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1 INTRODUCTION

In order to achieve the highest channel capacity available in wireless communications bands, power amplifiers used in
these systems must have a carrier-to-intermodulation distortion (IMD) ratio of −60 dBc. The most common way to reach
these IMD levels is the feedforward compensation method. With a dualloop feedforward system, a 30 dB improvement
in IMD can be achieved. Therefore, the power amplifier in the feedforward system should have at least an IMD of
−30 dBc.

When a power amplifier is operated in class A, the −30 dBc IMD can be met. However, collector efficiency of such an
amplifier is low. As a result, it is preferable to operate the power amplifier in class AB mode, which gives a higher collector
efficiency (typically 35 to 40 percent under two-tone conditions) that improves overall system efficiency considerably.
When a bipolar amplifier is operated in class AB, the IMD caused by a combination of the nonlinearities in the RF power
transistors’ transfercharacteristics (both amplitude and phase) and the amplifier’s circuit parameters under certain
circumstances results in the amplifier falling short of the −30 dBc IMD that is required.

This article shows the typical behaviour of a 900 MHz amplifier operating in the class AB mode and describes a method
to create suppression of the intermodulation products to better than −30 dBc over a 40 dB dynamic range (1 mW to 10 W
peak envelope power (PEP)). A 10 W PEP amplifier is used as an example. The used power transistor1 is a 10 W device
for 900 MHz applications operating at 26 V supply voltage. The amplifier has been designed for the 869 to 894 MHz
band. Tuning was not applied when the data were recorded.

2 IMD AND POWER GAIN

IMD is related to the output power level (Pout) of an RF power device. An RF power amplifier operating in class AB, with
a 1 dB compression point of 10 W CW should be able to deliver a PEP of 10 W with a two-tone IMD of −30 dBc.
The amplifier’s 1 dB compression point is the point where the power gain Gp is decreased by 1 dB when compared to
Gp in the linear region. The Psat saturation power is the point where ∆Pout/∆Pin = 1 as shown in Fig.1. Figure 2 shows the
method of defining two-tone IMD.

The most common way to specify two-tone intermodulation is to relate it to the level of one of the two carriers f1 or f2.
The two-tone IMD is expressed in dBc, meaning dB below one carrier. In cases where two-tone IMD is related to the PEP
level, the IMD X is a figure that is 6 dB better. In case the transistor is operated in the linear region, the PEP is 3 dB above
the average power. The average power is the addition of the average power levels of the carriers f1 and f2. For example,
P(f1) = 1 W and P(f2) = 1 W, therefore PEP = 4 W.

In class A operation, the IMD will get worse as the output power levels increase. However, when a silicon bipolar
transistor is operated in the class AB mode, interesting effects are observed when the device’s quiescent current (Icq),
that is, the DC collector current when no RF is applied at the input of the amplifier, is varied.

Figure 3 shows the third-order IMD d3 of the devices as a function of the PEP and Icq. The test is performed with a 60 kHz
carrier separation. Icq variations change the shape of the d3 curve. A low (5 mA) Icq gives a better d3 at power levels
above 8 W PEP. Higher Icq (50 mA) gives better d3 at lower power levels. The effects on the fifth- and seventh-order
distortion products is not shown. The change in Icq also affects these IMD products, but the final results show that IMD
suppression is sufficient. At the same time, Gp is affected by the change in Icq, as shown in Fig.4.
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Fig.1 The power amplifier’s typical transfer
characteristics.
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Fig.2  Two-tone IMD.
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Fig.3  Two-tone, third-order IMD vs. PEP and Icq.
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Fig.4  Power gain vs. PEP and Icq.

handbook, halfpage

0 12
PEP (W)

Gp
(dB)

13.2

12.8

12.4

12.0

11.6

11.2

10.8

10.4

10.0

9.6

9.2

8.8

8.4
4 8

MGH800

(3)

(2)

(4)

(1)

(1) 100 mA.

(2) 50 mA.

(3) 20 mA.

(4) 5 mA.



1998 Mar 23 5

Philips Semiconductors

Two-tone Linearity in a 900 MHz Silicon
Bipolar Class AB Amplifier

Application Note
AN98026

3 IMD IMPROVEMENT

The ideal situation is an amplifier with a flat response on Gp (gain as a function of output power and gain as a function
of frequency) to ensure perfect intermodulation cancellation and an IMD better than −30 dBc over a 40 dB dynamic range
to meet the −60 dBc IMD requirement for the complete feedforward amplifier. Considering two-tone, third-order IMD and
Gp, a 50 mA Icq is a good choice for power levels below 6 W PEP. For higher power levels the sweet spot (dip in the IMD
curve) can be used to obtain a good IMD. However, the sweet spot moves when different Icq are used. A 5 mA Icq gives
lower IMD at higher power levels, but will cause more gain compression over the total dynamic range of the amplifier.
A sliding Icq as a function of output power is the solution where a range of output power levels is expected. This solution
can be achieved by adding a series resistor after the base bypass network, as shown in Fig.5. An increase in RF output
power causes an increase in the DC collector current, and thus an increase in the DC-base current. This resistor is
marked R. The allowed Gp compression and the desired IMD behaviour as a function of output power determine the
value of R. The best way to determine the value of R is to set a goal for the IMD at both low and high power levels. By
changing Icq, the desired IMD at these two power levels can be reached. The voltage and the current at point Y have to
be recorded for both the low and high power levels, which can be done without the series resistor present. The value of
the resistor can be calculated with

where

R = series resistor (Ω)

Vbe1 = DC voltage a low power level (mV)

Vbe2 = DC voltage at high power level (mV)

Ib1 = DC base current at lower power level (mA)

Ib2 = DC base current at high power level (mA).

R
∆Vbe

∆Ib
-------------

Vbe1 Vbe2–

Ib2 Ib1–
----------------------------- Ω( )= =

Fig.5  Schematic diagram of the 869 to 894 MHz base station amplifier.
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As an example, a power amplifier’s desired IMD at 0.4 PEP is < −40 dBc, which means Icq should be 50 mA.
The recorded data are Vbe1 = 746 mV and Ib1 = 1072 mA. The desired IMD and 10 W PEP is < −30 dBc, which means

Icq must be 20 mA. The results are Vbe2 = 710 mV and Ib2 = 5417 mA. Therefore , which

approximately equals 8.29 Ω.

Figure 6 shows the Gp and the third-, fifth- and seventh-order IMD products as a function of PEP when an 8.2 Ω resistor
is added to the circuit at Icq = 50 mA. Comparison of the IMD data with and without the 8.2 Ω resistor for Icq = 50 mA
shows that d3 increases by 4 dB at a Pout of 10 W. However, the Gp decreases by 0.3 dB when the 8.2 Ω series resistor
is used. In the case where less Gp compression is required, the transistor value should be lowered since this reduces
the shift in Icq as a function of output power.

A lower resistor value also impacts the shapes of the IMD curves (d3, d5 and d7). A higher Icq is needed to increase the
Gp at low output power levels, impacting IMD.

R 746 710–( )
5417 1072–( )---------------------------------------=

Fig.6  IMD and Gp vs. PEP with the added 8.2 Ω series resistor.
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4 CONCLUSION

Using the typical characteristics of a silicon bipolar transistor in the class AB mode, it is possible to improve IMD for
medium and high output power levels by adding a series resistor in the base bias network. This simple and reliable
method allows the power amplifier to be operated in the class AB mode, which increases amplifier and overall system
efficiency considerably. The presented class AB amplifier shows an IMD performance of better then −32 dBc over a
40 dB dynamic range up to 10 W PEP. This performance makes it possible to use the amplifier in a feedforward system,
meeting a −60 dBc IMD requirement. The trade-off is a slight increase in gain compression over the total dynamic range.
A good selection of Icq and the series resistor value will give a usable compromise.
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