AQRP Vector Impedance Analyzer Setup and User Guide

Startup

Touch Screen Calibration

After powering up the VIA the first time, it is necessary to calibrate the touch screen.  Follow the instructions on the screen.  If, at any time later, you decide that the touch screen needs recalibration, simply hold both encoder push buttons in while the Splash Screen is showing just after power-up.  As before, follow the on-screen instructions.


Selecting the desired band of operation


The VIA supports two bands of operation—8kHz to 1 MHz and 1MHz to 150 MHz.  The VIA normally powers up in the HF range (1MHz to 150 MHz).  To select the LF range (8 kHz to 1 MHz) simply hold in the Cursor Encoder Push Button while powering on the unit.  Hold the button depressed until the Splash Screen disappears.

Setup Parameters


It is recommended that you set and store operating parameters before performing the Calibration steps.  Follow these steps after the Splash Screen disappears.


Select Start Frequency


Tap the Start_Freq button.  At the next screen tap the Start button.  On the next display, data will appear and may be “garbage”.  Pressing the up and down buttons under each digit position allows setting of each digit.  When the desired start frequency is set, tap DONE 

Select Stop Frequency
Tap the Stop_Freq button.  Follow the same procedure as for the start frequency.  Tap DONE when you have entered the desired stop frequency.


Select Frequency Step
Tap the Freq_Step button to determine the frequency change for each tick of the Manual tuning encoder, or for the automatic increment in Auto mode.  Tap DONE after your choice is entered.


Select Dwell Time for each Measurement
Tap the Dwell_Time button to select the time (in msec) for the time that the unit will dwell at for each frequency when in Auto mode.  Tap DONE after making your selection.

NOTE: Although you can set dwell times down to 1msec, the screen updates take several msec.  Therefore, it is best to limit dwell times to 10msec or more.


Storing 

When the four operating parameters have been entered, press the STORE button to save these values in  memory.  These values will become the default settings for the next time the VIA is powered on.

NOTE: The operating parameters are stored on a per-band basis.  For the LF band, power the VIA off and then back on while holding down the Cursor Encoder Push-Button.  Repeat the above steps for entering and storing the default operating parameters for the LF band.  The parameters for HF and LF can be changed at any time. 
Calibration of the Analyzer Circuit


The Analyzer must be calibrated before use.  To do this, select the CAL option after the Splash Screen disappears.  Follow the on-screen instructions.


50 Ohm Calibration

Place an accurate 50 ohm termination on the coax connector and tap the CAL50 button.  The value displayed should be within the limits shown on the display.


0 Ohm Calibration


When instructed, remove the 50 ohm termination and replace it with a SHORT. Press the CAL0 button.  Again, the value displayed should be within the limits indicated on the display.


Stray Capacitance Trim-C0

When the unit is first powered on, the internal RF source will be automatically set to the Start Frquency.  The Stray Capacitance trim will be performed at this frequency and is designed to compensate for stray circuit capacitance that shunts the input circuit.  To perform this trim operation, simply remove any loads from the coax connector and tap the C0-Comp button.  The display should indicate a capacitance of a few picofarads.  This procedure adds a negative capacitance to the computations that are performed by the VIA.

When these steps are completed, tap the STORE button to save the calibration values in memory.  The display will indicate that the values have been saved.  Tap the DONE button to return to the Setup screen.

Modes of Operation

Having completed the Setup and Calibration, you should now be back to the initial Setup Screen.  At this point, you can choose between Manual and Auto tuning.  Click the desired button (MANUAL or AUTO) to select which mode you want to use.


Manual Tuning

If you selected MANUAL, the display should change to the Alphanumeric display of measurements.  In this mode, the RF source is initialized at the Start Frequency that you previously set.

 Rotating the tuning encoder should change the frequency (and the corresponding display).  Each increment of the encoder will change the frequency by an amount equal to the selected Frequency Step. The display will show the impedance and admittance at the indicated frequency.


Auto Tuning

If you selected AUTO tuning mode, the display will also change to the Alphanumeric display of measurements.  However, the RF source will automatically start stepping from the selected Start Frequency and will increment in steps of Frequency Step, up to the Stop Frequency.  As it steps, you will see the display continually showing the measured/calculated data values.

NOTE: The V1 and V2 values are raw voltages and are primarily for diagnostic purposes.  These may be eliminated from the display in future releases of the firmware.  The IF_Sig value is measured at the 2kHz IF.  If this value drops below about 1000, the background for it will turn RED.  This indicates that the signal may be too weak for accurate measurements.  It could also indicate that the IF frequency may be more than 1Hz off (RF and LO are not exactly 2KHz apart in frequency.  This display is meant to be an indicator that the VIA is functioning properly.

Plotting Data

In both Auto and Manual Modes you will have a Plot Option.  With either choice, tapping the PLOT button will change the display to Plotting mode.  The following types of plots may be made:


Smith Chart


Impedance


Admittance


Return Loss


Reflection Coefficient


VSWR

In Auto mode, the plot will be automatically generated as the frequency is swept over the range set during Setup.  In this mode, at the completion of the plot, rotation of the Cursor encoder will cause a vertical cursor to appear.  Rotating the encoder will cause the cursor to shift left or right.  In addition, the frequency that corresponds to the location of the cursor will be displayed at the bottom left of the display.  This enables you to determine the frequency at which various features of the plot appear.

In Manual mode, the frequency cursor is not displayed as the frequency is displayed continuously as it is changed by the Tuning encoder.  As in the case of Auto mode, the right edge of the display corresponds to the Stop Frequency and the Start Frequency is at the left edge.

Sending Data to a PC for further processing

During generation of plots, data will be recorded to internal EEPROM.  For each step of the frequency, three pieces of data will be stored in the EEPROM—frequency, magnitude of the reflection coefficient, and phase of the reflection coefficient.  Since all impedance, admittance, return loss, and VSWR calculations are based on the reflection coefficient, this data should be sufficient for recreating the plots at a later time.


TBD—Add provision for sending the data to a PC, via the built-in UART, for whatever additional processing you wish to make.

Theory of Operation

The VIA consists of an RF generator, a bridge circuit, and a vector voltmeter.  Actually, the RF generator is really two generators that produce two RF signals that differ in frequency by 2 kHz, regardless of the frequency of the first generator.  A Si5351 chip, from Silicon Labs, is used for this dual generator.  The bridge circuit produces two output voltages, one is proportional to the voltage applied to the load impedance and an additional resistor, and the other is proportional to the current flowing through the load impedance.  The resistor in series with the load limits the current in the case that the load is a short circuit.  Consequently, the ratio of the amplitudes of the two voltages, and the phase difference between them provide enough information to accurately determine the load impedance (plus the added series resistance).

From the calculated load impedance, we can determine the complex reflection coefficient and other parameters of interest.  However, the “raw” measurements must be corrected for inaccuracies in the values used in the computations.  This is accomplished in the calibration procedure.

Since the bridge produces two voltages with some phase difference between them, we have drawn on our experience in using IQ signal processing to make our computations.  In particular, each of the voltage outputs are split into In-phase and Quadrature (IQ) components.  This is done after each signal is mixed with a local oscillator (the RF signal that is offset by 2kHz from the RF excitation of the bridge).  The two audio signals thus generated, are then digitized with a 16 bit A/D converter and sent to the STM32 microcontroller.  Each signal is filtered with a 2 kHz band pass filter.  The filtered signals (now completely digital) are each mixed with complex mixers to produce the I and Q components of each of the two channels.  Conventional DSP techniques are used to further filter the four signals that now exist and to calculate the ratio of the amplitudes of the two IQ pairs and the phase difference between them.  At this point we have raw (uncalibrated) data.  The ratio and phase signals are now corrected to provide calibrated data.  The digital conversion of the two channels of 2 kHz analog signals and subsequent processing is what I refer to as a “vector impedance analyzer”.

All in all, this is a rather conventional approach to impedance measurement, but we have chosen to capitalize on our experience with microcontrollers and Software Defined Radio (SDR) to implement measurement, computation, plotting, and display into a compact portable unit for field use—all at a very reasonable cost.

