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ABSTRACT it is easy to automatically maintain the cancella-
A new method to cancel third-order intermod- tion condition over a broad range of temperature
ulation products in bipolar amplifiers is pro- changes and component variations by means of
posed and analyzed. Unlike many existing can- very simple adaptive control at DC.
cellation techniques, this intermodulation sup- The summary is organized as follows. In sec-
pression is robust with respect to variations in  tion 2, we concentrate on the analysis of inter-
temperature and component values. modulation cancellation in memoryless versions
of common-emitter and common-base amplifier.
1. INTRODUCTION Extention of this technique to bipolar amplifiers

with memory is also mentioned. Results and con-

Third-order intermodulation (IM3) distortion is one clusions are given in section 3.
of the main factors limiting spurious-free dynamic
range [1] of small-signal bipolar amplifiers.

Different linearization methods by predistor- 2. ANALYSIS
tion, feedback, and feedforward have been con-
sidered for small-signal and power amplifiers [1, Fig. 1 shows a simplified circuit diagram of the
2]. In most feedforward techniques, third-order common-emitter amplifier with resistive emitter
intermodulation terms cancel each other under cerdegeneratiori? ; driven by voltage source;y =
tain numerical conditions on system parameters.v + V;, wherel; and v are the DC and time-
These conditions are often quite sensitive to tem-varying components o¥, respectively. To sim-
perature and component variations, which necesyplify the intermodulation analysis, the transistor
sitates component tuning or adaptive control. is modeled an ideal current source with exponen-

In the proposed technique, the third-order in- tial current-voltage characteristics, and the effects
termodulation cancellation occurs when the prod-of its reactive parasitics and base current on inter-
uct of the small-signal transconductance of themodulation are neglected. A more general model
amplifying transistoy,, and the value of a circuit is considered in [3]. The collector current is writ-
resistor equals a certain number. Using the fundaten asi. = I, + i, wherel, is the DC collector
mental relation betwee),, and collector current, current forV;y = v + V4. The voltage deviation



v in terms of current is: adaptive control is used to maintain the voltage
; acrossRg equalVr/2, then the bandwidth of the
v=Rgi+ Vyln (1 + —> , Q) control loopw oniror Should be small in compari-
Iy son with the signal bandwidth, since IM3 is not
whereVi = kpT/q is the thermal voltaget- ~  canceled if the two tones are separated by less

26mV at room temperature. Let, be he transis-  than~ weonira. With good matching of transis-
tor transconductance &t = Iy: g,, = Io/Vi-. tors and resistors, the biasing circuit can be based

For technical convenience, we will often use ©n Fig. 2, where the FETs are maiched, the bi-
Vr and 1, as the units of voltage and current re- Plar scaling factor isi/ = /e ~ 1.65, and the
spectively: V- = 1 and, = 1. If the amplifier ~ resistance of the RF choke is neglected. With this
is considered as a system with series-series feedbiasing circuit, IM_3 is canceled for the arbitrarily
back and the small-signal loop gain is introduced Small frequency difference between the two tones.
[4]: L = ¢,,Rz, then Eq. (1) can be rewritten in a Cancellation condition (4) also holds for other

simplified dimensionless form as: implementations of linear feedback between col-
lector current and base-emitter voltage in mem-
2 g3 oryless circuits. For example, a similar analysis

v=Litin(1+14) = (A+L)i—5+o+.., (2) applies to common-emitter amplifiers with other

types of feedback [3] as well as to common-base
where the terms higher than the third ordei are P [3]as w

) . : : amplifiers.
omitted. Series reversion [5] of Eg. (2) yields More flexibility in choosing the amplifier gain
2 3 and input/outputimpedances, while cancelling IM3

v n v I v
1+L 2(1+L)32 (1+L)¢

i3 (3)  products, is achieved by extending the presented
treatment to circuits where impedances at base-
+ <# _ 1) = B1v + Bov? + Byv® band and carrier frequencies are different [3]. As
21+L) 3 an example, consider a simplified common-base
amplifier shown in Fig. 3. We assume that the
capacitor is well approximated by open and short
circuit at baseband,, and carriew, frequencies
respectively:w,CRs > 1, w.CRs < 1, and
the opposite is true for the inductavy, L < Rg,
w.L > Rg. Then the small-signal loop gain is
given byLLF = ngE andLHF = ngS at wy
andw, respectively. The general condition of IM3
cancellation is derived in [3]:

L=1/2. 4) 147

where the terms higher than the third ordemwin
are omitted. It is the cubic termyv? that leads to
IM3 distortion. The first and second constituents
(3 are due to quadratic and cubic nonlinearities in
Eqg. (2) respectively. The contributions of these
nonlinearities to output IM3 perfectly cancel each
other for Rz = 1/2 in dimensionless form, i.e.
when the small-signal loop gain is:

There are many possible biasing circuits which
achieve and maintain condition (4) automatically For memoryless systems wilty,r = L r = L,
regardless of changes in temperature and compoEg. (5) reduces to Eq. (4).
nent values, since it is straightforward to build Effects of reactive parasitics on IM3 suppres-
a DC voltage source with output proportional to sion are considered in [3]. In particular, they re-
the thermal voltagé’- [4]. If the low-frequency  sults in a finite IP3 at high frequencies even when



the cancellation condition (4) or (5) is satisfied. and/. = 13.2mA respectively. Both values ai.
However, the first-order effect of reactive para- are very close to the theoretical predictign=
sitics on IP3 can be reduced by the proper can-Vr/(2Rg), if two counteracting second-order ef-

cellation techniques [3]. fects are neglected: internal parasitic emitter re-
sistance and transistor heating. As the fundamen-
3. RESULTS AND DISCUSION tal frequency increases aboi®)MHz , the IM3

suppression starts degrading due to reactive para-
In Fig. 4, output-referred third-order intercept (IP3)sitics in the circuit. Since the degradation is more
for the common-emitter circuit of Fig. 1 is plot- Pronounced for the smallét;; and highew,, val-
ted as a function of emitter degeneratiBp with ~ ues, it is probably caused by emitter inductance
respect to IP3 ak; = 0. Ry, is swept under con-  Originating from both transistor and circuit layout
stant parameters R andg,,. More thanl0dB  parasitics.
improvement in IP3 is observed whetyg,, = To summarize, the proposed cancellation tech-
0.5+ 0.05. Since part of this improvement results nique improves third-order intercept in small-signal
from general linearization properties of negative bipolar amplifiers by more than 10 dB in theory
feedback due to resistive emitter degeneration [6]and more than 7 dB in experiment. It is especially
rather than from IM3 cancellation, we also plotted efficient at sufficiently low frequencies when re-
increase in output-referred IP3 due to feedbackactive parasitics hardly affect cancellation preci-
only in a system with purely cubic nonlinearity for sion. An important advantage of the new tech-
fair comparison. The latter equadls+ g,, Rx)? in nique is its insensitivity to large temperature and
this case [3], as can be derived from Eq. (3). component variations.

In Fig. 5, input-referred IP3 for common-base The author would like to thank Dr. Walt Stri-
circuit of Fig. 3 is plotted as a function of transis- fler for the independent numerical check of the
tor transconductancg,, at constanifRy = Rg = theory and to Michael O’Neal and John P. Myers
500hm for five values of emitter parasitic reac- for their comments about the paper.
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Figure 4: Increase in output-referred IP3 in
- common-emitter amplifier.

Figure 1. Simplified common-emitter amplifier
with emitter degeneration.
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Figure 5: Input-referred IP3 in common-base
Figure 2: A possible biasing circuit for the amplifier for Rz = Rg and emitter reactance
common-emitter amplifier Lpw.=0,0.05,0.1,0.15,02s.



