with a typical power consumption of just under 500W. The 
GaN based product is able to achieve the same linear power and draws 
only 350W DC power. This reduction in DC power compared with its 
GaAs predecessor means the FETs are running substantially cooler and 
the whole unit has a higher reliability.

GaN based MMICs are finally commercially available for the Ka-band 
SATCOM market. Such devices intrinsically offer more linear power across 
a wider operating bandwidth and with greater efficiency. When coupled 
with an upconverter and optimized linearizer, higher power densities are 
made possible, with feature rich performance in small footprints.

Additional information regarding EM Solutions may be viewed at 
www.emsolutions.com.au/

Garth Niethe is a technical design lead for Ka SATCOM products at 
EM Solutions, an Australian designer and manufacturer of advanced 
microwave modules and systems for satellite and wireless broadcast 
communications networks.
 After graduating from the University of Queensland, he began his 
career developing components for feedforward amplifiers and other 
telecommunications applications. He then spent a number of years working for 
Codan in the design and manufacture of C- and Ku-band and Upconverters. In 
2006, he joined EM Solutions to help develop their range of products for the 
Ka-band satellite market.

Figure 3. Comparison with the linearizer OFF (blue) and ON (red).
(Modulation scheme is OQPSK, 2.048 MBit/s, 1/2 rate Viterbi)

59SatMagazine June 2015

http://www.emsolutions.com.au/ 


60SatMagazine June 201560

By Doreet Oren, Director, Product Marketing, Gilat Satellite Networks

hen Mobile Network Operators (MNOs) dream of 
expanding their network into untapped regions, a primary 
consideration is how to handle the exponential growth 

of data traffic. Deploying a high-capacity 4G network is inseparable 
from the challenge of handling massive quantities of data in a rapidly 
expanding network. 

For MNOs to upgrade their existing network with additional cell towers 
with 4G backhaul capacity is a non-trivial effort; the required infrastructure 
investment is significant. Maximum network throughput speeds are more 
than ten times faster in a 4G network than a 3.5G network. This requires a 
huge boost in capacity. In addition, erecting high-performance cell towers 
in sufficient proximity to reach new areas, along with installing a backhaul 
infrastructure, takes time—sometimes more time than MNOs can afford. 

Meanwhile, the passage of time works against the MNO’s dream. If an MNO 
cannot enter a new area and set up a 4G network quickly, a competitor will 
most assuredly do so and reach those potential customers first. This has 
weighty business implications: the loss of potential revenue, the difficulty of 
convincing a customer who has signed up with one mobile service carrier 
to switch carriers, and the ongoing cost of having to pay other carriers high 
roaming charges in areas where the MNO has no coverage. In this race, 
there is little consolation for second place—the subsequent carriers to enter 
a market are at a distinct disadvantage. By providing a connection within 
days rather than years, MNOs can leapfrog competitors relying on slower-
to-deploy backhaul technologies.

To win this contest, rapid deployment is a must. Here, satellite backhauling 
has a huge advantage. Fiber and microwave backhauling solutions represent 
substantial CAPEX costs, are time-consuming and often not feasible when 
spanning long distances or difficult terrain. Satellite, on the other hand, 
bypasses many of the logistical obstacles to deployment. In a single hop, a 
satellite solution provides a connection to the core LTE network.

Several factors mitigate satellite backhaul’s CAPEX expense. One is the 
benefit of rapid deployment; the immediate collection of revenue from 
4G service helps offset the cost. Another is reusability. As their networks 
grow, MNOs can relocate equipment purchased and deployed for satellite 
backhaul elsewhere as needed. Of course, an equally important consideration 
is ensuring a quality user experience, and here Gilat’s satellite backhaul solution 

shines through, meeting the 4G performance 
challenge with SkyEdge II-c Capricorn, a TDMA 
VSAT that reaches the record-breaking 
speed of 200Mbps. At this speed, this VSAT 
supports the full capability of 4G handheld 
devices, a feat that is unique in the satellite 
industry. An obstacle inherent in satellite communications is the inevitable 
delay that limits throughput and performance. Capricorn is unique in the 
industry in having overcome this barrier. Gilat’s patent-pending embedded 
acceleration techniques compensate for the delay, maintaining a user 
experience that is indistinguishable from terrestrial solutions.

Another important point to consider is that new satellite technologies are 
lowering the cost of satellite connectivity. According to industry analysts, this 
trend is expected to continue well into the future. The main reason: High-
Throughput Satellites (HTS) that offer significantly increased capacity, reducing 
bandwidth costs to as much as a twentieth of their previous rates. This 
breakthrough has helped position satellite communication as a cost-effective 
alternative for delivering broadband while reducing operating expenses. 
Another cost variable is the backhauling access scheme. When providing a 
satellite backhaul link, the question of bandwidth efficiency is crucial. The 
goal is to save money by using exactly the amount of bandwidth that meets 
the subscriber’s performance needs. For this reason, MNOs must determine 
which access scheme best fits the download as well as the upload direction: 
TDM/TDMA or TDM/SCPC.

When data traffic is bursty with a high peak to average ratio, as is the case in an 

LTE network, the traditional SCPC fixed-speed access scheme suffers from two 

main drawbacks, those being that SCPC does not meet peak traffic demand 

and SCPC wastes satellite bandwidth when demand is average. For these 

reasons, bandwidth sharing is a must in both the upload as well as the download 

directions. The TDM/TDMA access scheme is a must in LTE networks to reach 

maximum bandwidth efficiency and realize the full performance potential of 

handheld devices; other options are not economically viable.

The way forward for rapid 4G deployment is shifting. As solutions that 
may have seemed peripheral in previous years gain primacy, MNOs are re-
evaluating their options. Not only is satellite backhauling a viable option—
it is also an option backed by a clear-eyed business case.

www.gilat.com/SkyEdge-II-c-Capricorn
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