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Abstract A single-ended amplifier with a simple 
reactive matching is shown to provide stable 
operation with substantially improved amplifier 
power-added efficiency (PAE) (230%) across an 
ultra-broadband frequency range (2-18 GHz). The 
amplifier employs a Double Pseudomorphic High 
Electron Mobility Transistor (DPHEMT) power 
device. 
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I. INTRODUCTION 

Ultra-broadband distributed or travelling wave [ 11, 
lossy matched [2], and feedback [3] amplifiers 
operating over the frequency range of 2-18 GHz 
have been investigated extensively by a number of 
researchers. The major deficiency of the latter 
amplifier concepts is that of poor output power and 
power-added efficiency performance across the 2-18 
GHz frequency range. Typical power-added 
efficiencies for the distributed, lossy matched and 
feedback amplifiers fall in the range of 7 to 9 percent 
[4]-[5]. In the past, reactive matching circuit 
techniques have been employed in the design of 
single-ended amplifiers, however the instability 
problems restricts the amplifiers operating range to 
about an octave bandwidth 161. This article 
demonstrates a novel ‘stable reactively matched 
circuit concept’ in which the design of a single- 
ended amplifier can achieve both high efficiency and 
(2-18 GHz) ultra-broadband operation. In addition, 
the amplifier exhibits excellent gain flatness, and 
input VSWR. The relative simplicity of the reactive 
match itself makes the realisation of the amplifier 

configuration conducive for MIC or MMIC 
technologies. 

II. CIRCUIT CONCEPT 

Conventional ultra-broadband amplifier designs 
arc based on the travelling wave, feedback and lossy 
matched concepts. The circuit topologies of these 
amplifiers offer inherent stability across the ultra- 
wide bandwidth. These amplifiers also provide flat 
gain response, which is achieved by reducing the 
gain at low frequencies using resistive loading 
inherent in their circuit topology. The resistive 
loading at the output terminals of the active device 
leads to a non-optimum large-signal matching 
condition with the effect of degraded output power 
and efficiency. In order to optimise the output power 
and efficiency performance, it is usually necessary to 
match the output matching circuit into the large- 
signal impedance of the active device over the 
desired operational bandwidth. 

In order to design single-ended amplifier for 
operation over an ultra-broadband (2-18 GHz), it is 
crucial to first derive accurate small- and large-signal 
models of the active device to be employed in the 
design. The simulation and optimisation of the 
single-ended amplifier circuit were then performed 
using Agilent Technologies ADS@ simulation 
package. The active device used in the amplifier 
design was the state-of-the-art DPHEMT, i.e. 
LP6836 from Filtronic Solid-State. The small- and 
large-signal models of the DPHEMT used in the 
simulation were accurately derived, as described in 
reference [7]. The nonlinear Curtice-Ettenberg model 
[8] available in ADS’ was used to derived large- 
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signal model. The small-signal model was used for 
optimising the amplifier small-signal performance 
(i.e. gain level, gain flatness and input VSWR). The 
large-signal model was used to optimise the output 
power and power-added efficiency by matching the 
output circuit to the large-signal model. 

The DPHEMT device LP6836 placed into a 50 
ohm system without any impedance matching 
exhibits a gain roll-off and poor terminal VSWRs. At 
low frequency the device exhibits a substantial gain 
of 17 dB at 1 GHz, and at the high frequency end 
this gain is reduced to 3 dB at 19 GHz. The stability 
factor (k) of the device is less than unity. In order to 
achieve flat gain and circuit stability (i.e. the stability 
applies from theoretically DC to the maximum 
frequency operation of the device) over a bandwidth 
of 2-18 GHz, the broadband matching technique 
described in reference [9] was employed. This 
technique provides stable reactive matching in the 
single-ended amplifier with a flat gain response over 
the required frequency bandwidth. 

The output network of the amplifier is designed to 
be matched into the large-signal impedance of the 
active device in order to optimise the output power 
and power-added efficiency. Incorporating the 
concept of close in resistive and reactive matching 
which is applied directly at the gate terminal of the 
device, as illustrated in Figure 1, provides broadband 
stability. This is achieved by the elements L,, R and 
Lj prior to any device matching. The consequence of 
this is a reduction in gain, albeit at the low frequency 
end. The active device parasitics, the elements L,, R 
and Lz, and the input/output matching circuits 
determine the lower and upper frequency cut-off 
points of the gain response. 

Alumina substrate having a dielectric constant E, = 
9.8 and a thickness h = 0.38lmm was used as the 
microstrip medium. The computed stability factor (k) 
is greater than 1 over O.OOlGHz to SOGHz, thus 
ensuring inherent circuit stability. Figure 2 shows the 
measured small-signal response over 2-18 GHz. The 
amplifier gain obtained is essentially flat at 8.5 dB 
and input/output return loss is better than 4 dB. The 
measured output power and power-added efficiency 
performances at 2 GHz, 12 GHz and 18 GHz are 
shown in Figure 3. This shows that the efficiency 
obtainable by this concept is greater than 30 percent 
and an output power in excess of 22 dBm. Further 
improvement in the terminal port impedances and 
output power can be achieved by configuring single- 
ended amplifiers into a balanced amplifier using 
broadband couplers. 

Comparative analysis was performed on the 
design of a conventional travelling wave amplifier 
using the same active device and microship 
medium The results of the optimised design and the 
measured power-added efficiency performance at 2 
GHz and 18 GHz are shown in Figure 4. These 
results confirm good correlation between simulated 
results and measurements as well as the limited 
efficiency performance (6% @ 2 GHz and 8.5% @ 
18 GHz) obtainable by using the conventional 
amplifier design concept. 

Figure 1. Electrical model of single-ended ultra- 
broadband high efficiency amplifier Figure 2. Small-signal circuit response of ultra-broadband 

single-ended amplifier 
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Figure 3. Output power and power-added efficiency 
performance of single-ended amplifier 

III. CONCLUSION 

-Single-ended amplifier design employing reactive 
matching concept is shown to be stable across an 
ultra-broadband frequency range (2-l 8 GHz). The 
amplifier exhibited an excellent power-added 
efficiency performance (>30%) over the ultra- 
broadband frequency range when compared to a 
conventional broadband amplifier design. In 
addition, unlike conventional broadband amplifier 
designs, the circuit concept offers a cost-effective 
solution as it uses a single active device and its 
circuit configuration is of a simple construction, 
which readily lends itself to MIC and MMIC 
technologies. 
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