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RFSpecTest – RF Spectral Test ExecutiveRFSpecTest – RF Spectral Test Executive

Copyright 2002 by R. A. Wood Associates

RFSpecTest is a software program for performing computer automated tests for 
RF components, using signal generators and a spectrum analyzer
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Company NewsCompany News

R. A. Wood Associates has developed a software program to perform computer 
automated RF testing using the National Instruments NI 5660

RFSpecTest – RF Spectral Test Executive
R. A. Wood Associates has been using the NI 5660 extensively to troubleshoot, 
upgrade and perform final test of RF Modules for Lockheed Martin

The final test data for 1 RF module contains 480 test data sheets (for gain and gain 
compression tests)

One gain test data sheet contains 21 measurements
One gain compression test data sheet contains ~300 measurements

The RFSpecTest software and the NI 5660 saved tens of thousands of dollars in test time 
compared to manual measurements

Contents:
RFSpecTest program information
Example displays and printouts

R. A. Wood Associates has developed a software program to perform computer 
automated RF testing using the National Instruments NI 5660

RFSpecTest – RF Spectral Test Executive
R. A. Wood Associates has been using the NI 5660 extensively to troubleshoot, 
upgrade and perform final test of RF Modules for Lockheed Martin

The final test data for 1 RF module contains 480 test data sheets (for gain and gain 
compression tests)

One gain test data sheet contains 21 measurements
One gain compression test data sheet contains ~300 measurements

The RFSpecTest software and the NI 5660 saved tens of thousands of dollars in test time 
compared to manual measurements
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RFSpecTest program information
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General RF Test ConfigurationGeneral RF Test Configuration
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• Equipment Needed:
• RFSpecTest Software
• Computer with GPIB Interface
• 1, 2, or 3 Signal Generators
• RF Power Meter (for Test System Calibration)
• RF Power Combiner (for Two Tone Tests)
• Spectrum Analyzer
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RF Test Configuration using NI PXI EquipmentRF Test Configuration using NI PXI Equipment
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Current Measurements with RFSpecTestCurrent Measurements with RFSpecTest

Tests developed:
Gain/Insertion Loss vs. frequency
1 dB Gain Compression vs. frequency
Relative Measurement vs. frequency
Intermodulation distortion (IMD) products vs. frequency
Test Station Calibration using RF Power Meter

Future Tests to be added:
Phase vs. frequency
Adjacent channel power (ACP)
Others as requested

All tests can be performed for various frequency plans:
Same input/output frequency
Down conversion with local oscillator (LO)

High or low side LO
Up conversion with LO

High or low side LO

Tests developed:
Gain/Insertion Loss vs. frequency
1 dB Gain Compression vs. frequency
Relative Measurement vs. frequency
Intermodulation distortion (IMD) products vs. frequency
Test Station Calibration using RF Power Meter

Future Tests to be added:
Phase vs. frequency
Adjacent channel power (ACP)
Others as requested

All tests can be performed for various frequency plans:
Same input/output frequency
Down conversion with local oscillator (LO)

High or low side LO
Up conversion with LO

High or low side LO
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Devices That Can be Tested Using RFSpecTestDevices That Can be Tested Using RFSpecTest

Amplifiers
RF Switches
Mixers
Receivers chip sets with down conversion
Filters
Isolators
Fixed attenuators
Variable attenuators
Transmitter chip sets with up conversion
Local oscillators
Couplers
Power Dividers
Higher level RF modules and sub-systems
Other RF and microwave components …

Amplifiers
RF Switches
Mixers
Receivers chip sets with down conversion
Filters
Isolators
Fixed attenuators
Variable attenuators
Transmitter chip sets with up conversion
Local oscillators
Couplers
Power Dividers
Higher level RF modules and sub-systems
Other RF and microwave components …
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Statistical ParametersStatistical Parameters

Statistical parameters are available 
for each test parameter across a 
user-defined frequency range

Average
Minimum vs. frequency
Maximum vs. frequency
Peak to peak (P-P) Flatness vs. 
frequency
Standard deviation
Root mean square (RMS)
Best fit line slope vs. frequency
Minimum deviation from best fit line
Maximum deviation from best fit line
P-P variation from best fit line

Statistical parameters are available 
for each test parameter across a 
user-defined frequency range

Average
Minimum vs. frequency
Maximum vs. frequency
Peak to peak (P-P) Flatness vs. 
frequency
Standard deviation
Root mean square (RMS)
Best fit line slope vs. frequency
Minimum deviation from best fit line
Maximum deviation from best fit line
P-P variation from best fit line
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Data File Storage and RetrievalData File Storage and Retrieval

RFSpecTest provides capability to store measurements to data files, and 
retrieve measurements from data files
All measured data can be stored as tab-separated text data files
Data files can be loaded and analyzed into the program for future use
Data files can be imported into spreadsheet programs (Excel, etc)

RFSpecTest provides capability to store measurements to data files, and 
retrieve measurements from data files
All measured data can be stored as tab-separated text data files
Data files can be loaded and analyzed into the program for future use
Data files can be imported into spreadsheet programs (Excel, etc)
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Measurement Process Retrieval Process
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RFSpecTest Program ConfigurabilityRFSpecTest Program Configurability

RFSpecTest is very close to being the first non-customized (off the shelf) RF 
Automated test program
The RFSpecTest Software can easily be configured for additional signal 
generators and spectrum analyzers

New test equipment drivers would be added for additional equipment
The core software does not change as new test equipment is added
New test equipment would be a custom modification, but the program will be 
expanded to include additional drivers

RFSpecTest is very close to being the first non-customized (off the shelf) RF 
Automated test program
The RFSpecTest Software can easily be configured for additional signal 
generators and spectrum analyzers

New test equipment drivers would be added for additional equipment
The core software does not change as new test equipment is added
New test equipment would be a custom modification, but the program will be 
expanded to include additional drivers
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Test Setup 1
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RFSpecTest CostRFSpecTest Cost

The base cost for RFSpecTest is $1995.00
The current software is designed to be used with the NI 5660 PXI-based 
spectrum/signal analyzer and Agilent 8648C signal generators
Some additional fees may be required to add drivers for your test setup

Call us for quotes for other test equipment
We have experience with drivers for other test equipment:

Signal Generators (Agilent, Rohde and Schwarz, etc)
Spectrum Analyzers (Agilent/HP, Rohde and Schwartz, etc)
RF Power Meters (Agilent, Boonton, etc)

We can also add additional measurements to the core software

The base cost for RFSpecTest is $1995.00
The current software is designed to be used with the NI 5660 PXI-based 
spectrum/signal analyzer and Agilent 8648C signal generators
Some additional fees may be required to add drivers for your test setup

Call us for quotes for other test equipment
We have experience with drivers for other test equipment:

Signal Generators (Agilent, Rohde and Schwarz, etc)
Spectrum Analyzers (Agilent/HP, Rohde and Schwartz, etc)
RF Power Meters (Agilent, Boonton, etc)

We can also add additional measurements to the core software
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Demonstration Version of RFSpecTestDemonstration Version of RFSpecTest

A demonstration version of RFSpecTest can be downloaded from our WWW site
www.rawood.com/software_products

The demonstration version shows the various tests and user interfaces
The program does not take real measurements
The program reads data files to simulate actual measurements

The demonstration version should allow the user to see all the features and interfaces
Call us to receive the full program

A demonstration version of RFSpecTest can be downloaded from our WWW site
www.rawood.com/software_products

The demonstration version shows the various tests and user interfaces
The program does not take real measurements
The program reads data files to simulate actual measurements

The demonstration version should allow the user to see all the features and interfaces
Call us to receive the full program
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RFSpecTest Performs Accurate CalibrationRFSpecTest Performs Accurate Calibration

The RFSpecTest uses an RF power meter to calibrate signal generators, RF 
cabling, and the Spectrum Analyzer
Calibration is performed at the Device Under Test (DUT) interface

Very accurate measurements of output power at the DUT is possible
Several calibration steps are built into the software:

Input calibration from Signal Generator 1 to the DUT input
Input calibration from Signal Generator 2 to the DUT input (for two tone measurements)
Input calibration from Signal Generator 3 to the DUT input (for Local Oscillator (LO))
Output calibration from the DUT output to the spectrum analyzer

Separate input and output calibration files allows measurements to be made through 
frequency conversions
Gain/Insertion loss accuracies comparable with network analyzers are possible (within 
tenths of a dB)
Power measurements with RFSpecTest are generally more accurate than network analyzers

Calibration is performed at the DUT output, RF cable losses are taken out
VSWR effects can be minimized by adding fixed pads at the DUT interface

The RFSpecTest uses an RF power meter to calibrate signal generators, RF 
cabling, and the Spectrum Analyzer
Calibration is performed at the Device Under Test (DUT) interface

Very accurate measurements of output power at the DUT is possible
Several calibration steps are built into the software:

Input calibration from Signal Generator 1 to the DUT input
Input calibration from Signal Generator 2 to the DUT input (for two tone measurements)
Input calibration from Signal Generator 3 to the DUT input (for Local Oscillator (LO))
Output calibration from the DUT output to the spectrum analyzer

Separate input and output calibration files allows measurements to be made through 
frequency conversions
Gain/Insertion loss accuracies comparable with network analyzers are possible (within 
tenths of a dB)
Power measurements with RFSpecTest are generally more accurate than network analyzers

Calibration is performed at the DUT output, RF cable losses are taken out
VSWR effects can be minimized by adding fixed pads at the DUT interface
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Measurements with RFSpecTest – RF AmplifiersMeasurements with RFSpecTest – RF Amplifiers

Gain vs. frequency
Reverse isolation vs. frequency
1 dB gain compression vs. frequency
Intercept points vs. frequency

Gain vs. frequency
Reverse isolation vs. frequency
1 dB gain compression vs. frequency
Intercept points vs. frequency

Statistical parameters are available for each test parameter across a defined frequency range
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Example Amplifier Test: Mini-Circuits ERA-5SM: GainExample Amplifier Test: Mini-Circuits ERA-5SM: Gain

Mini-Circuits ERA-5SM

<< Tab 1
Displayed
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Amplifier Test: GainAmplifier Test: Gain

Mini-Circuits ERA-5SM

<< Tab 2
Displayed
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Amplifier Test: Gain CompressionAmplifier Test: Gain Compression

Mini-Circuits ERA-5SM

<< Tab 1
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Amplifier Test: Gain CompressionAmplifier Test: Gain Compression

Mini-Circuits ERA-5SM

<< Tab 2
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Amplifier Test: Gain CompressionAmplifier Test: Gain Compression

Mini-Circuits ERA-5SM

<< Tab 3
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Amplifier Test: Reverse IsolationAmplifier Test: Reverse Isolation

Mini-Circuits ERA-5SM
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Amplifier Test: Intercept Points (dBm)Amplifier Test: Intercept Points (dBm)

Mini-Circuits ERA-5SM

>>
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Amplifier Test: Intermodulation Distortion (dBc)Amplifier Test: Intermodulation Distortion (dBc)

Mini-Circuits ERA-5SM

>>



9/27/2002 Page 22 RAWood 

Example Amplifier Test: WJ Communications AH1: GainExample Amplifier Test: WJ Communications AH1: Gain
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Measurements with RFSpecTest – RF SwitchesMeasurements with RFSpecTest – RF Switches

Insertion loss vs. frequency
On/Off isolation vs. frequency
1 dB gain compression vs. frequency
Intercept points vs. frequency

Insertion loss vs. frequency
On/Off isolation vs. frequency
1 dB gain compression vs. frequency
Intercept points vs. frequency

Statistical parameters are available for each test parameter across a defined frequency range
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RF Switch Example: Hittite HMC194MS8: Insertion LossRF Switch Example: Hittite HMC194MS8: Insertion Loss
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RF Switch Example: Hittite HMC194MS8: On/Off IsolationRF Switch Example: Hittite HMC194MS8: On/Off Isolation

“ON” Measurement

<< Tab 1
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RF Switch Example: Hittite HMC194MS8: Off IsolationRF Switch Example: Hittite HMC194MS8: Off Isolation

“OFF” Measurement

<< Tab 2
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RF Switch Example: Hittite HMC194MS8: On/Off RatioRF Switch Example: Hittite HMC194MS8: On/Off Ratio

“ON/OFF” Ratio

<< Tab 3
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RF Switch Example: Hittite HMC194MS8: On/Off RatioRF Switch Example: Hittite HMC194MS8: On/Off Ratio

“ON/OFF” Ratio

<< Tab 4
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RF Switch Example: Hittite HMC194MS8: Intercept PointsRF Switch Example: Hittite HMC194MS8: Intercept Points
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Measurements with RFSpecTest – MixersMeasurements with RFSpecTest – Mixers

Conversion loss vs. frequency (up or down conversion)
Isolation vs. frequency

L to I isolation
L to R isolation
R to I isolation
I to R Isolation

1 dB gain compression vs. frequency
Intercept points vs. frequency

Conversion loss vs. frequency (up or down conversion)
Isolation vs. frequency

L to I isolation
L to R isolation
R to I isolation
I to R Isolation

1 dB gain compression vs. frequency
Intercept points vs. frequency

Statistical parameters are available for each test parameter across a defined frequency range
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Mixer Example: Anzac MD-525: Conversion LossMixer Example: Anzac MD-525: Conversion Loss

Down Conversion,
Fixed LO,
Stepped RF and IF

Tab 1
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Mixer Example: Anzac MD-525: Conversion LossMixer Example: Anzac MD-525: Conversion Loss

Down Conversion,
Fixed LO,
Stepped RF and IF

Tab 2
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Mixer Example: Conversion Loss: Up ConversionMixer Example: Conversion Loss: Up Conversion

Up Conversion,
Fixed LO,
Stepped RF and IF

Anzac MD-525
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Mixer Example: Conversion Loss: Up ConversionMixer Example: Conversion Loss: Up Conversion

Up Conversion,
Fixed IF,
Stepped RF and LO

Anzac MD-525
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Measurements with RFSpecTest –
Receiver Chip Sets with Down Conversion

Measurements with RFSpecTest –
Receiver Chip Sets with Down Conversion

Gain vs. frequency (through down conversion)
1 dB gain compression vs. frequency
Intercept points vs. frequency
Gain/attenuator adjust accuracy vs. frequency

Gain vs. frequency (through down conversion)
1 dB gain compression vs. frequency
Intercept points vs. frequency
Gain/attenuator adjust accuracy vs. frequency

Statistical parameters are available for each test parameter across a defined frequency range
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Receiver Chip: RF 2494 High Frequency LNA/Mixer:
Conversion Loss

Receiver Chip: RF 2494 High Frequency LNA/Mixer:
Conversion Loss

Down Conversion,
Fixed IF,
Stepped RF and LO

Looking at RF 
passband

RF Micro Devices RF2494
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Receiver Chip: RF 2494 High Frequency LNA/Mixer:
Conversion Loss

Receiver Chip: RF 2494 High Frequency LNA/Mixer:
Conversion Loss

Down Conversion,
Fixed LO,
Stepped RF and IF

Looking at IF 
passband

RF Micro Devices RF2494
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Measurements with RFSpecTest – FiltersMeasurements with RFSpecTest – Filters

Insertion loss vs. frequency
P-P ripple across the passband
Rejection vs. frequency

Insertion loss vs. frequency
P-P ripple across the passband
Rejection vs. frequency

Statistical parameters are available for each test parameter across a defined frequency range
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Filter Example 1 – Insertion Loss vs. Frequency
2.4 GHz ISM BPF

Filter Example 1 – Insertion Loss vs. Frequency
2.4 GHz ISM BPF
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Filter Example 2 – Insertion Loss and RejectionFilter Example 2 – Insertion Loss and Rejection
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Measurements with RFSpecTest – IsolatorsMeasurements with RFSpecTest – Isolators

Insertion loss vs. frequency
Reverse isolation vs. frequency
Insertion loss vs. frequency
Reverse isolation vs. frequency

Statistical parameters are available for each test parameter across a defined frequency range
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Measurements with RFSpecTest – Fixed AttenuatorsMeasurements with RFSpecTest – Fixed Attenuators

Insertion loss vs. frequency
Attenuation accuracy vs. frequency
Insertion loss vs. frequency
Attenuation accuracy vs. frequency
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Measurements with RFSpecTest – Variable AttenuatorsMeasurements with RFSpecTest – Variable Attenuators

Insertion loss vs. frequency
Attenuation accuracy vs. frequency

vs. attenuation setting
1 dB gain compression vs. frequency
Intercept points vs. frequency

Insertion loss vs. frequency
Attenuation accuracy vs. frequency

vs. attenuation setting
1 dB gain compression vs. frequency
Intercept points vs. frequency

Statistical parameters are available for each test parameter across a defined frequency range
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Variable Attenuator Example: 0 dB State (Reference) Variable Attenuator Example: 0 dB State (Reference) 

RF Micro Devices RF2420
Attenuator IC
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Variable Attenuator Example: 4 dB Measurement Variable Attenuator Example: 4 dB Measurement 

RF Micro Devices RF2420
Attenuator IC
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Variable Attenuator Example: 4 dB Attenuation Accuracy Variable Attenuator Example: 4 dB Attenuation Accuracy 

RF Micro Devices RF2420
Attenuator IC
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Variable Attenuator Example: 8 dB Attenuation Accuracy Variable Attenuator Example: 8 dB Attenuation Accuracy 

RF Micro Devices RF2420
Attenuator IC
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Variable Attenuator: Intermodulation Distortion (dBc)Variable Attenuator: Intermodulation Distortion (dBc)

RF Micro Devices RF2420
Attenuator IC
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Measurements with RFSpecTest –
Transmitter Chip Sets with Up Conversion

Measurements with RFSpecTest –
Transmitter Chip Sets with Up Conversion

Gain vs. frequency (through up conversion)
1 dB gain compression vs. frequency
Intercept points vs. frequency

Gain vs. frequency (through up conversion)
1 dB gain compression vs. frequency
Intercept points vs. frequency

Statistical parameters are available for each test parameter across a defined frequency range
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Other Tests Available – Local OscillatorsOther Tests Available – Local Oscillators

Output Power vs. frequency
Assumes digital or analog control available

Output Power vs. frequency
Assumes digital or analog control available

Statistical parameters are available for each test parameter across a defined frequency range
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Measurements with RFSpecTest – CouplersMeasurements with RFSpecTest – Couplers

Insertion loss vs. frequency
Coupling vs. frequency
Isolation vs. frequency
Directivity vs. frequency

Insertion loss vs. frequency
Coupling vs. frequency
Isolation vs. frequency
Directivity vs. frequency

Statistical parameters are available for each test parameter across a defined frequency range
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Measurements with RFSpecTest – Power DividersMeasurements with RFSpecTest – Power Dividers

Insertion loss vs. frequency
Isolation vs. frequency
Output port matching vs. frequency

Insertion loss vs. frequency
Isolation vs. frequency
Output port matching vs. frequency

Statistical parameters are available for each test parameter across a defined frequency range
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Power Divider Example – Isolation Between Output PortsPower Divider Example – Isolation Between Output Ports
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Top Level Test Panel >> RF MeasurementsTop Level Test Panel >> RF Measurements
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Top Level Test Panel >> Calibration and UtilitiesTop Level Test Panel >> Calibration and Utilities
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Configure Test Frequencies: Same Input/Output Freq’sConfigure Test Frequencies: Same Input/Output Freq’s
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Configure Test Frequencies: Down Conversion Example
Fixed IF Frequency, Stepped RF and LO

Configure Test Frequencies: Down Conversion Example
Fixed IF Frequency, Stepped RF and LO
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Configure Test Frequencies: Up Conversion Example
Fixed LO, Stepped RF and IF

Configure Test Frequencies: Up Conversion Example
Fixed LO, Stepped RF and IF
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Calibration PanelCalibration Panel
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Calibration >> Setup Cal FrequenciesCalibration >> Setup Cal Frequencies
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Calibration >> View Calibration DataCalibration >> View Calibration Data
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Setup Test Equipment PanelSetup Test Equipment Panel

Additional equipment (drivers) can be added and selected in this panel
Once the drivers are added, this menu can be used to select your test setup
Additional equipment (drivers) can be added and selected in this panel
Once the drivers are added, this menu can be used to select your test setup
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Create Power Sensor Head File PanelCreate Power Sensor Head File Panel

Used for setting up 
calibration factors for 
older RF power 
sensor heads
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Our Contact InformationOur Contact Information

Bob Wood
E-mail: rawood@rawood.com
Phone:315-735-4217
Fax: 315-735-4328
Address:

R. A. Wood Associates
1001 Broad St.
Suite 450
Utica, NY  13501

Bob Wood
E-mail: rawood@rawood.com
Phone:315-735-4217
Fax: 315-735-4328
Address:

R. A. Wood Associates
1001 Broad St.
Suite 450
Utica, NY  13501


