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Abstract. The envelope bandwidth and power peak-to-average ratio of radio frequency
transmissions constantly rise as mobile communication technology advances.
Traditional constant voltage power amplifiers, however, struggle to handle the power
needs of modern devices. The envelope tracking power amplifier uses a dynamic
voltage supply method, which can achieve a good balance between the linearity and
efficiency of the power amplifier system. The essay demonstrates the fundamentals of
an envelope tracking power amplifier. The power amplifier is designed using the
transistor model, and simulation is done using ADS and other tool software. It is
demonstrated that envelope tracking technology can increase power amplifier
efficiency.
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1. Introduction

Due to the shrinking of electronic devices, current manufacturers are worried about how to make the
devices last for a long time in a small space. The power amplifier element [1] controls the system's
total power consumption as it is the component that uses the most energy. As a result, the direction of
research has traditionally been focused on improving power amplifier efficiency.

Since the emergence of mobile communication technology in the 1970s, it has continued to
develop at a rapid rate. With the rapid increase in information carried, the peak-to-average ratio of RF
input signals has also been increased greatly, especially the popular fourth-generation communication
technology and the ascendant fifth-generation communication technology. The linearity of power
amplifiers is required strictly by new communication technologies. There are four commonly used
ways to improve the efficiency of power amplifiers so far, namely envelope elimination and
restoration technology [2], LINC modulation technology, envelope tracking technology [3-5] and
Doherty technology [6]. In order to modulate more information within limited spectrum resources,
high PAPR standards are adopted by contemporary communication, and envelope tracking technology
can be controlled and adjusted between efficiency and linearity, which is given a promising prospect.

2. The fundamental of envelope tracking power amplifier
The efficiency of the power amplifier varies with the change of the output power state of the power
amplifier. Therefore, in the discussion of envelope tracking technology, it is generally considered the
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drain power supply to meet the saturation state of the power amplifier, and the maximum efficiency
value can be obtained at this time. Therefore, through certain calculations, the drain efficiency of the
power amplifier [7] can be expressed as
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The power added efficiency can be expressed as
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P; is the input power of the signal. It can be concluded that the power added efficiency is directly

proportional to the drain efficiency. The envelope tracking technology adjusts the power supply value
of the drain voltage in real time according to the change of the input signal envelope.
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Figure 1. Basic structure of envelope tracking power amplifier.

The basic structure of envelope tracking power amplifier is shown in Figure 1 [8]. The detector is
used to extract the envelope of the radio frequency input signal, and then the drain voltage control
module outputs the optimized drain bias voltage by changing the signal envelope. The function of the
delay line is to realize the alignment of the bias voltage and the signal.

3. Simulation

In the simulation, NE900175 transistor is selected as the core. For the class A bias operating point, the
gate voltage is -1.5V, and the drain voltage is 6V. The input and output matching circuits are designed
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after pulling. The performance indicator of the gain and efficiency of the power amplifier is shown in
Figure 2:
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Figure 2. Efficiency and gain vs. output power.

The output power of the power amplifier is affected significantly by the drain voltage. Scanning the
drain bias voltage, the change trend of the power amplifier gain and output power is shown in Figure 3.
It can be found that as the drain bias voltage increases, more Maintain constant gain can be obtained at
high output power. That is, as the required output power increases, the drain supply voltage is
dynamically adjusted to ensure the required gain while reducing the DC loss. This is the idea of
improving the efficiency of the envelope tracking power amplifier.
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Figure 3. Efficiency and gain vs. output power.

The bias voltage value is selected appropriately when the constant gain is 11dB. Re-execute the
efficiency simulation and the comparison of the efficiency image with the constant voltage power
supply is shown in Figure 4. It can be found that when the output power is low, the efficiency of the
power amplifier can be significantly improved by the envelope tracking technology, and unnecessary
power loss can be avoided. The technology makes the power amplifier work in a saturated state as
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much as possible in each area, which obviously improves the overall working efficiency of the power
amplifier.
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Figure 4. Comparison of efficiency vs. output power.

4. Conclusions

The article has carried on the basic introduction to the principle of the envelope tracking power
amplifier, and the feasibility and effectiveness are verified in improving the efficiency of the power
amplifier through ADS simulation software. It is more obvious when considered in the small signal
working area. In view of the increasingly strict requirements for linearity and bandwidth of power
amplifiers in today's communication systems, envelope tracking power amplifiers have good
development prospects.

References

[1] F. H. Raab et al.,, "Power amplifiers and transmitters for RF and microwave,” in IEEE
Transactions on Microwave Theory and Techniques, vol. 50, no. 3, pp. 814-826, March 2002,
doi: 10.1109/22.989965.

[2] M. Vasi¢ et al., "Efficient and Linear Power Amplifier Based on Envelope Elimination and
Restoration,” in IEEE Transactions on Power Electronics, vol. 27, no. 1, pp. 5-9, Jan. 2012,
doi: 10.1109/TPEL.2011.2162005.

[3] J.Jeong, D. F. Kimball, M. Kwak, C. Hsia, P. Draxler and P. M. Asbeck, "Wideband Envelope
Tracking Power Amplifiers With Reduced Bandwidth Power Supply Waveforms and
Adaptive Digital Predistortion Techniques," in IEEE Transactions on Microwave Theory and
Techniques, vol. 57, no. 12, pp. 3307-3314, Dec. 2009, doi: 10.1109/TMTT.2009.2033298.

[4] Feipeng Wang, A. H. Yang, D. F. Kimball, L. E. Larson and P. M. Asbeck, "Design of wide-
bandwidth envelope-tracking power amplifiers for OFDM applications,” in IEEE
Transactions on Microwave Theory and Techniques, vol. 53, no. 4, pp. 1244-1255, April
2005, doi: 10.1109/TMTT.2005.845716.

[5] M. Hassan, L. E. Larson, V. W. Leung and P. M. Asbeck, "A Combined Series-Parallel Hybrid
Envelope Amplifier for Envelope Tracking Mobile Terminal RF Power Amplifier
Applications," in IEEE Journal of Solid-State Circuits, vol. 47, no. 5, pp. 1185-1198, May
2012, doi: 10.1109/JSSC.2012.2184639.

[6] A. Piacibello, R. Quaglia, V. Camarchia, C. Ramella and M. Pirola, "Optimisation of a Doherty
power amplifier based on dual-input characterisation,” 2019 IEEE International Conference
on Microwaves, Antennas, Communications and Electronic Systems (COMCAS), Tel-Aviv,
Israel, 2019, pp. 1-5, doi: 10.1109/COMCAS44984.2019.8958432.

263



International Journal of Engineering Sciences Paradigms and Researches (Volume 47, Issue: Special Issue of January 2018)
ISSN (Online): 2319-6564 and Website: www.ijesonline.com

[7]  G. Hanington, Pin-Fan Chen, P. M. Asbeck and L. E. Larson, "High-efficiency power amplifier
using dynamic power-supply voltage for CDMA applications,”" in IEEE Transactions on

Microwave Theory and Techniques, vol. 47, no. 8, pp. 1471-1476, Aug. 1999, doi:
10.1109/22.780397.

[8] HU Y, XUE H X. "Research on the Design Method of Power Amplifier Based on Envelope
Tracking Technology,". Journal of circuits and systems, 2010, 15 (06): 6-10. (in Chinese)

264



