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Abstract 

In this bachelor thesis three automatic measurement systems, for 
characterizing RF components, have been designed and verified. The 
measurement systems are designed to measure RF-parameters such as IIP3, 
P1dB, Gain and NF. These parameters are commonly used to characterize 
components used in RF-design. 

A program has been designed for each measurement system. The 
programming was solely performed in HP VEE. The purpose of the programs 
is to control the instruments, via GPIB, in the measurement systems and 
perform necessary calculations during runtime to display results for the RF-
parameters mentioned above. The results are written to Excel files and 
plotted in the GUI during runtime. 

A verification of the measurement systems repeatability and precision has 
been performed. The originally specified requirements have been partly 
fulfilled. After discussing the results with the supervisor, all programs were 
approved concerning repeatability and precision. 
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1 Background 

Measurements of essential RF-parameters are being made in radio design to 
characterize RF-components. So far at EAB/PDB/LA, these measurements 
have been conducted manually. This procedure is very time-consuming. The 
accuracy of the measurements can also differ from time to time. In order to 
make the measurement procedure more time-efficient and more accurate, 
EAB/PDB/LA decided that an automatic measurement system was to be 
developed. 

2 Introduction 

This bachelor degree project is divided into three sub projects; identifying 
measurement equipment, simulations of calculation processes and 
programming in HP VEE. 

The purpose of this bachelor degree project was to create automatic 
measurement systems including control programs, using HP VEE, in order to 
make automatic measurements of the following parameters: 

• NF 
• Gain 
• IP3 
• P1dB 

These parameters are commonly used to characterize RF-components. 

The results from the measurements are supposed to be visualized graphically 
during program-runtime. Furthermore, the resulting data shall be stored in 
Excel files, in the working directory. 

A user guide for each program and a programmer’s guide are to be made. 
The user guides are supposed to contain measurement setups as well as a 
full explanation of the measurement application. The programmer’s guide is 
supposed to be a manual for further development of the programs such as 
creation of device drivers. 

Each program will be developed for one specific setup of instruments 
depending on what component/parameter is to be studied. The program 
scripts will be written with consideration to the fact that the instruments can be 
substituted. 

The objective of this bachelor degree project is to make user friendly 
programs in HP VEE in order to minimize the time effort in characterizing RF 
components. 
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2.1 Project Specifications 

According to the original specification the objective of the bachelor degree 
project was to design an automatic measurement system including a control 
program in HP VEE to measure the parameters Gain, IP3, P1dB and NF on 
SISO (single input, single output) components. During the entire progress of 
the bachelor degree project, the specification has been slightly modified and 
clarified. 

No error tolerances of the measurement results were specified in the original 
project specification. 

Additional requirements were added to the degree project after discussions 
with the supervisor, changing the project specification. These requirements 
will be presented in sections 2.1.1 – 2.1.3. 

2.1.1 P1dB & Gain 

The absolute error tolerance was set to a maximum of 0.1 [dB]. This yielded 
more strict demands on the numerical error tolerances and instruments 
internal errors. 

The program for P1dB & Gain shall be modified to include measurements of 
mixers, components that have two inputs and one output. 

2.1.2 IIP3 & IM3  

Eq. (3.2k) [1] gives an approximate value of IIP3. By experience made in the 
project this formula seemed to be poor in this application due to that the RF 
components tested are non-ideal. Consequently, the program was modified to 
measure not only IIP3 but also IM3 because this gives a more complete view 
of the nonlinear behavior of the measured component. This modification was 
approved by the supervisor. 

An extension of the program to include measurements of mixers shall be 
made.  

2.1.3 NF 

The program regarding NF shall be extended to also include mixers. 



 PA1;1 *  
 Open 

REPORT 
 

8 (134) 
Prepared (also subject responsible if other) No. 

Markus Hellgesson, Daniel Andersson EAB/PDB/L-05:0003 Uen 
Approved Checked Date Rev Reference 

  2005-06-10 PA1  
 

2.2 Design software 

The software used for programming during this project was solely Hewlett 
Packard Visual Engineering Environment (HP VEE) version 5.01. The 
software is a graphical programming language optimized for instrument 
control. The graphical programming denotes that the programmer creates the 
program simply by connecting icons together using the mouse. The result of 
this procedure resembles a data-flow diagram, which in most cases is more 
understandable than traditional lines of code. A big disadvantage with this 
kind of programming is that it can be quite incalculable when a program gets 
to be complicated. 

HP VEE offers a lot of features in creation of programs which are supposed to 
control measurement equipment. Among the features can be mentioned that 
the programmer is able to create libraries containing device drivers. This 
simplifies the ability to control multiple instruments via GPIB. 
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3 Theory 

All RF-components, linear as well as nonlinear, give rise to nonlinear 
phenomena which are very important and interesting to study. For a nonlinear 
system, the output signal can be described as  

( ) ( ) ( ) ( ) ...3
3

2
21 +++≈ txtxtxty ααα ,   (3a) 

where x(t) is the input signal and αi are coefficients depending of 
characteristics of the component. For time-invariant systems, αi are 
constants. All RF components are time-invariant. 

For simplicity, focus is set on the first three terms. 

Applying a sinusoid, x(t) = A·cos(�t), to the system leads to the output 
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As seen in (3b), according to [1], the output consists of frequency components 
that are integer multiples of the input frequency. The input frequency term is 
called fundamental and the multiple frequency terms are called harmonics. 

3.1 P1dB & Gain 

The gain is defined as the input-output ratio of a signal passing a component. 
If �1A (3b) is much greater than all the other factors containing A, Gain is 
calculated simply by dividing the output power level with the input power level 
as in (3.1a), according to [1]. 

in

out

P
P

G =          (3.1a) 

When the measured signal levels are expressed in [dBm], the gain of a 
component is simply calculated as the output power minus the input power of 
a DUT and stated in [dB]. 

][dBPPG inout −=         (3.1b) 

When finding the small-signal gain of a component, harmonics are often 
neglected. This assumption holds for the case when α1A is much greater than 
all the other factors containing A. In this case, the small-signal gain is equal to 
α1. 
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As the signal amplitude increases, the gain begins to vary. This can be seen 
in (3b), where the term 3�3A3/4 is added to �1A. 

In a nonlinear component the gain will eventually decrease when the input 
power increases. At this state, the component enters compression. In RF-
design this is a very important phenomenon and therefore the parameter 
P1dB has been defined. P1dB, 1-dB compression point, is the point where the 
output power of a component is 1 [dB] less than it would have been if it were 
linear and is therefore a measure of linearity. See figure 3:1 for clarification. 

dBP1

outP [ ]dBm

[ ]dBminP
 

Figure 3:1 Graphical presentation of P1dB 

In order to calculate the 1-dB compression point, the following can be written 
from (3b), according to [1]. 
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where A1-dB is the amplitude of the input signal at P1dB. 
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3.2 IIP3 & IM3 

In a nonlinear component, intermodulation (IM) products emerge when 
injecting two signals with different frequencies into it. This phenomenon arises 
from mixing (multiplication) in the nonlinear component of the two tones when 
their sum is raised to a power greater than 1. 

For clarification, assume that (3.2a), according to [1], is injected into the 
system mentioned above. This gives the output (3.2b). 

( ) tAtAtx 2211 coscos ωω +=       (3.2a) 
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From this, the following IM products are found (discarding the dc terms and 
harmonics) in (3.2c), according to [1]. 
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The fundamentals are also affected in the component. 
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The most significant problem with intermodulation is that signals at 2�1-�2 
and 2�2-�1, third order IM products (IM3) arise. If the difference between �1 
and �2 is small, the IM3 appears near the two tones, see figure 3:2. 
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Figure 3:2 IM products. 

If a weak signal is injected into an amplifier along with two interferers, the 
interferers can, due to IM in the amplifier, corrupt the weak signal. This is 
significantly degrading the performance in RF systems since RF-applications 
operate in specific frequency bands and interfering signals in an adjacent 
band can originate from other type of RF-applications. 

The problem with interfering third order IM products is common and so critical 
that a performance metric called third-order intercept point, IP3, has been 
defined. 

To measure IP3, two signals with different frequencies but equal amplitudes 
are injected into the DUT at such a low input power level that the gain is 
relatively constant and equal to α1. As seen in (3.2c) and (3.2d), the output 
power of the fundamentals increases in proportion to the input power whereas 
the output power of the third order IM products increase in proportion to the 
input power cubed. The slopes of the fundamentals and IM3 are 1 [dB/dB] and 
3 [dB/dB] respectively, when the output power versus input power is plotted 
logarithmically. IP3 is defined as the point where these two curves intercept, 
see figure 3:3 and is a good measure of linearity of the DUT. IP3 can be 
presented as input IP3 (IIP3) or output IP3 (OIP3), simply referring to the input 
power or the output power at the intercept point, respectively  

 �    �1     �2 
      2�1 -�2    2�2 -�1 
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Figure 3:3 The third intercept point. 

To calculate IP3, a simple expression can be derived from (3a). If x(t) = 
Acos�1t + Acos�2t, the output is given by (3.2e). 
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The fundamentals and IM3 have the same output power level at the input 
power level given by (3.2f) if �1 >> 9�3A2/4. 

3
3331 4

3
IPIP AA αα =        (3.2f) 

This gives the input IP3  

3

1
3 4

3
α
α

=IPA         (3.2g) 

whereas the output IP3 is �1AIP3. 

IIP3 

OIP3 

Input power level 

Output 
Power 
level 

Fundamentals 

Third order 
intermodulation products 
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IP3 can only be calculated using values of input and output power level in the 
linear range of the DUT. This, due to the facts that when exceeding the linear 
range, the gain decreases, higher-order IM products become noteworthy and 
the relation �1 >> 9�3A2/4 is no longer true. To find the IP3, the fundamentals 
and third-order IM products are therefore characterized as shown in figure 
3:4. 

IP3 can also be measured quickly with the following method: With the input 
level (same amplitude for both components of the two-tone signal) Ain and the 
output levels A�1,�2 and AIM3, respectively, using (3.2e), (3.2h) is obtained. 
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(3.2h) inserted into (3.2g) gives (3.2i). 
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Presenting it logarithmically gives (3.2j). 
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This yields that when the power levels are expressed in [dBm], IIP3 is equal to 
half the difference between the fundamentals and the third-order IM products 
output power levels plus the corresponding input level, see (3.2k) and fig. 3:4. 
Since this measurement is performed at one input power level, the need for 
input power level sweep and extrapolation is obsolete, wherefore this method 
is the quicker one. On the other hand, this gives merely an approximate value 
of IP3. The extrapolation described above is essential to get the actual value 
of IP3. By using equation (3.2k), according to [1] the assumption is made that 
the slope of the IP3 curve is exactly 3 [dB/dB] whilst the extrapolation, in the 
linear range of a component, gives a more real value of the slope of the 
curve.  

dBmin
dB

dBm P
P

IIP |
2
|

|3 +∆=        (3.2k) 
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Figure 3:4 Calculation of IP3 and graphical interpretation of (3.2k). 

3.3 NF 

SNR (signal-to-noise ratio) is a very important parameter in RF circuits. It is 
defined as the ratio of the signal power to the total power of the noise. The 
optimal is to have an SNR as high as possible. To measure how much the 
SNR is diminished when a signal passes through a circuit, Noise Figure (NF) 
is used. NF is defined as in eq. (3.3a), according to [1].  

out

in

SNR
SNR

NF = .        (3.3a) 

SNRin is the signal-to-noise ratio measured at the input of the circuit, while 
SNRout is the same, measured at the output. For a noiseless circuit, SNRin = 
SNRout, making the NF equal to one. For non-ideal components NF is greater 
than one. 
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4 Measurement setup 

In the startup phase of this bachelor degree project the agreement was to use 
equipment available in the laboratory of PDB/LA at EAB. 

The recommendation was to keep the measurement setups as simple as 
possible. 

4.1 P1dB & Gain 

To measure P1dB & Gain, RF-power is injected into the DUT. The output 
power is then measured during a sweep of input power. When measuring on 
a mixer a local oscillator is also included. Therefore the architectures 
presented below fit these measurement applications.  

 

 
Figure 4:1 Final architecture used for measuring P1dB & Gain on SISO components. 

 
Figure 4:2 Final architecture used for measuring P1dB & Gain on mixers. 
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The instruments listed below in table 4:1 are used during these measurement 
setups. 

 
Table 4:1 Instruments used in the measurement setup for P1dB & Gain 
measurement. 

Instrument type Vendor Model Inventory number 

Signal Generator Hewlett Packard 8648C Y02443 

Signal Generator Hewlett Packard 8648C Y02405 

Power Meter ROHDE&SCHWARZ NRVS 202198 

Thermal Power Sensor ROHDE&SCHWARZ NRV-Z51 202194 

The filters included in the measurement systems depicted in figures 4:1 and 
4:2 are necessary since all nonlinear components give rise to undesired 
frequency components, especially when entering compression or mixing. 

The thermal power sensor included in the measurement systems measures 
the power emitted in the entire frequency spectrum. This implies that the 
thermal power sensor measures desired and undesired frequency 
components when the DUT enters compression. 

Initially, Hewlett Packard, spectrum analyzer, 8563E, BYY26131 was 
recommended to be used in the measurement systems. After testing, this 
instrument proved to have less accuracy than required, wherefore the power 
meter with the thermal power sensor was employed. 

The power meter had the accuracy required in the specification. Due to this, 
no other equipment was tested.  

The measurement system can be improved by replacing the power meter with 
the thermal sensor for a spectrum analyzer with good enough accuracy. This 
would eliminate the need of filtering. Furthermore, the total number of 
instruments required for all measurement systems would decrease. 
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4.2 IIP3 & IM3 

To measure IM3, a two-tone RF-signal is injected into the DUT. The output 
power of fundamental and third intermodulation product powers are then 
measured during a sweep in input power. When measuring on a mixer a local 
oscillator is also included. Therefore the architectures presented below fit 
these measurement applications. 

 
Figure 4:3 Final architecture used for measuring IM3 on SISO components. 

 
Figure 4:4 Final architecture used for measuring IM3 on mixers. 
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The instruments listed in table 4:2 are used in the measurement system for 
measuring the parameter IM3. 

 
Table 4:2 Instruments used in the measurement setup for IIP3 & IM3 measurement. 

Instrument type Vendor Model Inventory number 

Signal Generator Hewlett Packard 8648C Y02443 

Signal Generator Hewlett Packard 8648C Y02405 

Signal Generator ROHDE&SCHWARZ SME 03 Y02455 

Signal Analyzer ROHDE&SCHWARZ FSIQ 26 607361 

Power Divider NARDA 4321B-2 YD5333 

Initially, Hewlett Packard, spectrum analyzer, 8563E, BYY26131 was used in 
the measurement system. Due to internal errors, the received data from 
8563E was proven incorrect. When querying the result, the spectrum analyzer 
sometimes returned the previous measurement result instead of the present. 
Therefore it was decided that the FSIQ 26 was to be used instead. The origin 
of the internal error has not been further investigated in this bachelor degree 
project. 

The equipment used in these measurement setups was thoroughly tested and 
proved to meet the demands of acceptable accuracy and precision. No 
alternatives have been found. 

The measurement of IM3 is rather time-consuming due to slowness of FSIQ 
26. The slowness of FSIQ 26 depends mainly on that the drivers designed by 
EAB for this instrument contains relatively long delays. The purpose of these 
delays is to ensure that the instruments receive sent commands before the 
next part of the program is executed. 

This might be rectified by usage of another spectrum analyzer or to regulate 
the device drivers. 
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4.3 NF 

To measure NF, a noise source is connected to the spectrum analyzer acting 
as an NF meter. The output noise from the noise source is injected into the 
DUT. This particular NF meter requires a preamplifier, after which the added 
noise is measured, thus calculating the NF. When measuring on a mixer a 
local oscillator is also included. Therefore the architectures presented below 
fit these measurement applications. 

 

 
Figure 4:5 Final architecture used for measuring NF on SISO components. 

 

 
Figure 4:6 Final architecture used for measuring NF on mixers. 
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The instruments listed in table 4:3 are used in the measurement system for 
measuring the parameter NF. 

 
Table 4:3 Instruments used in the measurement setup for NF measurement. 

Instrument type Vendor Model Inventory number 

Preamplifier Hewlett Packard 87405A YF1688 

Noise Source Hewlett Packard 346B Y02013 

Spectrum Analyzer Hewlett Packard 8594E YY1861 

Signal Generator Hewlett Packard 8648C Y02405 

The spectrum analyzer, 8594E, mentioned above has a built in option 
enabling noise figure measurements.  

The original course of action was to use an NF meter, HP 8970B. Due to 
electrical failure of the instrument, it had to be replaced by 8594E. 

No alternative instrument has been tested nor found during this bachelor 
degree project. 
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5 Implementation 

5.1 Measurements 

Measurements were conducted before, during and after the design of the 
software. Conducted measurements before the software design had the 
purpose to gain an understanding of what results would be expected. These 
measurements were performed on a SISO component. 

During the design and development of the software measurements were 
performed in order to develop and verify algorithms. 

In the final phase and after further programming further verification 
measurements were performed in order to verify the accuracy and 
repeatability of the automatic measurement systems. 

For further information of how the different measurements are conducted, see 
User’s Guide attached to this document. 

5.2 Simulations 

Throughout this bachelor degree project a number of simulations have been 
made in MATLAB environment. These simulations were conducted in order to 
find an optimal numerical method suited to calculate each parameter studied. 
It was found that numerical methods were applicable in the P1dB & Gain 
measurements only. The numerical method, including a power sweep, to find 
IIP3 did not work in practice. The reason for this is explained in chapter 8. The 
numerical method found by simulating was implemented into the HP VEE 
measurement program. 

IIP3 & IM3 simulations were conducted in order to gain an intuition for how the 
parameters behave and arise. 

5.2.1 P1dB & Gain 

A manual measurement was conducted to collect measurement values of 
input as well as output power in a pre-specified power range. These values 
were directly imported into MATLAB, as two arrays. A plot was made of 
output power as a function of input power as shown in figure 5:1. 
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Figure 5:1 Manual measurement results. 

The values were measured with a thermal power sensor connected to a 
power meter. 

Since the error tolerance was set to maximum 0.1 [dB], an exceedingly small 
increment of input power had to be made in each step. This was not possible 
since the signal generator used had a maximum resolution of 0.1 [dB]. The 
step between each input power increment was set to 0.5 [dB]. This resolution 
was not sufficient to find a value of P1dB accurate enough. This motivated the 
need for a numerical method to find P1dB. The numerical method used during 
the simulation is described below in precedence order. 

An artificial input power vector was created. This vector contained values 
throughout the input power range (-20 to 10 [dBm]) with increment size 0.05 
[dB]. This was done to achieve the specified accuracy of P1dB. 

The first 20 measurement points in the linear range of figure 5:1 were used to 
perform a linear regression. The regression gave coefficients of a first order 
polynomial used in a straight line equation (5.2.1a) with the artificial input 
power vector as an input argument forming an extrapolated straight line. 

( ) cmxxf +=     (5.2.1a) 

The extrapolated straight line depicts the expected output power as a function 
of input power if the DUT would not enter compression. 

Figure 5:2 shows the extrapolated straight line along with the measured data. 
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Figure 5:2 Manual measurement results together with extrapolated curve of expected 
output power as a function of input power. 

Since the resolution was not sufficient to find a value of P1dB accurate 
enough, the need for linear interpolation of the entire data range of figure 5:1 
was motivated. The linear interpolation gave coefficients for a 7th order 
polynomial to approximate the dotted curve plotted in figure 5:1. The input 
argument to the 7th order polynomial (5.2.1b) was again the artificial input 
power vector. 

( ) 7
7

6
6

5
5

4
4

3
3

2
210 xaxaxaxaxaxaxaaxf +++++++=  (5.2.1b) 

Figure 5:3 shows the approximated polynomial along with the measured data. 
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Figure 5:3 Measured values along with the interpolated curve as an approximation for 
the output power. The output power is approximated with a 7th order polynomial. 

The last step of this simulation was to find input P1dB. This was done by 
calculating the difference between (5.2.1a) and (5.2.1b) throughout the 
artificial input power vector. At the point where the difference for the first time 
exceeded 1, P1dB had been found with a numerical error of maximum 0.05 
[dB]. 

Figure 5:4 shows P1dB found with this method.  
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Figure 5:4 Final result of the calculation of P1dB in MATLAB environment. 

5.2.2 IIP3 & IM3 

The purpose of this analysis was exclusively to gain an understanding of how 
the third intermodulation products arose and how it could be measured to 
calculate the parameter IIP3. The procedure was to build an algorithm on a 
theoretical basis to create a simulation environment before transforming it into 
reality in HP VEE.  

Equations (3.3a) and (3.3b) were used in MATLAB along with a fast Fourier 
transform to create an understanding of how the fundamentals and third order 
intermodulation products arise and behave in the frequency domain. In eq. 
(3.2b), the frequencies of the cosine terms were set to 10 and 12 [units], 
respectively and the amplitude was set to 0.8 [units]. �1, �2 and �3 were set to 
1, 0.5 and 0.25, respectively.  

The MATLAB script-file shown below was used to simulate the calculation of 
IIP3. 
 
% Define two frequencies. 
omega1 = 10; 
omega2 = 12; 
% Define start amplitude 
A = .7; 
n = .01;  
% Create a for-loop. 
for i = 1:10 
    % Declare step-interval 
    Th = .001; 
    Fh = 100*Th; 
    % Create time-vector. 
    T = ((0:Th:10).*2*pi)'; 
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    % Create a cosine waves. 
    Y1 = A*cos(omega1*T); 
    Y2 = A*cos(omega2*T); 
    % Intermodulate these waves to the third order. 
    % Create alpha 1. 
    alfa = 1; 
    % First intermodulation product. 
    YY1 = alfa.*(Y1 + Y2).^1; 
    % Decrease alpha 1 = alpha 2. 
    alfa = alfa/2; 
    % Second intermodulation product. 
    YY2 = alfa.*(Y1 + Y2).^2;; 
    % Decrease alpha 2 = alpha 3. 
    alfa = alfa/2; 
    % Third intermodulation product. 
    YY3 = alfa.*(Y1 + Y2).^3; 
    % Make sum..... 
    Y4 = YY1 + YY2 + YY3; 
    % FFT.... 
    Y5 = fft(Y4); 
    % Absolute value of FFT. 
    Y5 = abs(Y5).*(1/5000); 
    % Create frequency vector and scale it. 
    f = (0:Fh:1000)'; 
    % Trace IIP3. 
    for k = 1:length(f) 
        fnew = f(k); 
     
        if fnew == omega1 
            A1 = Y5(k); 
        end 
        if fnew == 2*omega1 - omega2 
            A2 = Y5(k); 
        end  
    end 
    P1(i) = 10*log10(A1); 
    P2(i) = 10*log10(A2); 
    X(i) = 10*log10(A); 
    % Calculate delta_P. 
    deltaP = abs(P1 - P2); 
    % Input Power. 
    Pin = 20*log10(A); 
    % Calculate start coordinates. 
    A = A + n; 
end 
% Regression. 
N = 1; 
R1 = polyfit(X,P1,N); 
R2 = polyfit(X,P2,N); 
x = (-3:.0001:7)'; 
% Extrapolate. 
Y1 = polyval(R1,x); 
Y2 = polyval(R2,x); 
% Find IIP3... 
tol = .00012; 
for k = 1:length(Y1) 
    Y1new = Y1(k); 
    Y2new = Y2(k); 
    Xnew = x(k); 
    if abs(Y1new-Y2new) < tol 
        IIP3 = Xnew; 
        Y = (Y1new + Y2new)/2; 
    end 
end 
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Figure 5:5 Frequency spectrum from the IIP3 & IM3 simulation. 

The two peaks at the frequencies10 and 12 [units] are the fundamentals and 
the two peaks at frequencies 8 and 14 [units] are the 3rd intermodulation 
products. 

The mean value of the amplitudes both for the fundamentals and IM3 were 
calculated. These mean values were then stored in two different arrays. This 
procedure was repeated throughout an amplitude range from 0.7 to 0.8 
[units]. The arrays are plotted in figure 5:6 in logarithmic scales. 
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Figure 5:6 Values stored in the two arrays. 

The circled data points in figure 5:6 represent the output power of the 
fundamentals with respect to the input power. The stared data points show 
the output power of the third intermodulation products as a function of the 
input power. 

Two linear regressions were made on the values stored in the two arrays 
containing the mean powers. An artificial input power vector was created 
using a very small step interval. The coefficients given by the linear 
regressions were used to extrapolate two straight lines as functions of the 
artificial input power vector. 

The intercept point between the two lines was found by iteration. Figure 5:7 
shows the extrapolated curves along with the calculated data points. 
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Figure 5:7 Extrapolation to find the third-order intercept point. 

The dashed line of fig. 5:7 is the extrapolated curve representing IM3. This 
curve has a slope equal to 3 [dB/dB]. The solid line in the figure represents 
the fundamentals. The slope of this curve is equal to 1 [dB/dB]. 

When the intercept point had been found the third-order input intercept point 
(IIP3) was stored in an array. The frequency was incremented and a new 
calculation of IIP3 could take place. 
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5.3 Programs 

All three programs designed in this bachelor thesis have been made in HP 
VEE version 5.01. 

The first thing to do when designing each of the programs was to create a 
pseudo code. That is, to write down an appropriate algorithm that can be used 
to control all instrumentation and perform the necessary calculations. The 
creation of the pseudo codes and the programs itself was an ongoing 
process, since slight adjustments were made during the entire design 
process.  

Before the actual programming process could be launched the instrument 
drivers for the instruments used in each application had to be included. This 
was done by importing special library files into the working directory. The 
libraries contain the instrument drivers needed to be able to control the 
instruments. 

EAB already holds a HP VEE library of developed instrument drivers used for 
integration and verification of BTS products. Some instruments libraries had 
to be made. The creation of the instrument drivers included in the libraries is 
described in the Programmer’s Guide attached to this document. 

5.3.1 P1dB & Gain 

This program was the first program designed in this bachelor thesis. The 
program has been constantly improved throughout this project.  

Since the program was developed in a graphical programming language there 
was always a risk that the program would become unstructured. This risk was 
reduced by dividing the program into different parts. A rough description of 
how the different parts are designed in the program can be seen below.   

• Initialization. 

• Loops. 

• Initiate RF-generators. 

• Collect values. 

• Calculation. 

• Write. 

To create a deeper understanding for the structure of the programs a very 
thorough description of the different parts of the structure will be made under 
the sections of this chapter. 
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Figure 5:8 shows a flowchart of the main structure of the program. 

 
Figure 5:8 Main structure of the P1dB & Gain program. 
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Table 5:1 shows a complete list with the variables, along with a description, 
used in the P1dB & Gain measurement program. 

 
Table 5:1 Variables used in P1dB & Gain measurement program. 

Variable name Description 

Calib_in Contains calibrated loss/gain from RF-generator -> 
DUT. 

Calib_out Contains calibrated loss/gain from DUT -> power 
meter. 

Calib_LO Contains calibrated loss/gain from LO RF-generator -> 
DUT. 

Frequency Contains the current frequency value. 

Gain Contains the calculated gain of the DUT. 

interpolation Contains the coefficients of a 7th order polynomial 
approximation. 

MaxSensorPower Contains the entered maximum input power level into 
power meter. 

P_in Contains the current input power value. 

P_IN_temp Contains the input power value where measured P1dB 
has been reached. 

P_max_linear Contains entered value of upper limit of the linear 
range. 

regression Contains the coefficients of a 1st order polynomial 
approximation. 

Use_mixer Contains value true or false depending on which type of 
measurement that has been specified. 

x_value Contains the current artificial input power value. 

High_side Contains value true or false depending on if high or low 
side injection is used. 

Mix_up Contains value true or false depending on if the mixer 
mixes up or down in frequency. 
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5.3.1.1 Initialization 

The user has to define what type of RF component is to be measured when 
the program is launched. This is done by inserting a predefined object in the 
form of a message box. Message boxes can be formed as questions. The 
question then serves as a crossroad of which the user has to answer e.g. yes 
or no. 

The user has to state whether to measure a mixer or not. The value true or 
false is stored in a variable named Use_Mixer. If Use_Mixer is set to true the 
user has to define whether it is a high or a low side injection type of mixer. 
Another variable, High_side, is set to either true or false. 

If a mixer is defined as the DUT the library for the LO RF-generator is 
imported and the (GPIB) IO address is set on the LO RF-generator. The LO 
RF-generator is then reset. How to verify the GPIB addresses is described in 
the Programmer’s Guide attached to this document. 

Figure 5:9 visualizes a flowchart describing the initialization of the instruments 
used in the measurement system for measuring P1dB & Gain. 
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Figure 5:9 Initialization of instruments in the measurement setup. 
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The libraries for the power meter and the RF generator are imported. This 
enables the initialization of the instruments. The IO addresses are sent to the 
instruments and communication between the program and the 
instrumentation is established. 

The resolution is set to medium and the filter is set to 3 on the power meter. 
Resolution medium implies that the significance of the digits displayed from 
the power meter is set to two decimals. The filter setting means that the 
power meter averages over three values. 

The RF generator is reset and the power meter is calibrated. The program 
waits for the power meter to get calibrated. When the calibration is finished, 
the user has to press OK to confirm that the power meter is calibrated. 

An Excel file is then initialized and time stamped. This enables data to be 
written to it further down in the program. The values that are to be stored in 
this file are values on frequency, gain and P1dB. 

The program then checks if the variable Use_Mixer is true. If so, the user is 
asked whether the mixer mixes up or down in frequency. Another variable 
Mix_up is set to either true or false. The user then has to input intermediate 
frequency, LO power level and the calibrated cable loss between the LO RF 
generator and the DUT. All three values are stored in variables IF_frequency, 
LO_power_level and Calib_LO respectively. If the variable Use_Mixer is false 
the program skips the last part. 

Calibrating data of losses between RFGEN and DUT as well as DUT and 
power meter then has to be inserted by the user. These values are stored in 
variables Calib_in and Calib_out respectively. The user also has to define a 
linear range. This is done by input values for the variables P_min_linear as 
well as P_max_linear. It is very important that the user defines a linear range 
of the component to make sure the numerical calculations work properly. 

The user shall enter the maximum allowed power level into the thermal power 
sensor. This value is stored in a variable called MaxSensorPower. This 
variable is used in the program as a redundancy. If the output power of the 
DUT gets too close to the value stored in MaxSensorPower the program is 
stopped. 

The last thing the user does in this section is to state values for the frequency 
range and the number of points to be measured. The step interval of the 
frequency loop is then calculated according to eq. (5.3.1.1a) below. 

1___ −
−=

sintpofrequencyofnumber
LFQUFQ

step   (5.3.1.1a) 

The values of UFQ (upper frequency), LFQ (lower frequency) variables and 
the step interval are exported to the for-range object of the frequency sweep. 
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Figure 5:10 shows the flowchart of the last part of the initialization section. 

 
 

 
Figure 5:10 Last part of the initialization process described in subchapter (5.3.1.1). 
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5.3.1.2 Loops 

A frequency loop composes the outer loop of the program. This loop is 
designed as a range from the value stored in the LFQ variable to the value 
stored in the UFQ variable, set by the user in the previous section. The step 
interval used is calculated as displayed in eq. (5.3.1.1a). 

A power loop represents the inner loop of the program. It is designed as a 
sweep in power until break. This implies that the loop will go on until a break 
object emerges in the program execution. There are no input arguments to be 
imported to this object. This loop is terminated for the following conditions: 

• 1-dB-compression point is passed by 2 [dB]. 

• Input power into thermal power sensor is greater than 
MaxSensorPower. 

A third loop is designed inside both the frequency and the power sweep. This 
loop will go on until a break object is reached. The purpose of this loop is to 
compare expected (extrapolated) output power with (interpolated) actual 
output power as functions of input power to be able to find the input P1dB 
value. This loop is broken after the write section of the program has been 
executed which occurs when the P1dB has been calculated. 

5.3.1.3 Initiate RF-generators  

This section of the program occurs after stepping into the frequency loop but 
before the power sweep. 

A variable named Frequency is given the value of the current frequency in the 
frequency sweep. 

The program then checks if the variable Use_Mixer is true or false. If 
Use_Mixer is true the following scenario arises: 

1. The input power level to the LO RF generator is calculated in 
accordance with eq. (5.3.1.3a). The resulting value is sent via GPIB to 
the generator. 

2. The LO RF generator is enabled. 

3. The program checks whether the variable High_side is true or false. 
Depending on which, the frequency sent to the LO RF generator is 
Frequency + IF_frequency (high side injection) or Frequency – 
IF_frequency (low side injection). 

4. The program checks if the variable Mix_up is true or false. If true the 
frequency sent to the RFGEN RF generator is the intermediate 
frequency. If false the frequency sent is the current frequency in the 
sweep. 
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If Use_Mixer is false the frequency sent to RFGEN is the current frequency in 
the frequency sweep.  

LOCaliblevelpowerLOsentlevelPower _____ +=  (5.3.1.3a) 

The variable P_in is calculated as depicted in eq. (5.3.1.3b). 

Calib_InarP_min_lineP_in +=    (5.3.1.3b) 

The content in P_in is sent to the RFGEN RF generator. 

Figure 5:11 depicts a flowchart of the structure of the program in this 
subchapter (5.3.1.3). 

 

 
Figure 5:11 Structure of the program described in subchapter (5.3.1.3). 
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5.3.1.4 Collect values 

This section is executed inside the frequency and the power loop. 

The value stored in the variable P_in is loaded and sent to the RFGEN RF 
generator. This is done each time the power sweep starts. 

The power on the output of the DUT is measured by the thermal power 
sensor and delivered to the power meter. The power displayed on the power 
meter is returned back into the program via GPIB and will be compared with 
the value stored in the variable MaxSensorPower. If the output power from 
DUT is greater than MaxSensorPower, the power loop is terminated. 

A delay of 0.5 [s] is inserted to assure that the power meter is stable. After 
this the program proceeds into a user function called “GetPower”. This is 
done once every round in the power sweep. The following takes place inside 
the user function displayed in precedence order: 

1. The current value stored in P_in is retrieved. P_in is increased by 0.5 
[dBm] and stored once again in P_in. This is done to achieve a step 
interval of 0.5 [dBm]. 

2. The value stored in P_in minus the value stored in Calib_In is rounded 
to the nearest integer. The result of this operation is used to compare 
with P_max_linear to set the interval wherein Gain shall be calculated 
and regression shall be performed.  

3. P_max_linear is loaded. 

4. The measured output power of the DUT is sent from the power meter 
back to the program. The result is stored in a variable called P_out. 

5. The content in the variable Calib_Out is loaded. P_out is calibrated 
with the content in Calib_Out and the result of this operation is stored 
in P_out. 

All numerical values described above are output arguments of the user 
function and are therefore returned back into the main program. 

The measured value returned by the power meter is calibrated with respect to 
the loss between the DUT and the thermal power sensor. This value, the 
output power, is sent into an array each round in the power sweep. 
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The current value of P_in is also sent into an array for each loop in the power 
sweep. The values of P_in and P_out stored in the arrays are used at a later 
stage to perform the regression and interpolation. The arrays described above 
are cleared each time a new frequency sweep is started.  

The rounded input power value is compared with the value stored in 
P_max_linear. This is done to check if the linear range of the DUT is 
exceeded. The linear range is exceeded when P_in + Calib_In is greater than 
P_max_linear. In this case the content of the arrays containing discrete 
values of input and output power are sent to two different objects that 
performs the regression and calculation of the Gain. The resulting coefficients 
from the linear regression are stored in a variable called regression. 

The program then continues to collect values of input and output power that 
shall be inserted in the two arrays. 

During each round in the power loop, outside the defined linear range, the 
ouput power level is compared with the extrapolated value from the regressed 
polynomial. When the difference between these values reaches 1 [dB] a 
variable P_IN_temp is set with the current P_in value. 

An interpolation is performed of the values from P_IN_temp -10 data points, 
equivalent to 5 [dBm], to the end of the arrays. The resulting coefficients from 
the interpolation are stored in a variable called interpolation. Doing this 
ensures that calculations are made in the interval where P1dB is to be found. 
Besides this the time-consuming of this procedure are shortened compared to 
be doing it to the entire data range. 

Figure 5:12 depicts the flowchart of the program part described in subchapter 
(5.3.1.4). The boxes with the text “continue collecting data” in figure 5:12 
imply the linear range of the DUT is not yet exceeded. 
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Figure 5:12 Collect values section described in subchapter (5.3.1.4). 
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5.3.1.5 Calculation 

Inside the calculation sweep of this program a variable x is initialized and 
given the initial value P_IN_temp – 10 data points. Each lap in this loop the 
content in the variable x is increased with 0.05 [dBm]. This variable will serve 
as the input argument to the regression and interpolation polynomials each 
lap in the loop. The output argument from the regressed polynomial as well as 
the interpolated polynomial is compared until the 1-dB-compression point is 
found. Consequently the input power is saved in a variable named P1dB. 

The Gain of the component is calculated as depicted in eq. (5.3.1.5a) below 

�
=

−=
N

k
inout kPkP

N
Gain

1

)()(
1

    (5.3.1.5a) 

where N is the number of elements of the array in the linear range defined by 
the user. 

The calculated value of the Gain is stored in a variable called Gain. 

Figure 5:13 shows a flowchart over the procedure in which the P1dB is 
calculated. F1(x) in figure 5:13 stands for the calculation of the first order 
polynomial based upon the regression and F2(x) stands for the calculation of 
the 7th order polynomial based upon the interpolation.  
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Figure 5:13 Algorithm for calculation of P1dB. 

5.3.1.6 Write 

The write section is integrated in the frequency and the power loop. Five plots 
in four separate windows are launched in parallel. The four windows are 
exported to a panel that forms the GUI for the user. 

The plot in the first window is output power as a function of input power. This 
plot is updated each time the P_out variable is updated. The second window 
contains plots of the expected (regressed) output power and the interpolated 
output power as functions of input power. This plot is updated each time the 
power loop is broken. The two remaining windows contain plots of P1dB and 
Gain, respectively, as a function of frequency. These plots are updated every 
time a lap in the frequency loop is completed. 

Each plotted value of P1dB and Gain and the current frequency are written to 
the Excel file. 
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5.3.2 IIP3 & IM3 

The program for IIP3 and IM3 has been divided up in different parts. The parts 
listed below describe the program roughly. A more thorough description of the 
program will be described under the subheadings of this chapter. 

• Initialization 

• Sweeps 

• Set frequencies 

• Set powers 

• Data collection 

• Calculation 

• Write 

Figure 5:14 depicts a flowchart of the main structure of the IIP3 & IM3 
measurement program. 
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Figure 5:14 Main structure of IIP3 & IM3 program. 
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Table 5:2 shows a complete list of the variables, along with a description, 
used in the IIP3 & IM3 measurement program. 

 
Table 5:2 Variables used in IIP3 & IM3 program. 

Variable name Description 

Atten_spec Contains entered value of internal attenuation in 
signal analyzer. 

calib_in_1 Contains calibrated loss/gain from RFGEN1 -> 
DUT. 

calib_in_2 Contains calibrated loss/gain from RFGEN2 -> 
DUT. 

Counter Contains value of number of loops to be counted. 

dBc Contains current calculated value of the difference 
between the fundamentals and IM3. 

delta_frequency Contains the frequency span between the 
fundamentals. 

freq Contains the current frequency. 

frequency_step Contains the calculated step interval in the 
frequency range. 

Gain Contains the entered value of assumed gain of the 
DUT. 

High_side Contains value true or false depending on if high 
or low side injection is used. 

IIP3_max Contains current maximum approximated value of 
calculated IIP3. 

IIP3_predicted Contains approximated value on IIP3. Gets the 
IIP3_max value when maximum is reached. 

IM3 Contains the current value of IM3. 

Input_Power_Step Contains the calculated value of the step interval 
of the power sweep. 

Lower_P_in Contains the entered value of the lower input 
power limit in the power sweep.  

MIX_UP Contains value true or false depending on if the 
mixer mixes up or down in frequency. 



 PA1;1 *  
 Open 

REPORT 
 

48 (134) 
Prepared (also subject responsible if other) No. 

Markus Hellgesson, Daniel Andersson EAB/PDB/L-05:0003 Uen 
Approved Checked Date Rev Reference 

  2005-06-10 PA1  
 

number_of_frequency_points Contains entered number of points in the 
frequency sweep. 

number_of_input_power_points Contains entered number of points in the power 
sweep. 

P1 Contains the current measured value of one of the 
fundamentals.  

P2 Contains the current measured value of the other 
of the fundamentals. 

P12 Contains the current measured value of one of the 
IM3 products. 

P21 Contains the current measured value of the other 
of the IM3 products. 

P_in Contains the current input power value. 

P_MAX_SPEC Contains the maximum signal analyzer input 
power value. 

P_out Contains the current output power value as a 
mean of P1 and P2. 

Peak Contains current collected value of the peak 
search. 

start_frequency Contains the entered lower frequency limit in the 
frequency sweep. 

stop_frequency Contains the entered upper frequency limit in the 
frequency sweep. 

Upper_P_in Contains the entered upper input power value of 
the power sweep.  

y Contains the current derivative value of the 
fundamental versus input power curve. 

MIXER Contains value true or false depending on if a 
mixer is to be measured or not. 

LO_pow Contains the entered power level for the LO RF-
generator 

IF_freq Contains the entered intermediate frequency. 

calib_LO Contains calibrated loss/gain from LO RF-
generator -> DUT. 
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5.3.2.1 Initialization 

The user has to define what type of RF component is to be measured. This is 
made by inserting a predefined object in the form of a message box. Message 
boxes can be formed as questions. The question serves as a crossroad of 
which the user has to answer e.g. yes or no. Whether the user chooses yes or 
no a variable MIXER is set to either true or false. If MIXER is set to true 
another message box pops up with the statement high or low side injection. 
Another variable High_side is set to either true or false. The values stored in 
the variables are essential for the program since they set the conditions for 
several if statements later on in the program. 

Two Excel files are created and time stamped. Data in form of text strings are 
written to the files that are stored in the working directory and are cleared at 
program start. 

The next part executed in the program is the initialization of the instruments 
included in the measurement setup. The library for each instrument is 
imported giving access to initialization of the instruments. The instruments are 
initialized by allocating predefined IO addresses. This in turn enables the 
communication between the program and the instruments. 

A user function called “Set_values” is entered. The user is supposed to input 
data in real inputs. Real inputs are ready to use objects built into HP VEE. All 
data entered in these ready to use objects are stored in global variables. The 
variables set in the user function are represented below. 

MIX_UP 
calib_in_1 
calib_in_2 
calib_out 
start_frequency 
stop_frequency 
number_of_frequency_points 
delta_frequency 
Lower_P_in 
Upper_P_in 
number_of_input_power_points 
Gain 
Atten_spec 
P_MAX_SPEC. 

If the variable MIXER is true the subsequent variables are additional. 

LO_pow, IF_freq and calib_LO. 
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The variables frequency_step and Input_Power_Step are calculated as 
depicted in eq. (5.3.2.1a) and (5.3.2.1b), respectively. 

 
1pointsfrequency_number_of_

frequencystartfrequencystop
stepfrequency

−
−= __

_  (5.3.2.1a) 

1r_pointsinput_powenumber_of_
inPLowerinPUpper

StepPowerInput
−

−= ____
__  (5.3.2.1b) 
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Figure 5:15 shows a flowchart describing the initialization section of the 
program. 
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Figure 5:15 Initialization section of IIP3 & IM3 program. 
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5.3.2.2 Sweeps 

After the initialization part, two different sweeps are created. The outer loop is 
a frequency loop. The loop is created as a range from a lower limit to an 
upper limit with a step interval defined by the user. All values used as input 
arguments to the for-range object has been input and has been stored in 
variables in the initialization part of the program. The variables 
start_frequency, stop_frequency and frequency_step are used for defining the 
range in the for- loop object. The input frequency in each round of the for-loop 
corresponds to freq in figure 5:16. 

 
Figure 5:16 Frequencies discussed in section 5.3.2 visualized in the frequency 
domain. 

The second sweep created is a power sweep. Also this loop is created as a 
for-range object from the lower to the upper limit with a predefined step 
interval. The variables defining the range for the power loop object are 
Lower_P_in, Upper_P_in and Input_Power_Step. The power loop is the inner 
loop of the program. This means that when the first power loop ends the 
frequency is incremented and a new power loop is started. 

The entire program is terminated if the power into the spectrum analyzer 
exceeds P_MAX_SPEC – 2. 
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5.3.2.3 Set frequencies 

To create a two tone signal, two RF generators are used. These are referred 
to as RFGEN1 and RFGEN2 in the IIP3 & IM3 program.  

If the component to be characterized is a SISO component, the following 
scenario takes place: 

• The content in freq is sent to RFGEN1. 

• Content in freq is summarized with content in delta_frequency and the 
result is sent to RFGEN2. 

In case a mixer is to be characterized a third RF generator is included in the 
measurement system. This RF generator is referred to as LO in the program. 
A mixer outputs the difference frequency between RF and the LO. Depending 
on whether the mixer is of high or low side injection type, the LO frequency is 
set higher or lower than the RF frequency. 

To see what RFGEN1, RFGEN2 and LO implies, check table 12:1 and figures 
12:1 and 12:3 in appendix 1. 

If the DUT to be characterized is a mixer the frequencies, sent via GPIB to the 
RF generators discussed above, vary depending on the status for the 
variables High_side and MIX_UP. There are four different cases. 

If MIX_UP and High_side are true the following scenario takes place: 

• The content in IF_freq is sent to RFGEN1. 

• Content in IF_freq is summarized with content in delta_frequency and 
the result is sent to RFGEN2. 

Figure 5:17 shows the resulting frequency components at the input as well as 
the output of the DUT in the frequency domain for the scenario discussed 
above. 

In figures 5:17 to 5:20, IF corresponds to the content in the variable IF_freq, 
RF corresponds to the content in the variable freq, ;f corresponds to the 
content in delta_frequency. 
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Figure 5:17 Frequency components when MIXER=1, MIX_UP=1 and High_side=1. 

If MIX_UP is true and High_side is false the following scenario takes place: 

• The content in IF_freq is sent to RFGEN1. 

• Content in IF_freq is summarized with content in delta_frequency and 
the result is sent to RFGEN2. 

Figure 5:18 shows the resulting frequency components at the input as well as 
the output of the DUT in the frequency domain for the scenario discussed 
above. 
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Figure 5:18 Frequency components when MIXER=1, MIX_UP=1 and High_side=0. 

If MIX_UP is false and High_side is true the following scenario takes place: 

• The content in freq is sent to RFGEN1. 

• Content in freq is increased with content in delta_frequency and the 
result is sent to RFGEN2. 

Figure 5:19 shows the resulting frequency components at the input as well as 
the output of the DUT in the frequency domain for the scenario discussed 
above. 
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Figure 5:19 Frequency components when MIXER=1, MIX_UP=0 and High_side=1. 

If MIX_UP and High_side are false the following scenario takes place: 

• The content in freq is sent to RFGEN1. 

• Content in freq is summarized with content in delta_frequency and the 
result is sent to RFGEN2. 

Figure 5:20 shows the resulting frequency components at the input as well as 
the output of the DUT in the frequency domain for the scenario discussed 
above. 

 

Figure 5:20 Frequency components when MIXER=1, MIX_UP=0 and High_side=0. 

If SISO component measurement has been defined i.e. MIXER = 0 the 
content in variable freq is sent to RFGEN1. freq is then increased with the 
content in delta_frequency and the result is sent to RFGEN2. 
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Figure 5:21 depicts a flowchart of the program structure discussed in section 
(5.3.2.3). 

 
Figure 5:21 Calculation and setting of frequencies for the different cases in the 
program. 
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5.3.2.4 Set powers 

The next section of the program happens inside the frequency and the power 
loop. 

The variable P_in is given the value of the current power level. The content of 
P_in is incremented with the data stored in variable calib_in_1 and sent to 
RFGEN1. RFGEN1 is enabled. The content of P_in is then incremented with 
the value stored in calib_in_2 and sent to RFGEN2. RFGEN2 is enabled. The 
values sent to the instruments are adjusted with consideration to the power 
losses between the RF generators thru the power combiner into the DUT. 

Figure 5:22 shows a flowchart that describes the structure of the program part 
described in subchapter (5.3.2.4).  

 
Figure 5:22 Calculation and setting of powers. 
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5.3.2.5 Data collection 

A spectrum analyzer is used for measuring the powers at the different 
frequencies. Depending on whether it is a high or low side injection, the 
frequencies measured may differ a bit. The principle is still the same for all 
measurements. The process of measuring power in the frequency domain 
with the signal analyzer is as depicted below: 

1. Center frequency is set on the spectrum analyzer with respect to the 
frequency of interest.  

2. The frequency span is set to 200 [kHz] around the center frequency. 

3. The reference level is set to a sufficient level enabling the peak to be 
measured with the best possible accuracy. To find a sufficient level 
for reference level is an iterative process. This iteration ends when 
the reference level is between 0 and 10 [dB] above the peak value of 
the measured power in the spectrum analyzer. 

4. The program sends the command that the spectrum analyzer has to 
execute a peak search in the frequency span defined earlier. The 
power value is then returned back to the program and stored in a 
variable. 

5. The value stored in the variables (P1, P2, P12 or P21) is increased 
with the value stored in the variable calib_out and a new variable (P1, 
P2, P12 or P21) is set. 

Four of these measurements are made for each lap in the power loop. The 
powers at the fundamental frequencies, freq and freq + delta_frequency are 
stored in variables P1 and P2 respectively. The powers collected at the third 
intermodulation products frequencies are stored in P12 and P21. 

Figure 5:23 shows a flowchart of how the fundamentals and the third 
intermodulation products are measured. 
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Figure 5:23 Collection of power values. 
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5.3.2.6 Calculation 

In this part of the program all the calculations regarding the observed 
parameters are executed. This part like the previous one is inside the power 
as well as the frequency loop. 

First the mean powers between (P1 and P2) and (P21 and P12) will be 
calculated. The logarithmic values of P1, P2, P21 and P12 are transformed 
into a linear scale. The mean values are then calculated and transformed 
back into a logarithmic scale. 

The second calculation launched in this section is the calculation of dBc, also 
referred to as ;P in literature. dBc is calculated as depicted in eq. (5.3.2.6a). 

( ) ( )P21P12meanP2  ,P1meandBc ,loglog 1010 −=    (5.3.2.6a) 

The outcome of this calculation is stored in a variable named dBc. The 
variable dBc is used to calculate an approximate value for IIP3. The 
approximate value for IIP3 is calculated as presented in eq. (5.3.2.6b). 

inP
dBc

predictedIIP _
2

_3 +=    (5.3.2.6b) 

The result of the calculation in eq. (5.3.2.6b) is stored in a variable named 
IIP3_predicted. 

To calculate the mean value of the fundamentals and the third-order 
intermodulation products the powers are transformed from logarithmic scale 
to linear scale. The mean values are calculated and the results are stored in 
the variables P_out and IM3, respectively. In addition these values will be 
retransformed into logarithmic scale. 
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Figure 5:24 shows a flowchart of the calculation algorithm of the IIP3 & IM3 
program.  

 
Figure 5:24 Calculation algorithm of the program. 
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5.3.2.7 Write 

The write section is also included in the power and frequency loop. All 
information that is to be stored and displayed on the screen is executed in this 
section. 

Four plots in three separate windows are launched in parallel. One of the 
windows contains the plots of P_out versus P_in and IM3 versus P_in. The 
second window contains the plot of IIP3_predicted versus P_in. The third 
window contains the IIP3_predicted versus frequency plot. The last plot is 
associated with the frequency loop object. It will be updated only when the 
frequency loop has ended. 

The values plotted in the windows are also stored in the Excel files. One of 
the files contains the values of frequency, IM3, IIP3_predicted, P_in and 
P_out. The other file contains values of frequency and IIP3_predicted. 

5.3.3 NF 

This program is different compared to the other programs. The major 
difference is employing the spectrum analyzer with noise figure measurement 
option that performs all calculations. This means the measurement program 
merely controls and reads the results from the spectrum analyzer, i.e. no 
special measurement algorithm had to be developed. 

The parts listed below describe the program roughly. A more thorough 
description of the program will be described under the subheadings of this 
chapter. 

• Initialization. 

• Main program. 
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Figure 5:25 shows a flowchart of how the program for measuring NF is 
constructed. 

   
Figure 5:25 Main structure of the NF program. 
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Table 5:3 shows a complete list with the variables, along with a description, 
used in the NF measurement program. 

 
Table 5:3 Variables used in NF measurement program. 

Variable name Description 

UseMixer Contains value true or false depending on which type of 
measurement that has been specified. 

Start_frequency Contains entered lower frequency of the frequency 
sweep. 

Stop_frequency Contains entered upper frequency of the frequency 
sweep. 

Points Contains entered number of point in the frequency 
sweep. 

MixUp Contains value true or false depending on if the mixer 
mixes up or down in frequency. 

High_side Contains value true or false depending on if high or low 
side injection is used. 

IF_freq Contains the entered intermediate frequency value. 

x_value Contains returned frequency value from the NF meter. 

y_value Contains returned NF value times 100 from NF meter.  

filename Contains the ENR data file filename. 

5.3.3.1 Initialization 

The program execution described in this section is presented in precedence 
order. 

An Excel file is created and time stamped. This file will be overwritten each 
time the program starts. 

A variable UseMixer is by default set to false. 

The next part of the program is the initialization of the instruments included in 
the measurement setup. The library for each instrument is imported giving 
access to initialization of the instruments. Predefined IO addresses are 
allocated to the instruments. When the communication between the program 
and the instruments is enabled. 
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The spectrum analyzer with NF measurement option is reset and set in NF 
mode. This enables the NF option in the spectrum analyzer. The video and 
resolution bandwidths are set in auto mode. The frequency conversion mode 
is set to false as a default value. The frequency conversion mode enables 
measurement on mixers.  

The user is then asked to import an ENR data file. The ENR file is a text file 
containing two arrays with calibration data for the noise source used. The first 
array contains frequency while the second one contains the attenuation at the 
corresponding frequency. If no data file has been made the user has to create 
a file before the program can be further executed. After the ENR file is 
imported into the program the NF meter performs self-calibration using the 
imported data. 

Next the program steps into a user function called “Set_Values”. This user 
function is divided into two branches. One branch concerns mixer 
measurement. The other branch concerns SISO component measurement. 
The user selects the desired branch by setting the variable UseMixer to either 
true or false. 

If UseMixer is true the LO RF generator is preset. The user then defines 
whether to mix up or down in frequency. Depending on which, the variable 
MixUp is set to either true or false. In addition a definition of whether to 
measure on high or low side injection is required. Accordingly the variable 
High_side is set to true or false.  

The LO power level is set along with the calibrated loss value between the 
output of the DUT and the LO RF generator. It will then be then sent to the LO 
RF generator. 

The user then set frequency span, number of points, intermediate frequency 
and case temperature. The case temperature is sent to the NF meter. 

If UseMixer is false the NF meter is set in no frequency conversion mode. A 
frequency span along with the number of measuring points is defined and 
sent to the NF meter. The case temperature on the noise source will be 
exported to the instrument too. 

Figure 5:26 depicts a flowchart of the initialization part of the NF program. 
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Figure 5:26 The initialization part of the program. 
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5.3.3.2 Main program 

The program checks if the variable UseMixer is true or false. If true, the NF 
meter is set in frequency conversion mode enabling a mixer measurement. 
Otherwise a calibration of the total frequency range, defined in the last 
section, is executed. 

The program once again checks the variable UseMixer. If true, a branch 
concerning mixer measurement is initiated. A frequency sweep is defined. 
The range of the sweep is determined by the content of the variables 
start_frequency and stop_frequency. The step interval is calculated from the 
frequency range as well as the number of points defined as depicted in eq. 
(5.3.2.1a). 

Stepping into the loop the intermediate frequency, defined by the user earlier 
in the program, is loaded. Then the program checks whether the variables 
MixUp and High_side are true or false and depending on this, the frequencies 
are configured thereafter and sent to the LO RF generator. The algorithm for 
the measurement of NF for mixers is presented below. 

• Disable the LO RF generator. 

• Calibrate the frequency point where the NF shall be measured. 

• Enable the LO RF generator. 

• Measure NF. 

• Send the value of NF into the program via GPIB. 

• Convert the value returned by the NF meter to [dB] by dividing it with 
100 and store the numerical value in a variable called y value. The 
division with the numerical value 100 is performed since the NF 
meter returns a value a 100 * [dB]. 

• Write the value stored in y value to the Excel file initiated at the start 
of the program. 

• Plot the NF value as a function of the current frequency. 

When this procedure is accomplished the program loops back to the start of 
the frequency loop and the procedure is repeated for all points defined by the 
user. 
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If UseMixer is set to false the other branch is selected. This branch concerns 
measurement of SISO components. In this case the number of frequency 
points defined by the user is calibrated all at once.  

A frequency sweep is initiated. The input arguments to the frequency sweep 
are start_frequency, stop_frequency and number of measuring points in the 
frequency domain. The algorithm for measurement of NF for SISO 
components is depicted below. 

• Measure NF. 

• Send the value of NF into the program via GPIB. 

• Convert the value returned by the NF meter to [dB] by dividing it with 
100 and store the numerical value in a variable called y value. The 
division with the numerical value 100 is performed since the NF meter 
returns a value a 100 * [dB]. 

• Write the value stored in y value to the Excel file initiated at the start of 
the program. 

• Plot the content in variable y value as a function of the current 
frequency. 

When this procedure is done the program loops back to the start of the 
frequency loop and the procedure is repeated for all points defined by the 
user. 

Figure 5:27 shows a flowchart describing the collection and write section of 
the program. 
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Figure 5:27 Bottom structure of the NF program. 
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6 Results and conclusions 

The results of the measurements in this chapter are Ericsson internal. 
Therefore no values or scales nor component descriptions will be presented 
in the figures of this chapter. 

6.1 Repeatability and precision 

Repeatability and precision verification tests have been performed to ensure 
that the measurement systems deliver desired and reliable results. 

6.1.1 P1dB & Gain 

Two RF components have been characterized to verify the repeatability and 
precision of the measurement system for P1dB and Gain. Figure 6:1 and 6:2 
show the repeatability results for a mixer and figure 6:3 and 6:4 show the 
repeatability and precision result of an LNA. 

Figure 6:1 shows measurement results of Gain as a function of frequency on 
a mixer. Y-axis is Gain [dB] and x-axis is frequency [MHz]. The span of Gain 
over frequency is 0.8 [dB]. 

Repeatability Verification Test Mixer

 
Figure 6:1 Repeatability and precision verification result of a gain measurement of a 
mixer. 

The maximum deviation between the curves in figure 6:1 is 0.03 [dB].  
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Figure 6:2 shows measurement results of P1dB as a function of frequency on 
a mixer. Y-axis is input P1dB [dBm] and x-axis is frequency [MHz]. The span 
of P1dB over frequency is 0.7 [dB]. 

Repeatability Verification Test Mixer

 
Figure 6:2 Repeatability and precision verification result of a P1dB measurement of a 
mixer. 

The maximum deviation between the curves in figure 6:2 is 0.15 [dB]. 

Figure 6:3 shows measurement results of Gain as a function of frequency on 
an LNA. Y-axis is Gain [dB] and x-axis is frequency [MHz]. The span of Gain 
over frequency is 0.2 [dB]. 

Repeatability Verification Test LNA

 
Figure 6:3 Repeatability and precision verification result of a Gain measurement of an 
LNA. 

The maximum deviation between the curves in figure 6:3 is 0.03 [dB]. 
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Figure 6:4 shows measurement results of P1dB as a function of frequency on 
an LNA. Y-axis is P1dB [dBm] and x-axis is frequency [MHz]. The span of 
P1dB over frequency is 0.6 [dB]. 

Repeatability Verification Test LNA

 
Figure 6:4 Repeatability and precision verification result of a P1dB measurement of 
an LNA. 

The maximum deviation between the curves in figure 6:4 is 0.25 [dB].   

Requirements specified in section (2.1) have not been fulfilled regarding the 
precision in the P1dB & Gain measurement system. After discussions with the 
supervisor, the results were approved though. 

The repeatability and precision seem to be depending on what component is 
to be characterized. It is possible that the component itself gives rise to 
internal deviations. This statement is supported by the fact that the deviation 
is less for the mixer measurement results.  

The deviation can also depend on the calculation processes in the program. 
These numerical calculations are based on the user-specified linear range in 
the program. Depending on the size of the specified linear range, the 
accuracy of the measurement results may vary. 

Finally, deviation can vary because of drift of measurement equipment, 
handling with cables and transmission adapters in the measurement setup. 
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6.1.2 IIP3 & IM3 

An LNA has been characterized to verify the repeatability and precision of the 
measurement system and program for IIP3 & IM3. Figures 6:5 and 6:6 
visualize the repeatability result of an LNA. 

Figure 6:5 shows measurement results of IM3 and fundamentals as functions 
of input power. Y-axis is IM3 and fundamental output power [dBm] and x-axis 
is input power [dBm]. The span of IM3 power over input power is 81 [dB]. 

Repeatability IM3 & Fundamentals

 
Figure 6:5 Repeatability and precision verification result of an IM3 measurement of an 
LNA. 

Maximum deviation between the curves in figure 6:5 is 0.1 [dB]. 
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Figure 6:6 shows measurement results of approximated IIP3 as a function of 
frequency. Y-axis is IIP3 [dBm] and x-axis is frequency [MHz]. The span of 
IIP3 power over frequency is 0.9 [dB]. 

Repeatability Verification Test IIP3

 
Figure 6:6 Repeatability and precision verification result of a IIP3 measurement of an 
LNA. 

Maximum deviation between the curves in figure 6:6 is 0.2 [dB]. 

No requirements regarding precision or repeatability have been specified for 
the IIP3 & IM3 measurement system. However, the accuracy achieved has 
been considered sufficient enough by the EAB supervisors. 
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6.1.3 NF 

An RF component has been characterized to verify the repeatability of the 
measurement system and program for NF. Figure 6:7 and 6:8 visualizes the 
repeatability results of an LNA. 

Figure 6:7 shows measurement results of NF as a function of frequency on an 
LNA. Y-axis is NF [dB] and x-axis is frequency [MHz]. The span of NF over 
frequency is 0.5 [dB]. 

Repeatability Verification Test LNA

 
Figure 6:7 Repeatability and precision verification result of a NF measurement of an 
LNA. 

The maximum deviation between the curves in figure 6:7 is 0.38 [dB]. 

No requirements regarding precision or repeatability have been specified for 
the NF measurement system. However, the accuracy achieved has been 
considered sufficient enough by the EAB supervisors. 
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6.2 Accuracy 

To verify the accuracy of the measurement systems, an LNA and a mixer 
have been characterized. When comparing the measurement results with 
data sheets, the results were proven to be accurate enough. This is true for all 
three developed measurement systems. 

 
Table 6:1 Specifications vs. compliance for P1dB measurement system. 

Specification Compliance 

P1dB shall be 
found with an error 
of maximum 0.1 
[dB] 

Not possible to fulfill, accuracy considered good 
enough after discussion with supervisor.  

Measurement 
system shall work 
for SISO 
components and 
for mixers. 

Fulfilled. 

 
Table 6:2 Specification vs. compliance for IM3 & IIP3 measurement system. 

Specification Compliance 

IIP3 shall be 
obtained 

The program was modified to measure IM3 in addition 
to IIP3. This modification was approved by the 
supervisor. 

Measurement 
system shall work 
for SISO 
components and 
for mixers. 

Fulfilled. 

 
Table 6:3 Specification vs. compliance for NF measurement system. 

Specification Compliance 

Measurement 
system shall work 
for SISO 
components and 
for mixers. 

Fulfilled. 
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7 Problems 

A major problem occurred during the design of the IIP3 program was to be 
designed. Ideally the slope of the IM3 curve as a function of input power is 3 
[dB/dB]. According to a manual measurement evaluated in MATLAB this was 
not the case in reality, see figure 7:1. 

Pin [dBm]

P
ou

t [
dB

m
]

 

Figure 7:1 Result of manual measurement evaluated in MATLAB. 

The bottom graph in figure 7:1 is the IM3 curve and the top graph is the output 
power. X-axis is input power. The slope of the IM3 curve in figure 7:1 is equal 
to about 6 [dB/dB]. 

The reason was proven to be due to internal intermodulation in the spectrum 
analyzer. This problem was tackled by using internal attenuation in the 
spectrum analyzer to the degree where the internal intermodulations no 
longer arose. 

By studying IM3 as a function of input power it was found that the slope of the 
curve at low input power was far less than 3 [dB/dB], and at the upper end of 
the specified linear range of the DUT, far more than 3 [dB/dB]. Hence, the IIP3 
parameter could not be calculated by using eq. (3.2k) because that 
calculation assumes that the slope of the IIP3 is always 3 [dB/dB]. 

An extensive research process was launched, costing about 40 hours, to find 
a method to obtain the IIP3. 
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The first thing that was done during the research phase was to make several 
measurements and save the measurement values as arrays in a text-file. 
Slight adjustments were made in the program to plot and store values of 
several parameters for more detailed studies. One of the plots showed the 
output power of the third-order intermodulation products and the output power 
of the fundamental tones as a function of input power, see figure 7:2. The 
second plot shows IIP3 as a function of input power, see figure 7:3.  

By studying these plots during a measurement a connection between the 
parameters IIP3 and IM3 was found from which a theory was formed 
presented below. 

 

Figure 7:2 Output power of the third-order intermodulation products and fundamental 
tones as a function of input power. 
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Figure 7:3 IIP3 as a function of input power. 

The formula that has been used to calculate IIP3 is depicted in eq. (3.2k). 

The slope of the curve corresponding to the fundamental tones is ideally 1 
[dB/dB] whilst the slope of the IM3-curve is ideally 3 [dB/dB]. This leads to the 
conclusion that dBc decreases with 2dB when Pin increases with 1dB. As 
shown below, in eq. (7a), the slope of the IP3 versus Pin plot is zero when the 
slope of the IM3 curve is 3 [dB/dB]. 
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IIP32 is a consecutive new value calculated when the input power is increased. 

For non-ideal components and measurement equipment, several factors 
contribute to another slope of the IM3-curve than exactly three; say 3 - x or 3 + 
x. This, in turn, leads to a decrease of (2 - x) [dB] of the dBc-value when Pin 
increases with 1 [dB]. Pone that the slope of the IM3 curve is more then 3, e.g. 
3 + x! When this is the case, the equation (3.2k) used will have the 
appearance and consequences shown in eq. (7b). 
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    (7b) 

As shown in the eq. (7b), the IIP3 value decreases as the input power 
increases. Analogous, the IIP3 value increases as the input power increases, 
if the slope of the IM3-curve is less then 3 [dB/dB]. 

This theory was presented to field expertise and the supervisor. The response 
given was that this is true only when the DUT does not experiences any AM 
or PM distortions (because that leads to several places where the slope of 
IIP3 vs Input power = 0) wherefore the theory was not usable in finding IIP3. 
These conclusions yielded that IM3 was also to be measured in addition to 
IIP3. 
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8 Abbreviations 

LNA = low noise amplifier. 

IP3 = third-order intercept point. 

IIP3  = input third-order intercept point. 

OIP3  = output third-order intercept point (IIP3 + Gain). 

P1dB  = 1-dB-compression point. 

NF  = noise figure. 

IM3  = third-order intermodulation. 

SISO = single input single output. 

HP VEE = Hewlett Packard Visual Engineering Environment. 

MATLAB = Matrix Laboratory. 

RF  = radio frequency. 

GPIB  = General Purpose Interface Bus. 

SNR  = signal to noise ratio. 

DUT  = device under test. 

HP  = Hewlett Packard. 

LO  = local oscillator. 

GUI  = graphical user interface. 

IF  = intermediate frequency.  

AM  = amplitude modulation. 

PM = phase modulation. 
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9 Terminology 

Mixer: An RF component where the output signal contains the same 
information as the input signal but at another frequency. To achieve this, an 
LO signal is injected into the mixer with which the input signal is mixed, hence 
creating signals on the difference frequency between the input and LO 
signals. 

Mixing up/down: If the frequency of the output signal of the mixer is higher 
than the input, the mixer is mixing up and vice versa. 

Two-tone signal: Two signals at different frequencies but with same power. 
Used when measuring IM3 and IP3. 

Thermal power sensor: A sensor consisting of a thermal resistor which is 
heated when RF power is applied to it. Measures the power of a signal with 
very high accuracy independent of the frequency of the signal. 

Signal analyzer: A measurement instrument analyzing a signal in the 
frequency, time and/or modulation domain. 

Spectrum analyzer: A measurement instrument analyzing a signal in the 
frequency domain. 

Power divider: A passive component distributing input power into a number 
of outputs equally divided. 

RF-generator: A signal generator operating in the RF frequency range. 

High side injection: When the frequency of the LO is higher than the mixer’s 
output frequency. 

Low side injection: When the frequency of the LO is lower than the mixer’s 
output frequency. 

EAB/PDB/LA: The division at Ericsson AB where we have conducted this 
degree project. 
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Appendix 1 

 

 

 

User’s Guide  

 Abstract 

This is the User’s Guide for the automatic measurement system designed and 
created by Markus Hellgesson and Daniel Andersson as a bachelor degree 
project at EAB/PDB/LA spring 2005. 
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11  P1dB & Gain 

11.1 Measurement system setup 

 

 

Figure 11:1 Measurement system setup for SISO components.  

 
Figure 11:2 Measurement system setup for mixers. 
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In the application for mixers, see figure 11:2, an extra Signal Generator has 
been added. This Signal Generator, Y02443, is referred to as RFGEN_LO in 
the program. 

 
Table 11:1 Instruments used in the measurement systems setup together with the 
GPIB addresses and names used in the program. 

Instrument type Vendor Model Inventory number GPIB 
address 

Name 

Signal Generator Hewlett Packard 8648C Y02443 20 RFGEN_LO 

Signal Generator Hewlett Packard 8648C Y02405 19 RFGEN 

Power Meter ROHDE&SCHWARZ NRVS 202198 12 PowMet 

Thermal Power Sensor ROHDE&SCHWARZ NRV-Z51 202194 -  

Additional equipment essential for this measurement are: 

• Terminator 50 [D]. 

• Low loss coaxial cables. 

• GPIB cables. 

Since the thermal power sensor used in the applications of figures 11:1 and 
11:2 measures the power of the entire frequency span a suitable filter is 
essential in these applications. 

The choice of filter depends on what component that is to be measured and in 
what frequency range the measurement will be conducted. For mixers a 
narrowband band-pass filter has to be used with respect to the frequency of 
the output signal. For SISO components a low-pass filter has to be used with 
respect to the frequency range that is to be measured. 

The dynamic range of the Thermal Power Sensor is from -20 [dBm] to +20 
[dBm]. In case the DUT to be measured exceeds this range an 
attenuator/amplifier might have to be included in the measurement system to 
ensure that all measurements are being conducted in this dynamic range. 

The minimum power level that is injected into the Thermal Power Sensor is 
simply the lower limit of the linear range of the DUT plus the gain of the DUT 
minus the loss of the transmission line between the DUT and the Thermal 
Power Sensor. If this value is below the dynamic range of the Thermal Power 
Sensor, an amplifier is needed in the transmission line between the DUT and 
the Thermal Power Sensor amplifying the signal by at least the difference 
between the minimum input power level and the lower limit of the dynamic 
range. 
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The maximum power level that is injected into the Thermal Power Sensor is 
the power level of input P1dB + 2 [dB] plus the gain of the DUT minus the loss 
of the transmission line between the DUT and the Thermal Power Sensor. If 
this value exceeds the dynamic range of the DUT, an attenuator is needed on 
the transmission line between the DUT and the Thermal Power Sensor 
attenuating the signal by at least the difference between the difference 
between the input P1dB + 2 [dB] and the upper limit of the dynamic range. 

Since the P1dB is to be characterized and therefore not known, an 
approximate value must be used, either extracted from a data sheet or as a 
qualified estimate. 

11.2 Calibration 

All transmission paths, Signal Generators to DUT and DUT to Thermal Power 
Sensor must be calibrated at the center frequency of the frequency range to 
be measured, before a measurement can be launched. The calibration data is 
asked for in the program before a measurement is launched. 

Transmission paths imply cables, transitions and possible 
attenuators/amplifiers used between the instruments and the DUT. 

The Power Meter also has to be calibrated (zeroed). This is asked for in the 
program. The user has to disconnect the DUT if it is connected and connect 
an external resistance 50 [D] to the thermal power sensor. When zeroing is 
done, disconnect the external resistance and connect the DUT then click OK 
in the object to confirm.    

11.3 Measurement execution 

1 Check that the GPIB addresses on the instruments are OK according to 
table 11:1. 

2 Open Gain & P1dB Measurement.vee. 

3 Press the RUN button in the toolbar to start a measurement. 

4 Enter whether to measure on a mixer Yes or No. If the answer is Yes a 
mixer measurement is enabled, see subchapter 11.3.2. Else a SISO 
component measurement is enabled, see subchapter 11.3.1. 
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11.3.1 SISO components 

5 Zero (calibrate) the Power Meter by disconnecting the cable connected to 
the Thermal Power Sensor and connect a 50 [D] terminator to the 
Thermal Power Sensor. When zeroing is done, connect the cable and 
press OK in the message box and the Power Meter is calibrated. 

6 Enter the calibrated gain / loss between RFGEN and DUT [dB]. This 
implies the total gain or loss in the transmission path between the 
RFGEN, RF generator and the DUT. If a loss is to be entered it should be 
a negative value. Else the value should be positive. The value entered 
must be in the range -100 to 100 [dB]  

7 Enter the calibrated gain / loss between the DUT and the PowMet, Power 
Meter [dB]. This implies the total gain or loss in the transmission path 
between the DUT and the PowMet Power Meter. If a loss is to be entered 
it should be a negative value. Else the value should be positive. The value 
entered must be in the range -100 to 100 [dB]. 

8 Enter lower limit of the linear range in the power sweep [dBm]. The input 
value must be a real number between -50 and 50 [dBm]. NOTE! It is 
important that this value lies within the DUT linear range or the numerical 
calculations to find values on the parameters P1dB and Gain will be 
affected in an undesired way. 

9 Enter upper limit of the linear range in the power sweep [dBm]. The input 
value must be a real number between -50 and 50 [dBm]. Note! It is 
important that this value lies within the DUT linear range or the numerical 
calculations to find values on the parameters P1dB and Gain will be 
affected in an undesired way. 

10 Enter the maximum power allowed to input into the Thermal Power 
Sensor [dB]. The entered value must be in the range -100 to 100 [dBm]. 

11 Enter lower frequency limit of the frequency sweep [MHz]. The entered 
value must be in the range 0 to 3200 [MHz]. 

12 Enter upper frequency limit of the frequency sweep [MHz]. The entered 
value must be in the range 0 to 3200 [MHz].   

13 Enter the desired number of points to be measured in the defined 
frequency range. The input value must be an integer between 1 and 
10001. 
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11.3.2 Mixers 

1 Enter what type of injection that is used for the DUT. High or Low side 
injection. 

2 Zero (calibrate) the Power Meter by disconnecting the cable connected to 
the Thermal Power Sensor and connect a 50 [D] terminator to the 
Thermal Power Sensor. When zeroing is done, connect the cable and 
press OK in the message box and the Power Meter is calibrated. 

3 Enter whether the mixer mixes up or down in frequency. 

4 Enter intermediate frequency (IF) [MHz]. The value entered must be in the 
range 1 to 10001 [MHz]. 

5 Enter RFGEN_LO, RF generator power level [dBm]. The value entered 
must be in the range -100 to 100 [dBm]. 

6 Enter the calibrated gain / loss between RFGEN_LO and DUT [dB]. This 
implies the total gain or loss in the transmission path between the 
RFGEN_LO RF generator and the DUT. If a loss is to be entered it should 
be a negative value. Else the value should be positive. The value entered 
must be in the range -100 to 100 [dB]. 

7 Enter the calibrated gain / loss between RFGEN and DUT [dB]. This 
implies the total gain or loss in the transmission path between the RFGEN 
RF generator and the DUT. If a loss is to be entered it should be a 
negative value. Else the value should be positive. The value entered must 
be in the range -100 to 100 [dB].  

8 Enter the calibrated gain / loss between the DUT and the PowMet, Power 
Meter [dB]. This implies the total gain or loss in the transmission path 
between the DUT and the PowMet Power Meter. If a loss is to be entered 
it should be a negative value. Else the value should be positive. The value 
entered must be in the range -100 to 100 [dB]. 

9 Enter lower limit of the linear range in the power sweep [dBm]. The input 
value must be a real value between -50 and 50 [dBm]. Note! It is 
important that this value lies within the DUT linear range or the numerical 
calculations to find values on the parameters P1dB and Gain will be 
affected in an undesired way. 

10 Enter upper limit of the linear range in the power sweep [dBm]. The input 
value must be a real value between -50 and 50 [dBm]. NOTE! It is 
important that this value lies within the DUT linear range or the numerical 
calculations to find values on the parameters P1dB and Gain will be 
affected in an undesired way. 

11 Enter the maximum power allowed to input into the Thermal Power 
Sensor [dB]. The value entered must be in the range -100 to 100 [dB]. 

12 Enter lower frequency limit of the frequency sweep [MHz]. The value 
entered must be in the range 1 to 3200 [MHz]. 
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13 Enter upper frequency limit of the frequency sweep [MHz]. The value 
entered must be in the range 1 to 3200 [MHz].   

14 Enter the desired number of points to be measured in the defined 
frequency range. The input value must be an integer between 1 and 
10001.  
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11.4 Results 

Results of the measurements are plotted during runtime. Four different plots 
are displayed in the GUI of the program for Gain & P1dB, see figure 11:3. 

 
Figure 11:3 GUI for the Gain and P1dB Measurement program. 

The plot in the first quadrant contains an extrapolated curve representing 
expected output power as a function of input power and an interpolated curve 
representing the actual output power [dBm] as a function of input power 
[dBm]. 

The plot in the second quadrant contains a curve of measured output power 
[dBm] as a function of input power [dBm]. 

The plot in the third quadrant contains a curve of calculated Gain [dB] as a 
function of frequency [MHz]. 

The plot in the fourth quadrant contains a curve of calculated P1dB [dBm] as 
a function of frequency [MHz]. 

Calculated values of P1dB, Gain and frequency are stored in arrays in an 
Excel file in the working directory of the program. The name of the file with the 
stored results is Gain & P1dB Measurement Results.xls.  

NOTE! After a measurement has been conducted, this file has to be either 
renamed or moved to another directory, or else the file will be overwritten 
when a new measurement is launched. 
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12 IIP3 & IM3 

12.1 Measurement system 

   
Figure 12:1 Measurement system setup for SISO components. 

   
Figure 12:2 Measurement system setup for mixers. 
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In the application for mixers, see figure 12:2, an extra Signal Generator has 
been added. This Signal Generator, Y02455, is referred to as LO in the 
program. 

 
Table 12:1 Instruments used in the measurement systems setup together with the 
GPIB addresses and names used in the program. 

Instrument type Vendor Model Inventory number GPIB 
address 

Name 

Signal Generator Hewlett Packard 8648C Y02443 20 RFGEN2 

Signal Generator Hewlett Packard 8648C Y02405 19 RFGEN1 

Signal Generator ROHDE&SCHWARTZ SME 03 Y02455 7 LO 

Signal Analyzer ROHDE&SCHWARZ FSIQ 26 607361 10 FSIQ 

Power divider NARDA 4321B-2 YD5333 - - 

Additional equipment essential for this measurement are: 

• Low loss coaxial cables. 

• GPIB cables. 

The dynamic power range of the Signal Analyzer, FSIQ 26, is from typical 
-140 [dBm] to +30 [dBm]. In case the DUT to be measured exceeds this 
range an attenuator/amplifier might have to be included in the measurement 
system. 
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12.2 Calibration 

All transmission paths, Signal Generators to DUT and DUT to Signal Analyzer 
must be calibrated at the center frequency of the frequency range to be 
measured, before a measurement can be launched. The calibration data is 
asked for in the program before a measurement is launched. 

Transmission paths imply cables, transitions and possible 
attenuators/amplifiers used between the instruments and the DUT. 

As a consequence of that the Spectrum (or Signal) Analyzer uses a mixer, 
internal intermodulation may arise, corrupting the measurements. To correct 
for this, a sufficiently high, but not too high value of the internal attenuator has 
to be set. 

As a part of the initialization process, the user is asked to enter the value of 
internal attenuation. To find a suitable internal attenuation value for the 
Spectrum (or Signal) Analyzer, do as follows: 

• Calculate an approximate maximum input power level to the Analyzer. 

• Apply a two-tone signal, using a power combiner, with that very power 
to the Analyzer input. 

• Adjust the internal attenuator to a value where the intermodulation 
products are no longer significant. 

• Write down that value and enter it when required. 

NOTE! The attenuator can only be set in 10 [dB] steps, e.g. 10, 20 or 30 [dB], 
if using R&S, FSIQ 26. 

This procedure has already been performed for Signal Analyzer, FSIQ 26, 
607361. Table 12:2 depicts the attenuator settings for a number of power 
levels. 

 
Table 12:2 Settings for internal attenuation for FSIQ 26, 607361. 

Maximum input power level [dBm] Internal attenuator level [dB] 

-7.5 10 

5 20 

10.5 30 

If higher input power level is applied an external attenuator is required 
between the output of the DUT and the input of the Signal Analyzer.     
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12.3 Measurement execution 

1 Check that the GPIB addresses on the instruments are OK according to 
table 12:1. 

2 Open IM3 Measurement.vee. 

3 Press the RUN button in the toolbar or Ctrl + G to start a measurement. 

4 Enter whether to measure on a mixer Yes or No. If the answer is Yes a 
mixer measurement is enabled, see subchapter 12.3.2. Else a SISO 
component measurement is enabled, see subchapter 12.3.1. 

12.3.1 SISO components 

1 Enter the calibrated gain / loss between RFGEN1 and DUT [dB]. This 
implies the total gain or loss in the transmission path between the 
RFGEN1, RF generator thru the power combiner and into the DUT. If a 
loss is to be entered it should be a negative value. Else the value should 
be positive. The value entered must be in the range -1000 to 1000 [dB]. 

2 Enter the calibrated gain / loss between RFGEN2 and DUT [dB]. This 
implies the total gain or loss in the transmission path between the 
RFGEN2, RF generator thru the power combiner and into the DUT. If a 
loss is to be entered it should be a negative value. Else the value should 
be positive. The value entered must be in the range -1000 to 1000 [dB]. 

3 Enter the calibrated gain / loss between the DUT and the FSIQ [dB]. This 
implies the total gain or loss in the transmission path between the DUT 
and the FSIQ, Signal Analyzer. If a loss is to be entered it should be a 
negative value. Else the value should be positive. The value entered must 
be in the range -1000 to 1000 [dB]. 

4 Enter the lower frequency limit of the frequency sweep [MHz]. The value 
entered must be in the range 1 to 3200 [MHz]. 

5 Enter the upper frequency limit of the frequency sweep [MHz]. The value 
entered must be in the range 1 to 3200 [MHz]. 

6 Enter the desired number of points to be measured in the defined 
frequency range. The input value must be an integer between 1 and 1001. 

7 Enter the delta frequency [MHz]. The delta frequency is the difference 
between the frequencies generated by RFGEN1 and RFGEN2. The value 
entered must be in the range 1 to 3200 [MHz]. 

8 Enter the lower limit of the power sweep [dBm]. The input value must be a 
real value between -50 and 50 [dBm]. 

9 Enter the upper limit of the power sweep [dBm]. The input value must be a 
real value between -50 and 50 [dBm]. 

10 Enter the desired number of points to be measured in the defined power 
range. The input value must be an integer between 1 and 1001. 
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11 Enter the Gain of the DUT [dB]. A positive real number if it is a gain in the 
component and a negative if it is a loss. The real number entered must be 
in the range -50 to 50 [dB]. 

12 Enter value for internal attenuation in the FSIQ, Signal Analyzer [dB]. The 
value is used to set the internal attenuation in the FSIQ. Look in 
subchapter 2.2 to get an explanation of how to find a suitable value for 
internal attenuation. The value entered must be in the range 0 to 100 [dB]. 

13 Enter maximum allowed input power to the FSIQ, Signal Analyzer. This 
value should be set to 30 [dBm] if the internal attenuation is set to a value 
larger than 10 [dB]. Else it should be set to 10 [dBm]. The value entered 
must be in the range -100 to 100 [dB].  

12.3.2 Mixers 

1 Enter what type of injection that is used for the DUT. High or Low side 
injection. 

2 Set the 10 [MHz]-reference to either internal or external. The 10 [MHz]-
reference is used to synchronize the LO, RF generator with the other 
equipment in the measurement setup frequency wise. 

3 Enter if the mixer mixes up or down in frequency. 

4 Enter LO, RF generator power level. The value entered must be in the 
range -50 to 50 [dBm]. 

5 Enter intermediate frequency (IF) [MHz]. The value entered must be in the 
range 1 to 3200 [MHz]. 

6 Enter the calibrated gain / loss between LO and DUT [dB]. This implies 
the total gain or loss in the transmission path between the LO, RF 
generator and the DUT. If a loss is to be entered it should be a negative 
value. Else the value should be positive. The value entered must be in the 
range -1000 to 1000 [dBm]. 

7 Enter the calibrated gain / loss between RFGEN1 and DUT [dB]. This 
implies the total gain or loss in the transmission path between the 
RFGEN1, RF generator thru the power combiner and into the DUT. If a 
loss is to be entered it should be a negative value. Else the value should 
be positive. The value entered must be in the range -1000 to 1000 [dB]. 

8 Enter the calibrated gain / loss between RFGEN2 and DUT [dB]. This 
implies the total gain or loss in the transmission path between the 
RFGEN2, RF generator thru the power combiner and into the DUT. If a 
loss is to be entered it should be a negative value. Else the value should 
be positive. The value entered must be in the range -1000 to 1000 [dB]. 

9 Enter the calibrated gain / loss between the DUT and the FSIQ [dB]. This 
implies the total gain or loss in the transmission path between the DUT 
and the FSIQ, Signal Analyzer. If a loss is to be entered it should be a 
negative value. Else the value should be positive. The value entered must 
be in the range -1000 to 1000 [dB]. 
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10 Enter the lower frequency limit of the frequency sweep [MHz]. The value 
entered must be in the range 1 to 3200 [MHz]. 

11 Enter the upper frequency limit of the frequency sweep [MHz]. The value 
entered must be in the range 1 to 3200 [MHz]. 

12 Enter the desired number of points to be measured in the defined 
frequency range. The input value must be an integer between 1 and 1001. 

13 Enter the delta frequency [MHz]. The delta frequency is the difference 
between the frequencies generated by RFGEN1 and RFGEN2. The value 
entered must be in the range 1 to 3200 [MHz]. 

14 Enter the lower limit of the power sweep [dBm]. The input value must be a 
real value between -50 and 50 [dBm]. 

15 Enter the upper limit of the power sweep [dBm]. The input value must be a 
real value between -50 and 50 [dBm]. 

16 Enter the desired number of points to be measured in the defined power 
range. The input value must be an integer between 1 and 1001. 

17 Enter the Gain of the DUT [dB]. A positive real if it is a gain in the 
component and a negative if it is a loss. The value entered must be in the 
range -50 to 50 [dB]. 

18 Enter value for internal attenuation in the FSIQ, Signal Analyzer [dB]. The 
value is used to set the internal attenuation in the FSIQ. Look in 
subchapter 12.2 to get an explanation of how to find a suitable value for 
internal attenuation. The value entered must be in the range 0 to 100 [dB]. 

19 Enter maximum allowed input power to the FSIQ, Signal Analyzer. This 
value should be set to 30 [dBm] if internal attenuation is set to a value 
larger than 10 [dB]. Else it should be set to 10 [dBm]. The value entered 
must be in the range -100 to 100 [dB]. The value entered must be in the 
range -50 to 100 [dBm].  
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12.4 Results 

Results of the measurements are plotted during runtime. Three different plots 
are displayed in the GUI of the program for IIP3 & IM3, see figure 12:3. 

 
Figure 12:3 GUI for the IM3 Measurement program. 

The plot in the first quadrant contains the curve of calculated IIP3 [dBm] as a 
function of input power [dBm]. 

The plot in the third quadrant is the curve for the calculated IIP3 [dBm] as a 
function of frequency [dBm]. 

The plot in the fourth quadrant contains the curves of the output power [dBm] 
of the fundamentals and IM3 [dBm] as functions of input power [dBm]. 

Calculated values of approximate values of IIP3 along with frequency are 
stored in arrays in an Excel file named IIP3 versus frequency.xls, in the 
working directory of the program. 

Measured values of input power, IM3 power, and fundamentals along with 
frequency are stored in arrays in an Excel file named IM3 & 
Fundamentals.xls, in the working directory of the program.  

NOTE! After a measurement has been conducted, these files have to be 
either renamed or moved to another directory else the files will be overwritten 
when a new measurement is launched. 
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13 NF 

13.1 Measurement system 

 

9:1

B������


�$��

&�	#�
������#6#����%��#����*�
��
���3

%��#��#��
�
����
���

	�	�6.�
�,��+�
%��������

$
�	�������


�E�F����#,��+��

��)�*�+,�)�--.*/.

0��1�.�

�"���2��

 

Figure 13:1 Measurement system setup for SISO components. 

 

 

Figure 13:2 Measurement system setup for mixers. 
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In the application for mixers, see figure 13:2, an extra Signal Generator has 
been added. This Signal Generator, Y02405, is referred to as LO in the 
program. 

 
Table 13:1 Instruments used in the measurement systems setup together with the 
GPIB addresses and names used in the program. 

Instrument type Vendor Model Inventory number GPIB 
address 

Name 

Spectrum Analyzer Hewlett Packard 8594E YY1861 10 NF_METER 

Signal Generator Hewlett Packard 8648C Y02405 19 LO 

Noise Source Hewlett Packard 346B Y02013 - - 

Preamplifier Hewlett Packard 87405A YF1688 - - 

Additional equipment essential for this measurement are: 

• Low loss coaxial cables. 

• GPIB cables. 
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13.2 Calibration 

An ENR data-file has to be read into the program to calibrate the Noise 
Source. A text-file containing ENR data for the Noise Source listed in table 
13:1 can be found in the working directory of the program. The name of the 
file is Y02013.txt. 

If another Noise Source is to be used, a text-file containing ENR data has to 
be created before the program can be launched. It is important that the 
created text-file has a certain structure i.e. starts with the lowest frequency in 
[MHz] followed by the corresponding attenuation value [dB] with a tabulation 
between the values. Figure 13:3 depicts how the ENR data file must be 
formed. 

 
Figure 13:3 ENR data-file. 

The calibration process of the NF_METER embraces two different cases 
depending on what mode is used. If frequency conversion mode is set the 
NF_METER has to be recalibrated for each frequency point that is to be 
measured. If no frequency conversion mode is set the NF_METER calibrates 
itself for all frequency points defined by the user at the same time. 

Frequency conversion mode has to be set to measure a mixer. This implies 
that the user of the program has to disconnect the DUT, calibrate and then 
reconnect the DUT for as many times as the number of points specified in the 
frequency range. This procedure can be very time-consuming if the number of 
points specified is large. 
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The calibration regarding SOURCE, INPUT and OUTPUT LOSS has to be 
performed manually before the NF measurement program is launched. To 
input the calibration data, proceed as follows: 

1 Enable the spectrum analyzer with NF option. Set the spectrum analyzer 
in local mode by pressing the button CONFIG next to the green PRESET 
button. 

2 Press on the button MODE beneath the green PRESET button. 

3 Choose “NF&GAIN” in the display menu. 

4 Choose “Config” in the display menu. 

5 Choose “More 1 OF 2” in the display menu. 

6 Choose “External Losses” in the display menu. 

7 Enter SOURCE, INPUT and OUTPUT LOSS. 

SOURCE LOSS is the loss in the transmission path between the Noise 
Source and the input contact of the evaluation kit containing the DUT, 
according to figure 13:4. 

 
Figure 13:4 SOURCE LOSS location during device measurement. 

INPUT LOSS is the loss in the internal transmission path between the input 
connector of the evaluation kit, thru possible matching circuits and 
transmission lines, and the component that is to be measured, according to 
figure 13:5. 
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Figure 13:5 INPUT LOSS location during device measurement. 

OUTPUT LOSS is the loss in the internal transmission path between the 
component that is to be measured, thru possible matching circuits and 
transmission lines, and the output connector of the evaluation kit, according to 
figure 13:6. 

 
Figure 13:6 OUTPUT LOSS location during device measurement. 
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13.3 Measurement execution 

1 Check that the GPIB addresses on the instruments are OK according to 
table 13:1. 

2 Calibrate with respect to SOURCE, INPUT and OUTPUT LOSS according 
to section 13.2. 

3 Open Noise Figure Measurement.vee. 

4 Press the RUN button in the toolbar or Ctrl + G to start a measurement. 

5 Enter whether to measure on a mixer Yes or No. If the answer is Yes a 
mixer measurement is enabled, see subchapter 13.3.2. Else a SISO 
component measurement is enabled, see subchapter 13.3.1. 

13.3.1 SISO components 

1 Enter the lower frequency limit of the frequency sweep [MHz]. The value 
entered must be in the range 1 to 3200 [MHz]. 

2 Enter the upper frequency limit of the frequency sweep [MHz]. The value 
entered must be in the range 1 to 3200 [MHz]. 

3 Enter the desired number of points to be measured in the defined 
frequency range. The input value must be an integer between 0 and 402. 

4 Enter the case temperature [GC]. The case temperature is the current 
temperature that works on the Noise Source. The value entered must be 
in the range 1 to 3200 [MHz]. 

5 Disconnect the DUT from the system if connected. Bring together the 
cables connected to the output and the input of the DUT. Click OK to 
calibrate the measurement system throughout the specified frequency 
range. When the calibration is finished, click OK and reconnect the DUT 
to the measurement system and proceed with the measurement.    
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13.3.2 Mixers 

1 Enter if the mixer mixes up or down in frequency. 

2 Enter what type of injection that is used for the DUT. High or Low side 
injection. 

3 Enter the calibrated gain / loss between LO and the DUT [dB]. This 
implies the total gain or loss in the transmission path between the LO, RF 
generator and the DUT. If a loss is to be entered it should be a negative 
value. Else if a gain shall be entered, the value should be positive. The 
value entered must be in the range -1000 to 1000 [dB]. 

4 Enter the LO, RF generator power level [dBm]. The value entered must be 
in the range -137 to 14 [dBm]. 

5 Enter the intermediate frequency (IF) [MHz]. The value entered must be in 
the range 1 to 3200 [MHz]. 

6 Enter the lower frequency limit of the frequency sweep [MHz]. The value 
entered must be in the range 1 to 3200 [MHz]. 

7 Enter the upper frequency limit of the frequency sweep [MHz]. The value 
entered must be in the range 1 to 3200 [MHz]. 

8 Click OK to continue after reading the message, explaining the calibration 
process, in the message box. 

9 Enter the desired number of points to be measured in the defined 
frequency range. The input value must be an integer between 1 and 401. 

10 Enter the case temperature [GC]. The case temperature is the current 
temperature that works on the Noise Source. The value entered must be 
in the range 1 to 3200 [MHz]. 

11 Disconnect the DUT from the measurement system if connected and click 
OK to confirm and proceed to the calibration. 

12 When calibration is performed, reconnect the DUT and click OK to confirm 
and proceed to the measurement. 

NOTE! 11 and 12 in the list above is repeated for as many times as entered 
number of points in the frequency range. 
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13.4 Result 

Results of the measurement are plotted during runtime, see figure 13:7. 

 
Figure 13:7 GUI for the NF Measurement program. 

The plot of figure 3:4 shows the curve of NF [dB] as a function of frequency 
[MHz] during runtime. 

Measured values of NF along with frequency are stored in arrays in an Excel 
file named nf.xls. The file is stored in the working directory of the program. 

NOTE! After a measurement has been conducted, these files have to be 
either renamed or moved to another directory else the files will be overwritten 
when a new measurement is launched. 
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Appendix 2 

 

 

 

 

Programmer’s Guide 

 

Abstract 

This is the Programmers Guide for the automatic measurement system 
designed and created by Markus Hellgesson and Daniel Andersson as a 
bachelor degree project at EAB/PDB/LA spring 2005. 
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14 Introduction 

During the degree project HP VEE was used to develop three programs to 
control instruments in order to measure RF-parameters and calculate relevant 
results from these measurements. This Programmer’s Guide describes how 
to program in HP VEE generally and especially how to perform minor or major 
adjustments in the three resulting programs. 

15 Programming in HP VEE 

HP VEE, Hewlett-Packard Visual Engineering Environment, is a very straight-
forward programming environment. The program to be created is designed 
much like a flowchart, what will happen next is indicated by wires running 
from one object to another. The order in which the parts of a program are 
executed is indicated by the direction of the wires, the following object is 
below or to the right of the previous.  

The main program is developed in the “Main” window. This is where for loops, 
data inputs, measurement plots and so on are placed. Nevertheless, if the 
program becomes large, it is advisable to divide it into smaller parts and place 
some parts in user functions in order to make the program more lucid. This 
will be handled in section 15.2. 

To send commands to and receive data from instruments, device drivers are 
used. Staff at PDB/LIV has developed device drivers for many of the 
instruments used at Lindholmen. These drivers are gathered in libraries, 
specific for each instrument. To use the drivers, the library in question must 
be imported, see section 15.3. Sometimes it is necessary to create own 
device drivers. This will be handled in section 15.4. 
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15.1 Getting started 

Below follows an example of how to create a program that plots a number of 
entered data in a graph. All programs are developed essentially the same 
way. To learn more about predefined functions and objects, simply browse 
the menus and click help on an object or function for information about it. 

• Start HP VEE via the windows start menu. 

• Click the Show the program explorer button to get a view of what is 
included in the program, see figure 15:1. 

 
Figure 15:1 Getting started in HP VEE 

• Choose Start in the Flow menu. 

• Place the Start button somewhere in the main window. 

• Choose Dialog Box-> Real Input in the Data menu. 

• Place the object beneath the start button and draw a line from the 
bottom of the start button to the top of the Real Input. This will trig the 
Real Input when the Start button is pressed. 

• Press Ctrl+c and Ctrl+v to copy and paste the object. Place the new 
Real Input beneath the existing one. Draw a new line to trig this Real 
Input. 

• Choose X vs Y Plot from the Display menu. 

• Draw one line from the Value output of the first Real Input to the 
XData input (highlighted when pointing near one of the inputs on the 
left side of the object) of the Plot object and one line from the Value 
output of the second Real Input to the YData1 input of the Plot object 
(also highlighted when pointing in its vicinity). 

• Change the parameters in the Real Input objects to a suitable text, 
e.g. “Enter x value” and “Enter y value”, respectively. 

• Run the program either by pressing the Start button, the Run button 
or Ctrl+g, see figure 15:1. 

To make the program more lucid and compact, it is possible to minimize the 
functions and objects by clicking the minimize button, se figure 15:2 

”Show the program explorer” ”Run” 
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Figure 15:2 An example program 

Note: An object such as a plot is trigged either on a trigger input on the top of 
the object or when all the input signals (on the left side) have entered the 
object. If the object has both a trigger on the top and input signals it is trigged 
on the trigger input (the one on the top). However, if the object has not yet 
received an input signal it will not be trigged, nor will any other objects that 
are to be trigged after the object in question. Finally, if an object has no trig or 
input signal it will be trigged the first thing when a program is started. See 
figure 15:3 for clarification. 

 
Figure 15:3 To trig or not to trig... 

1. On program start the Real value is entered into the If/Then/Else object. 

2. The If/Then/Else object is executed, but since 54 does not equal 1, no 
trigging signal is sent to the Then output. 

3. Since the next Real object is not trigged it does not enter its value into 
AlphaNumeric. Therefore AlphaNumeric will not be trigged, nor will 
anything thereafter. 

 
AlphaNumeric is an 
object that functions as 
a monitor, for instance 
used in a GUI. 

 
The green frame around the objects is part of the debug tool 
and indicates that the object has been trigged and executed. 

Minimize button 
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15.2 Creating and using user functions 

To create a user function, choose UserFunction in the Device menu. 

The user function will appear both at the development area and in the 
program explorer. 

 
Figure 15:4 Changing a user function’s name 

To change the name of the user function, right-click it in the program 
explorer and choose Properties. 

Since a user function may contain a lot of data it might be of interest to either 
enter data into or receive data from the user function. To do this the user 
function needs to be equipped with inputs and outputs.  

To add an input or output to a user function right-click somewhere in the 
frame of the user function and choose Add Terminal and make a suitable 
choice. 

Programming a user function is carried out essentially the same was as 
creating a program in the main window; simply place desired objects and 
functions in the UserFunction window. The user function is trigged as any 
other object, i.e. either on a trigger input or when all input signals are entered. 

Just like the main program, a user function needs a start button to know 
where to start. If it is obvious where the user functions starts, like in figure 
15:5, use of a start button is not necessary though. 
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Figure 15:5 Using a user function 

To call a user function, right-click it in the program explorer and Generate -> 
Call. 

Place the user function in a desired place in the main window and connect 
wiring to it just like an ordinary object or function. 

15.3 Importing libraries 

To communicate with instruments drivers are needed. As mentioned earlier 
drivers are often gathered in libraries for specific instruments. To use these 
drivers, the corresponding libraries need to be imported and configured for the 
instrument in question. 

Libraries for several instruments can be found in 
\\esemont090\proj\GSMradio\radio 
designverifiering\Projects\exjobb2005\instrlib. Copy applicable library and 
paste into your HP VEE working directory (the very same directory wherein 
you create your HP VEE program). 

To import and start using a library, follow the algorithm below: 

• Choose Import Library from the Device menu and place the object in 
the main window. 

• Configure the Import Library object as shown in figure 15:6. 

• Import the library in question either by right-clicking the Import 
Library object and choose Load Lib, or by placing a Start button 
directly above the object, drawing a wire to the object and pressing the 
Start button. 
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When this is done, the newly imported library will appear in the program 
explorer and the containing user functions / device drivers can be called. This 
is done the same way as calling user functions. See 15.3. 

• Right-click the InitInstrumentIO in the newly imported library in the 
program explorer and choose Generate -> Call 

• Place the object as shown in figure 15:6. 

• Choose Constant -> Record in the Data menu and place it as shown 
in figure 15:6 (in figure 15:6) this object is called Instr IO RFGEN_1). 

• Change the name of the Record to “Instr IO (library name)” and add a 
field to the Record. This is done by right-clicking the frame of the 
object. 

• Change data type, name and contents of the fields according to figure 
15:6. This is done by clicking the field in question. 

• Executing the entire string of objects in figure 15:6 will make the 
program ready to communicate with the instrument. 

 
Figure 15:6 Importing and configuring library 

For suitable IO_Timeout and IO_Address, see table 15:1. The LibraryName 
in Instr IO object must be the same as the library name in the Import Library 
object. 

”Fields” 
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Table 15:1 Instrument IO 

Instrument IO_Address IO_Timeout

RF generator 1 7 5
RF generator 2 19 5
RF generator 3 20 5
Power meter 12 5
Spectrum analyzer 10 120
Temp chamber 2 5
AC Supply 5, 17, 25, 28 5
DC Supply 6, 8, 21 5  

Note: Never use GPIB address 03 since this is the GPIB board address. 
As seen in all examples, the GPIB address starts with 14. This is the address 
of the GPIB bus. 

For a complete list, see \\esemont090\proj\GSMradio\radio 
designverifiering\Projects\exjobb2005\instrument.ini. 

Several libraries can be imported to control a number of instruments. All 
objects belonging to one instrument must correspond to the same library 
name. See figure 15:7 for clarification. 

 
Figure 15:7 Importing and configuring several libraries 
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15.4 Creating device drivers 

Device drivers can either be created from scratch or by making changes in 
already existing drivers. Both methods will be described in this chapter. 

The GPIB, General Purpose Interface Bus, is a standardized interface bus, 
but the commands and data sent on this bus are in no way standardized. 
Therefore, the user guide or user manual for the instrument to be controlled 
must be consulted. Most user guides contain a chapter called programming 
wherein the instrument-specific text strings for sending commands or 
retrieving data are described. If not, the information needed will most likely be 
found somewhere else in the user guide or user manual. 

If more than one instrument is to be controlled, it is of vital importance to 
gather all drivers for one instrument in one library. This is because the GPIB 
address of an instrument is associated with library. To do this, save the 
program where the device drivers have been created with the name 
InstrumentName.lib e.g. sme03.lib. 

15.4.1 Creating device drivers from scratch 

In order to be able to send commands to and receive data from instruments, 
drivers for communicating with the instrument will be created first. 
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15.4.1.1 Sending command to instrument 

• Start HP VEE in the windows start menu. 

• Choose UserFunction from the Device menu. 

• Add a data input and rename it e.g. “Cmd” by double-clicking on the 
data input. 

• Add a Start button and two Variable -> Get Variable -objects from the 
Data menu. Rename them “IO_Address” and “IO_Timeout”. 

• Choose Instrument Manager... in the I/O menu. Click on 
Default_DIO(@1409). Click on the Direct I/O button and place the 
object in the UserFunction. 

• Right-click the object and click Add Trans… 

• Change the lower-case ‘a’ to an upper-case ‘A’ and click OK. 

• Add one data input and two control inputs, namely Address and 
Timeout. 

• Choose Delay in the Flow menu and change the value to 0.1. Place 
the Delay after the Default_DIO object. This is to ensure that the 
instrument receives the command before the program continues. 

• Draw wires according to figure 15:8. 

• Last but not least, change the name of the user function to a suitable 
one, e.g. “z_SendGPIB_Command”. 

Now it is time to create a driver for receiving data from an instrument. 

 
Figure 15:8 Driver for sending command via GPIB 
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15.4.1.2 Receiving data from instrument 

Now it is time to create a driver for receiving data from an instrument. 

The process of creating driver for receiving data via GPIB is the same as for 
sending command except for a few differences: 

• Add a data output instead of a data input to the user function. 

• Add a data output instead of a data input to the Default DIO object. 

• When adding a Transaction (Add Trans…) to the DIO, choose READ 
instead of WRITE. 

• Draw wires according to figure 15:9. 

• And again, don’t forget to change the user functions name to e.g. 
“z_GetGPIB_Data”. 

 
Figure 15:9 Driver for sending command via GPIB 

At this time, a number of command drivers are to be made. If an RF-generator 
is to be controlled, the command “set frequency” will probably be needed. And 
analogous, using a power meter will probably need the command “get power”, 
e.g. when an amplifier is being analyzed. As examples, drivers for these to 
commands will be created below. 

For simplicity, example drivers are made for HP 8648C (RF-generator) and 
R&S NRVS (Power meter) since these have been used in the degree project.  
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15.4.1.3 Setting frequency on an RF-generator 

• Choose UserFunction from the Device menu. 

• Add a data input and rename it e.g. “Freq” by double-clicking on the 
data input. 

• Add a Start button from the Flow menu and a Formula from the 
Device Menu. 

• Connect the Freq input to the Formula’s data input (“A”). 

• Trig the Formula with the Start button. 

• Change the formula to  
“Freq “+A + “ MHz” 
 (Note the spaces!). Alternatively, kHz, Hz or GHz can be used. 

• Generate a Call to the z_SendGPIB_Command driver. 

• Connect the Formula’s data output to the z_SendGPIB_Command 
driver’s data input. 

• Rename the user function to e.g. “Set_Frequency”. 

The driver should now resemble figure 15:10. 

 
Figure 15:10 Device driver for setting frequency 
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15.4.1.4 Receiving power level data from a power meter 

• Create a new UserFunction. 

• Add a data output to the UserFunction and rename it e.g. “Power”. 

• Add a Start button and a Text Constant. 

• Generate a call to the z_SendGPIB_Command driver and trig it on 
the Start button. 

• Enter “X1” in the Text Constant. 

• Connect the Text Constant data output to the 
z_SendGPIB_Command data input. 

• Generate a call to the z_GetGPIB_Data and trig it on the 
z_SendGPIB_Command. 

• Connect the data output of the z_GetGPIB_Data object to the Power 
connection (UserFunction’s data output). 

• Rename the user function e.g. “Get_Power”. 

The driver should now resemble figure 15:11. 

 
Figure 15:11 Device driver for getting power 



 PA1;1 *  
 Open 

REPORT 
 

120 (134) 
Prepared (also subject responsible if other) No. 

Markus Hellgesson, Daniel Andersson EAB/PDB/L-05:0003 Uen 
Approved Checked Date Rev Reference 

  2005-06-10 PA1  
 

15.4.2 Creating device drivers using already existing drivers 

• Find a library for a similar instrument. 

• Copy it and change the copy’s name to a suitable one e.g. 
InstrumentName.lib 

• Make sure the library is not Read-only. 

• Open the new library with HP VEE (not HP VEE runtime!) 

• Open the program explorer to see what user functions the library 
contains. 

• Consult the instrument’s User Guide / User Manual to find the syntax 
of commands to be sent to the instrument, as well as information 
about the syntax of data to be received from the instrument. 

• Open the device driver that is to be changed. 

• Perform the necessary changes, for example changing a text box from 
“Outp” to “_Ampl;” and so on. 

• If the desired device driver does not exist in the library, create it as 
explained in 15.4.1. 
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15.5 Verifying the GPIB address 

In order for the interface between the computer and instrumentation to work it 
is essential that the GPIB address of an instrument correspond to the GPIB 
address of the library containing device drivers for the instrument in question. 

To verify the GPIB address corresponding to a certain device driver library, 
simply double-click the IO_Address (highlighted in figure 15:12) in the 
program explorer. If the library is imported and configured correctly, the GPIB 
address is stated here. 

 
Figure 15:12 Finding GPIB address 

To change the GPIB address corresponding to a certain device driver library, 
find the Instr IO object corresponding to the library in question. 

To verify or change the GPIB address of the instrument, consult its User 
Guide.  

To find out what GPIB address a certain instrument should have (according to 
LIVE standard), see table 15:1. 
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15.6 Creating a Graphical User Interface, GUI 

Creating a GUI is a very straight-forward process in HP VEE. It can be done 
in a number of ways. This section will describe two of them, creating a Panel 
in the main window and creating and calling UserFunction Panels.  

15.6.1 Creating a panel in the main window 

To create a Panel consisting of a number of objects simply select the objects 
by holding the Ctrl-key and clicking them. Thereafter, right-click somewhere in 
the main window but not on an object and choose Add To Panel. This can 
also be done by adding objects one at a time. 

Change from the Detail view to the Panel view by pressing the Panel view 
button, see figure 15:13, and place the objects as desired. It is also possible 
to resize the objects and change their colors and fonts (if text is used). Note! 
Objects must not be minimized in Detail view when adding them to the Panel 
or they will remain minimized in the Panel view. 

 
Figure 15:13 Creating a program with a GUI 

 
Panel view     Detail view 
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Figure 15:14 The Panel view of the program 

If a Panel is created, it will appear on program execute. Either as the main 
program’s Panel or, if chosen, as an execution window, thus forming a GUI. 

15.6.2 Creating and calling the panel of a user function 

Creating a UserFunction’s Panel is done the same way as creating a Panel 
for the Main program. When the Panel is created it can be called and hence 
made to appear, either until the program ends or until a certain state in the 
program e.g. after 5 seconds. A Panel created in a UserFunction can not be 
called from the function itself. It can be called from any other function or the 
main program though. 

This is done by using the object showPanel. showPanel is found in the 
Device menu under Function & Object Browser wherein Built-in 
Functions is chosen. When trigging the object showPanel, the Panel called 
appears until the program ends or until the object hidePanel is trigged. This is 
also found in Built-in Functions. 

For more information about exactly how these objects form, right-click them 
and read the Help. 
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16 Explanation of the programs 

After reading chapter 15, a fairly good comprehension of how programs are 
built up and work in HP VEE should be obtained. Therefore, the programs will 
be only briefly explained below whereas the emphasis of this chapter lies on 
how to make changes in the programs created such as customizing them for 
other instruments. 

For more thorough explanations of how and why the mathematical 
calculations and other algorithms are performed, see sections 5.2 Simulations 
and 5.3 Programs. 

It is advisable to have the programs open in HP VEE while studying the 
Programmer’s Guide to get the full picture of how the programs work. 

16.1 Generally applicable changes 

16.1.1 Change device drivers when replacing instruments 

When an instrument is replaced, the device drivers need to be replaced as 
well. This is not necessary though if the replacement instrument is another 
individual of the same kind, for instance replacing the HP 8648C for another 
HP 8648C. 

If the library containing device drivers for the instrument to be replaced is 
visible in the program explorer, the library must first be removed. This is done 
by double-clicking the Import Library object corresponding to the instrument 
to restore it and then right-clicking it and choosing Delete Lib.  

Then the objects corresponding to the new library need to be configured. 
These objects are depicted in Fel! Hittar inte referenskälla. and how to 
reconfigure them is explained in section Fel! Hittar inte referenskälla.. 
Import Library as well as its corresponding objects is found in the user 
function Initialization in the P1dB & Gain program, 
Initialization_of_instruments in the IM3 program and Init_Instruments in 
the NF program. 

When the new library is configured and imported, all device drivers need to be 
replaced. This is easiest done as follows: 

1. Press “Ctrl + F” and enter “old_libraryname.” in the “Search for” field. 

2. Find every device driver that corresponds to the library that is 
replaced, delete them and replace them with the equivalent driver from 
the new library one by one. 
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old_libraryname above shall be replaced by the name of the library that is 
replaced. For instance, if HP 8648C is to be replaced for R&S SME 03, 
“RFGEN.”. Note the dot! It implies that the device driver to be removed is part 
of the RFGEN library. 

16.2 Program specific changes 

Since all possible modifications can’t be discussed here, three examples will 
give the reader an idea of what can be done and how it is done. 

16.2.1 Gain & P1dB Measurement program 

Replacing the R&S NRVS Power Meter for the R&S FSIQ 26 

A number of program modifications must be performed due to differences in 
how the measurement instruments work. Since the NRVS measures the 
power emitted on all frequencies while the FSIQ measures power emitted on 
specific frequencies, retrieving the output power of a DUT is slightly more 
complicated with the FSIQ 26 than with the NRVS.  

First, change device drivers as described in section16.1.1. Then, perform the 
modifications listed in Table 16:1. 
 

Table 16:1 Modifications for replacing the NRVS for the FSIQ 26 

What is to be deleted 
regarding NRVS 

What is to be 
inserted/modified regarding 
FSIQ 26 

Where (in what user 
function) 

The resolution, filter setting, and 
zeroing. The Done zeroing? 
Message Box. 

Reconfigure the Enter cable 
loss / amplifier gain DUT -> 
Power meter Real Input, to 
suit FSIQ 26. Preset the FSIQ1. 

Startup_sequence 

Reconfigure objects for drivers. 
(Mentioned above) 

Reconfigure the Enter max 
power into power sensor, to 
suit FSIQ 26. 

Initialization 

Call PowMet.GetPower 
(Implied above) 

* GetPower 

 Modify the notepad to suit FSIQ 
26. 

MaxPowerInfo 

Call PowMet.GetPower  Main Program 

*In addition to this, the following must be done to be able to measure the 
output power with and retrieve the data from the FSIQ 26.: 

                                                
1 In program explorer, right-click Reset in the FSIQ library and Generate -> Call. 
Place the object after Call RFGEN.Reset in Startup_sequence. 
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• The frequency span of the FSIQ must be set rather narrow to measure 
the correct output frequency. This is done by generating a call to 
FSIQ.SetSpan in e.g. Startup_sequence. Then place a Real 
Constant to the left of Call FSIQ.SetSpan and connect them. Finally, 
set the Real Constant it to e.g. 200000. See         Figure 16:1 for 
clarification. 

             
        Figure 16:1 Setting the span of FSIQ 26. 

• For each new round in the frequency loop, the center frequency of the 
FSIQ must be set. To do this, generate a call to FSIQ.SetCF and 
place the object after and with the same data input as Call 
Set_RFGENs in the main program.         Figure 16:2 depicts 
how it may look. Note that a converting Formula is needed to make 
the input in [MHz]. This Formula simply multiplies the input with 
1’000’000. 

       
        Figure 16:2 Set center frequency in main program. 

• When the right frequency is set, it is time to measure and retrieve the 
measured data of the output power level. This is preferably done in the 
user function GetPower. Generate a call to FSIQ.Pk_search_spec. 
The amplitude output (the lower of the two outputs) of Call 
FSIQ.Pk_search_spec should be output to Power_meter_power, an 
output of GetPower. See         Figure 16:3 for an example 
appearance. 
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        Figure 16:3 Measure and retrieve the outpout power level. 

16.2.2 IIP3 & IM3 Measurement program 

Replacing an HP 8648C for an R&S SME 03. 

The two RF-generators do not differ very much, however a few changes must 
be performed. First, the device drivers must be interchanged as described in 
section 16.1.1. Thereafter, a Message Box is inserted to ask the user 
whether the 10 MHz reference is external or internal. If it is internal, a Text 
Constant is trigged entering the text “Internal” into Call RFGEN.Reset. 
Otherwise “External” is entered into Call RFGEN.Reset. The reason for this is 
that the SME 03 uses the same connector for internal and external 10 MHz 
reference. The choice is then made in a menu in SME 03. Figure 16:4 is an 
extract from how the user function Initialization_of_Instruments may look 
after the adjustment. 

 
Figure 16:4 10 MHz reference. 
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16.2.3 Noise Figure Measurement program 

Replacing the HP 8594E for an R&S FSIQ 26. 

R&S offers an option for measuring Noise Figure with FSIQ 26. If this option 
is available, the HP 8594E may be replaced. The option was not available 
during NF program development wherefore a full guidance of how to convert 
the program to work with FSIQ 26 will not be presented here. 

Throughout the program frequency conversion in mentioned in different 
objects. The NF option for HP 8594E is namely designed to measure NF for a 
SISO component or a frequency converter, not for a conventional mixer. That 
is also the reason why measuring NF for a mixer is not done in a frequency 
sweep as for SISO components. Due to this, the entire NF measurement 
program is customized for HP 8594E. As a consequence of this, large 
modifications may need to be performed for the program to work with other 
instruments. The only way to get a grip of how to modify the program is to 
study the program and create a comprehension for how it works and study the 
user manual for the replacement instrument to find out how suitable 
algorithms for measuring NF are to be created.  

The device drivers need to be replaced, Init_Instruments must be modified 
to suit FSIQ 26 and the user function Enter_ENR may have to be less or 
more modified. The device driver for sending ENR data to the FSIQ, if 
existing, must be studied so that Enter_ENR is modified correctly. 
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16.3 Brief explanation of specific parts of the program 

16.3.1 Gain & P1dB Measurement program 

  

 Figure 16:5 Trigging XEQ inputs 

To make sure that the regression object in this program is trigged when the 
input power to the DUT is leaving the linear range, the input power is 
compared with the upper limit of the linear range. If the two values are equal 
(this happens twice, due to the 0.5 [dB] step in input power and a rounding 
performed inside GetPower), the Counter is trigged, increasing its value. 
When the output of the Counter is exactly 1, the XEQs are trigged. The 
dashed lines are clear signals so that the Collectors and Counter shall be 
cleared every round in the frequency loop. When the XEQs are trigged, the 
Collectors output their values into a regression object thus trigging it. 

 
Figure 16:6 Calculating ;P 

Figure 16:6 depicts a procedure for calculating ;P when regression has been 
made, but not before that (since it is not doable without coefficients from the 
regression). A much simpler way of doing this would be to input the output 
from the Regression into P_Out_expected, thus trigging it when 
Regression is done. This has empirically been proven not to work though. 
Therefore the algorithm is as explained below and depicted above. 
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Regresson done! is a Real Constant containing the number 1, trigged on 
Regression. Hence, when the regression is done, the number 1 will be input 
to the default value input of Regression done status. Regression done 
status is another Real Constant that has been configured with a default 
value input and a clear input. This enables the Regression done status to 
output two different values to Regression done, which is an If/Then/Else 
object. If the regression is done, P_Out_expected is trigged and ;P is 
calculated and further algorithms are trigged, else the power loop will continue 
with the next round. When the regression is not yet performed in the current 
round of the frequency loop, Regression done status outputs the value 0 
(zero) to Regression done, whereas when the regression is done the value 1 
(one) is output instead. 

16.3.2 IIP3 & IM3 Measurement program 

 
Figure 16:7 Calculating gradients. 

This part of the IM3 program might seem a bit complex and not obvious how it 
works or what it does. A brief clarification of some of the objects and the 
algorithm depicted in Figure 16:7 follows: 
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The upper Gradient_Calc is a formula calculating the gradient of the output 
power curve of the fundamentals. This is done to break the power sweep if 
the DUT is approaching compression. If the slope is less than 0.45 [dB/dB], 
the text “Entering compression” is written to “IM3 & Fundamentals.xls” file and 
the loop is broken. This value has been found empirically and has been found 
reliable enough for this application. 

The lower Gradient_Calc calculates the gradient of the IM3-curve. This is 
needed in the algorithm that approximates a value of IIP3, see section 5.3 in 
the bachelor thesis for explanation. This will also be explained later on in this 
section. 

Calc_predicted_IIP3 is a Formula calculating IIP3 according to equation 
(3.2k). 

When Set IIP3_predicted is done, it trigs a number of actions. 

At first, the values in P1 and P2 are retrieved using Get P1 and Get P2 and 
transformed into linear scale. The results are output to 
Calc_output_power_fundamentals and Mean. These are Formulas 
calculating a mean value of P1 and P2. As both values are input to 
Calc_output_power_fundamentals, it is also trigged since the object has no 
trig input.  

The output is by use of a Formula transformed back into logarithmic scale 
and entered into Set P_out. 

When Set P_out is done Get P12 and Get P21 are trigged and their values 
are output to Mean via a Formula transforming the values to linear scale. 

When Get P21 is done, Get P_out_new and Get y are trigged. 

Get P_out_new outputs its value to the first Gradient_Calc object. When it is 
done, the Mean Formula getting its input from P1 & P2 is trigged, outputting 
its value into a linear to logarithmic scale transformer Formula. The result is 
entered into the same Gradient_Calc object as above and Set P_out_new. 
Since all the inputs to Gradient_Calc are entered, it is now trigged. 

This Gradient_Calc is used to calculate the slope of the Fundamentals curve 
as mentioned earlier in this section. 

Set P_out_new is simply used to store the present value of output power for 
the gradient calculation.  

When Get y is trigged it outputs its value into the second Gradient_Calc. 
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The gradients of the curves are simply calculated as ;y/;x, where ;y is the 
difference in output power for the fundamentals and the IM3 between the 
present round in the power sweep loop and the previous one and ;x is the 
power step in the power sweep loop. The variables P_out_new and y are 
storages for the present value to be stored to the next round, thence the 
precedence of the objects above. 

When Get y is done, the next Mean is trigged, outputting its value to 
Gradient_Calc and Set y. Since all the inputs to Gradient_Calc are entered, 
it is now trigged and outputs its value into If A > B and C > 2. 

 
Figure 16:8 Calculating IIP3_predicted. 

Another part of the IM3 program calculates a predicted value of IIP3. The 
algorithm for this is depicted in Figure 16:8 and described below: 

Get IIP3_predicted outputs its value into Set IIP3_max and If A > B and C > 
2. When Get IIP3_predicted is done, Get IIP3_max is trigged, outputting its 
value into If A > B and C > 2. If A > B and C > 2 is an If/Then/Else object 
with IIP3_predicted, IIP3_max and the gradient of the IM3 curve calculated 
above as input arguments. If IIP3_predicted is greater than IIP3_max and the 
gradient of the IM3 curve is greater than 2, Set IIP3_max is trigged. This is 
done to obtain an approximate value of IIP3 and explained further in sections 
5.2 & 5.3. 
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16.3.3 Noise Figure Measurement program 

When using a noise source, ENR data must be entered into the measurement 
instrument. How this is done is most likely different for each instrument. 
Therefore the user function Enter_ENR will be explained below so that it can 
be modified without greater drudgery. 

 
Figure 16:9 Retrieving data from file. 

At first in Enter_ENR, a file name is entered by the user and data is retrieved 
from the ENR data file. From File in Figure 16:9 forms an array containing the 
data in the ENR data file. The appearance of the ENR data file is described in 
section Fel! Hittar inte referenskälla.. 

 
Figure 16:10 Dividing array into frequency and ENR. 

The array created by From File needs to be divided into frequency and ENR. 
This is done by sending the content in the ENR data file alternately to Addr 0 
and the Addr 1 in DeMultiplexer in Figure 16:10. One array for frequency and 
one array for ENR is created using Collectors (Frequency and ENR) as 
depicted in Figure 16:11, which are then sent to Call NF_meter.Set_ENR. 



 PA1;1 *  
 Open 

REPORT 
 

134 (134) 
Prepared (also subject responsible if other) No. 

Markus Hellgesson, Daniel Andersson EAB/PDB/L-05:0003 Uen 
Approved Checked Date Rev Reference 

  2005-06-10 PA1  
 

 
Figure 16:11 Creating arrays for frequency and ENR. 

Since whether frequency conversion is chosen or not, the NF meter (HP 
8594E) needs frequency input in two different formats, the main program and 
the user function Set_Values are divided into two branches. When not using 
frequency conversion, measurements in a frequency sweep is possible, 
whereas measurements must be conducted for every single frequency when 
using frequency conversion.  

When measuring on a mixer, one single point in frequency is measured at a 
time and the value is retrieved and stored in file and plotted in the GUI. The 
reason for this is that if a sweep is done in RF frequency, a sweep is expected 
by HP 8594E in the IF frequency as well.  

For every new frequency to be measured, start RF frequency and stop RF 
frequency as well as start IF frequency and stop IF frequency are sent to HP 
8594E. The current value for RF frequency and the value for IF frequency 
plus/minus 10 [MHz] form the start and stop frequencies. When measuring 
one point, the center of the start and stop frequencies is measured.  

When measuring NF for a SISO component, the measurement is conducted 
throughout the entire frequency sweep and the values are collected after the 
measurement. 

 


