Instructions for use of the
Impedance Analyzer
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Background of the operation of the instrument
The operation is based on the knowledge described in the “Impedance Measurement
Handbook”, published by Hewlett-Packard, Agilent and Keysight. Many parts in this
section are based on this Handbook. It is available on the internet, see the site of
Keysight.
Impedance measurement with an automatic bridge

The principle is indicated above. The operational amplifier has a high input
impedance and a high gain over a wide frequency range. Because of the feedback
and the high gain the inverting input will be at ground level. Because of the high input
impedance the current through DUT and Rref will be equal. The source AC will in
general be a sine wave. But DC or a complex waveform is also possible. Under these
conditions the impedance of the DUT can be determined by measuring the voltages
Vx and Vr.
The impedance of the DUT then follows from:
ZDUT = Vx * (Rref / Vr)
A phase – sensitive detector shall be used to determine a complex impedance of the
DUT. ZDUT, Vx and Vr are then complex values.
If a standard operational amplifier is used, this principle can operate well until a few
kHz, depending on the unity gain bandwidth of the operational amplifier. Above a
certain frequency the gain will drop too much and phase shifts will be introduced by
the amplifier. This limits the use of this system.
To solve the problem for higher frequencies, one has to realize that the opamp is
always used at one frequency at a time. There is no wideband signal used, only one
sine wave. So the “opamp” can be replaced by a tuned amplifier.
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The signal at the virtual ground (node of DUT and Rref) is measured with two phase
sensitive detectors, operating at the same frequency as the AC-source. The
detectors measure the sine and cosine contents of the Virtual ground signal. The
output of the detectors is amplified and smoothed and fed to two modulators. These
again operate at the same frequency and regenerate the needed feedback signal to
keep the virtual ground node indeed on ground level. A system like this can operate
until high frequencies.
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Handling of the measurement signals
The principle diagram gives a very basic indication of the measurement of the
signals. The reality is more complex:

To prevent measuring errors caused by the connections to the DUT, 4-pole
measurement is applied. The signal across the DUT is measured by a differential
amplifier with a balanced output. The same holds for the signal across the reference
resistor. Via a wide band switches the signals are fed to the detector, which also gets
the balanced measuring signal M. M has the same frequency as AC, but differs either
0 or 90° in phase with AC. The output of the detector is finally fed to an
instrumentation amplifier, which interfaces with the μP.
In the measuring path, phase shifts will occur in the various stages and amplifiers.
This is especially the case for higher frequencies. In the following section it is
checked how this influences the final measurement result.
In the drawing below, the full measuring path with its possible errors is indicated.
The sources AC and M are phase locked and by their operation and programming
they will have a phase difference of exactly either zero or 90°. These sources are
followed by a fifth order low pass filter, which removes spurious frequencies, which
are generated by the signal source. For high frequencies these filters will introduce a
small phase shift. Although the filters are built up from the same components, this
phase shift will not be the same, due to tolerances on the components. The AC
signal is then followed by a buffer amplifier, which again introduces a phase shift at
high frequencies.
The AC signal is then fed to Rs, the DUT and the automatic bridge. In the series
connection to the automatic bridge a parasitic series impedance Zpar is present.
Zpar is connected to the virtual ground, V3.
For the output signal of the buffer amp we can write:
V = |AC| * exp(j(φ1 + φ2))
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For the current through Rs, DUT and Zpar it follows:
V
I = ------------------------ =
Rs + ZDUT + Zpar
|AC|
------------------------------------- * exp(j(φ1 + φ2))
Rs + |ZDUT| * exp(jθ) + Zpar
This same current will flow through the reference resistor Rref.
For the voltage across the DUT we can write:
V1 – V2 = I * ZDUT =
|AC|
------------------------------------- * exp(j(φ1 + φ2)) * |ZDUT| *exp(jθ) =
Rs + |ZDUT| * exp(jθ) + Zpar
|AC| * |ZDUT|
------------------------------------- * exp(j(φ1 + φ2 + θ))
Rs + |ZDUT| * exp(jθ) + Zpar
For the voltage across the reference resistor we can write:
V3 – V4 = I * Rref =
|AC| * Rref
------------------------------------- * exp(j(φ1 + φ2))
Rs + |ZDUT| * exp(jθ) + Zpar

These two signals will be amplified by the differential amplifiers A1 and A2
respectively. Although built up in the same way, these amplifiers will not be exactly
equal and will differ in gain and introduced phase shift. The signals which are fed to
the phase – sensitive detector are then:
Vx = (V1 – V2) * A1 =
|AC| * |ZDUT|
------------------------------------- * exp(j(φ1 + φ2 + θ)) * |A1| * exp(jφ4) =
Rs + |ZDUT| * exp(jθ) + Zpar
|AC| * |ZDUT| * |A1|
------------------------------------- * exp(j(φ1 + φ2 + θ + φ4))
Rs + |ZDUT| * exp(jθ) + Zpar
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respectively:
Vr = (V3 – V4) *A2 =
|AC| * Rref
------------------------------------- * exp(j(φ1 + φ2)) * |A2| * exp(jφ5) =
Rs + |ZDUT| * exp(jθ) + Zpar
|AC| * Rref * |A2|
------------------------------------- * exp(j(φ1 + φ2 + φ5))
Rs + |ZDUT| * exp(jθ) + Zpar
The detector will multiply Vx and Vr successively with the signal
M = |M| * exp(jφ3) or M = |M| * exp(j(φ3 + π/4))
The detector gain is indicated by K.
The result is that the system will store four numbers, which represent two complex
numbers:

x = K * M * Vx =
K * |M| * |AC| * |ZDUT| * |A1|
------------------------------------- * exp(j(φ1 + φ2 + θ + φ4 – φ3))
Rs + |ZDUT| * exp(jθ) + Zpar
and
y = K * M * Vr =
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K * |M| * |AC| * Rref * |A2|
------------------------------------- * exp(j(φ1 + φ2 + φ5 – φ3))
Rs + |ZDUT| * exp(jθ) + Zpar
Finally these complex numbers are divided and we find as measuring result MR:
x
|ZDUT| * |A1|
MR = --- = ----------------- * exp(j(θ + φ4 – φ5))
y
Rref * |A2|
(MR is a complex number)
From MR the ZDUT has to be recovered.
|A2|
ZDUT = MR * Rref * ------- * exp(j(φ5 – φ4))
|A1|
In the design of the instrument it is taken care for that |A1| / |A2| is close to 1.
Also φ4 – φ5 is close to zero.
The complex factor
|A1|
------ * exp(j(φ4 – φ5))
|A2|
can be determined by calibrating the instrument.
If a known impedance is measured, the found MR can be divided by the known
value. This number can be stored and used as calibration factor - CF - in the
determination of ZDUT .
We choose CF so that:
|A1|
CF * ------ * exp(j(φ4 – φ5)) = 1
|A2|

or

|A2|
CF = ------ * exp(j(φ5 – φ4))
|A1|

Then:
ZDUT = MR * Rref * CF
CF is frequency dependent and has to be determined over the whole frequency
range.
The value of ZDUT is available as a complex number and various parameters can
easily be calculated, like Ls + Rs, Cs + Rs, Lp // Rp, Cp // Rp, and so on.
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Signal generation.
In this instrument Direct Digital Synthesizers (DDS) are used to generate the needed
signals.

AC

5th order
LPF
Drive signal
(0°)

Sync

M

5th order
LPF
Drive for detector
(0° and 90°)

Frequency
update
uP
Frequency
data

SIN

5th order
LPF
Balancer
(0°)

Sync

COS
Reference clock
30 MHz

5th order
LPF
Balancer
(90°)

Four DDSs are used. AC generates the signal which is fed to the DUT. M generates
the signal for the phase sensitive detector. When measuring it changes its phase
form 0 to 90° with respect to the AC signal. SIN and COS generate the signals for the
auto balancing circuit and differ always 90° in phase with respect to each other. The
DDSs directly generate sine waves from 100 Hz to 40 MHz. The sync circuits take
care that the frequency update signals for the respective DDS come exactly on the
same zero-crossing of the reference clock. The time difference between the signals
will be less than 1 ns.
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Measuring functions
Compensation
In the above we have assumed that the result of the measurement gave ZDUT without
errors. In the practical case however, the connections to ZDUT will have some series
impedance (inductance and resistance). Also the connections will physically “see”
each other, what will result in some parasitic parallel capacitance.

These parasitic impedances will cause errors in the measuring result.
To compensate for the errors, the measured impedance for a zero impedance
(shorted input) and an infinite impedance (input connections open) can be measured
and stored. During measuring these values can be used to calculate the real
impedance of a DUT.
The open / short impedances are frequency dependent and have to be determined
over the whole frequency range.
Oscillator level
The maximum oscillator level of this instrument is 1 Vp. This voltage is applied to the
DUT via Rs.
Rs varies over the measuring range, the value is about equal to the range resistor.
The effect is that the output of the automatic bridge is also maximum 1 Vp at
minimum ZDUT. The signals to the measuring system are then always in the same
voltage range.
For some situations – measuring at semi-conductors or small coils with an iron core –
the maximum amplitude can be too high. Then the maximum amplitude can be
decreased to 340 mV, 120 mV or 40 mV.
Using this possibility might decrease the signal to noise ratio of the measurement .
To prevent clipping in the detector the maximum amplitude is limited for frequencies
below 1 kHz.
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Ranging function
To cover a wide impedance range, this instrument has 4 range resistors, varying
from 50 Ω to 100 kΩ. The detector can switch the DC gain from 1x to 10x. This
makes a range possible from 0.1 Ω to 10 MΩ.
DC bias
This instrument has no possibility for DC biasing.
Applying DC voltages to the inputs will lead to erroneous results.
The instrument has a basic protection for ESD.
However: do not connect voltages above 5 V (+ / -) to the inputs.
Prevent that currents higher than 5 mA (+ / -) flow into the inputs.
Measuring time and averaging
The measuring signal from the detector is smoothed and then goes via the
instrumentation amplifier to the ADC of the μP. The μP takes samples and converts
the voltage value to a number by successive approximation. For one sample this
takes about 20 μs.
The time constant which is used for the smoothing is about 1 ms. This means that
when a measurement is executed, there has to be a waiting time of about 5 ms
before the actual measurement can start.
At low frequencies there will be a ripple on the measurement signal. Therefore one
sample is not sufficient. For low frequencies samples are taken over two periods of
time and these samples are averaged in the μP. So for each frequency the quantity
of samples is adapted, to fill exactly two periods.
For higher frequencies the quantity of samples can be lower, but at minimum 30
samples are taken and averaged, to limit the influence of noise and disturbances.
Guarding
There are situations where a component in-circuit has to be measured, or one
component, which is a part of an assembly of more components. If no measures are
taken, the measurement will be deteriorated by parallel impedances. To limit the
errors, one can apply guarding. The principle is indicated below.
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The component to be tested is connected to the instrument as usual. Other
components connected to the DUT are connected to a potential close to the virtual
ground level of the auto balancing circuit. This potential is available at the outer rings
of the BNC connectors.
The components connected to the High – side of the DUT make now a voltage
divider with Rs. This will slightly decrease the signal voltage to the DUT.
The components connected to the Low – side of the DUT make an extra path to the
virtual ground. If their impedance is low compared to Zpar, these will decrease the
current through Rref, leading to a measuring error.
So this method is applicable when the impedances connected to the DUT are not too
low.
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Instrument setup
The drawing below shows schematically the connections to and from the impedance
analyzer.

The power supply at the top left connects the instrument with the mains. It also
provides mains insulation, so everything can safely be touched. The USB – cable
connects the instrument with the host computer. Usually also the host computer will
provide mains insulation.
To prevent noise coming in via the USB connection the USB ground is inside the
instrument galvanic separated from the instrument ground. For the USB signals there
is a capacitive coupling. Both grounds are connected via a leakage resistor of 1 MΩ.
So the instrument is largely floating, besides the resistor of 1 MΩ and the stray
capacitance of the power supply.
This will ease the measurement of non floating impedances.
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Installation
-Make a directory on your host computer like C:\ImpedanceAnalyzer
-Save the .zip file to this directory
-Unzip the files with the Windows File Manager.
-The following files shall now be present in your directory:
 IMPANAVx.exe
 IMPANAVx.tkn
 vbas31w.sll
 vgui31w.sll
 voflr31w.sll
 vthk31w.dll
 vtk1631w.dll
 vtk3231w.dll
 vvm31w.dll
 vvmt31w.dll
 VerticalA.bmp
 VerticalB.bmp
 justbasic.ini
 CDM20814_Setup.exe
The last file is needed for the USB communication. It will only be installed on your
computer if needed.
-Connect the instrument with a USB port on the host computer.
-Connect the instrument with the supply and connect the supply to the mains voltage.
-Run the program ImpAnaVx.exe
-If the computer requests to allow that the program makes changes to the computer,
answer “Yes”.
A few small data files will be made by the program, to store calibration and
compensation data, as well as the last settings.
-The instrument shall after a few seconds be up and running.
At the first start up the program will install a Virtual Com-port Driver on your
computer. This is needed for the USB communication.
If the program does not start up and all connections are OK, then press the Reset
button for a few seconds at the rear of the instrument. This will disconnect and
connect the USB connection (Your computer will make a sound) and resets the micro
processor inside the instrument. Then start the program again.
The instrument has to be calibrated after taken in use; follow the procedure
mentioned at the Utilities button for Calibration and Compensation.
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Getting familiar with the buttons.
A screenshot is shown below.

The Mode button
With this button you can choose how you display the measured data.
You can choose from 8 options:
Z – Phi,
Ls + Rs,
Lp // Rp,
L – Q,
Cs + Rs,
Cp // Rp,
C – D,
R - X.
The first item is displayed on the A – trace (red), the second on the B – trace (blue)
The Frequency button
With this button you can adjust the frequency range along the horizontal axis.
You can choose between logarithmic or linear scale or choose a single frequency
measurement (spot measurement).
Scale numbers are adapted automatically.
You cannot give in a frequency outside the frequency range of the instrument or
outside the frequency range of the chosen connection (for explanation, see the
Connection button).
Vertical A button and Vertical B button.
These buttons work quite similar. You can adjust the vertical scale setting of the A
and B trace. Also here you can choose for logarithmic or linear scale.
With the check boxes below these buttons, you can switch on or off a trace or the
grid lines. There will always be one trace switched on with the belonging scale and
15

grid lines. If only one scale is on, the full screen will use this scale. If both scales ore
on, the screen is horizontally split in two halves: The left halve will carry the scale and
scale numbers for trace A; the right halve will carry the scale and the numbers for
trace B.
Marker button
With this button you can switch on or off the marker. There is only one marker.
The marker frequency is adjustable with left-right buttons in the small window, which
appears.
The Amax, Amin, Bmax and Bmin buttons will immediately move the marker to the
wanted minimum or maximum. When the marker was switched off, it will be switched
on.
When the marker is switched on, the marker frequency is displayed below the button.
When the measurement has passed the marker frequency, the marker frequency and
the measured values are displayed in the graphic part of the screen. The marker
itself will be displayed as a black line.
When the marker is on, you can also use your mouse for adjusting the frequency.
Click with your mouse on the graphic part of the screen and the marker will shift to
the pointed position. In case the Resolution (see below) is Low, Medium or High, the
marker might shift slightly to the right (because some pixels are skipped and no
measurement is made there).
Resolution button.
This button influences only the horizontal resolution. Four options are available:
Low Resolution: The instrument measures every 8th pixel of the horizontal scale. This
leads to the fastest measurement, but you will lose a lot of detail.
Medium Resolution: Every 4th pixel is measured.
High Resolution: Every 2nd pixel is measured.
Very High Resolution: Every pixel is measured.
In many cases Medium or High Resolution will give acceptable results.
Amplitude button
With this button the maximum signal amplitude to the DUT can be chosen.
Four options are available: 40 mV, 120 mV, 340 mV or 1 V.
For a high signal - to - noise ratio, you can choose 1 V. In case of voltage dependent
components, like semiconductors, you can choose a lower amplitude.
The maximum amplitude will not always reach the DUT: There is always the series
impedance with the AC source, which is in the same range as the Reference
Resistor.
For frequencies below 1 kHz, the maximum signal amplitude is limited.
Connections button
With this button you can choose with which connection you connect the DUT to the
instrument. There are five options, to be defined by the user. Usually you will at least
use the supplied fixture, but you can also use a cable connection or a SMD – fixture.
For each connection that you intend to use, the Calibration procedure has to be
followed, see the Utilities button.
You are yourself responsible that the connection which is chosen in the program is
the same as the one which is actually connected. The instrument has no way to
sense the used connection.
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Hard copy button
This button will immediately make a hard copy of the graphic part of the screen.
Where the copy is going to, you can choose with the Utilities button.
Utilities button
Behind this button, there are a few other buttons:

The Calibration / Compensation button
With this button you can calibrate the instrument and compensate for the errors
caused by the connection. Because the used connection is of influence on the
calibration, you have to repeat the Calibration / Compensation procedure for each
connection in use. For each connection the data are stored.
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Make sure, that the connection to be compensated is indeed connected,
Select the intended connection in the list box, top left of the Calibration /
Compensation screen.
If wanted, you can update the name of the connection. Type the new name in the list
box and press Update Name.
If your connection has a limited usable frequency range, you can adapt the minimum
and maximum frequency in the boxes. After that press Update Fmax, Fmin for this
connection. When this connection is chosen in the main program it will take this
maximum and minimum in account.
If everything is to your wishes, you can press Calibration.
You will see the window above. Connect a resistor of a well known value to your
connection. Preferred values are between 50 and 200 Ω, mostly preferred is
100 Ω.
When you use value different of 100 Ω, you can give it in and update the value.
Pressing OK will leave this screen without further changes.
Pressing No Calibration and then OK, will delete the last calibration data. You will
use the instrument with its own accuracy.
Pressing Start Calibration will start the calibration procedure. The standard resistor is
measured over the full frequency range and the measuring result is compared with
the given value. The deviations are stored and will be used with future
measurements.
If the measuring result differs too much from the given value, you will get the
message that the calibration failed. The calibration resistor has to be checked or the
instrument has to be serviced.
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When the Calibration succeeded, you can press OK, you will come back in the
Calibration / Compensation menu.
The next step is compensation.
Press Open Compensation
You will be requested to connect HC an HV (the High connections) respectively LC
and LV (the Low connections). Press OK when ready.
Now the open parasitic impedance is measured over the full frequency range.
The program will come back with the message, that the data are measured. Press
OK.
Now press Short Compensation. You will be requested to connect all connections
together. Press OK when ready.
The program will come back with the message, that the data are measured. Press
OK.
After the Compensation, repeat at least once the Calibration procedure. The
calibration resistor is now measured, taking the compensation data in account.
To make sure that the data are stored, leave now the Calibration / Compensation
screen by pressing OK. You will come back in the Utilities screen.
If you want to compensate other connections, again enter the Calibration /
Compensation screen.
Repeat button
This button is useful when you want to compare components which characteristics
are close together. Pressing this button will switch on the Repeat mode. You will
leave the Utilities screen and in the upper right corner of the graphic part of the
screen the text Repeat appears.
When Repeat is on, pressing Start Measurement will leave the present trace on the
screen and the next measurement is written on top of it.
Hardcopy in this mode can only be to the printer or to a *.BMP file.
When you Exit the program during this mode, it will not come back in this mode at the
next start up.
For switching off this mode, go to the Utilities screen again and press Repeat.
Accumulation button
This button is useful to get an impression of the repeatability of the measurement.
Pressing this button will continuously write the measuring traces on top of each other.
(you will leave the Utilities screen)
On the top right of the graphic box the number of runs can be seen.
After a while the traces will form a thick line which can give an impression of the
repeatability of the measurement.
This can be useful when measurements at the edges of the impedance range have
to be performed.
Hardcopy in this mode can only be to the printer or to a *.BMP file.
When you Exit the program during this mode, it will not come back in this mode at the
next start up.
For switching off this mode, go to the Utilities screen again and press Accumulation.
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Hard Copy button
With this button you can choose how the Hard Copy is made.

The hard copy is only of the graphic part of the main screen.
Option Graph to printer: The graphic screen will be dumped to the Windows default
printer. All scale lines and visible text will also be printed.
Option Graph to *.CSV file: All measured data are sent to the specified file. If the file
exists, it will be overwritten without warning. The number in the filename will be
incremented by one for the next hard copy. You can make a graph yourself with a
suitable program in the way that you prefer. Also scale lines with their scale numbers,
you have to make yourself.
Option Graph to *.BMP file: The graphic box with all its contents will dumped to a bitmap-pattern with the specified filename. If the file exists, it will be overwritten without
warning. The number in the filename will be incremented by one for the next hard
copy. When making a report, you can paste this file in your text.

Example of Graph to *.BMP
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Start button
Pressing this button:
 Stops an ongoing measurement
 Clears the screen
 Starts a new measurement
Exit button
You can leave the program with this button.
When you leave the program, the last settings are stored and used at the next start –
up.

Calibration
The correct procedure for Calibration is as follows:
 Select a resistor of around 100 Ω and measure carefully the value. Make sure
it has short wires.
 Via the Utilities button, go to the Calibration / Compensation screen.
 For the Connection select the connection you want to calibrate / compensate.
Make sure it is indeed connected.
 Eventually, adapt the name and maximum and minimum frequencies.
 Press the Calibration button. Fill in the measured value of you reference
resistor and make sure the resistor is connected. Then press “Start
Calibration”.
 When the calibration has finished, press OK. You will go back to the
calibration / compensation window.
 Follow the compensation procedure for the connection. As well the open as
the short impedances for the connection shall be measured.
 Again go to the Calibration window, fill in the measured value of your resistor,
make sure it is connected and press “Start Calibration”.
 Leave the Calibration window by pressing OK
 You will come back in the Calibration / Compensation window.
 Once more follow the compensation procedure for the connection. As well the
open as the short impedances for the connection shall be measured.
 Leave the Calibration / Compensation window by pressing OK. This will save
the measured data.
For other connections repeat this procedure.
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Properties
When you start the program and everything is OK, then a measurement sweep will
start. Either the default settings or the settings that you used when you left the
program at a former session will be used. After the sweep the instrument will halt.
You can now change the settings or the DUT or anything else and start a new
measurement.
You will find that some settings start a new measurement automatically and others
change only the display immediately.
Here are the settings that will start a new measurement when you change them:
Frequency
Resolution
Amplitude
Connection
The other settings will change the display immediately:
Mode
Vertical A and Vertical B
Scale and trace check boxes
Marker
After the use of Hardcopy or Utilities the screen will be updated without changes.
If a measurement was going on, it will be continued.
Connections
Cable
If you want to use a cable to connect to your DUT, then for the highest accuracy, use
a Kelvin cable:

The inner leads are each connected to one beak half of the crocodile clips.
The outer conductors are connected for a possible guard connection.
At high frequencies standing waves can destroy the value of the measurement.
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The electrical length of the cable shall be shorter than ¼ of the shortest wavelength.
Inside the cable the speed of electrical waves is about 200000 km/s (in vacuum
300000 km/s).
So at 40 MHz, ¼ of the wavelength is 1.25 m. Then the effective length from
instrument to DUT is about 62.5 cm (From the BNC connector to the DUT and back
makes 1.25 m). For longer cables you should enter a lower value for Fmax via
Utilities and Connections.
Other fixtures are for sale at the internet. For example, you can decide to invest in a
SMD – fixture. If you want to design one yourself, you have to reckon with the pitch of
the BNC – connectors: it is 22 mm.
DC bias.
The instrument itself has no possibility for DC-bias.
If you want to apply DC bias to your DUT, some home work is needed.
Voltage bias
A recommended circuit is given below:

Film capacitors have to taken where it is possible. Of course the voltage rating shall
be higher than the test voltage. The protection zener diodes should be able to handle
1 A peak for a short period.
The test voltage source can be connected to the guard (not drawn) or kept floating.
There are frequency limitations. At low frequencies the coupling capacitors become
unpractical large.
At high frequencies the coupling capacitors can come in resonation, which limits the
value of the measurement.
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Current bias

The circuit is about the same as for voltage bias, but there is one more attention
point: The DUT can come in resonance with the large coupling capacitors. This shall
be prevented. If resonating occurs, the voltage on the DUT can be large and the
measuring amplifier inside the instrument will clip. This leads to an invalid
measurement. In those cases the value of the capacitors or the frequency shall be
adapted.
Also here the test current source can be either floating or connected to the guard.
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Specifications
Absolute Maximum ratings
Minimum
Voltage at any BNC -5
connection
Current at any BNC
-5
connection
Voltage at power
12
input
Voltages at USB
-0.5
connection

Maximum
+5

Unit
V

+5

mA
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V-DC

+5

V

Properties
Parameter to be measured: |Z|, Phi, L, C, Rs, Rp, D, Q, X
8 combinations are available
Conditions
Min
Frequency
100 Hz
Frequency
resolution
Signal amplitude
Frequency > 1 kHz
40 mV
Impedance
Frequency < 100 kHz
0.1 Ω
Impedance
resolution
Accuracy
After 10 min warming up
Impedance
Impedance 10 Ω to 100 kΩ
Frequency < 100 kHz
After Calibration
Accuracy
50 ppm
Frequency
Supply voltage
12 V=
Power consumption

Typ

Max
40 MHz

42 mHz
1V
10 MΩ
3 mΩ
1%

100 ppm
8W

20 V=
10 W

To be used with operating systems:
Windows XP, Vista, 7, 8, 10.
Pitch of BNC connectors
22 mm
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