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Abstract - This paper gives a detailed description of a 
linearization technique using a two-stages amplifier. The first 
stage is used to generate third order intermodulation 
products (IMD3), which will be added to the input signal of 
the second stage in order to cancel the IMD3 at its output. 
The technique effectively improves the linearity of the 
system. To investigate the effect of IMD3 injection, analytical 
calculations of the drain currents for the fundamental 
frequencies f, and fz and for the third order intermodulation 
currents 2f,-f, and Zf,-f, are established without and with 
injection of intermodulation components at the input of the 
power stage. To evaluate the improvement provided by the 
proposed technique, a two-tone test at carrier frequency of 
900 MHz is performed with a MESFET &As. The test 
procedure is described and measurements show a great 
improvement of IMDJ. A Carrier to third inkmodulation 
ratio C/I3 of 55dBc was achieved for a 19 dBm output power, 
compared with 25 dBc achieved without the first stage. 

I. INTRODUCTION 

The power amplifier (PA) is one of the key components 
in mobile communication handsets detemiinmg the power 
consumption and, thus, the battery life of the handsets. To 
decrease electrical consumption and improve power 
efficiency, the amplifier most be used in its saturation 
zone. In such a mode, amplitude and phase distortions ate 
important. 

In order to accommodate high bite rate, linearity and 
multimode/multiband capability ate being highlighted as 
the most significant issues of power amplifiers. Efficient 
modulation techniques in term of spectral efficiency have 
been adopted and have inevitably non-constant envelope, 
therefore, power amplifiers with high linearity are 
required in the transmitter system. [l] 

Predistorsion techniques [Z] have already been studied 
and developed because they avoid disadvantages of 
feedback techniques encountered at RF and microwave 
frequencies. They arc generally designed with series or 
shunt diodes [3][4] or transistors [5]. The non-linearity of 
the device is used to modify signal amplitude and phase in 
opposition with AM-AM and AM-PM distortions of the 
power amplifier. Generally, their introduction in the 

transmitter causes an insertion loss and consequently, a 
decrease of the gain of the complete system. 

In this communication, the use of a two-stages amplifier 
is proposed; the particular operation of a first stage is 
presented in order to cancel IMD3 at the output of the 
second stage, the power stage. The aim of this work is to 
show that the IMD3 at the output of a power stage can be 
reduced by applying IMD3 components at its input with 
appropriate amplitude and phase. 

In a first part is presented a study of the drain current 
components at the output of a power amplifier versus an 
input signal composed of two carriers and two IMD3 
components. In a second patt, circuit description, test 
measnrements and results of a two-stages amplifier 
topology are exposed. 

II. EXPRESSION OF THE DRAWN CURRENTS 

The principle of the proposed technique is illustrated on 
Fig. 1 for a two tones excitation signal and in the case of 
the application of IMD. The aim of this analysis is to 
demonstrate that the injection of IMD components at the 
input of a transistor can lead to a compensation of output 
IMD. 

By applying two caniers f, and f2 of same amplitude and 
phase at the input of a power amplifier, its non-linearity 
will produce intetmodulation frequencies at 2f,-fz and 2f,- 

fi. 
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Fig. 1. Two different input signals and 
linearity of the PA. 
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The excitation signal is now taken as two unmodulated 
carriers at f, and f2 of equal amplitude A and two carriers 
at X-f2 and 2fi-fl of equal amplitude B. By changing the 
sign of B, the IMD3 component can be in phase or out of 
phase with the fundamental component. Its expression is: 

Vp,(t)=A.cos(q .t)+A.cos(y.t) 

+B.cos[(2y -y).tl+B.cos[(2y-q).r] (1) 

The study assumes that the drain to source current Ids is 
the most critical component to the non-linear behaviour of 
the device. Drain-source current in a MESFET is 
controlled by the gate-source and drain-source potentials, 
V,, and V,,. A third-order representation [6] of small- 
signal drain current I&V,,,V,,) can be expressed by a two 
dimensional Taylor’s series as : 

Id~(V,,,Vd,)=G,.V,+G,*.V~+G~V~+Gd.Vj (2) 

Gm, Gml and Gm, are respectively the 
transconductance and the derivatives of Gm with respect 
to V,,. Gd is the drain to source conductance. 

The drain voltage depends on the load presented to the 
drain current source at each frequency component. The 
analysis assumes that the ~atne load R is presented to the 
drain source in the full bandwidth; moreover, drain 
voltage components at low and harmonic frequencies are 
short-circuited. 

With the previous expression of drain current (2) and 
excitation signal (l), the following expressions of the 
drain current components can be achieved : 

Idlfi,/z= &.(Gm.~+$.G,.~3 

+%G 
2 “3 

A.Bd.G .A2.B) 
4 “3 (3) 

Idlzfi-f~.Y~-fi=~.(~.G,,A3 

+G,.B+~.G,,.A2.B+~.G,~.B3) (4) 

Fig. 2 shows the variations of the calculated IMD3 
currents (equation(4)) for a transistor biased in class AB 
soft (Vgs=-I,SV) for four values of B. For B equal to 0, 
the IMD3 current is negative and decreases according to 
the increase of the input level. For positive values of B, we 
can see that the IMD3 current is equal to 0 for different 
values of A. Those points correspond to the cancellation 
of IMD3 at the output of the power stage. 
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Fig. 2. Simulated IMD3 currents at the output of the power 
stage without and with injection of lMD3 components at its input 

This result shows that cancellation of the output IMD3 
currents can be achieved by an appropriate adjustment of 
the IMD3 voltage applied at the input. Furthermore, for a 
bias voltage V,,=-l.SV of the power stage, the suitable 
value of B is positive to cancel output IMD3 currents; 
thus, it means that the signals at 2w,-y, and Z~J-O, have 
to be in phase with the fundamental carriers at co, and oz. 

III. GENERATION O~Posrrrv~Iu~3 CURRENTS 

As illustrated in equation (4), the sign of the IMD3 
currents depends directly of the sign of Gm, [6]. From the 
previous calculation, the device is biased at Vgs=l,SV 
(class AB soft) and the corresponding value of Gm, is 
negative, resulting in a negative IMD3 currents. 

The following part proposes to analyse the sign of Gml 
with respect to the gate bias voltage. 

For a f&d value of the drain voltage Vdd, the third 
derivative of the measured Ids with respect to Vgs gives 
the coefficient Gm,. Its variation is plotted on Fig. 3. Near 
pinch off, Gmg is positive, and then becomes negative and 
closed to -lV, it becomes positive again. So it is possible 
to generate positive or negative IMD3 current. 

The bias condition of the transistor gives us the sign of 
the IMD3 current. For a class B biased transistor, IMD3 
currents will be positive; if the bias voltage rises up to a 
class A, then the IMD3 current component becomes 
negative. 
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Fig. 3. Variation of Cm3 with respect to the gate bias voltage 
at fixed value of Vdd=3V. 

The IMD3 variations are quite different between small 
and large signal excitation. The previous model, based on 
a trnncated series, does not take into account saturation 
effects. Under large signal excitation, those effects must 
be considered. 

Fig. 5 shows the basic block diagram for test setup. The 
input signal is composed of two carriers f, and f2 of same 
amplitude. A directionnal coupler at the output of the first 
stage allows to measure the power of the IMD3 added to 
the input signal of second stage. To demonstrate that a 
cancellation of IMD3 can be achieved by injecting IMD3 
components, a given output level has been selected and 
maintained for all measnrements (19 dBm). Different gate 
biases are used to modify the IMD3 generated by the first 
stage. For each bias voltage, input level and the attenuator 
value are adjusted to have the same power level. 

This procedure allows to achieve different IMD3 power 
levels for the same fundamental frequency power level at 
the output of the first stage. 

A non-linear simulator is used to establish the condition 
of cancellation of the IMD3 drain currents. Perfortnances 
have been simulated in Hamtonic Balance using the ADS 
simulator. (Fig. 4) 
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Fig. 4. Simulwd intermodularion cn*entb versus input level 
for different bias levels and for a pinch-off voltage of -2,6V. 

First stage output Power stage output 

Fig. 5. Block diagram of test setup 

We obtained the following behaviour : In class A, the 
IMD3 currents are negative and decrease with respect to 
the increase of the input signal level. If the bias level is set 
to a class B, the IMD3 currents become positive up to a 
peak value, then decrease and change their sign. This 
behaviour is due at low level to the sign change of Gm, 
versns biasing and at high level to the drain cnrrent 
saturation. 

Fig. 6 shows test measurements obtained for a fixed 
output power of +19dBm at carrier frequencies of 
900MHz and 900.lMHz. These results show that by 
varying the operating parameters of the first stage, it is 
possible to generate IMD3 currents so that they cancel 
those at the output of the second stage. A C/I3 peak was 
observed for a gate bias voltage of -2,5V. The second 
curve of the Fig. 6 shows the IMD3 power at the output of 
the first stage. We can notice that the C/I3 peak of the 
second stage does not occur when the IMD3 power at the 
output of the fast stage is minimum. 

The proposed design is composed of two transistors 
used with different bias. The first one will be used in class 
B, generating positive IMD3 currents which will cancel 
the IMD3 currents generated by the second stage amplifier 
used in class AB. 

IV. EXPERIMENTAL RESULTS 



For a gate bias voltage of -2,4V, the minimum IMD3 
power of the first stage is achieved. This point 
corresponds to the change of sign of IMD3. At this point, 
the fist stage does not generate any IMD3 currents and 
the C/I of the global amplifier is equal to 25 dBc. For 
lower gate bias voltages, IMD3 currents are positive and 
an optimum value allows reducing the IMD3 at the output 
of the second stage; At this point, a C/I3 of 55 dBc is 
achieved. For larger gate bias voltages, IMD3 &rents are 
negative and degrade linearity. 
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Fig.6. Measured second stage C/I3 and first stage lMD3 
power versus gate bias voltage of the fmt stage. 

An IMD compensation technique using a two-stages 
amplifier was proposed in detail. Non-linearity of PA 
provides IMD3 current components dependant of bias 
voltage and power level. By using the properties of those 
currents in a two-stages amplifier, especially in term of 
phase, 30 dB reduction of IMD3 power level at the output 
of the system can be achieved. Results clearly demonstrate 
that the appropriate use of the non linear drain current 
sowx of driver stages can be applied to compensate 
output IMD in the design of multistages amplifier. 
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