


with an Agilent 8510B network analyzer. Nominal 
minimum noise figure and the associated gain at 10GHz 
are 1.07 dB and 10.75 dB, respectively for 5V drain 
bias.  At 1V drain bias, NFmin increases to ~ 1.5 dB 
and the associated gain is nominally 8 dB. 
 
 

   
Figure 1: Micrograph of the E-beam T-gate. 
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 Figure 2: Measured DC-IV family of curves. 
 
Circuit Design and Measurement Results 
 
A single stage low noise amplifier (LNA), shown in Fig. 
3, was used to demonstrate the GaN HEMT technology. 
The LNA employs source inductance (bond wires) 
degenerative feedback to improve noise matching at the 
device input and stability at the design frequency. The 
parallel LC network at the output-matching circuit 
serves the dual function of gain / power matching at the 
fundamental frequency and as a resonant network to 
reduce low frequency gain and hence improve out-of-
band stability. The hybrid LNA was implemented using 
Rogers TMM-10 material (Er=10) with a substrate 
thickness of 20 mils. Capacitors in the circuit are 

ATC’s high Q components suitable for X-Band 
operation. The LNA was measured across various bias 
conditions (Vds=1-5V and Ids=7.5-45 mA). Figures 4 
and 5 show measured LNA noise figure and gain at 1V 
drain bias with drain current varying from 7.5-45 mA. 
The LNA exhibited the lowest power consumption at 
Vds=1V and Ids=7.5 mA, which yielded 1.7dB NF, 8.3 
dB gain, and 17.7 dBm OIP3 at 8.5 GHz.  Power 
measurements were also performed on the LNA circuit. 
At 1V supply, the LNA yielded an output power of 4.7 
dBm at P1dB, 6.7 dB gain, and 34.7% PAE. As the 
supply voltage increased to 5V, measurements show 
typical P1dB power performance of 19.4 dBm Pout, 8.3 
dB gain, and 40.8% PAE. Both sets of power 
measurements illustrate that the GaN HEMT device is 
capable of low voltage operation and the output power 
scales with drain bias. 
 

 
Figure 3: Photograph of the hybrid LNA. 
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Figure 4: Measured noise figure of the LNA from 6-12 
GHz at 0.5GHz step. Vds=1V and Id=7.5-45 mA. 
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Figure 5: Measured gain plot of the LNA for Vds=1V 
and Id=7.5-45mA. 
 
        
The power amplifier requires a minor redesign of the 
LNA at the input network to provide improved power 
match at Vds=25V. Figure 6 is a photograph of the 
single stage power amplifier. The small signal data is 
plotted in Fig. 7 showing input and output return loss of 
10 dB from 9-10 GHz. The highest small signal gain is 
11 dB at 9 GHz. Measured power performance at 10 
GHz is shown in Fig. 8. For Vds=25V and Iq= 150 mA, 
the power amplifier achieved 30.9 dBm output power, 8 
dB gain, and 39% PAE near P3dB compression. This 
power amplifier yielded maximum power density of 4.6 
W/mm at 10GHz. Both small signal and large signal 
gains are relatively low due to bond wires at the source 
to ground connection. The gain and perhaps efficiency 
would improve with via connection. 
 

     
Figure 6: Photograph of the single stage power 
amplifier. 
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Figure 7: Measured S11, S22, and S21 of the hybrid 
power amplifier @ Vd=25V and Iq=150mA. 
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 Figure 8: Measured power performance at 10GHz 
illustrating peak efficiency of 39% at 23-dBm input RF 
drive. 
 
Conclusions 
 
This work has demonstrated the feasibility of GaN 
HEMTs for producing low DC power LNAs and 
relatively high power density PAs utilizing the same 
device design. To the best of our knowledge, the LNA 
yielded the lowest DC power dissipation of 7.5mW 
with the corresponding 1.7 dB NF, 8.3 dB gain, and 
17.7 dBm OIP3 at X-Band. The same device also 
yielded a power amplifier achieving 30.9 dBm Pout, 8 
dB gain, and 39% PAE at 10 GHz. This work will have 
major implications for future radar and communication 
systems where transmit and receive functions require 
increased integration within a single technology 
platform.  
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Acronyms 
 
GaN:    Gallium Nitride 
PHEMT:  Pseudomorphic High Electron Mobility   
                 Transistor 
LNA:    Low Noise Amplifier 
HPA:    High Power Amplifier 
OIP3:    Output Third Order Intercept Point 
ICP-RIE: Inductively Coupled Plasma Reactive Ion  
                Etching 
PAE:   Power Added Efficiency 


