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Abstract—A new adaptive double envelope feedback (ADEF)

linearize using a voltage-controlled phase-shifter for predistor-

tion purpose and a dynamic gate bias for gain stabilization
purpose has been developed and implemented on a two-watt
MESFET amplifier. A two-tone test around 1.6 GHz shows
average in-band intermodulation product below –40 dBc up to
saturation with a power-added efficiency of 40 TO at the l-dB

compression point. Validation of the adaptive features of the
ADEF technique is carried out with respect to carrier frequency,

temperature, two-tone amplitude offset and spacing. In addition,

a new formula, which directly relates the third order intermod-

ulation level to the AMlAM and AMIPM distortion coefficients

of solid state nonlinear amplifiers is proposed and its accuracy is

assessed using both simulation and experimental results.

I. INTRODUCTION

D IGITAL mobile radio services using 7r/4-DQPSK mod-

ulated signals with an output power of approximately

one watt are already in use in Europe [1], Japan [2] and

North America [3]. This application requires power amplifiers

that are highly linear [4], power efficient and insensitive

to outdoor temperature variations and battery level drifts.

Intensive research is being carried out to develop new lin-

earization techniques that optimize the trade-off between the

In-Band Intermodulation Products (IBIP) versus Power-Added

Efficiency (PAE). The following is a brief list of the most

efficient techniques:

1)

2)

3)

4)

Linear saturated amplifier with hi-directional control

(LSA-BC) [5]: a dynamic bias on the drain combined

with envelope feedback on the gain.

Linear amplifiers using nonlinear components (LINC)

[6]: the QPSK modulated signal is converted into two

constant-amplitude phase modulated signals that drive

two saturated amplifiers. The output of the amplifiers

are then combined to reproduce the QPSK signal.

Cartesian feedback [7]: the output signal is demodulated

and compared to the input baseband signal. The resulting

predistorted signal is demodulated and amplified by the

saturated amplifiers.

Adaptive predistortion [8]: the baseband signal is pre-

distorted by a digital signal processor (DSP), modulated
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and amplified by a saturated amplifier. The output is

demodulated and processed by a DSP in order to correct

for the amplifier nonlinearities.

Feedforward [9]: a sample of the amplifier output IBIP

components are amplified, phase inverted and nullified

at the output coupler.

All of these methods, and several of their variations, have

shown very good IBIP suppression results but at the price of

highly complex systems. Their efficiency and physical size are

degraded by high-speed de-to-de converters, DSP circuits or

auxiliary RF amplifiers which do not contribute to the output

power. Furthermore, variations in environmental conditions

degrade the IBIP performance of nonadaptive linearizes such

as LINC or Feedforward. Finally, memory effects that degrade

the AMIAM and AM/PM distortion levels can also be a serious

problem for linearizes based on predistortion such as LINC

or Feedforward [10].

In the quest for a new approach for linearizes where circuit

simplicity, PAE, IBIP, and adaptability are the main concerns,

a new adaptive double envelope feedback (ADEF) linearized

amplifier has been developed. This approach combines dy-

namic biasing, phase predistortion, and envelope feedback

techniques [11 ]–[ 13]. A prototype has been designed, manu-

factured and tested. Promising results have been obtained.

II. DESIGN PRINCIPLES

It is well known that the intertnodulation products at the

output of a power amplifier driven by a multitone signal

results from the AM/AM and AM/PM distortion of this power

amplifier. The implementation of the ADEF technique require

the knowledge of the maximum levels of AM/AM and AM/PM

distortions in order to design the feedback loops that maintain

G/13 below the target specification.

A. Third-Order Nonlinearities versus AM/AM

and AM/PM Conversion Coefficients

The level of the third order intermodulation products relative
to the carrier’s in two-tone test, for a given average input

power level, P{n in watts, can be calculated by means of the

following [14]

+%[(&)2+(*)2] (1)

where G;, A; are the AMlAM, AM/PM conversion coeffi-

cients in (VIV W) and (radian/watt), respectively, and G~ is

the small signal gain in (V/V) of a hypothetical black box

amplifier model (BBAM’s) as shown in Fig. 1(a).

0018–9480/95$04.00 @ 1995 IEEE



CARDINAL AND GHANNOUCHI: A NEW ADAPTIVE DOUBLE ENVELOPE FEEDBACK (ADEF) LINEARIZER 1509

In particular, for

TABLE I
COMPARtSONOFTHP VALUES OF C/Is OBTAtNED USING (3) AND (4) ANDMDS RESULTS

GI Al C/13 by (3) C/13 by (4) C/13 by slm.

(dB/dB) (deg/dB) (dBc) (dBc) (dBc)

o 0.06 -52.49 -50.64 -50.67

0 0.2 -42.38 -40.54 -40.56

0 1 -28.4 -26.55 -26.58

0 2 -22.38 -20.54 -20.56

0.03 0 -42.14 -41.8 -40.36

0.03 0.06 -41.76 -41.3 -39.98

0.06 0 -36.12 -35.78 -34.4

0.13 0 -30.1 -29.76 -28.5

0.13 0.25 -29.72 -29.23 -28.11

0.25 0 -24.08 -23.74 -22.71

0.5 0 -18.06 -17.72 -17.16

0.5 1 -17.68 -17.19 -16.77

1 0 -12.04 -11.7 -12.04

1 2 -11.66 -11.17 -11.67

2 4 -5.64 -5.15 -7.36

smooth gain and phase variations around

a given input power level, the new AMIAM and AMIPM

coefficients GI and Al respectively can be derived where GI

is in dB/dB and Al in deg/dB as shown in Fig. 1(b). Based on

this transformation (1) can be rearranged in the following way

~=-10’og[(%)2+(0038A‘2)
Furthermore, for small gain variations around a given output

power level (Gl <1 dB/dB), (2) can be approximated by

c
– x –1010gl(0.25Gl)2 + (0.038AI)2].
13

(3)

A systematic investigation of a black box amplifier model

(BBAM) based on computer simulations and an experimental

verification has been conducted with the purpose of refining

(3) in order to cover a wider dynamic range. The BBAM

is depicted in Fig. 1(b) and consists of prescribed AMIAM,

G1, and AM/PM, Al, distortion coefficients. The simulation

procedure consists of applying a two-tone harmonic balance

analysis to the BBAM and extracting the C’/13 ratio from the

results. This investigation has led us to the following improved

formula:

c

~
= –10 logl(0.26Gl)2 + (0.047Al)2j (4)

which yields more accurate results over a wider dynamic

range, from —50 to —10 dBc backoff power level relative to

BBAM ‘ BBAM

RP in ~~r RF out
--’L& -’D” “u’

RP in ~1

Phaae’ (rad) I Phase (deg)

j&* J’&P
Pin’ (Watts) Pin (dBm)

Gain 1 (V/V) I Gain (etB)

‘“’k ‘%
Pin’ (Watts ) Pin (dBra)

(a) (b)

Fig. 1. (a) A black box model of a nonlinear amplifier (BBAM) with its
AM/AM and AIWF’M distortion coefficients in (V/V W) and (Rad/V). (b)
A black box model of a nonlinear amplifier (BB~) w~ti its AM/A!~ and
AM/PM distortion coefficients in (dB/dEt) and (degree/dB).

1 dB compression point, ~l&j, as illustrated by Table I. These

results are confirmed further by the experimental validation of

(4) which is given in Section V-B.

It is clear from the above equation that the C’/13 level

of solid state nonlinear amplifiers used in multicarrier com-

munication systems or in communication systems using time

varying envelope signals, such as QPSK or QAM signals,

can be reduced by minimizing the AMIAM and AMJPM

distortions separately. Based on this, two different linearization



1510 IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 43, NO. 7, JULY 1995

I
output

dB

Fig. 2. ADEF amplitier block diagram.

circuits to simultaneously correct for the AM/AM and the

AM/PM distortions are incoqorated in the ADEF amplifier.

Both circuits use envelope feedback. The AM/AM lineariza-

tion circuit uses dynamic biasing to control the gain [15]

while the AM/PM linearization circuit uses a phase shifter for

phase control. As shown in the ADEF amplifier block diagram

(Fig. 2), the MESFET power amplifier’s gate voltage, Vg.,

and the phase-shifter’s voltage, VPS, are controlled separately

by two gain and phase envelope feedback signals using zero-

bias detectors and operational amplifiers (Op-Amps). The gain

variations (AM/AM distortion) are detected directly while the

phase variations (AM/PM distortion) are detected through a

90° hybrid junction. These two linearization loops will now

be described in detail.

A. AM/AM Distortion Cancellation Loop

AMIAM distortion is reduced by maintaining constant gain

over the output power’s dynamic range. This can be achieved

by dynamically varying the gate voltage, Vg~, of the output

power MESFET. This is possible since when the gate goes

more negative, the MESFET is closer to pinch-off and its

gain is reduced. On the other hand, as the gate goes more

positive, the MESFET will approach class A, where its gain is

maximum. It should be noted that the gain of the Op-Amp

driving Vg~ in Fig. 2 has a direct impact on the AMIAM

distortion. Indeed, increasing its gain, GOP, will decrease the

power difference between its inputs and, consequently, the RF

gain variation (AM/AM distortion) will be reduced.

B. AM/PM Distortion Cancellation Loop

AMIPM distortion is reduced by maintaining a constant

phase shift between the input and output signals over the

ADEF amplifier’s dynamic range. Referring to Fig. 2, it can

be seen that any phase shift between the amplifier’s input and

output will create the same phase shift at the input of the

branch-line coupler. Let a and b represent the input signals of

the branch-line coupler, c and c1its output signals, and O the

angle of (b/a). Then, for a branch-line coupler we have

/2 @
C= ~(u–jb) and d= ~(b–ja). (5)

The two outputs of the coupler are then detected by the diodes

and their difference is amplified yielding the phase shifter’s

controlling voltage, V’s, according to the equation

VP, = GOP(IC12 – ld12). (6)

Combining (5) and (6) gives

VP. = GOPlullb[ sin /3 w GOPlalb[O, for small 0. (7)

•m

Fig. 3. ADEF amphfier printed circuit board layout.

Based on the above equations, it can be seen that if the gain of

the Op-Amp, is large enough, the phase difference, 19,between

a and b will be kept very small for any power level. Therefore,

the AM/PM distortion will be reduced by this feedback loop.

Equation (7) also shows that the amplitudes Ial and Ibl must

be kept constant which is simultaneously achieved by the

AMIAM 100p.

Compared to the linearizes mentioned above, the ADEF

Iinearizer presents a simpler approach. Very low power Op-

Amps (comparable to the usual Op-Amps used to control the

drain current in commercial class A power amplifiers) can be

used to drive the phase-shifter and to dynamically bias the gate

of the MESFET. In addition, the dynamic bias on the gate of

the MESFET, used to control its power gain, results in a 1 dB

increase in the l’ldB of the ADEF amplifier by comparison

to class AB amplifier (ADEF amplifier when both loops

are open). Consequently, the ADEF amplifier will consume

practically no additional current in comparison to the same

nonlinearized class AB amplifier. Finally the nature of the

feedback makes the amplifier adaptive and self-regulatory to

drifts in the operating electrical and environmental conditions

such as temperature, carrier frequency, input power level,

aging and battery level.

III. ADEF AMPLIFIER DETAILED DESIGN DESCRIPTION

Block diagram of the ADEF amplifier with its two feedback

loops is shown in Fig. 2, where W 1, W2 and W3 are single

section Wilkinson dividers. The diode detectors and the Op-

amp driving V& in the baseband circuit detects and amplify

the envelope-level difference between the input and output of

the ADEF amplifier. The branch-line coupler, diode detectors

and the Op-amp driving the phase-shifter detect and amplify

the relative phase difference between the input and output of

the ADEF amplifier.

An L band, two-stage ADEF amplifier was designed and

manufactured in MIC technology using a Duroid substrate

having a thickness of 20 mil and a relative permittivity equals

to e, = 2.3. The layout of the complete ADEF amplifier is

shown in Fig. 3. All the main blocks described in Fig. 2 can

be easily identified in this figure except for the delay line,

which was added subsequently, and the variable attenuator,

which was implemented externally. The PA is a two stage class

AB power amplifier using the Fujitsu FLL1O lME as a driver
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and the FLL35 lME as the output stage. The FLL35 lME was

characterized using an active load-pull measurement set-up

for a class AB bias point [16]. The phase-shifter was designed

using four varactor diodes controllable with an analog voltage

between – 10 and O V and producing a 40° tuning range.

Several important considerations must be addressed during

the design process in order to meet the desired performance

criteria. Such considerations include:

1) Limitations on the PA gain: since the ADEF amplifier

gain is maintained constant by the AMIAM loop, selec-

tion of the value of the fixed attenuator (&6 dB) in Fig. 2

must be carefully adjusted to avoid requiring a higher RF

gain than what the PA can deliver.

2) Diode detectors’ nonlinearity: Matched pairs of diode

detectors should be selected at the input of the Op-Amps

since any response difference between the two diodes

will create extra AMlAM or AMIPM distortions. With

identical diodes, the performance of the AM/AM and

AM/PM loops will not be affected by the nonlinearities

in the V&t to F’in curves of the diodes.

3) Op-Amps offset voltage setting: when the ADEF ampli-

fier is operated in small signal mode, the inputs to the Op-

Amps of the feedback loops are approximately zero. To

insure good operating conditions of the loops over the en-

tire dynamic range, small and large signal modes, the off-

set voltages of the Op-Amps must be adjusted so that the

small signal gain and phase shift of the ADEF amplifier

are the same as under large signal operating conditions.

4) Frequency bandwidth of the ADEF amplifier: in order

to insure that the ADEF amplifier operates over a large

I@ frequency bandwidth, the electrical length between

the two paths that separate the two output ports of W 1

and the two input ports of the branch-line coupler a and

b, must be equal (see Fig. 2). Therefore, a delay line is

inserted between W 1 and W2 in order to maintain a zero

phase shift between the inputs of the branch-line coupler

for any carrier frequency.

5) Input return loss of an amplifier stage under a dynamic

bias: S11 of any power MESFET depends on the gate bias

level. It is then recommended to insert an isolator between

the input of the dynamic biased stage and the output of

the previous stage in order to avoid a mistuning of the

driving stage.

IV. STABILITY OF THE FEEDBACK LooPs

Since there are two feedback loops in the ADEF amplifier,

each loop must be carefully studied in order to insure global

stability of both loops. Unfortunately, these loops are not

independent. For instance, any variation in Vgs, in the AMlAM

loop, will produce phase as well as gain variations of the RF

signal being amplified by the PA. Similarly, the AM/PM loop

can interact with the AM7AM loop if the insertion loss of the

phase shifter varies with VPS. Because it is not possible to

avoid the phase variations associated with the dynamic bias

on the gate of the output stage, it is crucial, for stability

purposes, to maintain the insertion loss of the phase-shifter
as constant as possible with respect to Vp., eliminating WY

60 “---” ..-.: --..;--.;.. 180

[%1
50 .“’”--’” ”’{”’””””””””:”: ““”.”’;”””””=~””””” 150

~ 40 .....................{ ....... .+... ti...i . ........ 420 p

E 30 ..........~;.ti.c.*.<y.-L.. ....... ...... ....... 90 s

.g 20

El

vgs=-2.+v --”~”-”~”>”?.,”””” ‘--” Go ;
0 10 .vgs=-l.9v ‘ ........- ....%... . 30 g

ao . vgs=-~ .7v Gain ~ ●.............. ...... ...... 0

-lo i i -30
01 1 10 100 1000 10000

Frequency (KHz)

Fig. 4. Bode plots of the AM/AM loop.

double cross-coupling between the loops. The following steps

give the procedure used in analyzing the ADEF amplifier’s

stability:

1) Vg. and Vp. are disconnected from the Op-Amps.
2) A small sine wave in the KHz region is introduced on

top of the dc bias of V& in the PA.

3) The small-signal open-loop frequency response of the

AM/AM loop is measured from Vg. to the op-amp output

in order to draw a Bode plot. The frequency response is

measured form 1 KHz to 2 MHz.

4) Depending on the phase and gain margins on the Bode

plot, a frequency compensation filter may be needed at

the output of the Op-Amp in order to make the loop

stable [17].

5) Vg. is reconnected to the AM/AM loop’s Op-Amp.

6) Steps 2–5 are repeated for the AM/PM loop between the

phase-shifter and its Op-Amp.

The open loop response of the AMIAM loop is shown in

Fig. 4. It is interesting to note that the AM/AM loop’s gain

increases as Vg8 becomes more negative. This is due to the

variation of the operating point created by the small baseband

sine wave in step 2. A qualitative explanation of this efikct is

as follows: a MESFET operating in class B will have its small

signal RF gain switched on and off by a smatl variation in

its bias point, while in a class AB, it will have relatively less

variation in its small signal RF gain with a small variation in

its bias point. Therefore, it can be deduced that the AIWAM

loop gain will increase as the MESFET’S operating point goes

towards class B or C. It is important at this point not to

confuse the loop gain with the RF gain, which decreases as

V& becomes more negative. Also from Fig. 4, one can see

that the AM/AM loop has a phase margin of 20° degrees when

Vgs = – 1.7 V. Therefore this loop alone is comfortably stable

and does not need a compensation filter to be inserted between

the output of the Op-Amp and the gate of the MESFET.

Fig. 5 shows the open-loop response of the AMIPM loop

at Vp. = – 2.4 V. Depending on the phase-shifter used, the

response of the second loop can vary greatly. The phase-shifter
used in this ADEF amplifier tends to have more effect on the

phase when VPS goes more negative. Therefore the 20° phase

margin shown in Fig. 5 leads to a minimum value of Vp,, = –

2.4 V. If Vps goes below – 2.4 V, the phase and gain margins

of the AM/PM loop will decrease towards zero and may (cause

the ADEF amplifier to be unstable around 200 KHz.
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Fig.5. Bode plot of the AM/PM loop atVp. = – 2.4V.
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Fig.6. Power spectrum measured under two-tone test with a 10 KHz
frequency spacing for both ADEF and class AB amplifiers.

V. EXPERIMENTAL EVALUATION OF THE ADEF TECHNIQUE

Evaluation of the prototype performances was carried out

by automated measurements while sweeping the input power

in 1 dB steps over a 25-dB dynamic range until the PA

enters compression. The results showing the performance of

the ADEF amplifier are presented in Figs. 6–16. The results

obtained are presented as a function of the backoff level of

the output power relative to the class AB amplifier ~ldB =

33 dBm. Since the independent variable in most of the

measurements is the input power, the backoff level used as

the abscissa is a dependent variable.

In all figures presented in this section the following condi-

tions apply unless otherwise noted

Carrier Freqency: 1.6 CWIz

two-tone spacing: 10 KHz

two-tone offset: O dB

Temperature: 35*C.

A. Power Eflciency and Linearity Evaluation

In order to evaluate the ADEF amplifier performance, the

main figures of merit such as the IBIP and PAE were measured

on both ADEF and class AB amplifiers. The class AB amplifier

is the PA shown in Fig. 2 when Vg~ is fixed at – 1.8 V and

both loops are open.

Fig. 6 shows the power spectrum for both amplifiers clearly.

The ADEF amplifier reduces the 3rd and 5th order IBIP level

by approximately 23 dB in comparison with the class AB

amplifier. The large frequency bandwidth of the operational

amplifiers used in the feedback loops of the ADEF amplifier

o .-.. -.....,.”----”-”----:””””””-”””””””-””””””.
T ~:

.r-

-50 ~ I

-30 -20 -10 0

Backoff from 33 dBm (dB)
Fig. 7. C/I peak measured under two-tone test with a 1O-KHZ frequency
spacing for both ADEF and class AB amplifiers.
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Fig. 8. PAE measured under one tone and two-tone tests for both ADEF
and class AB amplifiers.

generates high order IBIPs. For this reason, the worst case

situation is retained in these measurements, the level of the

IBIPs will be considered as C/I peak which is the ratio

of the level of the carriers over the level of the highest

intermodulation product falling in a 1 MHz frequency span
around the center frequency ((fl + fz )/2). Thus, for the class

AB amplifier, as shown in Fig. 6, C/I peak = C/15 = –24
dBc, the 5th order intermodulation product on left of the carrier

frequencies. In the case of the ADEF amplifier, as shown in

Fig. 6, C’/I peak = C’/13 = –47 dBc and it is located to the

right of the carriers.

Fig. 7, which gives a plot of the IBIPs for both amplifiers,

shows that ADEF amplifier’s C/I peak is approximately 7 dB

below that of class AB amplifier over a 10-dB output power

dynamic range. At the beginning of the saturation region the

C/lpeak reaches 20 dB below that of the class AB amplifier.

Fig. 8 shows the power added efficiency (PAE) results for

both amplifiers. The PAE is calculated with the following
expression

Plead– pin
PAE =

lo(Id.1 + Id,2)
(8)

where Ids 1 and Id. z represents the drain current consumption

of the FLL101ME and FLL35 lME respectively, both biased

at V& = 10 V. It is interesting to notice that, in Figs. 7 and

8, due to the dynamic bias on the gate of power MESFET,

the ADEF amplifier ~ldB is 1 dB higher than that of the

class AB amplifier. This l-dB increase in the output power

is accompanied by a 4% increase in the over-all PAE of the

ADEF amplifier relative to class AB amplifier PAE. However,
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Fig. 10. AM/AM and AM/PM distortion measurements for ADEF amplifier.

to accommodate modulation bandwidths larger than 20 KHz,

faster Op-Amps which, in principle, consume more dc power

are needed for the operation of the ADEF amplifier. In this

case the PAE in expression (8) should include the current

consumption of the baseband circuitry.

Fig. 9 shows the gain (AM/AM distortion) and phase

(AM/PM distortion) variations of the class AB and ADEF

amplifiers with respect to the output power level backoff. It

can be seen from this figure that the gain and phase flatness

of the ADEF amplifier are improved, particularly, over the

last 7 dB before the ~ld13. This figure also shows that the

feedback loops have a 15-dB dynamic range. In other words

the diode detectors and the op-amps start to detect and correct

for AM/AM and AM/PM distortions when P..t goes higher

than – 15-dB backoff frOm PldFt.

B. Experimental Validation of (4)

The results of the experimental validation of the newly

developed formula, 4, which relates the AM/AM and AM/PM

distortion coefficients of SSPAS to the C/13 are presented

below. Fig. 10 shows the amount of AMlAM and AMIPM

distortions in the ADEF amplifier. This graph is essentially

a close-up view of the ADEF amplifier characteristics shown

in Fig. 9. In order to estimate the (7/13 at a given average

two-tone output power, the AMIAM and AMfPM distortion

coefficients must be calculated at 3 dB above the average two

tone power which is the peak output power of an equal two-

tone envelope. For example, the C’/13 at – 8 dB backoff can

calculated using a linear regression centered at – 5 dB over

a 20-dB range on both gain and phase response curves. The

-45 J
.

.-

-30 -20 -10 0

Backoff from 33 dBm (dB)

Fig. 11. Measured and calculated C/13 using (4) under two-tone test versus
Pout

Carrier Frequency (GHz)

Fig. 12. IBIPs and PAE levels versus RF frequency of ADEF amplifier at
–3-dB backoff power level.

following parameter values have been obtain

G1 = –0.030 dB/dB and Al = 0.049 deg./dB. (9)

The C’/13 at –8 dB backoff can be calculated with (4) as

follows

c

z
= –lOlogl(O.26 X 0.03)2+ (0.047X 0.049)2]

—— – 42 dBc. (lo)

Repeating this procedure over the entire dynamic range of the

ADEF amplifier with 1 dB step, one can obtain the results in

Fig. 11. In addition, the coefficients found in (9) show that the

GI contributes more to C/is than Al. Consequently, at –8

dB backoff, improvements to the design of the AM/AM loop

would have greater impact than improvements to the AM/PM

loop.

C. Evaluation of the Adaptive Behavior of the ADEF Technique

The adaptive behavior of the ADEF technique is carried

out by monitoring the C/I peak level while monitoring

changes in carrier frequency, operating temperature, and two-

tone amplitude-offset and spacing. The results obtained are

shown in Figs. 12–15.

Fig. 12 shows a 5-dB degradation in ADEF amplifier

C/Ipeak performance for a 6% change in the carrier frequent y.

In principle, the ADEF amplifier RF bandwidth is limited

by the RF bandwidths of the components comprisin~ the

amplifier. Since the prototype ADEF amplifier described in

this paper is a narrow-band design centered at 1.6 GHz, the

ADEF technique is only effective over a narrow bandwidth.
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Fig. 13 shows how the ADEF amplifier adapts to the

ambient temperature. The amplifier’s temperature was raised

up to 75°C and only a 5-dB variation in C/I peak was

observed. The temperature variation requires special attention

during the design of the phase-shifter, since any variation in

temperature causes variation in electrical path lengths due to

thermal expansion. Since it is relatively difficult to predict the

amount of phase shift drift in the rest of the circuit due to

temperature variations, the phase-shifter should be designed

to cover a Iarger phase shift range than what the MESFET’s

AM/PM distortion requires at room temperature.

Fig. 14 shows that a difference in amplitude between the

tones in a two-tone test causes a significant change in C/I

peak only when this difference becomes larger than 3 dB.

ActuaIly, under unequal amplitude two-tone test, the signal en-

velope becomes more like an offset sine-wave which contains
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-05 “..-------- ......+.... ...: “g’ %2
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Backoff from 33 dBm (dB)
Fig. 16. Variation of MESFET gate and phase shifter voltages, V~, and VP.,
as a function of the output power level.

less harmonics than the rectified sine-wave waveform of an

equal two tone envelope. Hence, for offsets larger than 3 dB,

the ADEF amplifier can operate over a larger modulation

bandwidth [19].

Fig. 15 shows the IBIP and the PAE performances of the

ADEF amplifier prototype as a function of the two-tone

frequency spacing. It can be deduced that in order to keep the

ADEF amplifier’s IBIPs better than –40 dBc, the two-tone

spacing should be kept below 20 KHz. Above this frequency

spacing, the IBIP performance suffers from the gain roll-off

of the Op-Amps. Faster Op-Amps could be used to increase

the modulation bandwidth,

D. Observations

By examining the ADEF amplifier’s IBIP in Fig. 7, it can

be seen that when the output power is just below saturation

C/I peak drops rapidly. This is due to the gain and phase

loops becoming more active as power increases.

Fig. 16 shows the variation of the control voltages Vg~ and

VP. versus output power backoff. It is interesting to notice

how the VP. curve in Fig. 16 and the phase response curve in

Fig. 9 for the class AB amplifier correlate. This demonstrates

that the AMIPM loop in the ADEF amplifier presents a good

solution for AM/PM distortion cancellation.

In large signal operation, the transmission gain and phase,

of the ADEF amplifier are maintained constant by the two

feedback loops . Since the power envelope of a two-tone signal

varies from Oto twice of the average power, the detector diodes

will not respond to the low power portion of the envelope.

Therefore is it important to adjust the voltage offsets of the

Op-Amps at low power level where the feedback loops cease

to operate to insure that the gain and phase of the ADEF

amplifier are constant in both small and large signal operating

modes. The effect of the voltage offset in the Op-Amps can

also be seen in Fig. 13, where the C/I peak is still very high

even when Pout is in the far backoff region. This is due to the
fact that the offset of the gain loop Op-Amp was accidentally

fixed near – 3 V, which drives the PA into a strongly nonlinear

class C operating mode when the RF signal is small.

It can be seen in Fig. 8, that three of the PAE curves are

curling backwards. This indicates that the output power is

decreasing faster than the rate increase in the input power. This

is due to the forward bias of the gate to source junction of the

MESFET, which occurs at the positive peak of the gate RF
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voltage swing and results in a positive dc gate current. This dc

current is large enough to override the output current capacity

of the Op-Amp, thus pulling down the gate voltage as can be

observed for the last tw’o points in Fig. 16. Furthermore, this

larger negative dc gate voltage is accompanied by a quick RF

gain reduction of the MESFET faster than the increase in the

input power. This leads to a decrease in the output power while

the input power is increasing as shown in Figs. 7–9 and 16.

VI. CONCLUSION

A new adaptive double envelop feedback amplifier has

been developed and implemented on a two-watt Class AB

amplifier. This prototype ADEF amplifier clearly improves

the intermodulation performance over a simple class AB

amplifier. A two-tone test has shown an average of –40

dBc in C/I peak at 2 dB from l-dB compression point

with a 70 MHz carrier bandwidth and a 20 KHz modulation

bandwidth for the ADEF amplifier, compared to an IBIP of

–20 dBc for the class AB amplifier under the same condi-

tions. The ADEF amplifier has demonstrated its suitability

for indoor/outdoor applications since it is self-adaptive to

variations in the operating conditions, such as temperature,

carrier frequency and input power level. The dynamic bias on

the gate of the MESFET resulted in an increase in ~ldB by 1

dB which improved the PAE by 5%, from 35-40%. While in

this experiment the modulation bandwidth was limited to 20

KHz, higher modulation bandwidths can be obtained by using

higher speed Op-Amps. The ADEF amplifier’s IBIP and PAE

performance as well as its stability and simplicity make it more

attractive for mobile communications transceivers compared

to other linearization methods such as Cartesian feedback,

Feedforward, LSA-BC, adaptive DSP predistortion or LINC.

A new accurate formula relating the level of the third-order

intermodulation products with the AIWAM and AMIPM dis-

tortion coefficients has also been proposed. This new formula

has been validated with simulated and experimental results.
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