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1. INTRODUCTION 
It is widely acknowledged that the primary aim of 

amplifier design for mobile communication systems is the 
real&ion of high performance amplifiers capable of 
delivering high output powers with incxased efficiency, 
and linearity. This is driving the development of a number 
of measurement tools; large signal network anal~rs 
(LSNA), vector signal analyzers (WA), etc., required to 
support this development. 

LSNA or time domain waveform measurement systems 
have now been developed to the point where they now 
allow for the investigation of the non-linear behaviour of 
transistors and amplifiers under modulated excitation 111. 
These systems have enabled the effect of source and load 
impedance, including’ the IF (baseband), on the output 
performance, including output power, efficiency and 
linearity to be investigated in the time domain. Previously 
studied work [l] has demonstrated how the effect of the 
output IF (baseband) impedance on amplitier performance 
could be correlated to the interaction of the dynamic load 
lines with the I-V characteristics. 

This study shows how the analysis of these time domain 
waveforms in the envelope domain, effectively providing 
the designer with a four channel VSA, can provide further 
insight into how the interaction of the hansistor wth the 
source and load impedances. can influence the amplifier 
performance particularly with respect to linearity. 

II. MEASUREMENTS AND ANALYSIS 
Measurements were performed using the system 

described in [I]. This allows for the error corrected 
nteawement of the input and output voltage and current 

waveforms under modulated excitation. In addition this 
system provides for the variation of the source and load 
impedances including the IF (baseband) components. 
Using this system mea~uremenll were performed to study 
the effects of IF (baseband) impedance on the device 
perfomance under two-tone excitation. The stimulus 
l?equencies were 83OMHz and 840MHr and the device 
used was a 2x3~27 geometry HBT device biased in class 
B with a collector voltage of 3.5V. While using the non- 
linear meaSu*ement system to measure the full spectral 
content of the two-tone AM modulated stgnal, the 
performance was modified by source pulling and then load 
pulling the IOMHz IF difference component. Note, all 
other frequency components were terminated passively 
with a nominal 50R system impedance. 

It has previously been demonstrated that the efficiency 
and the output pow&r of the device is maxim&d when an 
IF short circuit is presented to the output of the device [I I- 
131. In addition it was also found that the IF impedance 
presented to the source and load also has a significant 
effect on the Linearity of the device, demonstrated in 
figure I for the load and fizure 2 for the sounx. 
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Linearity in this case is quantified in terms of the worst- 
cake lM3 component for a given output power. Analysis 
of these measured results with reference to the dynamic 
load-lines showed chat the IF load impedance can only 
influences the linearity of the device once the dynamic 
load lines interact with the knee region. Since a short 
circuit IF load impedance minimized the interaction with 
the knee region in the transistor I-V characteristic, hence, 
producing the most linear performance. 

The response to vaying the IF source impedance is 
more comphcated. Before the dynamic load lines interact 
with the knee region increasing the IF source impedance 
produces a significant improvement in linearity, 
However, once the dynamic load lines interact with the 
knee region the opposite is true. In addition, at a given 
output power level there 1s an optimum IF source 
impedance that ~111 produce a linear amplifier response. 
For example, at a finite real impedance of 3OOQ the IM3 
products can be significantly reduced, achieving a null at a 
given drive level, corresponding to an output power, in 
this case of 8dBm. Figure 3 shows the measured dynamic 
load lines under this optimum IF source termination 
compared with the worst case, short circuit IF termination, 
showing clearly that this improved linearity is not 
associated with the interaction of the transistor I-V knee 
region. The improved linearity can be better explained by 
considering a Taylor series expansion to the third order for 
the output current in terms of the input voltage, shown by 
equation (1). 

I,, = a, + cl,“, + ap: + qv: (1) 

The effect of IF source pull is to add a component to the 
voltage stimulus at the difference frequency, hence the 
stimulus voltage can now be described by equation (2). 

v, =C+Bcos(w,-q)+A[cos(q)+cos(o,)] (2) 

In this case the IM3 products are described usmg 
equation (3) Hence it is possible to reduce the IM3 
products, theoretically to zero by varying the value of B, 
using the IF source pull for a given drive A and bias C, 
cancelling the two a~ and a, IM3 components. 

‘I,M, =a2 (Atl)+a, 
t 
aA’+$AB2+3ABC 

I 
(3) 

III. ENVELOPE ANALYSIS 
Measuring the full spectral content of the voltage and 

cnmnt waveforms using the large signal measurement 
system provides both magnitude and phase information, 
however anal~is of these waveforms in the time domain 
becomes difficult due to the frequency difference between 
the IF component and the RF carrier, producing a large 
number of zero crossing points within the envelope of the 
signal. Hence the overlating of waveforms generated as a 
result of increasing input power becomes difficult to 
understand. Alternatively the analysis of the spectral 
content! could be performed in the frequency domain 
using the magnitude and phase, however again as the 
number of tones in the modulated signal increases so does 
the spectral complexity. Analysis of modulation 
measurements can be achieved using Envelope analysis 
[4] where the time varying complex envelope of the 
carrier is computed, using the modulation domain 
components consisting of the in phase I(t) and the 
quadrature phase Q(t) components computed using 
equations (4) and (5). Once computed an IQ-plot of the 
I(t) and Q(t) can, for example, be used to generate an IQ 
constellation diagram [51. 

(4) 

01 
Q. (f)= c -P,+, sin (i%t -h+,) 

,=-“I 
(3 
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In addition using the computed I(t) and Q(t) 
components of the carrier the magnitude and phase of the 
envelope can be reconshucted using equations (6) and (7). 

(6) 

(7) 

Figure 4 presents the measured I(t) and the Q(t) 
waveforms for the output current in terms of an IQ- 
constellation plot for two different IF source impedances, 
the normal caie of a short circuit and the optimum case of 
3OO.Q, at an output power of &IBm. In figure 4 the output 
I(t) and Q(t) waveforms, are phase referenced to the input 
voltage stimulus, shown in figure 5. This AM modulated 
input voltage signal, as expected has only a small Q(t) 
component. The main AM modulated I(t) components in 
both IM source impedance cases are almost identical. This 
is to be expected since the stimulus signal about the carrier 
was not intentionally varied. The small discrepancies 
observed in the shape of the two Q(t) waveforms result 
from slight differences in the magnitudes of the hcgh and 
low IM3 components present at the input. Since it can be 
assumed that the carrier components remain unchanged, 
tie advantage of meawing the full spechal contents of 
the stimulus voltage signal provides a meaus of observing 
the predistorted signal required to linearize the device, 
shown in figure 6 and can be described by equation (2). 

“+, I,,\ 
Fig. 4 Comparison of the output current I(t) and Q(t) 
waveforms as a result of preseuhng a Shnr C&it and a finite 
IF source Impedance. 

The Q(t) component present at the output of the device 
is mainly the result of the rotation of the IQ-constellation 
diagram. This rotation is caused by delays in the transistor 
causing the RF carrier to be phase delayed compared to 
the Ah4 modulation. The looping observed in the IQ- 

constellation diamam for the ootimum ootit demonsimtes 
1 . 

a slight asymmetry between the two output carrier 
CO*pO”~“tS. 

PhaSB’ 

Y,! ,111 

Rg. 5 Com~son of the input voltage I(t) and Q(t) 
waveforms as a result of a Short Circuit and a finite IF sotuce 
mFz%iance 

Redefining the time reference allows rotation of the IQ- 
constellation diagmm to the real axis. In this case the Q(t) 
component reduces to a very small value, similar to the 
input Where all the AM modulation information is 
contained in the I(t) term. The measured output I(t) 
waveform obtained for the two IF source impedance 
conditions, are shown in figure 7. In the case of the short 
circuit IF source impedance distortion is clearly observed 
in the waveforms, however when terminating the source 
impedance with the optimum termination of 3OOa an 
undistoned output signal results. 
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fig. 7 Output CUrrent I(t) wavefomls for two periods, after 
phase rotation mmimised the Q(t) component. The lbwrisation 
caused by the optimum IF source impedance is clearly observed. 

Using the magnitude of the output current envelope and 
the input voltage envelope, generated using equation (61, 
allows the waveforms to be analyxd in terms of an 
effective device transfer characteristic. This is shown in 
figure 8, wheE the output current is plotted as a function 
of the input voltage, for different IF source impedances. 
At low IF impedances it can be seen that this transfer 
characteristic has a diode like characteristic which has 
expansion at high drive levels, where at a high IF 
impedance, 6OOa the transfer characteristic is compressed 
at high drive levels. The 3OOn IF impedwce effectively 
linearizes the device resulting in a linear bxnsfcr 
characteristic at the carrier frequency. Plotted in this form 
demonstrates that in fact there is a slight 
overcompensation at 300R hence the optimum impedance 
must ideally be slightly less than 3000 hence a further 
reduaion in IM3 components is possible, 

IV. CONCLUSIONS 
Time domain measurement systems, combined with 

source-pull and load-pull, can now be utilised to at&x 
the large signal non-linear hehaviour of transistors under 
modulated excitation. Analysis of this time domain data 
has been developed to include envelope domain 
processing. This provides for improved insight into how 
the interaction of the transistor source and load impedance 
affects linearity. An example is discussed which shows 
how presenting modulated time domain waveform data in 
the envelope domain has allowed, for the first time, the IF 
source pull lineaisation of the amplifier at the carrier 
6equency to be directly observed in the time domain. 
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