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ABSTRACT

A dynamic biasing procedure designed to improve the

average dc-reconversion eftkiency of power amplifiers employing

multi-level modulation schemes such as QAM is investigated. In

this technique, the gate bias voltage is adjusted in accordance

with the phasor currently being transmitted. Simulations show

promising results for a 1W class-A mode power amplifier. A

system to address the distortion issue and dynamic bias control is

proposed.

INTRODUCTION

The use of non-constant envelope bandwidti-eftlcient

signaling schemes such as quadrature amplitude modulation

(QAM) will cause a severe drop in average dc-rf efficiency of

linear power amplifiers. Hence, it is necessary and timely to

investigate techniques to achieve increased efficiency under the

constraint of low distortion for use in multi-carrier

CDMAITDIVLWGSM systems.

A technique proposed in the literature [1-4] involves

dynamically changing the bias voltage in proportion to the signal

envelope. This approach improves the overall eftlciency of class-

A mode power amplifiers. The prime motivation behind

adaptively modifying the bias voltage with reduced rf drive level

lies in the reduction of dc supply power resulting in increased

dynamic dc-rf efficiency. This occurs while still maintaining the

appropriate levels of voltage and current excursions to achieve the

required output power from the amplifier. Unfortunately,

variations in bias voltage cause gain and phase distortion in the

output signrd which need to be addressed.

The dynamic gate bias technique is analysed with reference

to a class-A amplifier using QAM. Although reference is made to

16-QAM throughout, the concept is easily generalized to M-

QAM. As a practical example, we demonstrate the approach

using a realistic FET model and harmonic-balance analysis

employing the CAD system 0SA90/hopeTM [5]. Then a practical

system is proposed to implement the technique addressing

nonlinear distortion and bias control.

CONSTANT GATE BIAS

Consider the constellation shown in Fig. 1. In general, this

type of multi-level modulation scheme groups N bits into one

signaling symbol yielding 2N constellation points or phasors,

each having different amplitude and phase values. For the 16-

QAM case, the normalized output signal amplitudes ~j) are

given by the multipliers @, @ and 3@ corresponding to the

points (1,1), (1,3) and (3,3) in the constellation diagram of Fig

1.

We can expect the dc-rf efficiency of a power amplifier to

be adversely affected by the application of such multi-level

modulated signals, To demonstrate the severity of the problem,

consider an ideal class-A power amplifier with a classic 50°/0

maximum dc-rf efficiency q~O‘u where we define

(1)

with POWrepresenting the fimdrunental rf output power and Pk as

the dc supply power. Assuming that q~w corresponds to the

P’(3) = k~~) = k3@, with k as ahigh-level phasors, i.e., .Ut

proportionality constant, the power delivered to an optimal load

RL is

Po$) _ IJ&?I2 lk3@12 _ 9k2.— . -—
2R~ 2R~ RL

(2)

Pdc = 2PO:) = ~
L

(3)
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Fig. 1. Square 16-QAM constellation illustrating three distinct

signal amplitude levels.

For a conventional fixed gate bias, assumeP~Cremains constant,

then for the mid-level phasors

which yields a dc-rf efficiency of

(2) _ ##

q~~ - ~ = 0.278
dc

(5)

For the low-level phasors,

l~~::)lz _ ~R ~
po$). [k@l’ _ k’

2RL ‘—-—
(6)

L L

which yields

(7)

Thus, for a square 16-QAM signaling scheme with the above

assumptions and with all constellation points having equal

probability of occurrence, the average dc-rf efficiency is

or 27.8 VO. Fig. 2 illustrates these results graphically for the case

of a constant gate bias voltage applied to an ideal class-A

amplifier with constant dc supply power. We can clearly see

how dramaticrdly the dc-rf efficiency drops for the lower-level

phasors.
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Fig. 2. DC-RF efficiency vs. output power for an ideal 1W

class-A mode amplifier using fixed (— ) and

dynamic (- - -) gate bia% (.) and (n) correspond to

the three distinct signal amplitudes for 16-QAM.

DYNAMIC GATE BIAS

One simple technique to improve the average dc-rf

efhciency involves adjusting the gate bias voltage in accordance

with the phasor currently being transmitted. Fig. 3 shows

qualitatively a simplified FET I-V characteristic. The load

resistance RL for optimal efficiency determines the maximum

excursion of drain current and voltage. For class-A mode

operation, the operating point Q, yields a dc-rf efficiency of SOO/O

corresponding to the high-level 16-QAM phasors. The geometry

of the load line gives

(9)

where V(’) . a~~ and %(1) . /3&d. Using the expression

P out = ‘Vp= I 2RL, including RL = Vdd I IM,

‘1) - V (~Idd), we obtainP$ = Kd(ddd) and pd. - dcj

(lo)
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Fig. 3. Simplified FET I-V characteristic showing the ac load

lines for different gate bias operating points. Bias at Qs

for high-level 16-QAM phasors to obtain 50~o

efficiency. Bias at Qz and Q1 for mid- and low-level

phasors.

Therefore, for the high-level phasors

( n:) = 0.5) ~~) = ~~ = k3@ which is solved to
yield k . Vti 13@, Hence, using the expressions

P’(2) = a~~ = k@ and (10) we obtain
out

Similarly, for the low-level phasors ~~~) = @Vdd = k~ hence,

Therefore, by applying the dynamic gate bias technique to a class-

A amplifier the average dc-rf efficiency using (8) is 35.3’%0which

represents a moderate improvement of 7.5°/0. Fig. 2 ihirates the

overall improvement.

SIMULATION RESULTS

To demonstrate the technique on a practical example,

consider a 1 W, 2.4 mm gate-width X-band power MESFET

operating at 1.88 GHz biased in class-A mode. The amplifier

schematic shown in Fig. 4 utilizes the nonlinear FET model

shown in Fig. 5 which is based on Maas [6] and Cnrtice and

Ettenberg [7].

Fig. 4. Schematic of a simple single-stage power amplifier

operated in class-A mode.

Fig. 6 plots the simulated output power vs. input power of

the amplifier yielding 1.9 dB compression at 18 dBm input

power with a gate bias voltage of -1.1 V. We let the 1.9 dB

compression point correspond to the high-level 16-QAM

phasors. The output powers for the mid- and low-level phasors

are also indicated in Fig. 6. The corresponding dc-rf effkiencies

of 45%,27.5% and 6.3V0are obtained for the fixed gate bias case

yielding an average efficiency of only 26.6%.

Using the dynamic gate-biasing approach, the bias voltage

for the high-level phasors remains the same but the bias voltages

for the mid- and low-level phasors are adjusted to maximize dc-rf

efficiency. One possible solution, as shown in Fig. 7, is to

choosea constant input power to the power amplifier for all the

phasor levels. Hence, we choose gate bias voltages of -1.1, -2.5

and -3 V for the high-, mid-, and low-level phasors, respectively.

The resulting average efficiency is 38V0. This represents a

modest improvement of 11.4’%0. In this example, the dynamic

gate bias technique causesa280 phase shift in the low- and mid-

level phasors which represents a significant amount of distortion.
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Fig. 5. Nonlinear FET model [6].
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Fig. 6. Simulated output power (— ) and dc-rf efficiency

(---) vs. input power for the fixed gate bias cas~ (.)

indicates the three phasor levels in 16-QAM.
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Fig. 7. Simulated output power vs. input power for the

dynamic gate bias case; (.) indicates the three phasor

levels in 16-QAM.

DISCUSSION

In a practical system implementation, two issues need to be

addressed nonlinear distortion of the output signal and dynamic

gate bias control. One proposed system whose primary objectives

are to achieve maximum efficiency in real-time while keeping

nonlinear distortion to a minimum is shown in Fig. 8. The input

signal is envelope detected and used to control both the high-

speed bias control and the predistortion circuitry. Alternatively,

if the information bits are available, the envelope detector and

control circuitry can be replaced with a high-speed digital signal

processor. The focus of the predistortion block is to address the

nonlinear distortion inherent in the power amplifier, in addition

to any nonlinear effects due to the use of dynamic biasing such as

gain control and phase adjustment. Although 16-QAM was

133put
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Fig. 8. Proposed system for dynamic gate bias control.

addressed in this work, we cannot neglect the benefit of

increased efficiency using other popular modulation schemes

currently employed. These important issues will be derdt with in

future work.
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