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Abstract—This paper presents the design of a concurrent tri-

band Doherty Power Amplifier (DPA) for 1.84 GHz, 2.14 GHz 

and 2.65 GHz frequency bands. The frequency response around 

each operating band is maximally flattened adopting a new 

design strategy. The DPA is based on hybrid technology using 

two 8 W GaN HEMT as active devices. The results show a peak 

of drain efficiency higher than 60% in each operating band and 

over 45% at the corresponding 6 dB output power back-off 

(OBO). Finally, more than 200 MHz of bandwidth is achieved 

around each operating frequency. 

Index Terms—Doherty power amplifier, tri-band, wideband. 

I. INTRODUCTION 

he signals involved in modern communication systems are 

characterized by large amplitude variations, which results 

in high peak-to-average power ratios (PAPRs). In this contest, 

the Doherty Power Amplifier (DPA) is a recognized solution 

to achieve high level of average efficiency while maintaining 

acceptable linearity performance. On the other side, nowadays 

communication standards are spread in different carrier 

frequencies. Therefore, in order to minimize production and 

maintenance costs, research efforts aiming to realize DPAs 

with ultra-wideband/multiband behaviors are of great interest. 

Focusing on the multiband DPAs, many solutions of dual- 

and tri-band [1] prototypes were presented. However, to date, 

the proposed methods are mainly focused on the optimization 

of the output combiner, so they show an extremely narrow 

bandwidth around each carrier frequency. Then, to give a 

possible solution at this issue, this report describes a new 

design approach of the input matching network (IMN) which 

allows a maximally flat frequency response of the DPAs. The 

proposed design method is validated through the design of a 

new concurrent tri-band DPA. 

II. NEW DESIGN STRATEGY OF IMN FOR DPAS 

The developed method to design the IMN is based on the 

approach proposed in [2], which provides analytical equations 

to implement wideband input/output matching networks 

knowing the active device parasitic. However, the approach in 

[2] does not take into account the variation of the device’s 

input impedance caused by the stabilization network. To avoid 

such a limitation, the analytical procedure proposed in [2] has 

been inverted. The idea is to define, for a desired input return 

loss, normalize impedance (ZT) and fractional bandwidth 

(usually selected by the designer), the contour on the Smith 

Chart in which the input impedance of the active device has to 

be maintained through the stability network. Subsequently, 
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keeping the input impedance (ZStM) of the stabilized device 

(stabilization network + active device) within the selected 

contour at constant return loss, the design of the IMN can be 

easily performed by applying the closed form system 

equations. This method was applied to design the IMN of the 

main device in the realized prototype as graphically depicted 

in Fig. 1. 

 
Fig. 1: Blue contours refer to a 3° order IMN with a constant input return loss 

of 20dB, 15dB and 10 dB in the 1.84-2.66 GHz frequency range and for a 

ZT=30Ω. Instead, the red curve represents ZStM. 

 

The stabilization network has been represented as a series 

connected RLC circuit including the Cgs and Rg parasitic of 

the active device (Cree CGH60008D). The IMN has been 

assumed to be a third order network. Accounting for these 

conditions and the theory in [2], the contours at 20dB, 15dB 

and 10dB constant input return loss have been derived. The 

registered behaviors are reported in Fig. 1 with blue lines. After 

that, the stabilization network has been designed in order to 

fulfill the unconditional stability at all frequencies and to keep 

ZStM within the same contour in the 1.84-2.66 GHz frequency 

range. A similar approach has been applied for the Auxiliary 

amplifier. Following this design approach an extremely flat 

frequency response of the input passive networks of the DPA 

and, thus, of the output current ratio (IA/IM) has been achieved. 

III. DESIGN OF THE TRI-BAND DPA 

The scheme of the designed tri-band DPA is reported in Fig. 

2. It employs two Cree CGH60008D as Main and Auxiliary 

devices. The DPA design parameters have been determined by 

adopting the theory in [3]. The inferred values for the output 

impedances of the Main at the break and saturation are 

RM@B=99.2 Ω and RM@S=46 Ω, respectively while the 

optimum value of the common node impedance is RL=17.6 Ω.  
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Fig. 2: Block diagram of the implemented tri-band DPA. 

 

In order to meet these impedance requirements at the three 

operating frequencies (1.84 GHz, 2.14 GHz and 2.65 GHz), an 

output combiner, which implements an impedance inverter 

network (IIN) and an input transformer network (ITN), has 

been implemented by using two quasi-optimal tri-band 

quarter-wave transmission lines as described in [4]. This has 

also been designed to neutralize the output capacitance Cds of 

both devices. 

Wideband IMNs, covering the whole 1.84-2.66 GHz 

frequency range, have been designed applying the procedure 

described in the previous section. Then, the input power 

splitter (IPS) and the phase compensation network (PCN) have 

been implemented by means of a two-section branch-line [5]. 

The gate bias voltages of the Main and the Auxiliary 

devices are VgM=-3V and VgA=-5V, respectively while the 

drain bias voltage was fixed to VDD=28V. 

IV. RESULTS 

Fig. 3 shows the DPA performance in terms of gain and drain 

efficiency versus output power at each carrier frequency. As 

can be noted, the typical Doherty behavior is always obtained 

achieving similar levels of efficiency and gain.  

 
Fig. 3: Performance at f1=1.84 GHz, f2=2.14 GHz and f3=2.65 GHz. 

 

Fig. 4 reports the output power and drain efficiency 

throughout the frequency range from 1.6 GHz to 2.8 GHz and 

for an input power of Pin=24dBm and Pin=31dBm. As can be 

noted, the designed DPA has more than 200 MHz of 

bandwidth around each of the three carrier frequencies. 

Moreover, these performances are verified at both break and 

saturation conditions, confirming that the DPA behavior is 

maintained for a broad frequency range around the center 

frequencies. Fig. 5 shows the picture of the realized tri-band 

DPA. Passive networks have been designed on Taconic TLY-

5A substrate (dielectric constant 2.17, height of 787 µm). 

 
Fig. 4: Performance vs. frequency at Pin=24dBm and Pin=31dBm. 
 

 
Fig. 5: photo of the realized tri-band DPA. 

V. CONCLUSION 

In this paper, the design of a concurrent tri-band DPA at 

1.84 GHz, 2.14 GHz and 2.65 GHz frequency band has been 

described. The design is based on a novel design solution that 

allows to obtain a maximally flat output power response 

around each center frequency. The results have shown more 

than 60% and 45% of peak and 6dB back-off efficiencies at all 

operating frequencies. Moreover, more than 200 MHz of 

bandwidth is achieved around each operating band. The 

experimental results is in progress and it will be reported in a 

future paper. 
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