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Introduction 
 
GaN FETs offer significant benefits over their GaAs based counterparts. Higher efficiency, 
wider bandwidth, improved reliability and higher output powers are just some of their features. 
Now GaN PA MMICs are available at Ka-band. What are BUC vendors doing to make the 
most of this exciting new development? 
 
This paper outlines some of the technology changes that EM Solutions is developing in order 
to harness the power of GaN. 
 

Wider bandwidth 
 
One of the benefits of GaN is that its larger device voltage and resulting higher output 
impedance mean it is easier to match for maximum power over a wider frequency range. Ka-
band GaN chips are now commercially available with up to 9W saturated output power from 
27.5 – 31 GHz. 
 
This wide bandwidth is a perfect match for EM Solutions new nanoBUC HUB: a broadband 
Ka-band frequency upconverter incorporating its own pre-distortion linearizer and 
management and control functionality. Previous generation L- to Ka- band BUCs use a single 
frequency (direct) conversion architecture and are restricted to a single 1 GHz wide RF 
operating frequency, see figure 1. The nanoBUC HUB, on the other hand, uses a dual 
upconversion technique, see figure 2. This architecture allows the LO products to be 
effectively filtered out away from Ka-frequencies, allowing operation across the full Ka-band. 
 
 

 
Figure	  1.	  Traditional	  single	  upconversion	  architecture	  
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Figure	  2.	  Broadband	  dual	  upconversion	  architecture	  

 
Another unique aspect of the nanoBUC HUB is its frequency agility: it has both a software 
defined IF input and Ka band output. So it is capable of converting both 950 – 1950 MHz and 
1000 – 2000 MHz frequency spectrums to any 1 GHz frequency band within the 28 – 31 GHz 
Ka band. 
 
Although the nanoBUC HUB is available as a standalone low power BUC and can be used to 
upconvert and pre-distort any power amplifier, EM Solutions has also integrated the 
nanoBUC HUB directly into its own range of Ka band GaN SSPAs, to create the new range of 
Ka-multiband nanoBUC products. This makes it possible to achieve output powers of up to 
100W at any frequency in the Ka spectrum. 
 

Higher Linear Power 
 
Traditionally SATCOM based FETs 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%. This efficiency only occurs at the maximum output power. 
Considering Ka Band FETs only produce about 7-8 dB gain per stage and all these FETs run 
off the same input voltage the total overall efficiency is less than 15%.  
 
Newer GaAs FETs have been designed to operate closer to class B or “deep AB”. That is, 
they operate with the gate voltage biased closer to pinch off so that the current is essentially 
clipped when the voltage reaches a peak – see figure 3 below. This mode of operation 
improves the efficiency but it comes with a trade-off. 
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Figure	  3.	  Current	  swing	  versus	  conduction	  angle	  (source:	  www.electronics-‐tutorials.ws)	  

 
Figure 4 shows the harmonic effects of shifting an ideal FET operating point from class A 
through to class B. In class A operation, the ideal FET produces no harmonic content when 
operating within its voltage rails. As the FET is moved from class A through to class B it uses 
less DC power, however the spectral content increases leading to higher harmonic and 
intermodulation distortion products. However there is another point close to class B where 
both the 3rd and 5th harmonics reach a minimum. If at this point it is possible to short circuit 
the 2nd harmonics, then it is possible to produce an amplifier with higher efficiency and 
improved linearity. Using this method it is possible, using recently released Ka-band GaN 
chips to achieve power-added efficiencies (PAEs) of about 20% at 3dB backoff from Psat i.e. 
Psat – 3dB. 
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Figure	  4.	  Relative	  spectral	  content	  versus	  conduction	  angle	  	  

(source:	  “Steve	  Cripps	  PA	  design	  course	  notes”)	  

One of the downsides of operating in class AB is that the Pout versus Pin relationship is no 
longer unity. 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 to 
the slow gain roll-off as well. However it is possible to bias the GaN device deep in class AB 
such that the soft gain compression somewhat corrects itself. The figure below 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. 
 

 
Figure	  5.	  Relative	  gain	  of	  a	  GaN	  PA	  operating	  in	  class	  AB	  (blue)	  and	  deep	  class	  AB	  (orange)	  
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As predicted by the theory for an ideal amplifier, the third-order intermodulation distortion 
(IM3) products also show a significant improvement when operating deep in class AB. 
 

 
Figure	  6.	  	  Ka-‐band	  GaN	  PA	  under	  different	  drive	  conditions	  

 
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 6 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. It should also be evident that since 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 thought to 
work in one of two ways. One way is to think of it as correcting the power transfer curve. So 
ideally an amplifier should exhibit a linear power transfer function. That is the gain and phase 
should both remain constant until the amplifier hits its saturation point. Thus an ideal 
predistortion linearizer would exhibit the opposite gain and phase response to the PA, so that 
overall the responses cancel one another. A second way of visualising a predistortion 
linearizer is that it actually creates out of phase intermodulation products that mix with the 
intermodulation products of the main PA. Both of these concepts are presented in the figure 
below. 
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Figure	  7.	  Equivalent	  ways	  of	  conceptualising	  the	  operation	  of	  a	  predistortion	  linearizer:	  gain	  and	  

phase	  correction	  (top);	  intermodulation	  injection	  (bottom)	  

One of the most common forms of predistortion in communication systems is to use digital 
techniques in baseband (Digital PreDistortion). Using this technique it is possible to cancel 
the 3rd- through to the 7th-order intermodulation distortion products by over 30 dB at a 
particular power level. However, this technique has several drawbacks and is not often used 
in SATCOM BUCs. The first and most obvious 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 
must also be characterised for operation with a particular baseband generator. It would also 
require the IM3 products to be largely monotonic with respect to the input power. Finally, it is 
subject to 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 for SATCOM BUCs is to use analogue 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, analogue circuits are able to respond much more 
rapidly to changes in power level and thus are not as susceptible to memory effects. 
 
Figure 8 shows the effect of adding an analogue predistortion network to a GaN based PA. 
The curves compare three conditions: one with the GaN PA biased at 420mA (light blue and 
red traces), one with the PA biased deep in class AB (orange and green traces) and one with 
the PA biased at 420mA (“mild” class AB) and linearized with an analogue predistorter (purple 
and dark blue traces). 
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Figure	  8.	  Comparison	  of	  Gain	  and	  IM3	  products	  for	  linearized	  and	  non-‐linearized	  PA	  

From these curves it doesn’t seem at first as if the linearizer has actually increased the useful 
output power. However it must be realised that by increasing the gain it has effectively raised 
the output power for the same input power and IM3 level. Hence close to compression, the 
output power is now actually 1.8dB higher than the non-linearized GaN biased at 420mA, and 
0.8dB higher than the non-linearized PA biased at 200mA. 
 
This raises the immediate question: why not linearize the PA when it is operating deep in 
class AB? Adding an analogue predistortion linearizer to a GaN based SSPA operating deep 
in class AB results in only very modest power improvement – about 0.5 dB – for two reasons. 
Firstly the device is already generating linear power at Psat – 2dB. Second, the shape of the 
IM3 products versus input power level is difficult to track and nullify. Thus what tends to 
happen is that instead of creating a double cancellation null in the IM3 products, the linearizer 
just tends to push the existing null higher or lower with respect to drive level. 
 
The effect on the spectral regrowth is obvious. The following figure shows a comparison of 
the spectral regrowth with the GaN PA biased at 420 mA and operating at Psat – 2dB (blue) 
and the PA with the same bias and output power but the linearizer turned ON (red). As can be 
seen from the plot, the spectral regrowth in the adjacent channel has been improved by over 
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. 
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Figure	  9.	  Comparison	  with	  the	  linearizer	  OFF	  (blue)	  and	  ON	  (red).	  
(Modulation	  scheme	  is	  OQPSK,	  2.048	  MBit/s,	  1/2	  rate	  Viterbi)	  

EM Solutions’ next generation of nanoBUCs all incorporate the nanoBUC HUB and therefore 
are fitted not only with a wideband synthesiser with Ethernet control, but also with an 
analogue predistortion network built in. The linearizer itself can be enabled or disabled 
allowing direct comparison of signal responses in the event that the signal power may not fall 
into the linearizer sweet spot. 

 
Smaller size or higher reliability 
 
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 the heat from the devices. 
However since GaN is more efficient than GaAs it is possible to make higher power units in 
smaller form factors. When these SSPAs are coupled with the tiny nanoBUC HUB, it is 
possible to create units with unparalleled size and functionality. 
 
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-multiband nanoBUC can achieve 25W saturated power in the same form factor, using the 
same DC current consumption. 
 
Another example is EM Solutions’ top of the range Ka-multiband nanoBUC. Its 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 
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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. 

 
Conclusion 
 
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,all with a 
greater efficiency. 
 
EM Solutions has made the most of this new technology by coupling GaN based SSPAs with 
its new product platform: the nanoBUC HUB. This new generation of BUCs offer more power, 
better linearity, wider frequency span, enhanced user interface and the smallest form factors 
available on the market. 
 

  
 


