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Abslracl -This paper presents new results for nun- 
linear measurements of active differential devices 
bused on a novel source system. The system provides 
both true-differential and commom-mode stimulus for 
CW and modulated RF signals, and presents results of 
non-linear operation of differential devices driven with 
such signals, which are compared with the same de- 
vices driven at the same levels using single ended drive 
and calculating the differential response. A remark- 
able result is that the later method performs very well 
for devices having common-to-differential isolation. 

1. INTRODUCTION 

Many wireless device topologies have moved to balanced 
(or differential) input drives from the traditional single- 
ended inputs and outputs. Previous work has shown that 
for passive devices, or active devices operating in their 
linear region, it is sufficient to measure the individual sin- 
gle-ended responses from a balanced device, and combine 
the results mathematically to obtain the differential or bal- 
anced response [I]. Here the linear region means the sig- 
nals are small enough such that the device behavior does 
not change with signal level. 

However, many active devices do not follow such a model 
for their behavior. For example, an amplifier might 
change it’s bias current between large signals and small 
signals. For such devices, it appears necessary to drive 
them with real-time signals that present the proper ampli- 
tude and phase relationships. These drive signals must be 
presented at the input ports (+ and -) of the DUT with the 
same amplitude and 180 degrees of phase difference, to be 
true differential signals. Previous work has shown that 
using true differential and common mode drives (true- 
mode drives) may result in less uncertainty for linear sys- 
tems [2], based on a stack-up of calibration residuals. 
For test equipment applications, hybrids may be used for 
to create these signals, but it can be difficult to control and 
maintain balance &am the hybrid port to the circuit con- 
nection. In test equipment applications, however, it may 
not be possible to control the interconnections suffXently 
well to maintain desired balance. For linear circuits, this 
imbalance may be corrected for [3], but for circuits operat- 
ing in a non-linear region, true-balanced drive may be nec- 

essary. For in-circuit applications, a bahm (balanced to 
unbalanced transformer) is often used, and is placed in 
close proximity to the device to avoid intrdducing any 
phase offset due to connections between the device and the 
balun. However these baluns do not allow investigation of 
the device response to common-mode signals, nor do they 
allow measurements of common-to-differential mode con- 
version terms. 

II. CREATING A DIFFERENTIAL SOURCE DRTVE 

The diff%zulties of creating differential or common mode 
drive signals have been ovacome with a novel signal- 
source architecture that allows creation of two CW or 
modulated source signals with arbitrary amplitude and 
phase control between the source outputs. These outputs 
can be electronically controlled with very fine resolution 
(less than 0.05 dB of amplitude control, and less than 0.1 
degree of phase control). The measurements section, 
which follows, will demonstrate that this tine level of con- 
trol is a requirement if the actual active device chaacteris- 
tics are to be determined. 

Fig. 1 shows a representative block diagram for the new 
source configuration. This first demonstration system 
makes use of three electronic signal generators (ESG) each 
of which have vector modulation capability. In this case, 
Agilent E4438B model ESGs were used, but with modifi- 
cations made to two of the ESGs. This model of ESG 
provides a portion of the synthesizer (CW) signal out the 
rear panel as a coherent carrier, as shown in the bottom 
ESG depicted in Fig. 1. The other two ESGs were modi- 
fied to” provide an input of a signal before the vector 
modulator, bypassing the internal source. The input for 
the middle ESG is the coherent carrier from the bottom 
ESG. This input is sent through the vector modulator, 
where DC controls are used to modify the phase of the 
output signal (as well as amplitude, if desired). This out- 
put signal is coherent with the vector output of the bottom 
ESG, and phase controllable. This signal is sent to the 
third, top ESG in Fig. 1 ., where it also bypasses the inter- 
nal sowce on the way to the vector output. For modulated 
signals, an arbitrary waveform generator (arb) is sent to 
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Differential (Balanced) source 

Figure 1: Block diagram for generating balanced modu- 
lated signals 

each of the bottom and top ESGs, such that the output sig- 
nals have the same modulation, but have phase control 
between the carriers. The phase of the signal out of the 
second ESG is controlled to set the output signals to 180 
degrees of phase difference, with the same amplitude. In 
practice, the internal arb of the first ESG is used to drive 
both the first and third ESGs. 

II. CALIBRATIN SOURCES & MAKING MEASUREMENTS 

For many practical applications of measurements, the 
balanced drive signal must be routed, often on PC board 
traces, to the tinal interface for the DUT. For CW meas- 
urements, the true-mode signals can be calibrated using a 
hvo-step process with a Vector Network Analyzer (VNA). 
The first step is to use a well-characterized power divider 
to provide a reference to the VNA to correct for phase and 
amplitude offset between the hvo input lines. Step two is 
to connect the differential outputs to the source, and char- 
acterize the amplitude and phase differences between the 
source outputs. This characterization should be done 
across power levels and frequency. 

Fig 2 shows a measurement system with a differential 
DUT making CW measurements. The VNA can measure 
both the power and the phase difference between the out- 
put ports. The mixed-mode S-parameters can be measured 
by first driving the DUT with a differential drive signal 
and measuring the resulting differential and common mode 
output signals. Then, a common mode input drive is ap- 

plied and the common and differential outputs again are 
measured. This can be done for different power levels to 
determine the non-linear response of the DUT. An input 
reference signal, not shown, is routed to the VNA refer- 
ence channel. Note that in this configuration, only the 
forward transmission (S21) terms are measured. But this 
is sufficient for many non-linear measurements of interest. 

The same system can be used to measure the single ended 
response of the amplifier, by terminating first one input 
and measuring the resulting outputs, then terminating the 
second input and again measuring the output. 

III. MEASUREMENT RESULTS 

Figure 3 shows the result of measuring a differential 
amplifier using hue-mode and single-ended measurements, 
presented as mixed-mode S-parameters, while sweeping 
input power. There are’ two remarkable aspects about the 
results shown. First, for the parameter Sdd in the upper 
left, the differential gain, there is no appreciable difference 
between single-ended and true-mode measurements, even 
at very high levels of gain compression. This indicates 
that single-ended measurements may be satisfactory for 
some devices in characterizing their non-linear perform- 
ance. This result has been repeated for a second differen- 
tial amplifier of a completely different design. Secondly, 
it is clear from the Sdc and See parameters (the common 
to differential mode conversion and the common mode 
gain, upper and lower right) that the common mode re- 
sponse is strongly dependent on the whether the device is 
driven in true-mode, or single ended. Consider an ampli- 
fier that has an input with good (low) common-mode to 

/ 

Figure 2: Measurement of a differential amplifier 
using e true-mode source and VNA 
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-Figure 3: Poikr Sweep Measurement resultsfdi a diffeienti~l sm$tiei uSir@ true mode (bolid) &id %i$ed 
ended mixed-mode (dashed) measurement techniques. X-axis is power, Y-axis is gain. 

differential conversion, then there will be little signal to 
drive the output stage. If the output stage is the principal 
cause of compression, then such an amplifier driven com- 
mon mode will not see much compression, as shown for 
Sdc in the upper right corner of Figure 3. The same situa- 
tion holds true for the See or common mode gain term. 
Conversely, for and amplifier driven in differential mode, 
the signal will nearly be the same in compressing the out- 
put whether one looks at the common mode output (Sdc) 
or the differential gain. One comment is important on 
drive level references: for signals driven in differential 
modes, it is necessary to change the X-axis (power axis) to 
reconcile the fact that the differential drive signal is hvice 
as large (6 dB higher) as the single ended drive, for the 
same drive power setting of the source. 

For the cross mode terms, such as Sdc and Scd, there 
must also be some adjustment to account for the proper 
impedance defined for each mode. In general, these terms 
(here for S21 transfer characteristics) can be expressed as: 

and from [l] the values of a and b can be found as 

where one can see that for See and Sdd, the impedance 
term cancels. The VNA measures the forward and reverse 
voltages (!,+ and V), so the values for the true-mode pa- 
rameters must be adjusted from the normal measured volt- 
age wave by 

and also from [l], the ratio of differential to common 
mode impedance must be 4: 1, so the correction factor be- 
COUES 

(4) 

In this case the voltages are the measured values on the 
network analyze channels b, a and I. The small steps in 
the Scd term (upper right, figure 3) are due to small (0.05 
dB, 0.1 degree) changes in the amplitude levels of the two 
input paths. Larger phase or amplitude uncertainties make 
the residual differential signal so large as to render the Scd 
term completely in error. 
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III. MODULATED MEASUREMENTS 

The measurements shown in Figure 3 are CW non-linear 
measurements, but the differential sources can be contig- 
ured to provide modulated signals as well. More complex 
tests such as Two-Tone intermodulation, EVM, ACLR 
etc., can be made in true-mode fashion if the drive signals 
are modulated. Measurements of these parameters require 
differential or common mode detection. Currently, there 
are no RF spectrum analyzers that provide for differential 
inputs. However, one can simulate that function by using 
a hybrid to separate out the differential and common mode 
responses to differential and common mode complex 
modulated input drives. Figure 4 shows the spectrum of a 
two-tone differential-drive signal measured for its differen- 
tial and residual common-mode content. The measure- 
ment of the common-mode drive shows a similar differen- 
tial residual. Figure 5 shows in the upper plot the TO1 
distortion measurement of the amplifier of Fig. 3 measured 
with a true-mode differential drive. The lower plot shows 
the same measurement driven from a single ended (+ in- 
put) drive. Remarkably, there is almost no difference in 
the result of these measurements, indicating that it may not 
be required to drive the amplifier with true-mode to get a 
reasonable answer for the differential TO1 response. Fig- 
ure 6 also shows a TO1 measurement, but this time for a 
true-common-mode drive signal in the upper plot, and 
again a single-ended drive in the lower plot. Here it is 
clear that the hue-mode drive shows no distortion created 
in the common mode, where the single ended drive shows 
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Figure 4 Upper: Differential input 
drive and Lower: residual common 
mode signal. 

substantial distortion being created. From this one might 
conclude that it is required to drive this amplifier in true- 
mode if the common-mode distortion is the desired meas- 
urement parameter. 

v. CoNCLUsIoN 

This abstract shows the results from a new method for 
creating differential CW and modulated signals. The full 
paper will include the details of the source architecture 
used to create these signals. The results show that in sotne 
cases that single ended drive has good correlation with 
true-mode drive (for differential drive and response) but 
the single-ended drive sometimes yields quite different 
results, especially for large common mode drives in a dif- 
ferential amplifier. 
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Figure 5 Amplifier output with (up- 
per) true-differential-mode drive 
and (lower) single ended drive 
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Figure 6 Amplifier output with 
(upper) true-common-mode drive 
and (lower) single-ended drive 
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