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Abstract—A miniaturized linearizer using a parallel diode with
a bias feed resistance has been proposed. The linearizer has
positive gain and negative phase deviations and can be used
as a linearizer for power amplifiers. These characteristics are
provided by a nonlinearity of the diode and movement of bias
point caused by a voltage drop at the bias feed resistance. By ap-
plying this linearizer to an S-band power amplifier, improvement
of adjacent channel leakage power of 5 dB and improvement
of power-added efficiency of 8.5% have been achieved for the
w /4-shift QPSK modulated signal.

Index Terms—Diodes, interchannel interference, intermodula-
tion distortion, microwave power amplifiers.

Fig. 1. Schematic diagram of a miniaturized linearizer.

I. INTRODUCTION I

HERE ARE increasing demands for highly efficient and
linear microwave power amplifier as a key component

AN
ya-

Bias point at
large signal

in mobile and satellite communication systems [1], [2]. To lR"
achieve high efficiency and low distortion simultaneously, we difpz--moo==

o . . . . Bias point at
have presented a miniaturized FET linearizer with a source | T ™ "N\ S {— mall signal

inductor [3] and a series diode linearizer [4], which have small 1y
size and simple configurations.

In this paper, a miniaturized linearizer using a parallel
diode with a bias feed resistance is proposed and its operation
principle is investigated. The linearizer achieves positive gaiy. 2. Movement of a bias point.
and negative phase deviations with the increase of input

power because of a nonlinearity of the diode and movementyematic diagram of this linearizer is shown in Fig. 1. It is
of bias point caused by a voltage drop at the bias fee@mprised of a parallel Schottky diode, a bias feed resistance
resistance. Moreover, we make it clear tham/AM. and g and two capacitors for dc block. The equivalent circuit
AM./P.M. characteristics of the linearizer can be easily adjustef ihe diode consists of an equivalent resistadte and a
by controlling the anode supply voltage of the diode. Wgnction capacitance’;. V; and I, are the anode voltage of
employ a variable gain amplifier between the linearizer afe giode and the dc current through the diode, respectively.
the power amplifier to control RF input power level of thesig 2 shows the movement of the bias point with the increase
power amplifier and achieve high isolation. _ of RF input power. In Fig. 2, a poirf and L are bias points
This linearizer is applied to ai-band power amplifier. ,nger small- and large-signal operation, respectively. At the

With this linearizer, improvement ofdjacent ®annel leakage point S, V,, and I, equal toVy. and I,., respectively.Vy.
Power (ACP) of 5 dB and improvement of power-added,,q Ids,are’ given by '

efficiency of 8.5% have been achieved for thel-shift QPSK
modulated signal. Los = f(Vas)

Vds = ‘/cc - Rb-lds at pOIrltS
Il. OPERATION PRINCIPLE OF A MINIATURIZED LINEARIZER v RV 1
USING A PARALLEL DIODE WITH A BIAS FEED RESISTANCE = Vee = By f(Vas) 1)

The operation principle of a miniaturized linearizer using/here V.. is power-supply voltage of the diode, and the

a parallel diode with a bias feed resistance is investigated.function f(V) shows thel-V characteristic of the diode [5],
as follows:

di Vds A
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Fig. 3. Measured/; for RF input power of the linearizer.
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101 10 2 103 and Z, is a characteristic impedance. G#ii$»;|) and phase
R[Q] (/S;) are derived from (5) and given by
Fig. 4. Calculated gain and phase .8f; . |S | 2
21| =
2
V 2+ %) + (w02,
that L, V, and 1, are equal toVy and I, respectivelyy
and Vy; are given by /Sy, = tan—t _% ) (6)
2+ %
Iy=1. 1% . - . . .
=L+ f(Va) i From (6), we can find that this linearizer achieves positive
Va = Ve — Ryl at point L

gain and negative phase deviations with the increasé.of
=Vee = Ro f(Va) — R, (3) Fig. 4 shows the calculated results of gain and phase as a
parameter ofR at frequencyf = 2.7 GHz andC; = 1.5 pF.
Equations (1) and (3) indicate that the bias point is changed is assumed to be constant, because a variatiofi;afan
from point S to point L with the increase of RF input powerpe negligible as compared with variation &f i.e., Ry. It is
shown in Fig. 2, i.e.,V; decreases because of voltage droglearly shown that this linearizer achieves positive gain and
caused by, at R,. Fig. 3 shows the measurdd; for RF negative phase deviations.

input power. It is verified that the bias point changes from we calculate gain and phase deviations of this linearizer

point ' to point L with the increase of RF input power.  (shown in Fig. 1) by using the harmonic-balance method to
The equivalent resistandg, is given as a function o¥y.  verify that the linearizer achieves those characteristics. The
Ry is derived from (2) and given by large-signal parameters of the diode are shown in Table I.
The calculated results are shown in Fig. 5. Gain and phase
1 kT _ oy - . . L
Ry = 5T = eTRT Y, (4) deviations are defined as gain and phase deviations from small-
v, L signal operation. Fig. 5 shows that the linearizer achieves

Equati 4) indicates thak., i ith the d Fositive gain and negative phase deviations. It is also shown
quation (. ) indicates ¢ INCreases with the decrease of, Fig. 5 that gain and phase deviations are easily controlled
V4, which is caused by the increase of RF input power.

NN . o v _ by Ve
From the simplified equivalent circuit of this linearizer in y

Fig. 1, 521 of the circuit is given by Ill. CHARACTERISTICS OF THELINEARIZER

2R . WITH THE BUFFER AMPLIFIER
(2R + Z,)? + (wC;RZ,)? (2R + Z,) - jwC;RZ,}

So1 =
2 To verify AM.JAM. and AM./P.M. characteristics of the

(5) linearizer, the linearizer with the buffer amplifier has been
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Fig. 9. Block diagram of the power amplifier with the linearizer.
Fig. 7. Measured gain and phase deviations of the linearizer with the buffer

lifi ter df.c. . . e .
AmPIIer as & parameter between the linearizer and the power amplifier can be adjusted
fabricated. Fig. 6 shows a block diagram of the miniaturize}?jy controlling Veon:.

linearizer using a parallel diode with the buffer amplifier. Irtlh By c_ontrollting: theltbiae‘s/ volta?ezﬁC obf ;Pe Iinealr_ifz_er E:Ed
Fig. 6, Veont IS gain-control voltage of the buffer amplifier. € gain-control Voltag€con; O € butier ampliner, the

To reduce the distortion of the amplifier, thev./am. and characteristics of the linearizer can be easily adjusted.
AM./P.M. characteristics of the linearizer have to be adjusted

to those of the power amplifier, and the output power level IV." APPLICATION TO AN S-BAND
of the linearizer has to be adjusted to match the input power LINEARIZED POWER AMPLIFIER
level requested for the power amplifier. The linearizer described above is used to compensate for

As mentioned in the previous section, it is expected thdie distortion of anS-band power amplifier. Fig. 9 shows a
AM./AM. andAM./P.M. characteristics of the linearizer can bélock diagram of the power amplifier with the linearizer. The
adjusted by controllind’... In order to adjust the power levelpower amplifier has a linear gain of 30.5 dB and saturated
between the linearizer and the power amplifier, a variabbeitput power of 37.5 dBm at 2.7 GHz.
gain buffer amplifier is employed, as shown in Fig. 6. This To demonstrate the capability of this linearizer, the charac-
buffer amplifier also can realize a high isolation between theristics of the amplifier in the following three conditions are

linearizer and the power amplifier. measured.

The AM./JAM. and AM./P.M. characteristics of the linearizer condition-A: without the linearizer (idle curremt,, = 1
with the buffer amplifier were measured. Fig. 7 shows the A);
measured gain and phase deviations as a parametég.oft condition-B: without the linearizer in low-current condi-
shows that the linearizer achieves positive gain and negative tions ({40 = 0.52 A);
phase deviations with the increase of output power, andcondition-C: with the linearizer in low-current conditions
that those characteristics are controlled by changing, ({go = 0.32 A).

as predicted in Fig. 5. The.m./aAM. characteristics of the Fig. 10 shows the measured gain and phase deviations of
linearizer at large operating level in Fig. 7 are slightly differerthe power amplifier in conditions-A, -B, and -C. The gain
from the results of Fig. 5, due to the saturation characteristiged phase deviations of the power amplifier in condition-B
of the buffer amplifier. become worse than those of the power amplifier in condition-A
Fig. 8 shows the measured gain and phase deviations wathoutput power of 34.1 dBm. We can find in Fig. 10 that
Veont @S @ parameter. The power level where positive gain atite amplifier with the linearizer in condition-C achieves the
negative phase deviations are obtained becomes lower witiproved AM./AM. and AM./P.M. characteristics compared
the decrease df ... It is clearly shown that the power levelwith the amplifier in condition-B. Fig. 11 shows measured
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Fig. 10. Measured gain and phase deviations of the power amplifier.
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Fig. 11. Measured ACP of the power amplifier.

ACP of the power amplifier in conditions-A, -B, and -C for
the 32 kb/psr/4 shift QPSK modulated signal at 28.6-kHz
offset with a bandwidth of 16 kHz. Table Il shows the tota

I

each condition at an output power of 34.1 dBm. We can fin

power-added efficienci,qq) and the ACP of the amplifier in
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TABLE I
MEASURED TOTAL POWER-ADDED EFFICIENCY AND ACP oF
THE POWER AMPLIFIER IN EACH CONDITION AT Pyt = 34.1 dBm.
Nadd 1S CALCULATED BY INCLUDING THE LINEARIZER IN CONDITION-C

ACP

Nadd
Condition-A -36.7 dBc 29.3%
Condition-B -31.5 dBc 37.9%
Condition-C -36.5 dBc 37.8%

improvement of power-added efficiency of 8.5% have been
achieved for ther/4-shift QPSK modulated signal.

(1]

(2]

(3]

(4]

(5]

from Fig. 11 and Table Il that this linearizer improves ACP
of the amplifier in condition-C by 5 dB compared with the

amplifier in condition-B at an output power of 34.1 dBm. |
is shown in Table Il that the amplifier in condition-C achieve
higher efficiency by 8.5% than the amplifier in condition-A a

the same ACP of-36 dBc.

V. CONCLUSION

A miniaturized linearizer using a parallel diode with a bia,

e

feed resistance has been developed. The linearizer achi

t

positive gain and negative phase deviations with the increase
of input power. The operation principle of the linearizer was

investigated. Positive gain and negative phase deviations are
provided by a nonlinearity of the diode and a movement ¢~

bias point caused by a voltage drop at the bias feed resistar

Moreover, thea.M./AM. and A.M./P.M. characteristics of the

linearizer can be easily adjusted by controlling the bias volta:
of the linearizer and the gain-control voltage of the buffe

A

improvement of adjacent channel leakage power of 5 dB a

amplifier.
By applying this linearizer to aff-band power amplifier, an
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