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Chapter 8
Measurements

This section discusses typical measurements that can be made with
the Model 37XXXD Vector Network Analyzer.

This discussion provides information on general measurement consid-
erations and transmission and reflection measurements using the
37XXXD.

Setup and Calibration
To get started, apply power to the system.

After turning on the power, allow the system to warm up for at least
60 minutes before operation.

In normal operation, the system comes on line in the state that it was
in when last turned off. If you want to return the system to its default
state, you can do so by pressing the Default Program key twice.

The default parameters provide a known starting point. For example,
they reset the start and stop frequencies for maximum sweep width,
the source control to 0 dB, and the display resolution to 401 data
points.

The Sweep Setup menu should now appear on the display (it also can
be displayed using the Setup Menu key). If you like, you can select a
new start frequency, stop frequency, or source power.

You can further reduce the power level at Ports 1 and 2 with the
built-in attenuators. Using the Reduced Test Signals option in the
Sweep Setup menu, you can change the setting of the Port 1 source at-
tenuator over a range of from 0 to 70 dB. The Port 2 test attenuator
has a range of from 0 to 40 dB (in 10 dB steps) (if Option 6 is in-
stalled).
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TRANSMISSION AND REFLECTION MEASUREMENTS

Install the calibration Kit devices to the test ports as instructed by the
U3 menu. Both the capacitance coefficients for the Open and the offset
lengths for the Open and Short can be modified or defined.

Selecting the Begin Cal key starts the calibration process. The Calibra-
tion menus step you through the calibration process, as follows:

Select the type of calibration desired.

Select the frequency range of calibration. Using the Data Points key,
you can choose from 51 up to 1601 measurement data points.

When the calibration is completed, you can store the calibration data
on a disk. You are now ready to install the test device and proceed with
the measurement. At this point you have a number of measurement
options to consider such as displays, markers, limits, outputs, sweeps,
and enhancements.

You can select any of the available graph types and display them for
any calibrated parameter on any of the four channels (if a 12-term cal-
ibration was performed).
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Up to six markers are available. Using the Marker Menu, you can set
the frequency of each one, you can set each one in the delta marker
mode, and you can set each marker’s level to maximum or minimum.

In some cases—such as in a production environment—Ilimit lines are
desirable. Options within the menu called up using the Limits key, pro-
vide for one or two flat, sloped, or single-point-segmented limit lines
for each channel. These limit lines function with all of the graph types,
including Smith and admittance. The color of the limit lines (blue) dif-
fers from that of the measurement trace. This allows for easy analysis
of results.

The Hard Copy Menu key menu (Figure 8-1) gives you a choice be-
tween a printer and a colored-pen plotter. It also lets you select menus
from which you may chose from a variety of print or plot options.To
output the display, press the Start Print key. The default setting pro-
vides for a full display printout from the associated printer.

SELECT OUTPUT
DEVICE
PRINTER
PLOTTER
OUTPUT OPTIONS

SETUP OUTPUT
HEADERS
OPERATIONS
PRINT OPTIONS
PLOT OPTIONS
PRESS <ENTER>
TO SELECT

Figure 8-1. Output Menu

37IXXXD OM




TRANSMISSION AND REFLECTION MEASUREMENTS

To label the output, select Setup Output Headers in the Output Menu
or press the Device ID key.

On the output to the printer, plotter, or disk. a menu then appears that
lets you specify the device name/serial number, the date, the operator’s
name, and user comments (Figure 8-2).

DATA OUTPUT SELECT NAME
HEADERS FILTER_#2—-
MODEL ABCDEFGHIJKLM
ON NOPQRSTUVWXYZ
FILTER 0123456788-_/#
DEVICE ID DEL CLEAR DONE
ON
870124 TURN KNOB
DATE TO INDICATE
ON CHARACTER
28- JUNE_87 OR FUNCTION
A OPERATOR N
Mﬁ)(E © © PRESS <ENTER>
COMMENTS TO SELECT
NUMBERS MAY
ALSO BE
SELECTED
USING KEYPAD

Figure 8-2. Label Menus

Sweep frequencies can be changed with the calibration applied as long
as the frequencies are between the calibration start and stop frequen-
cies.

Additionally, a marker sweep can be selected from the Setup Menu.
This allows you to sweep between any two active markers as long as
the frequency of each falls between the calibrated start and stop fre-
guencies.

Using the Data Points key, you can select the number of data points for
optimal resolution-vs-speed.
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Finally, you can enhance the measurement data by reducing the IF
bandwidth and using averaging and/or smoothing.

U Change the IF bandwidth by selecting the Video IF BW key

U Set the averaging and smoothing values by selecting the
Avg/Smooth Menu key

O Turn on the averaging and smoothing using the Trace Smooth
and Average keys, which have LED'’s to let you know that the en-
hancement is being applied

Measurement Discussion

Before going any further, let us take a few moments to review some ba-
sic principles of network measurements. First, we apply incident en-
ergy to the input of a test device. If the device’s input impedance dif-
fers from the measurement system'’s impedance, some of that energy is
reflected. The remainder is transmitted through the device. We call the
ratio of reflected-to-incident energy the reflection coefficient. The ratio
of transmitted-to-incident energy we call the transmission coefficient

(Figure 8-3).
BASIC MEASUREMENT PRINCIPLES
INCIDENT
ENERGY ——> TRANSMITTED
put |—>
REFLECTED <— ENERGY
ENERGY

REFLECTED ENERGY
INCIDENT ENERGY

REFLECTION COEFFICIENT=

TRANSMITTED ENERGY
INCIDENT ENERGY

TRANSMISSION COEFFICIENT=

Figure 8-3. Basic Measurement Principles

These ratios are complex quantities that have magnitude and phase
components. Using vector representation, the vector magnitude is the
ratio of reflected-to-incident magnitude (or transmitted-to-incident
magnitude), while the vector phase is the difference in phase between
the incident energy and the reflected/transmitted energy (Figure 8-4).
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IMAGINARY

MAGNITUDE

PHASE
REAL

REFLECTION (MAGNITUDE)
INCIDENT (MAGNITUDE)

REFLECTION COEFFICIENT=

PHASE= INCIDENT (PHASE) - REFLECTED (PHASE)

Figure 8-4. Magnitude/Phase Vector

The measurement reference for the incident energy is the point at
which the device connects to the measurement system. We call this
point the reference plane. The incident energy at the reference plane is
defined as having a magnitude of 1 and a phase of 0 degrees. We estab-
lish this during the calibration.

U The ratio of reflected and transmitted energy to the incident en-
ergy can be represented by a number of different measurements
and units, as shown below.

U The default display for reflection measurements is the Smith
chart. The default display for transmission measurements is the
Log Magnitude and Phase graph.

The Smith chart is a convenient way to display device impedance and
is a useful aid for the graphical design and analysis of microwave cir-
cuits (Figure 8-5).

SMITH CHART

INDUCTIVE

CAPACITIVE

Figure 8-5 Smith Chart Display 1
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Let us assume both that our system is already calibrated and that we
have equalized the system for the test port in use. We would then

1. Connect the Short: A Short always appears as a dot at the left-most
edge of the Smith chart’s horizontal axis.

2. Connect a Termination: Now you will see another dot located at the
center (1+j0) of the chart (this assumes a 50-ohm load).

3. Connect the Open: An Open appears as an arc on the chart’s right
edge. This is due to the fringing capacitance of the Open standard
(Figure 8-6).

SMITH CHART

Figure 8-6. Smith Chart Display 2
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Now let's perform a reflection measurement on a 20 dB attenuator
over the 1 to 18 GHz range.

We need to determine the setup, calibration, and measurement re-
quirements.

A known good starting point is to reset with Default Program parame-
ters. Since our measurement lies between 1 and 18 GHz, set the Start
and Stop frequencies using the Sweep Setup menu that appears on the
display following system reset.

Let's perform a simple Reflection Only calibration, which uses an open,
a short, and a broadband load. To do this, press the Begin Cal key and
follow the directions in the menu area.

When you complete the calibration, the “CHANNEL 1 WITH S11”
Smith chart appears on the display. Now:

1. Select the Log Magnitude display and install the attenuator.
2. Select Auto Scale to optimize the display data.

3. Use Markers 1 and 2 to find the maximum and minimum imped-
ance.

8-10
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Now let us perform a transmission measurement on the same 20 dB
attenuator over the same frequency range. We will follow the same
steps as before, but this time we will use additional features.

Once again, reset the system using the Default Program key.

In this calibration we will select the N-Discrete Frequencies menu op-
tion and step all frequencies in increments of 50 MHz.

When the calibration is complete, Channel 1 will display “S21 FOR-
WARD TRANSMISSION WITH LOG MAGNITUDE AND PHASE.”
You can use Markers 1 and 2 to find the maximum and minimum val-
ues of the attenuators insertion loss.
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8-3 LowLEVEL AND GAIN

This discussion provides methods and techniques for making gain and
low-signal-level measurements. It is divided into 37XXXD system con-
siderations and test device considerations.

37XXXD System Considerations

The 37XXXD system is limited in its ability to test low-signal levels by
its dynamic range and signal-to-noise-power ratio. First we will dis-
cuss receiver dynamic range, which is the difference between the maxi-
mum and minimum acceptable signal levels (Receiver Dynamic Range
= Pmax — Pmin).

Receiver Dynamic Range

The dynamic range of the 37XXXD is limited by the 0.1 dB compres-
sion level of the samplers at high signal levels. It is further limited at
low signal levels by leakage signals and noise.

Figure 8-7 shows the detected output signal as a function of the power
level at the sampler. The 0.1 dB compression level is on the order of
—10 dBm. The 37XXXD is designed such that all other conversions
compress at a much greater level, which leaves the samplers as the
main source of nonlinearity.

COMPRESSION LEVEL

v
?

0.1 dB COMPRESSION

-10

DETECTED
POWER OUTPUT
(dBm)

»
>

-10
POWER LEVEL AT INPUT TO SAMPLER
(dBm)

Figure 8-7. Compression at 0.1 dB

The small signal response is limited by errors due to noise and leakage
signals. The leakage signals are both from within the 37XXXD and at
the device-under-test (DUT) connectors.

8-12

3IXXXD OM




MEASUREMENTS

LOW LEVEL AND GAIN

The detected signal is the vector sum of the desired signals, the noise
signals, and the leakage signals. These signals introduce an error or
uncertainty (Figure 8-8).

DETECTED OUTPUT SIGNAL
UNCERTAINTY

NOISE SIGNAL
< LEAKAGE OR
FALSE SIGNAL

MEASURED
SIGNAL

ACTUAL SIGNAL

PHASE ERROR

REAL

Figure 8-8. Amplitude and Phase Uncertainty

Some of the possible leakage paths for the 37XXXD are the transfer
switch, the frequency conversion module, and the DUT. The system
limits these leakages to greater than 100 dB. The 12-term error correc-
tion can reduce this leakage to better than 110 dB at 18 GHz and

90 dB at 40 GHz.

NOTE
We recommend using an isolation cell to decrease leakage
signals for sensitive measurements. For best results, in-
crease the default averaging value and decrease the de-
fault IF bandwidth setting during calibration and
measurement. Using higher enhancement during the mea-
surement than the calibration will not result in any accu-
racy improvements.

The DUT connectors should have internally captivated center pins.
Those connectors which use external pins to captivate the center con-
ductor should have silver loaded epoxy on the pins to reduce radiation
to better than 80 dB.

Signal-to-Noise-Power Ratio

The signal-to-noise-power ratio for each of the test or reference chan-
nels is as shown. The “signal power” is the power level of the 80 kHz
IF signal at the internal synchronous detectors, and the “noise power”
is the total power contained within the bandwidth of the bandpass fil-
ter at 80 kHz.

The uncertainty, or error, in a measurement is a function of the ampli-
tude of leakage signals and of the noise level. The uncertainty in the
measurement of magnitude and phase of the S-parameters are calcula-
ble and shown in Figures 8-9 and 8-10.

37IXXXD OM
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MAX UNCERTAINTY FOR MAGNITUDE
AS A FUNCTION OF S/N RATIO

A

100.0 —
10.0 -

1.0 -
MAXIMUM

UNCERTAINTY
(dBm)

01—

.001—

-0001 T T T T
0 10 20 30 40 50 60

SIGNAL/NOISE RATIO
(dB)

>

Figure 8-9. The Effect of S/N Ratio On Magnitude Measurements (Noise
Only)

MAX UNCERTAINTY FOR PHASE
AS A FUNCTION OF S/N RATIO

A

100.0 —

10.0 -
MAXIMUM
UNCERTAINTY
(DEGREES) 1.0 —

A -

[ [ [ [ [ [ >

0 10 20 30 40 50 60

SIGNAL/NOISE RATIO
(dB)

Figure 8-10. The Effect of S/N Ratio On Phase Measurements (Noise Only)
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The most difficult types of measurements are those that exercise the
full dynamic range of the 37XXXD, such as filters (Figure 8-11. Filter
measurements are examples of where one must observe both low-in-
sertion loss (in the passband) and high attenuation (in the stop band).

BANDPASS FILTER

<1dB
S, cf PASS BAND
0dB ?
>50 dB
STOP BAND
>
FREQUENCY

Figure 8-11.  Filter Measurements

There are two techniques that you can use to optimize the sig-
nal-to-noise ratio. They are (1) maximizing the RF signal level and (2)
using signal enhancement.

To maximize the RF signal level, use the default settings of the
37XXXD.

The 37XXXD provides two enhancements for improving the sig-
nal-to-noise ratio: IF bandwidth reduction and averaging.

Reducing the IF bandwidth is a primary method for enhancing accu-
racy. The 37XXXD has a choice of four bandwidths available from the
front panel: Maximum (10 kHz), Normal (1 kHz), Reduced (100 Hz),
and Minimum (10 Hz). The noise level should decrease by a factor
equal to the square root of the IF bandwidth. Using IF Bandwidth re-
duction makes for faster measurements than with the use of an equiv-
alent amount of averaging.

37IXXXD OM
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Averaging is another way to improve accuracy. The improvement is
proportional to the square root of the number of averages. Two types of
averaging are supported: Sweep-by-sweep and point-by-point.

Point-by-point averaging works by collecting multiple measurements
while at each frequency point and then averaging them together.
Sweep-by-sweep averaging works by performing multiple complete
sweeps and averaging the individual the individual frequency points
by taking data from the different sweeps. The primary difference is the
amount of time between samples at a given frequency point (short for
point-by-point, longer for sweep-by-sweep).

Sweep-by-sweep averaging may produce lower trace noise because the
averaging time is more likely to exceed the coherence time of the noise
source. The disadvantage is that any slow drift or transient response
of the device under test will be lost in the averaging process.
Sweep-by-sweep is hence less suitable for use during device tuning.

Conversely, point-by-point averaging will better preserve device tuning
response or device drift. It may, however, result in slightly elevated
trace noise (relative to sweep-by-sweep) since the measurement time
may be less than the coherence time of the noise source.

Figure 8-12 shows the measured reduction in noise due to bandwidth
and averaging.

MEASUREMENTS ON A 70 dB ATTENUATOR
ALL DATA NORMALIZED TO
A 1 kHz IF BANDWIDTH AND 1 AVERAGE

7.0 /10 KHz (IF BW)

3
RELATIVE , ,

.5 1 KHz
100 Hz
NOISE (dB)
5

3

14 I T >
1 2 5 10 20 50 100 200 500
NUMBER OF AVERAGES

Figure 8-12.  Reduction in Noise Using Averaging

Example: Using 1 kHz BW reduction and 10 averages, you would in-
crease the signal-to-noise ratio by 7.6 dB but would lengthen the time
required for the measurement by a factor of 4.3. This example assumes
a constant signal power.

8-16
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Test Device (DUT) Considerations
In order to test a device, the required input RF level and the expected
device output RF level must be determined.

The RF level at Port 1 must be set for the device input RF power level
required. Attenuation can be added in steps of 10 dB up to 70 dB using
the built-in source attenuator. Amplification can be added by removing
the front panel loop and adding an external amplifier.

Before calibration, ensure that the test setup is correct by setting the
power level and adding attenuation as needed.
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The 37XXXD uses enhancements in the calibration to ensure a wide

dynamic range. It automatically selects 1 kHz IF bandwidth and var-
ies the number of averages with the calibration device. Terminations
require the most averages.

If desired, the Video IF bandwidth and number of averages can be
specified for the calibration measurements. Using 100 averages (Avg =
100) appears to be sufficient for most measurements.

To obtain the maximum performance from the 37XXXD for measure-

ments of attenuation, you can use the capability of the N discrete fre-
quency calibration to spot check measurements in the frequency band
of interest.
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Wide Dynamic Range Device - Filter

Since you do both low-insertion-loss and high- attenuation measure-
ments simultaneously, use the maximum RF signal level and no atten-
uation. Selecting the 1 kHz Video IF BW setting and 100 averages will
likely suffice for this kind of measurement (Figure 8-13).

BANDPASS FILTER
<1dB

S, tf PASS BAND
0dB T
>50 dB
STOP BAND
>
FREQUENCY

Figure 8-13.  Filter Measurements

High Gain Device - FET

This device has a typical 15 dB gain and requires an input level of
about —30 dBm. Set the Port 1 Source Attenuator to 30 dB. Since the
device RF output level is =15 dBm (=30 dBm + 15 dB[gain] = -15 dBm)
no attenuation is needed at Port 2.

Medium Power Device - Amplifier

Measure the small signal parameters of a 10 dB gain device that re-
quires an input power level of 0 dBm. Here, Port 1 will have no attenu-
ation. The device RF output level is 10 dBm. This level equals 10 dBm
(0 dBm + 10 dB[gain] = 10 dBm) into Port 2 and will cause compres-
sion in the measurement. At least 10 dB of test attenuation will be
needed at Port 2, which will reduce the Port 2 RF level to O dB.

37XXXD OM
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8'4 GROUP DELAY Group delay is the measure of transit time through a device at a par-
ticular frequency. Ideally, we want to measure a constant—or rela-
tively constant—transit time over frequency. The top waveform shown
in Figure 8-14 is measured at one frequency. The bottom waveform is
identical to the first, simply delayed in time.

MAGNITUDE
A
|
|
|
| >
to t4 TIME

Figure 8-14.  Two Waveforms Delayed in Time

Referring to Figure 8-15, the first waveform shown is the original
waveform. It is made up of many frequency components. After travel-
ing through a device the signal is delayed in time. Some frequencies
are delayed more than others and thus our waveform does not have ex-
actly the same shape as before.

MAGNITUDE
A

INPUT

OUTPUT

TIME

Figure 8-15. Waveform with Frequency Differences

When delay is nonlinear, as shown above, distortion occurs. By meas-
uring group delay with a network analyzer you can characterize the
distortion that occurs from a signal traveling through your test device.
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When designing components it is important to measure group delay so
that you can compensate for any distortion caused by the component.
You may be able to tune the device so as to optimize the performance
of group delay over the frequency range of interest. Outside of the
specified frequency range, the group delay may or may not be linear.

So how is group delay measured? Signals travel too fast to enable
measuring the input and output times of each frequency component.
Consequently, we must use mathematical calculations to derive the
group delay from the phase slope.

Group delay is mathematically represented by the following equations:

—b _ -1 b

-1 b 1 A8

Cdo 2t df 360 df 2t Af

T =

What this equation shows is that group delay is a measure of the
change in phase with relation to the change in frequency.

The change in frequency is referred to as an aperture.
Af = Aperture

To measure group delay the frequency aperture must be selected. De-
pending on the size of aperture, different levels of precision can result
for the measurement of group delay.

Frequency Range

Aperture = -
Of Data Points

A wide aperture results in a loss of fine-grain variations but gives
more sensitivity in the measurement of time delay. A small aperture
gives better frequency resolution, but at the cost of lost sensitivity.
Thus, for any comparison of group delay data you must know the aper-
ture used to make the measurement (Figure 8-16).

MAGNITUDE

| €~APERTURE TOO WIDE

»
>

| €~APERTURE TOO NARROW

»
>
FREQUENCY

Figure 8-16.  Waveforms With Aperture Differences
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Let us take a look at a group delay measurement made on the Anritsu
37347D Vector Network Analyzer. Group delay, as a measurement op-
tion, can be found in the Graph Type menu. After selecting the option,
the VNA displays the data in a time-vs-frequency graph, or to be more
exact, a group-delay-vs-frequency graph (Figure 8-17).

$21 FORWARD TRANSMISSION

GROUP DELAY » REF=1.000nS 600.000pS/DIV
I I I I I
L R
T r ( [
r r
| |
-
|
" r r
| |
i I
r r
e
N
| |

©
o
S
S
5]
[0]
I
N
o |—
o
<]
S
o

Figure 8-17.  Group Delay-vs-Frequency Graph

The 37XXXD automatically selects the frequency spacing between
data points—that is, the aperture. Notice that this value is displayed
on the screen with the measurement (Figure 8-18).

$21 FORWARD TRANSMISSION

GROUP DELAY » REF=1.000nS 600.000pS/DIV

Figure 8-18.  Group Delay Screen Showing Aperture
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GROUP DELAY

The aperture defaults to the smallest setting for the frequency range
and number of data points selected. This value is displayed in the Set
Scale key menu when measuring group delay (Figure 8-19).

S$21 FORWARD TRANSMISSION

GROUP DELAY » REF=1.000nS 600.000pS/DIV

Figure 8-19. 37XXXD Aperture

Group delay applications are found throughout the microwave indus-
try, although the majority of such measurements are made in the tele-
communications area.

One occurrence of group delay that you may have experienced is with
a long-distance telephone call. Occasionally a phone call can be dis-
turbing because of the delay in time from when you speak and when
the other person responds. If there is simply a delay, then time de-
lay—or linear group delay—has occurred. But if the voices are also dis-
torted, then non-linear group delay has occurred. It is this distortion
that we must avoid. We can avoid linear group delay by measuring
group delay both during the design and development stages and dur-
ing recalibration in the field.

One final group-delay application is found in the development of com-
ponents. In this application, group delay is measured for the transit
time of a signal through the device. When time is of the essence in a
fast switching system, as in a modern computer, the travel time
through a device is critical.

37XXXD OM
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8'5 ACTIVE DEVICE Active devices are key components in microwave systems.

The measurements that are made on active devices are similar to
those made on passive devices.

Active devices come in many shapes and sizes. In most cases we are
going to have to develop a fixture in which to mount the device.

Active devices require bias voltages, and in many cases they are easily
damaged. High gain amplifiers may saturate with input signals of
—50 dBm. With active devices, we have a new set of measurement re-
quirements.

The 373XXD has been designed to help you make these types of mea-
surements. It includes one 70 dB step attenuator (60 dB for 37377D
and 37397D) used to adjust the Port 1 power level. A second 40 dB
step attenuator is also included (with Option 6) in the forward trans-
mission path to allow measurement of high gain devices without sacri-
ficing reverse transmission and reflection measurements (S12, S22).
Bias tees on each port are used to bias the device via the test port cen-
ter conductor. This approach to bias is useful for testing transistors;
however, MMIC's usually require bias injection at other points (Fig-
ure 8-20).

Bias Tees

VBIAS

RF TEST
IN PORT

Figure 8-20. Bias Tee
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Test fixtures are necessary for mounting the device so that it can be
measured in our coaxial (or waveguide) measuring system
(Figure 8-21).

Y

Figure 8-21.  Active Device Test Fixture

Now we have an interesting situation. While we can measure the per-
formance at the connector—which is the calibration plane—what we
really want to know is how our device performs (Figure 8-22).

/\

S11

GPC-7 GPC-7

S
",

Figure 8-22.  View of a Test Device

You can consider the device embedded in the fixture and can measure
the S-parameters of the fixture with the device installed.

The most elementary situation is a system in which the test fixture is
electrically ideal or transparent. In this case, the solution is sim-
ple—merely move the reference plane out to the device (Figure 8-23).
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50 OHM LINE

GPC-7 DUT

NO LOSS, REFLECTIONLESS

Figure 8-23.  Simple Example of De-Embedding

In some cases—depending on the fixture or the device being meas-
ured—this is satisfactory. But when it is not, we need to employ other
techniques.

One of the reasons that moving the reference plane out to the device
does not always work, is that the test fixture includes a transition
from coax to a structure such as microstrip, coplanar waveguide, or
stripline (Figure 8-24).

FET ALUMINA
4 CARRIER
GROUND GROUND

GROUND
COPLANAR COPLANAR
LAUNCHER LAUNCHER

Figure 8-24.  Coax-to-Substrate Transition

Engineers have come to grips with the general problem. However,
there is no established standard approach. Two of the more common
approaches are to calibrate the fixture as a part of the analyzer, and to
characterize the fixture and compute the desired result.
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In the discussion on calibration we saw that the calibration compo-
nents establish the reference plane and determine the quality of the
measurement. If we have a good Open, Short and Zg load to place at
the end of a microstrip line, we can calibrate the system at the point of
measurement.

Figure 8-25 shows some of the special test-fixture calibration stan-
dards that are available.

—— —] —
THRU LINE OPEN
180/82 - SC 240/52 - SC
OFFSET SHORT OFFSET SHORT

Figure 8-25.  Special Test Fixtures

These special calibration kits are far from perfect, but they are supe-
rior to our perfect transmission line assumption.

You may also have heard of the probe stations built to permit on-wafer
calibration measurements.

The Open, Short, termination approach provides three known stan-
dards that permit the analyzer to solve for three unknowns (Fig-

ure 8-26).

PROBE PROB&

OPEN CIRCUIT :DE %100 OHM

(IN AIR) 100 OHM

50 OHM
TERMINATION
PROBNE PROBE Q?OBE
:l:[”:l SHORT
CIRCUIT
50 OHM Q

THROUGHLINE I:l

Figure 8-26.  Solving for Unknowns
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CAUTION

tion, since you are using a Short as the calibration standard.

CAUTION A You should turn off or disconnect the bias supplies during the calibra-

It is also possible to use three known impedances. For instance, a var-
actor with three voltages applied (Figure 8-27).

SPECIAL CALIBRATION KITS

c1
E / CIS VARIED
C2 BY CHANGING
VOLTAGE
C3

N

NOT PERFECT EITHER

Figure 8-27.  Three Known Impedances

The second approach is to model the fixture. Modeling is elegant but of
limited use due to the non-ideal characteristics of the fixture. Modeling
can be accomplished in a CAD system.

In summary, there are quite a variety of approaches—all with their
own characteristic pitfalls. Engineers try to choose the most appropri-
ate technique for their application.
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8-6 MULTIPLE SOURCE
CONTROL

The Multiple Source Control mode permits independent control of the
37XXXD source, receiver, and an external Anritsu synthesizer (67XXB,
68XXXB, MG36XXA/B), without the need of an external controller
(Figure 8-28).

S — | m— ooo — -1
1. Remove a1 loop on the front panel (Opt. 15 only). uu ®%uu
2. Set up equipment as shown. o 32300
3. Normalize the data trace with the standard mixer installed. o [Cooj[o o
4. Subsequent mixers can be tested for magnitude [s]m] Dl:l" [u]u]s]

or phase match with respect to the "Standard Mixer."

Ol AAALU VINA.

a DEII:Il [m e |
I:ll] 00 00 0o00o|a0afgag

= § oo 4o
) = = O 2225 @ alln
o e g%;)t
Power
Divider
RE I.LE.
Phase-Lock ]
Mixer. < I.F
Standard
Lo Mixer.
Power
Divider

Figure 8-28.  Test Setup for Mixer Measurement Using Multiple Source Control Operation

Control Formula

Operation in this mode requires Option 15. Removing the reference
loop lets you isolate the receiver from the source. This permits testing
of frequency converters such as mixers.

The software lets the frequency ranges and output powers of the two
sources be specified. A frequency sweep can comprise up to five sepa-
rate bands, each with independent source and receiver settings for
convenient testing of frequency translation devices such as mixers. Up
to five sub-bands (harmonics) can be tested in one sweep.

Multiple Source control is specified as a displayed frequency range
partitioned into from one-to-five consecutive bands. For each band
Source 1, Source 2, and receiver frequencies may be interdependently
specified per the formula:

Source 1 = (1/1) * (F+0.000000000 GHz)

Source 2 = (1/1) * (F+0.000000000 GHz)

Receiver = (1/1) * (F+0.000000000 GHz)

where, the multiplier, divisor and frequency offset can be entered spe-
cific to the DUT.

37XXXD OM
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MENU U1

SELECT UTILITY
FUNCTION OPTIONS

GPIB ADDRESSES

DISPLAY
INSTRUMENT
STATE PARAMS

GENERAL DISK
UTILITIES

CAL COMPONENT
UTILITIES

AUTOCAL UTILITIES

COLOR
CONFIGURATION

DATA ON(OFF)
DRAWING

BLANKING
FREQUENCY
INFORMATION

SET DATA/TIME

PRESS <ENTER>
TO SELECT
OR TURN ON/OFF

Multiple Source Control Pre-operational Setup

The two sources receive control information from the 37XXXD VNA.
The GPIB address assigned to the external source must be identical to
the address contained in the data directed to the source by the
37XXXD VNA. Assure source/VNA address compatibility as follows:

Step 1. Install Sources 1 and 2 on the Dedicated GPIB bus.

Step 2. Press the Utility Menu key.

[ Yo Yo
30/ © &8s
o [oool[o o
oo| 00||ooo

Q|100a(a 0
00 000(000|laoa

@%E =1
(Can) oo

4,
O
B

Utiity
Menu

©
ey

MENU 7

GPIB ADDRESSES

IEEE 488.2
GPIB INTERFACE

ADDRESS
6

DEDICATED
GPIB INTERFACE

EXTERNAL SOURCE 1
4

EXTERNAL SOURCE 2
5

PLOTTER
8

POWER METER
23

FREQUENCY COUNTER
7

Step 3. Move cursor to GPIB ADDRESSES and press Enter,
when menu U1 (left) appears.

Step 4. When menu GP7 (left) appears, observe that the ad-
dress number is correct. If necessary, use the keypad
to enter a new address.
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MENU OPTNS

OPTIONS
TRIGGERS

REAR PANEL
OUTPUT

DIAGNOSTICS

MULTIPLE SOURCE
CONTROL

RECEIVER MODE
SOURCE CONFIG

RF ON/OFF
DURING RETRACE

PRESS <ENTER>
TO SELECT

Multiple Source Control Operation

Step 5. Press the Option Menu key.

all
a
ao

a
D|] 00 00 OO0

[ o o |
aa
e

000
00

Qg a
0aag

Qad
aaa

600

Jesesd

Option
Menu

MENU OM1

MULTIPLE SOURCE
CONTROL

DEFINE BANDS
SOURCE CONFIG

MULTIPLE
SOURCE MODE

OFF
STANDBY
ON
MORE

PRESS <ENTER>
TO SELECT

Step 6. When menu OPTIONS (left) appears, move cursor to
MULTIPLE SOURCE CONTROL and press the
Enter key.

Step 7. When menu OM1(left) appears, move cursor to DE-

FINE BANDS and press the Enter key. This brings
menu OM 1 to the screen.
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MENU OM2

DEFINE BANDS
BAND 1

DISPLAYED
FREQ RANGE

BAND START F
XXX XXXXXX XXX GHz

BAND STOP F
XXX XXXXXXXXX GHz

BAND FUNCTIONS

EDIT SYSTEM
EQUATIONS

STORE BAND 1
BANDS STORED:
(12345)

CLEAR ALL
DEFINITIONS

SET MULTIPLE
SOURCE MODE

PRESS <ENTER>
TO SELECT

MENU OM3

EDIT SYSTEM
EQUATIONS

EQUATION
TO EDIT

SOURCE 1
SOURCE 2
RECEIVER

EQUATION
SUMMARY

C.W. OFF

MULTIPLIER
XX

DIVISOR
XX

OFFSET FREQ
XXX XXXXXXXXX GHz

PREVIOUS MENU

PRESS <ENTER>
TO SELECT

Step 8.

Step 9.

Step 10.

Step 11.

Step 12.

Step 13.

Step 14.

Step 15.

Step 16.

Coincident with menu OM2 (left), the data display
area of the screen presents a chart entitled
“RANGES OF BANDS STORED.” This chart shows
the band start and band stop frequencies that have
been stored for each of five bands.

Using menu OM2, the displayed frequency range can
be divided into one to five bands.

Band 1 must start at the beginning of the frequency
range and end at either the user-specified stop fre-
guency or the end of the frequency range.

Band 2 must begin at the next point after band 1
ends and end at either the user-specified stop fre-
quency or the end of the frequency range.

Move cursor to BAND; select BAND 1 by entering
“1” using the keypad or rotary knob.

Move cursor to BAND START F, and use keypad or
rotary knob to enter the band 1 start frequency.

Move cursor to BAND STOP F, and enter the
band 1 stop frequency.

Move cursor to EDIT SYSTEM EQUATIONS and
press the Enter key.

When menu OMS (left) appears, select SOURCE 1.

Move cursor to MULTIPLIER and use keypad or ro-
tary knob to enter desired multiplier for Source 1.
This is the multiplier term in the following equation:

Freq = (Multiplier/Divisor) X (F + Offset Frequency)

Move cursor to DIVISOR and use keypad or rotary
knob to enter desired DIVISOR for source 1. This is
the divisor term given in the above equation.

Move cursor to either OFFSET FREQUENCY, and
use keypad or rotary knob to enter desired offset fre-
quency for Source 1; or C.W., and press Enter to tog-
gle C.W. to OFF.

The Offset Frequency choice is the offset frequency
given in the above equation. The C.W. choice removes
F from the equation and places Source 1 in the CW
mode.
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STORE BAND 1
BANDS STORED:
(NONE )

CLEAR ALL
DEFINITIONS

SET MULTIPLE
SOURCE STATE

PRESS <ENTER>
TO SELECT

MENU OM1

MULTIPLE SOURCE
CONTROL

DEFINE BANDS
SOURCE CONFIG

MULTIPLE
SOURCE MODE

OFF
STANDBY
ON
MORE

PRESS <ENTER>
TO SELECT

MEASUREMENTS MULTIPLE SOURCE CONTROL
Step 17. Move the cursor to PREVIOUS MENU and press
MENU OM2 the Enter key. This returns you to menu OM2 (left).
DEFINE BANDS Step 18. Move cursor to STORE BAND 1 and press the Enter
BAND 2 key. This stores the band start frequency, the band
DISPLAYED stop frequency and the Source 1, Source 2 and Re-
FREQ RANGE ceiver equations.
BAND START F ]
XX XXXXXX GHz Step 19. Note that the BAND number has incremented to 2.
BAND STOP F .
YXXXXXXXX GHz Step 20. Repeat the above steps to define the start and stop
BAND FUNCTIONS frequgnmes for bands 2 through 5. Set up the system
equations for each band.
EDIT SYSTEM
EQUATIONS

NOTE
Except for band 1, the system software constrains all start
frequencies to follow the previous band’s stop frequency.
However, while frequency bands are being defined or the
system equations are being edited, the system is automati-
cally placed in the standby mode. In this mode, frequencies
that may be entered are not supervised by the system soft-
ware; any frequency can be entered and displayed. When
the mode is switched to ON (in menu OM1, left), the sys-
tem software restricts the frequencies to band limits.
When the mode is switched to OFF, the frequencies are re-
stricted to system limits.

Source Lock Polarity: Normal/Reverse

When making frequency translated devices measurements using the
Multiple Source Control mode, enter the RF (source 1) and LO (source
2) frequencies. If the LO frequency is lower than the RF frequency, no
phase inversion is expected by the VNA. The opposite is true if the LO
frequency is higher than the RF frequency. These determinations may
be wrong if the DUT is a cascaded multiple conversion device. In that
case, determine if the final phase polarity is inverse of what is as-
sumed by the VNA, and set the Source Lock Polarity to Reverse. Fail-
ure to do so may cause the RF source to be erroneously locked at a

5 MHz offset.
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8-7 ADAPTER REMOVAL

MENU APPL

APPLICATIONS
ADAPTER REMOVAL

SWEPT FREQUENCY
GAIN COMPRESSION

SWEPT POWER
GAIN COMPRESSION

E/O MEASUREMENT
O/E MEASUREMENT
MERGE CAL FILES

PRESS <ENTER>
TO SELECT

Using adapters in VNA measurement applications can introduce com-
plex errors that add to measurement uncertainty. The VNA Adapter
Removal procedure provides for adapter compensation. This on-screen,
menu-driven procedure allows the use of a through-line device or
adapter with different connector types (non-insertables) on either end
to be used for measurement calibration. The electrical effects are sub-
sequently compensated for. The Adapter Removal procedure is de-
scribed below.

NOTE
For purposes of explanation, assume that the adapter to be
used is a length of rigid coax with a type N male connector
on one end and an SMA male connector on the other end.
Further assume that the Test Port 1 connector is a type N
female and that the Test Port 2 connector is an SMA fe-
male (below).

MENU CAR1

ADAPTER REMOVAL

12-TERM CALS FOR
XANDY

MUST EXIST IN THE
CURRENT DIREC-
TORY

ELECTRICAL LENGTH
OF THE ADAPTER
+FXXXXXXXX ps

REMOVE ADAPTER
HELP

PRESS <ENTER>
TO SELECT

Type N Male \ Electrical Length: 170 ps \ SMA Male
(x) / /7 (")
Test Adapter
Procedure:
Step 1. Press the Appl key (below) to display the APPLICA-
TIONS menu (top left).

o QA9 oo
30|©&3388

o [ooo @]
ool 0o CID!:!

000 ada
|:|[| oo oo DDEI 000

0 Jrsssl o

Step 2. Move the cursor to ADAPTER REMOVAL and
press the Enter key.

Step 3. Select HELP in the next menu (bottom left) to pro-
duce the step-by-step procedure shown in
Figure 8-29 (next page).
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Step 4. Follow the on-line procedure and connect the
Adapter’'s N male connector (X') to the N female con-
nector on the VNA's Test Port 1.

- ROAFTER REMOYAL -

THE ADAFTER REMOYAL APPLICATION PERWITS THE USER TO
ACCURATELY MEASURE MOW-INSERTRELE DEVWICES. THE
FROCESS IMVOLYES USING AWM ADAFTER OF KWOWW ELECTRICAL
LEMGTH AND PERFORMING THO FULL 12-TERM CALIBRATIONS.
PORT 1 PORT 2
TEST PORTS

v |

ADAPTER: w' &——— %'  LENGTH L [ps]

AND ¥ ARE COAsIAL OR MAVEGUIDE COMMECTOR TYPES.
IS5 THE LENGTH OF THE ADAPTER [p=].

— =C

- INSTRUCTIONS -

1. COMNECT ADAPTER TO PORT 1. FERFORHM A FULL 1Z2-TERH
CALTBRATION USIMG ¥' AMD ¥ AS THE TEST PORTS AND

sTORE CALIBRATION TO DIsK EE.E. YPRIME_Y.CALY.
2. COMNECT ADAPTER TO PORT 2. PERFORW A FULL 12-TERHM

CALTBRATION USINMG ¥ AMD %' AS THE TEST FORTS AND

sTORE CALIBRATION TO DIsK EE.E. n_WPRIME.CALY.
J. BOTH = AMD ¥ CAL FILES HMUST BE PLACED IN

THE CURREMT DIRECTORY OF THE HARD OR FLOFPY DISK.
4. ENTER THE ELECTRICAL LEMGTH OF THE ADAFTER.
2. ELECT <REWOWE ADAPTER:> TO READ THE & AND Y
CAL FILES AMD CALCULATE THE MWEW SET OF 12-TERM
ERROR COEFFICIENMTS. IF DESIRED, SAVME RESULTS.

Figure 8-29. Adapter Removal Help Screen
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MENU SR1

Step 5.

Press the Begin Cal key (below).

SAVE/RECALL
FRONT PANEL
AND CAL DATA

SAVE
RECALL

SET UP OUTPUT
HEADERS

PRESS <ENTER>
TO SELECT
FUNCTION

[w R [=]=]=]{[=JN=]
m 803
I:I:II:I [= (=]

. o
Begin Apply
Cal Cal

|| 0o

r

MENU SR2

SAVE

FRONT PANEL
SETUP IN
INTERNAL MEMORY

FRONT PANEL
SETUP AND
CAL DATA

ON HARD DISK

FRONT PANEL
SETUP AND

CAL DATA

ON FLOPPY DISK

PRESS <ENTER>
TO SELECT

Step 6.

Step 7.

Follow the menu prompts and choose to perform a
full 12-term calibration. Use the Adapter's SMA
male connector (Y) as Test Port 1 and the VNA's Test
Port 2 connector as Test Port Y (Figure 8-27).

Press the Save/Recall Menu key (below).

N

Save/
Recall
Menu

Step 8.

Step 9.

Step 10.

Step 11.

Choose SAVE from the displayed menu (top left).

Choose the appropriate hard or floppy disk location,
based on individual preference (Menu SR2, bottom
left).

When prompted, select CREATE NEW FILE and en-
ter a conventional DOS filename, such as YP-
RIME_Y.CAL. (Store this file in the current direc-
tory.)

Now connect the Adapter’s SMA male end to the
VNA's Test Port 2 SMA female connector.
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MENU CAR1

ADAPTER REMOVAL

12-TERM CALS FOR
XAND Y

MUST EXIST IN THE
CURRENT DIREC-
TORY

ELECTRICAL LENGTH
OF THE ADAPTER
+170.0000 ps

REMOVE ADAPTER
HELP

PRESS <ENTER>
TO SELECT

MENU CAR2

ADAPTER REMOVAL

READ CAL FILE OF
THE X TEST PORT
FROM HARD DISK
(ADAPTER ON
PORT 2)

READ CAL FILE OF
THE X TEST PORT
FROM FLOPPY DISK
(ADAPTER ON
PORT 2)

PRESS <ENTER>
TO SELECT

PRESS <CLEAR>
TO ABORT

Step 12.

Step 13.

Step 14.

Step 15.

Step 16.

Step 17.

Step 18.

Press the Begin Cal key again.

Follow the menu prompts; again choose to perform a
full 12-term calibration. Now use the Adapter’s Type
N male connector (X’) as Test Port 2. Use the VNA's
Test Port 1 connector as Test Port X.

Save the calibration as described in Steps 7 and 8,
above. Give this file a unique filename, such as
X_XPRIME.CAL. (Store this file in the current direc-
tory.)

Press the Appl key and chose ADAPTER RE-
MOVAL to return to Menu CARL (top left).

Enter the electrical length of the Adapter (170 ps for
the test adapter) in the appropriate place in Menu
CARL.

NOTE
Electrical length does not have to be precise.
Plus or minus 5 ps is adequate for this pro-
cedure.

Move the cursor to REMOVE ADAPTER, and press
the Enter key.

Move the cursor to the appropriate READ CAL
FILE OF THE X TEST PORT .. ., depending on
where the calibration data is stored (hard or floppy
disk). Press the Enter key.

NOTE
At this juncture, the “X” calibration file is
marked for reading, but not actually read.
Both the “X” and “Y” files will be read into
the VNA together in the next step.

37XXXD OM
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Step 19. Move the cursor to the appropriate READ CAL
FILE OF THE Y TEST PORT. . . choice (top left)
MENU CAR3 and press the Enter key.

ADAPTER REMOVAL Step 20. Observe that the text READING ... FROM DISK
appears in the menu area.

READ CAL FILE OF

THE Y TEST PORT Step 21. When the file has finished reading, the procedure is

FROM HARD DISK
(ADAPTER ON
PORT 2)

READ CAL FILE OF
THE Y TEST PORT
FROM FLOPPY DISK
(ADAPTER ON
PORT 2)

PRESS <ENTER>
TO SELECT

PRESS <CLEAR>
TO ABORT

complete and the program returns to the SWEEP
SETUP menu (below).

If the adapter is still connected, the display will
show the S-parameters of the adapter. Any device to
be measured with that same connector configuration
will be measured in an absolute sense.

Also, you may wish to store the resulting Adapter
Removal calibration for later use.

MENU SU1

SWEEP SETUP

START
XX XXXXXXXXX GHz

STOP
XX XXXXXXXXX GHz

SET CENTER/SPAN

XXX DATA POINT(S)
XXXXXXXXXXX GHz
STEP SIZE

C.W. MODE ON (OFF)
XX XXXXXXXXX GHz

MARKER SWEEP
DISCRETE FILL

HOLD BUTTON
FUNCTION

TEST SIGNALS

PRESS <ENTER>
TO SELECT
OR TURN/OFF
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8-8 GAIN cOMPRESSION

Power and VNAs

There are a number of ways to measure Gain Compression. With a
VNA two approaches are possible: Swept Frequency Gain Compression
(SFGC) and Swept Power Gain Compression (SPGC). The 37XXXD of-
fers a very straightforward approach to each of these measurements.

It is normally desirable to make S-parameter measurements in the
linear operating region of an amplifier and then observe Compression
or amplitude-modulation/phase-modulation (AM/PM) characteristics
by increasing the input power to drive the amplifier into it s nonlinear
region. The characteristics of the amplifier-under-test (AUT) dictate
the operating power levels required for the tests. Prior to making
measurements on a specific amplifier the user must determine the de-
sired operating levels. A recommended level for linear region operation
is:

P=PG Gain 15dB (PGC=Nominal | dB compression of the AUT)

The actual level is constrained by the power available from the VNA
and the built in 70 dB step attenuator. (In the case of the 37XXXD,
available power is easily supplemented by the addition of an external
amplifier/attenuator combination.) Power input to Port 2 must also be
considered as the test should not drive the VNA into nonlinear opera-
tion. Typical specifications show 0.1dB compression at a VNA receiver
input level of —10 dBm. The receiver signal is derived through a 13 dB
coupler from the Port 2 signal. The 37XXXD also includes a 40 dB step
attenuator in this path that enables linear operation with input sig-
nals as high as 30 dBm (1 watt), the maximum signal level that should
be input to Port 2. Higher power levels can be measured by attenuat-
ing the signal prior to Port 2.

A typical power configuration example that will also be used through-
out this section is included in Figure 8-28. A 10 dB pad has been used
at both Port 1 and Port 2 to minimize mismatch errors.

It is necessary to measure absolute power to deter-
mine Gain Compression. VNA receiver channels are
typically down-converters and do not measure
power directly. They are, however, linear so that an
accurate power calibration at one level will result in
a receiver channel that will accurately indicate
power in dBm.

The 37XXXD firmware supports calibration with
the following power meters: Anritsu ML2430A,
HP437B, HP438, and Gigatronics 8541C/8542C.
These meters differ in the way they handle sensor
efficiency (consult the power meter manual), and
the 37XXXD does expect to receive corrected data
from the power meter.
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Gain Compression Power Configuration

Amplifier Specifications:
Frequency Range:
Gain

1 dB Gain Compres-
sion (GC)

81012 GHz
25 dB nominal

12 dBm minimum

Gain Compression Formula: P =12 — 25 - 15 =-28 dBm
37369C Setup
Default Power: -7 dBm
Power Control: -8 dB
Port 1 Attenuator: 0dB
External Port 1 Attenuator: 10dB
The above setting result in
Port 1 Power: —25 dBm
Maximum Amplifier Output =15dBm
Coupler Loss: =13 dB
Port 2 Attenuator: 10dB
Figure 8-28.  Gain Compression Measurement Plan (Example)
Pstop
-
Input * Output Phase :
Power Power
Pstart
Time Input Power Input Power

Figure 8-29.  Power In (Pi) versus Power Out (Po) Graphical Example
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Swept Power Gain
Compression

Swept Frequency Gain
Compression

Errors can result if the proper correction factor is
not applied by the power meter, as shown below.

Correction Factor (%) Error (dB)
1 0.043
0.128
0.212
10 0.414

It is desirable to set the power control at or near the
minimum (this varies from —-20 t0—30 dB, depending
upon model) when establishing P, as this provides
the full ALC range for a power sweep.

The vector error correction available in VNAs is de-
pendent upon ratioed S-parameter measurements.
Power is measured using a single, unratioed chan-
nel; therefore, when power is being measured error
correction is turned off.

A swept power test is done at a CW frequency. The
input power will be increased with a step sweep
starting at Pstart and ending at Pstop. The step in-
crement is also user defined. This lets you observe
the conventional Povs. Pipresentation or a display
of Phase vs. Pi. Figure 8-29 (previous page) illus-
trates this process. The SPGC process is imple-
mented in the 37XXXD by following the procedure
that begins on page 8-43. The test setup required for
this procedure is shown in Figure 8-30 (page 8-42).

This is a manual procedure that provides a normal-
ized amplifier response as a function of frequency at
Pstart and manually increases the input power
while observing the decrease in gain as the ampli-
fier goes into compression. This lets you easily ob-
serve the most critical compression frequency of a
broadband amplifier. The SFGC process is imple-
mented in the 37XXXD by following the procedure
that begins on page 8-52. The test setup required for
this procedure is shown in Figure 8-30 (following

page).
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VNA

00

0 oo
ol ©885aa

Dedicated
GPIB

0 (C00
ol Ao

O

a
ao

a
a

0 (QA0

::n[| 00 00O ooo/ooo

0
ao

a
a
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\ 10 dB

Test Port 1

10 dB }

Test Port 2

GPIB Address=13
(I ===

JEOoooO.
oDooooOoO ®

—]

Power Meter

Power Sensor

]

Connect power meter as directed by procedure

Figure 8-30.  Test Setup for Gain Compression Measurements

8-42

37XXXD OM




MEASUREMENTS

GAIN COMPRESSION

Swept Power Gain Compression Measurement
The following procedures describes the Swept Power Gain Compres-
sion Measurement.

Step 1. Press the Appl key.

MENU APPL

ADAPTER REMOVAL

SWEPT FREQUENCY
GAIN COMPRESSION

SWEPT POWER
GAIN COMPRESSION

E/O MEASUREMENTS
O/E MEASUREMENTS
MERGE CAL FILES

PRESS <ENTER>
TO SELECT

al

0
0o

0
D|] 00 00O OO0
c—9 6 L=l _fo ]
i@%@@i@ J

MENU GC2

SWEPT POWER
GAIN COMPRESSION

SET FREQUENCIES

P START
—25.00 dBm

P STOP
—5.00 dBm

STEP SIZE
1.00 dB

ATTENUATION

GAIN COMPRESSION
POINT (MAX REF)
1.00 dB

NOMINAL OFFSET
0.00 dB

NOTE
A 12-Term S-parameter calibration is not
necessary for gain compression calibration
and measurement. If such a calibration is in
place, it will be disabled during the gain
compression operation.

Step 2. Move cursor to SWEPT POWER GAIN COM-
PRESSION and press Enter, when menu Appl (top
left) appears.

Step 3. When menu GC2 (bottom left) appears, follow the di-
rections that appear adjacent to the menu, as de-
scribed below:

Move cursor to SET FREQUENCIES, press Enter
and select from 1 to 10 frequencies.

Enter the frequency value, press a terminator key (e.g.
GHz/103/Ms/m), then Enter to add the frequency to the

PRESS <ENTER>
TO SELECT NOTE _
The number of frequencies and step size,
that is entered later, directly affect the time
required for Linear Power Calibration, in a
later step.
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MENU GC_DF2

SWEPT POWER
FREQUENCIES

INPUT A FREQ,
PRESS <ENTER>
TO INSERT

SWEPT POWER
FREQUENCY
12.000000000 GHz

CLEAR FREQ NUMBER
1

CLEAR ALL

FINISHED, RETURN TO
POWER SWEEP SETUP

PRESS <ENTER>
TO SELECT

MENU GC_DF2

SWEPT POWER
GAIN COMPRESSION

PORT 1 ATTN
0*10 dB (0 - 70)

PORT 2 ATTN
210 dB (0 - 40)

PREVIOUS MENU

PRESS <ENTER>
TO SELECT

Move cursor to FINISHED, RETURN TO POWER
SWEEP SETUP and press Enter.

Move cursor to P START (previous page), set per
power plan (Figure 8-28), and press Enter.

Move cursor to P STOP (previous page), set per
power plan, and press Enter.

Move cursor to STEP SIZE (previous page), enter a
value, and press Enter.

The 1 dB default value is reasonable. This value,
along with the number of frequencies entered in a
previous step, directly affect the time required for Lin-
ear Power Calibration, in a later step.

Move cursor to ATTENUATION (previous page) and
press Enter. Set power values (bottom left) per power
plan. Move cursor to PREVIOUS MENU and press
Enter when finished.

Move cursor to GAIN COMPRESSION (previous
page), enter the desired value (1 dB is typical), and
press Enter.

Move cursor to NOMINAL OFFSET (previous
page), enter the value of any external device(s) con-
nected between the front panel Input and Output con-
nectors. Press Enter when done. In the example use
-10 dB.

A setting of 0.00 dB is normal when no external de-
vices are connected.

Move cursor to MORE (previous page) and press En-
ter to proceed to the next menu (GC3) (next page).
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START LINEAR
POWER CALIBRATION

PREVIOUS MENU

PRESS <ENTER>
TO SELECT

MEASUREMENTS GAIN COMPRESSION
Step 4. Move the cursor to CALIBRATE FOR LINEARITY,
MENU GC3 press Enter, and follow the instructions that (1) ap-
SWEPT POWER pea}tr) a(;zljtf;lclent to the follow-on menu and (2) are de-
GAIN COMPRESSION scribed below.
gég?_mfmw If a calibration a/rfaady exists, the menu choice will indi-
(INOJ CAL EXIST) cate CAL EXIST in blue letters.
LINEARITY  ON [OFF]
CORRECTION _ _ NOTE
CALIBRATE Th.IS step is no.t required for a successful
RECEIVER gain compression measurement; however,
(INO] CAL EXISTS) linearizing the power from Port 1 (which is
$21 OPTIONS what this step does) provides increased ac-
(INOT] STORED) curacy.
AUT TEST TYPES ] ]
GAIN COMPRESSION Prepa_re tr_]e power meter as described in the
following instructions:
AM/PM
MULTIPLE FREQ a. Preset, zero, and calibrate the power meter.
GAIN COMPRESSION
RETURN TO SWEPT b. Set power meter offset, if required.
FREQUENCY MODE
PREVIOUS MENU c. Connect the power meter to the dedicated GPIB
interface and the power sensor to the test port.
d. Select <START LINEAR POWER CALIBRA-
TION>.
Connect the power sensor to Test Port 1.
With START LINEAR POWER CALIBRATION
highlighted (bottom left), press Enter to begin the cal-
ibration.
MENU GC_SUSA
CALIBRATE FOR Step 5. Observe L_INE/_ﬁ\RITY CC_)RRECTION choice (top_
LINEAR POWER Ie_ft)._ If a Imeant;_/ correction has been performed, it
FORWARD will indicate ON in blue letters.
DIRECTION ONLY
Step 6. Move cursor to CALIBRATE RECEIVER and fol-

low the instructions, as follows:

Connect a through line between Test Port 1 and Test
Port 2. Be sure to include all components that are
part of the measurement path.
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GAIN COMPRESSION
AM/PM

MULTIPLE FREQ
GAIN COMPRESSION

RETURN TO SWEPT
FREQUENCY MODE

PREVIOUS MENU

MENU GC_NORM

NORMALIZE S21

CONNECT AUT
AND APPLY BIAS .

WAIT FOR ONE
COMPLETE SWEEP
BEFORE STORING

PRESS <ENTER>
TO STORE

PRESS <CLEAR>
TO ABORT

Step 7.

Step 8.

Step 9.

GAIN COMPRESSION MEASUREMENTS
Wait until one complete sweep has completed, then
MENU GC3 press Enter to store the calibration.
SWEPT POWER
GAIN COMPRESSION - NOTE .
It is likely that the trace will be off screen at
ESIE{IBLIF?\IAET ERITY the bottom of the display. If so, press Autos-
(INO] CAL EXIST) cale to obtain a discernable trace. If this
LINEARITY  ON [OFF] trace s_hoyvs vertical instability, then do the
CORRECTION following:
CALIBRATE ,
RECEIVER 1. Press Video IF BW and select REDUCED
(INO] CAL EXISTS) (100 Hz) from the menu.
S21 OPTIONS
(INOT] STORED) 2. Press Avg/Smooth Menu and select AVER-
AUT TEST TYPES AGING 100 MEAS. PER POINT from the

menu.
3. Press Average to turn averaging on.

Press Appl to return to the gain compression menu
set, and follow the prompts to return to Menu GC3.
Repeat Step 6.

Move the cursor to S21 OPTIONS (top left), select
NORMALIZE S21 in the next menu (not shown),
then NORMALIZE S21 again (bottom left); then
press Enter and follow the menu instructions:

Remove the through line and connect the ampli-
fier-under-test (AUT) between Port 1 and Port 2.

Apply bias to the AUT.

Wait until one complete sweep has completed, then
press Enter to store the normalization measurement.

Move the cursor to the desired test and press Enter.
The steps that follow presume that gain compression
has been selected.
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GAIN COMPRESSION

MENU SU3A

SWEPT POWER
SETUP

SWEPT POWER
FREQUENCY
9.000000000 GHz

P START
—25.00 dBm

P STOP
—5.00 dBm

STEP SIZE
1.00 dB

POWER SWEEP ON

HOLD BUTTON
FUNCTION

MULTIPLE FREQ
GAIN COMPRESSION

RETURN TO SWEPT
FREQUENCY MODE

PRESS <ENTER>
TO SELECT
OR TURN ON/OFF

Step 10.

Observe that the SWEPT POWER SETUP menu and
the dual-trace display resembles that shown below.

CH MODE

» REF= ~5. 088 dbm 19.208 dAB/DIL

521 FORMARD TRANSMISZIION CW PoDE

9.000000 GHz CW -5.00 dBm

i MAGNITUDE y REF= @.800 db B.500 dE/DIV

: : i : X .
9.000008@ GHz CH ~5.0@ démn

MENU M7

SEARCH

VALUE
—1.000dB

REFERENCE
MAXIMUM VALUE
AREF MARKER
0dB

VALUE AT REFERENCE
—0.000 dB

SEARCH LEFT
SEARCH RIGHT

—9.56 dBm

SEARCH MRKR VALUES
CH1: 13.753dBm
CH2:
CH3: -1.000 dB
CH4:

TRACKING ON

MARKER READOUT
FUNCTIONS

Step 11.

Press Readout Marker (below) for a display of gain
compression at the marker frequency.

(] ]
=

Cg

&
|:||] 00 DO 000

0 Jesesl ©

Readout
Marker

Step 12.

Observe the readout marker values from the dis-
played menu (left).
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MENU

CH2-21

REFERENCE PLANE
0.0000mm

MARKER 1
-25.00 dBm

MARKER TO MAX
MARKER TO MIN

A(1-2)
-15.44 dBm
4.17°

MARKER READOUT
FUNCTIONS

GAIN COMPRESSION MEASUREMENTS
Step 13. Press Setup Menu (below) to return to SWEPT
MENU SU3A POWER SETUP menu.
SWEPT POWER
SETUP = 5
SWEPT POWER Q
FREQUENCY o
9.000000000 GHz 0oL 008t
P START Dﬂ 0o oo o DD
—25.00 dBm i@-@ @_@i ' =
P STOP ] @i 1
—5.00 dBm
STEP SIZE =
1.00 dB
POWER SWEEP ON
Step 14. Move cursor to SWEPT POWER FREQUENCY
ES,'\]ET%LTON (top left), select the next frequency from the SET
FREQUENCY list, and press Enter.
MULTIPLE FREQ
ClNEel RS Io Step 15. Repeat Steps 11 through 13.
RETURN TO SWEPT
FREQUENCY MODE Step 16. Repeat Steps 14 and 15 until all frequencies have
PRESS <ENTER> been observed.
TO SELECT
OR TURN ON/OFF Step 17. To examine the phase performance for a swept input

power, AM/PM should be selected. This leads to the
two channel display (Channels 2 and 4) with Chan-
nel 4 active shown below. The sweep mode is contin-
uous to facilitate tuning, Markers are set to the
AReference mode on the active channel.

= WULTIPLE FREQUENCY GRIN COMPRESSION POINT -
SHEPT POWER FREQUENCIES POMER 1N PONER OUT

9.988080 GHz -9.62 dBn 13.59 dBm
18.606AA8 GHz ~9.89 dBa 14.41 dBm
11.0080000 GHz ~8.71 dBn 14.69 dBr
12.886800 GHz -7.37 dBm 14.73 dBn

DD 0 B G N

19.9@

PQUER OUT [dBm] 1.0@ dB GAIN COMPRESSION POINT

S o 7
FREOUENCY MUMBER
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MEASUREMENTS GAIN COMPRESSION
Step 18. Repeat Steps 13 through 16 until all desired fre-
MENU GC4 guencies have been observed.
MULTIPLE FREQUENCY Step 19. If desired, a multiple frequency gain compression
GAIN COMPRESSION - . .
display can be obtained by selecting MULTIPLE
Ule LD FREQUENCY GAIN COMPRESSION (left) and
TEXT DATA pressing Enter.
TO HARD DISK
TEXT DATA Step 20. Move cursor to TEST AUT (top left) and press Enter.
TO FLOPPY DISK
SWEPT POWER Step 21. Observe that the Multiple Frequency Gain Compres-
GAIN COMPRESSION sion display resembles that shown below.
RETURN TO SWEPT
FREQUENCY MODE
PRESS <ENTER> gi:SEORNRRD TRENSTISSION » REF=2.00° 2\3&;"’/1[[:?5
TO SELECT . —
-25.90 dBm ;.EEMNJ GHz W : : »5;@&3 d8m
521 FORWARD TRANSMISSION CW MODE
LOG MAGNITUDE )ﬁEF:B.@EB dS‘ i 1.080 dB/DIV
—ES.MIGBM ’ 9‘.@0%00 GHz C‘H - »SEMI dBm
Step 22. Make desired selection from menu to copy text and
data to hard or floppy disk (top left).
Step 23. The power linearity calibration, receiver calibration,

and DUT normalized data exists in volatile memory:.
At this time, the data can be stored for subsequent
recall using the SAVE function.

NOTE
It is prudent to save this calibration; other-
wise, it will be destroyed if you move any-
where in the program except between this
calibration and the S-parameters menu.
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Step 24. Move cursor to RETURN TO SWEPT FRE-
QUENCY MODE and press Enter to exit the gain
compression mode.

NOTE
When exiting the Swept Frequency Power Gain Compres-
sion mode, the DUT should be turned off, unless the user
has selected the proper attenuator settings for standard
swept frequency (S-parameter) operation.
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MEASUREMENTS

GAIN COMPRESSION

MENU APPL

ADAPTER REMOVAL

SWEPT FREQUENCY
GAIN COMPRESSION

SWEPT POWER
GAIN COMPRESSION

E/O MEASUREMENTS
O/E MEASUREMENTS
MERGE CAL FILES

PRESS <ENTER>
TO SELECT

Swept Frequency Gain Compression Measurement
The following procedure describes the Swept Frequency Gain Com-
pression Measurement.

Preliminary. Refer to Figure 8-28 and set the Power Control and Port
1 Attenuator for the values shown in the power plan for the example,
or in the power plan constructed for measurement of a test device.
These power plan values should also be used in the S-parameter cali-
bration that may be performed using the Begin Cal key and menus.

Step 1.

Press the Appl key.

MENU GC3

]

ol ©883an

s EEEEE
0D| 00||oog

o [ooal[o
Dﬂ 00 0O 0OOoo|oodl|o

fefe)

Appl

SWEPT FREQUENCY
GAIN COMPRESSION

NOMINAL OFFSET
0.00 dB

CALIBRATE
FOR FLATNESS
(NO CAL EXISTS)

FLATNESS OFF
CORRECTION

CALIBRATE
RECEIVER
[NO CAL EXISTS)

NORMALIZE S21
(NOT STORED)

GAIN COMPRESSION
POINT (0 dB REF)
1.00 dB

TEST AUT
EXIT APPLICATION

Step 2.

Step 3.

Move cursor to SWEPT FREQUENCY GAIN
COMPRESSION and press Enter, when menu
APPL (top left) appears.

When menu GC3 (bottom left) appears, follow the di-
rections that appear adjacent to the menu, as de-
scribed below:

Move the cursor to NOMINAL OFFSET, enter the
value of any external device(s) connected between
the front panel Input and Output connectors. Press
the Enter key when done.

Optionally, move the cursor to CALIBRATE FOR
FLATNESS, press Enter and follow the instruction
menu as described on the following page.

If a calibration already exists, the menu choice will
indicate CAL EXIST in blue letters.
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GAIN COMPRESSION

MEASUREMENTS

MENU GC_SUS8A

CALIBRATE FOR
FLAT PORT POWER

FORWARD
DIRECTION ONLY

101 POINTS
MEASURE 1 PWR
POINT EVERY

1 POINT(S)

POWER TARGET
—25.00 dBm

START FLAT
POWER CALIBRATION

PREVIOUS MENU

PRESS <ENTER>
TO SELECT

TURN KNOW TO
CHANGE NUMBER
OF POINTS

NOTE
This step is not required for a successful
gain compression measurement; however,
calibrating the power from Port 1 (which is
what this step does) provides increased ac-
curacy.

Prepare the power meter as described in the follow-
ing instructions:

a. Preset, zero, and calibrate the power meter.
b. Set power meter offset, if required.

c. Connect the power meter to the dedicated GPIB
interface and the power sensor to the test port.

d. Select <START LINEAR POWER CALIBRA-
TION>,

Connect the power sensor to Port 1.
Set the number of power calibration points.

If, in a previous menu, data points had been set to
401 points, entering 8 provides 50 power points
(every 8th point); entering 4 provides 100 power
point (every 4th point)s, and entering 1 provides 401
power points. The VNA interpolates between power
calibration frequencies.

Enter a POWER TARGET value.

Make this value the same as resulting Port 1 power
value shown in Figure 8-28 (page 8-40). —25 dBm for
the example.

With START FLAT POWER CALIBRATION high-
lighted (bottom left), press Enter to begin the calibra-
tion.

NOTE
When the above calibration finishes, the
source power will have been accurately cali-
brated. In the next step, this power calibra-
tion will be transferred via the through line
to the receiver.

37XXXD OM




PRESS <ENTER>
TO STORE

PRESS <CLEAR>
TO ABORT

MEASUREMENTS GAIN COMPRESSION
Step 4. Move cursor to CALIBRATE RECEIVER and fol-
MENU GC1 low the instructions, as follows:
ngPcToFSE%Jgs'\:SL Connect a through line between Test Port 1 and Test
Port 2. Be sure to include all components that are
NOMINAL OFFSET
10,00 dB part of the measurement path.
IE:SII_RI?:FL{:IEESS Wait until one complete sweep has completed, then
(ICAL EXISTS) press Enter to store the calibration.
FLATNESS
CORRECTION o NOTE
AT -25.00 dBm It is likely that the trace will be off screen at
CALIBRATE the bottom of the display. If so, press
RECEIVER Autoscale to obtain a discernable trace. If
(CAL EXISTS) this trace shows vertical instability,
NORMALIZE S21
(INOT]STORED) * Press Video IF BW and select REDUCED
GAIN COMPRESSION (100 Hz) from the menu
POINT (0 dB REF)
1.00dB * Press Avg/Smooth Menu and select AV-
TEST AUT ERAGING 100 MEAS. PER POINT
EXIT APPLICATION from the menu
* Press Average to turn averaging on
Step 5. Press Appl to return to the gain compression menu,
and follow the prompts to return to Menu GCL1. Re-
peat Step 4.
MENU GC_SUSA
RECEIVER Step 6. Move the cursor to NORMALIZE S21 (top left),
CALIBRATION press Enter, and follow the menu instructions (bot-
CONNECT tom left):
THROUGHLINE
BETWEEN Remove the through line and connect the amplifier-
TEST PORTS under-test (AUT) between Port 1 and Port 2.
INCLUDE ANY
COMPONENTS WHICH Apply bias to the AUT.
ARE PART OF THE
MEASUREMENT PATH . .

WAIT FOR ONE Wait until one complete sweep has completed, then
COMPLETE SWEEP press Enter to store the normalization measurement.
BEFORE STORING

Step 7. Move the cursor to TEST AUT (top left) and press

Enter.
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GAIN COMPRESSION

MEASUREMENTS

Step 8. Observe that the dual-trace display resembles that
shown below.
b2/ 1
POMER QUT . i D:REF=—1§.DBG ?Hm ‘ Em.BBﬂ:dB/DIU
7.5a0800 : Gl‘iz : : 12;56B93U
S21 FORWARD TRANSHISSION
Lag I‘TﬁﬁNﬂUDE» i )REF:@.‘BBB dS. ‘ vn.sm.nslmu
e
7458U5éﬂ : : ‘ G}ilz - : 12;590@@8
Step 9. Note that the top display (Channel 1), shows the
power out from the AUT. For the example test device,
the nominal output power is about 0 dBm with the
input at —25 dBm. To better evaluate this device,
turn on markers and set the Channel 1 reference to
0 dB, as shown below.
b2s1

POWER OUT »REF=0.802 HBn 10.009 dB/DIN

7.500000 GHz 12.500002

S21 FORUARD TRAMSMISSION

LOG MAGNITUDE » REF=0.000 db A.580 dB/DIV

7.500800 GHz 12.500089
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GAIN COMPRESSION
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Step 10. Press the Ch1 key (top left) to make channel 1 active.
Step 11. Press the Marker Menu key (middle left), turn on
marker 1, and position it to a desired point on the
trace (below). (Press the Readout Marker key for fre-
guency and amplitude information.)
b2s1
POMER OUT i bﬁEF:ﬂ.Bﬁ@ dBvTx : ilﬁ.ﬂeﬁidB/DIU
7.55@058 : : Gr“z 12.‘5%0@@
32t FORWARD TRAMSHMISZION
LOG MAGNITUDE » REF=0.000 dB» ‘m.sm dB/DIu
7.580000 : G?'.tz IEiSBGB@l’S
Step 12. Press the Appl key to return to the TEST SIGNALS

menu (Menu SU2, next page).
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Step 13. Press the Setup Menu key (top left), select POWER
—— CONTROL (bottom left) and increase the value
BD © §§§ 88 while observing compression in channel 3 (S21).
0 [00a [w]
ool oo 8\3 NOTE

The rotary knob or the keypad can be used

CII] oo oo CIDEI CICICI

to set the POWER CONTROL value. In us-

Tar o

does not change in real time with movement

{ ing the rotary knob, the displayed value

of the control. Change occurs after the rota-
tion of the knob is complete.

Step 14. Press the Marker Menu key again, and observe the

displayed Ch 3 trace and the marker values from the
displayed menu (below).

MENU SU2 MENU SU2
TEST SIGNALS MARKER 1
POWER CONTROL ALL DISPLAYED
547 dB CHANNELS
0 TO -20.00 dB CH1-S11 USER
PORT 1 ATTN 10.000000 GHz

0*10dB (0 — 70)

PORT 1 POWER
—1.53 dBm

PORT 2 ATTN
0* 10 dB (0 —40)

CALIBRATE
FOR FLATNESS
(CAL EXISTS)

FLATNESS
CORRECTION
AT —11.53 dBm

PORT 2 POWER
0.00 dBm

EXIT APPLICATION

PRESS <ENTER>
TO SELECT
OR TURN ON/OFF

12.06 dBm
CH2-812

CH3-821
10.000000 GHz
-0.992 dB

CH4 - 821

MARKER TO MAX
MARKER TO MIN

MARKER READOUT
FUNCTIONS

PRESS <ENTER>
TO SELECT

Step 15. The power linearity calibration, receiver calibration,

and DUT normalized data exists in volatile memory.
At this time, the data can be stored for subsequent
recall using the SAVE function.

NOTE
It is prudent to save this calibration; other-
wise, it will be destroyed if you move any-
where in the program except between this
calibration and the S-parameters menu.
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GAIN COMPRESSION

MENU SU2

547 dB
0 TO -20.00 dB

PORT 1 ATTN

—1.53 dBm
PORT 2 ATTN

CALIBRATE
FOR FLATNESS
(CAL EXISTS)

FLATNESS
CORRECTION
AT -11.53 dBm

0.00 dBm

TEST SIGNALS
POWER CONTROL

0*10dB (0-70)
PORT 1 POWER

0* 10 dB (0 —40)

PORT 2 POWER

EXIT APPLICATION

PRESS <ENTER>
TO SELECT
OR TURN ON/OFF

Step 16. Move cursor to RETURN TO SWEPT
FREQUENCY MODE and press Enter to exit the
gain compression mode.

Step 17. Press the Appl key to return to the TEST SIGNALS
menu (left), highlight EXIT APPLICATION and
press Enter to exit the gain compression measure-
ment area.

CAUTION

When exiting the Swept Frequency Power Gain Compres-
sion mode, the DUT should be turned off, unless the user
has selected the proper attenuator settings for standard
swept frequency (S-parameter) operation.
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MEASUREMENTS

8-9 RECEIVER MODE

Source Lock Mode

Tracking Mode

Set-on Mode

The Receiver Mode provides three distinct modes of operation:

U Sweep/Source Lock mode, phase locks the internal source

U Synthesizer/Tracking mode, lets the receiver track a 67XXB,
68XXXB, or 69XXXA synthesizer

O Set-On mode, lets the VNA operate as a tuned receiver

The Source Lock mode enables the 37XXXD to phase lock to its inter-
nal source.

In the Tracking Mode, the 37XXXD steers its second local oscillator
frequency and phase signal so as to phase-lock itself to the reference
signal. Typically the source is a synthesizer, since it must be accurate
to better than +10 MHz for the 37XXXD to achieve lock. Due to the in-
herent resolution of the 37XXXD, frequency resolution is limited to

1 kHz intervals. If Option 3 is installed frequency resolution is limited
to 1 Hz.

For receive frequencies outside the indicated test set range, the use of
external mixers and a synthesizer is required. Dual Source Control is
required in this case.

In the Set-On mode, the source lock circuitry of the 37XXXD is com-
pletely by-passed. Reference signals are no longer necessary for system
operation. This allows all of the 37XXXD samplers to operate over
their full dynamic range. As a result, the source and the 37XXXD must
be locked to the same 10 MHz time base, otherwise coherent detection
is not possible. Only synthesized sources may be used in this mode.
Dual source control is required.

Due to the inherent resolution of the 37XXXD local oscillators, fre-
quency resolution is limited to 1 kHz intervals over the frequency
range of the VNA. If Option 3 is installed, frequency resolution is lim-
ited to 1 Hz.
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Receiver Mode Block The block diagram shown in Figure 8-31 shows how the system is con-
Diagram figured for all of the possible modes of operation. With the switches set
as shown, the system operates in the Set-On mode. LO1 and LO2 are
pre-set to allow only a prescribed signal to be detected by the synchro-
nous detector. With the switch in SOURCE LOCK position the system
is operating in the internal source-lock mode. With the switch in the
TRACKING position, the system is in the synthesizer tracking mode.

Receiver Mode Menus The menus associated with the Receiver Mode are described in the al-
phabetical listing (Appendix A) under their call sign: RCV1, RCV2,
RCV3, etc.
Procedure, Receiver Mode A detailed procedure for operation using the Receiver Mode option is
Operation provided in the following pages.

TRACKING
SET ON

SOURCE LOCK ANALOG LOCK SIGNAL
. 2.5 MHz
SAMPLER 10 MHz

> REAL
@ Tomaur | > || @ > ®> Iﬁ) perecton > IMAGINARY

10 MHz TRACKING
(SYNTHESIZER) 3RD L.O. 4THLO.
<A 2.42 NiHz 80 KH

SOURCE LOCK/
1STL.O. 2ND L.O. SET ON 4

v v
T | -

A

10 MHz 10 MHz

=N

0 MHz 10 MHz

Figure 8-31. 37XXXD Phase Lock Modes
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Operating Procedure, Receiver Mode
The three operational modes that comprise the Receiver Mode can be
MENU OPTNS set up as follows:
OPTIONS .
TRIGGERS Step 1. Press the Option Menu key (below).
REAR PANEL
OUTPUT 0
Qa0
DIAGNOSTICS E'U SEE 88
Q00
MULTIPLE
SOURCE 0 (Q0a(|o 0
CONTROL 0o aajloao
RECEIVER MODE a |10a0 B\QD
SOURCE CONFIG 0of oo oo oooload 100
RF ON/OFF c—9 6—9 =L\ o]
DURING RETRACE i@=@ @i@i @ ® .
PRESS <ENTER> —
TO SELECT .
Option
Step 2. When menu OPTNS (top left) appears, select RE-
MENU RCV1

RECEIVER MODE
STANDARD
USER DEFINED
SOURCE CONFIG

SPUR REDUCTION
NORMAL/OFF

PRESS <ENTER>
TO SELECT

MENU RCV3

STANDARD
RECEIVER MODE

WARNING:

CONTINUING
MAY INVALIDATE
CURRENT
SETUP AND
CALIBRATION

PRESS <ENTER>
TO CONTINUE

PRESS <CLEAR>
TO ABORT

CEIVER MODE.

Step 3. When menu RCV1 (middle left) appears, select ei-
ther STANDARD (Step 4) or USER DEFINED
(Step 5). Your selection depends on the application.

Step 4. The Standard mode uses the Source Lock mode for
operation with the internal source. The user has no
control over selections within the Standard Mode.

Because entering the standard mode from the User
Defined Mode erases the current stored calibration
data, a warning menu (RCV3, bottom left) appears
when STANDARD is selected. Press Enter to enter
into the Standard mode or press Clear to abort.

NOTE
Spur Reduction: Normal/OFF: Spur Reduction Off may be
selected when making non-ratioed measurements or using
the Set-On Receiver mode. Under those measurement con-
ditions, it may reduce high level noise. In normal
S-parameter measurement mode, Spur Reduction should
remain “Normal,” as the noise level is not affected.
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Step 5. Selecting USER DEFINED RECEIVER MODE in
MENU RCV1 menu RCV1 brings menu RCV 2 to the screen. When
menu RCV 2 appears, the last mode selected is high-
lighted in red. The default selection is SOURCE

RECEIVER MODE

STANDARD LOCK.

USER DEFINED

SOURCE CONFIG Source Lock, Tracking or Set-On modes can be se-

SPUR REDUCTION lected from this menu. When a mode is selected, in-
NORMAL/OFF formation about that mode is displayed on the

PRESS <ENTER> screen. This information describes the mode and the
TO SELECT capabilities required of the RF source.

MENU RCV2

USER DEFINED
RECEIVER MODE

SOURCE LOCK
TRACKING
SET ON

PRESS ENTER
TO SELECT

MENU RCV4

USER DEFINED
RECEIVER MODE

WARNING:

CONTINUING
MAY INVALIDATE
CURRENT
SETUP AND
CALIBRATION

PRESS <ENTER>
TO CONTINUE

PRESS <CLEAR>
TO ABORT
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8-10 EmBEDDING/

DE-EMBEDDING

In many S-parameter measurements, the measurement of the DUT
may also include other set-up components that affect the overall mea-
surement result. For example, there may be a test fixture required be-
tween the normal coaxial calibration planes and the DUT. It may be
useful to see the DUT performance with a certain matching network in
place or it may be desired to see what the subsystem performance
would be when the given DUT is inserted, etc. The classical purposes
of embedding and de-embedding are shown in Figure 8-32, below.

Fixture —

DUT

Fixture

Calibration Planes

DUT

Embed

Effective New Measurement Planes

De-embed

—

DUT

Effective New Measurement Planes

Matching
Network

DUT

Matching
Network

Calibration Planes

Figure 8-32.  Classic Embedding and De-embedding

One way of handling these chores within the instrument itself is
through embedding and de-embedding: the process of mathematically
adding or subtracting networks to or from the measured result. This
feature is available in all 37XXXD VNAs as shown in the following

paragraphs.
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Embedding

MENU DE8

EMBED/DE-EMBED
S2P FILE

PORT 1/PORT 2

METHOD
EMBED/DE-EMBED

SWAP PORTS  OFF
OF S2P DATA

APPLY NETWORK
S2P FILE DATATO
CAL FILE DATA

PRESS <ENTER>
TO SELECT
OR CHANGE

MENU DE9

EMBED/DE-EMBED
S2P FILE

ORIGINAL CAL FILE
TO APPLY NETWORK

READ CAL FILE
FROM HARD DISK

READ CAL FILE
FROM FLOPPY DISK

PRESS <ENTER>
TO SELECT

PRESS <CLEAR>
TO ABORT

MENU DE9A

EMBED/DE-EMBED
S2P FILE

S2P FILE DATA
OF THE NETWORK

READ S2P FILE
FROM HARD DISK

READ S2P FILE
FROM FLOPPY DISK

PRESS <ENTER>

Embedding of Matching Networks, or other components, can be done
as follows:

Step 1. Press the APPL menu key on the instrument’s front
panel.

al| ©853aa

o [oool[o o
oo| 0al|oop

o [oool[o
Dﬂ 00 0O 0oolodollo

0 Tr3z3l Ok

Step 2. Select the VNA test port where the network will be
embedded, then select the EMBED function under
the EMBED/DE-EMBED S2P FILE menu (menu
DES, top left).

Step 3. Select APPLY NETWORK S2P FILE TO CAL
FILE DATA. This will take you to the
EMBED/DE-EMBED S2P FILE menu (menu DE9,
middle left).

Step 4. Select where to read the calibration file from.

The calibration file to be embedded can be stored on
either the floppy or the hard disk. Once the calibra-
tion file is recalled, the EMBED/DE-EMBED S2P
FILE menu (menu DE9A, bottom left) is displayed.

Step 5. Menu DE9A allows you to choose the .S2P file to be
embedded from either the floppy or hard disk. Select
the .S2P file to read.

Once the .S2P file is selected, it is embedded with
the calibration file. To embed additional files, save
the calibration along with the embeded .S2P file onto

TO SELECT the hard disk or floppy disk for later recall upon the
PRESS <CLEAR> next embedding operation.
TO ABORT
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De-embedding

MENU DE8

EMBED/DE-EMBED
S2P FILE

PORT 1/PORT 2

METHOD
EMBED/DE-EMBED

SWAP PORTS  OFF
OF S2P DATA

APPLY NETWORK
S2P FILE DATATO
CAL FILE DATA

PRESS <ENTER>
TO SELECT
OR CHANGE

De-embedding is a common technique for removing test fixture effects
from a calibration, generally of microstrip or on-wafer devices. This is
performed by the following:

Step 1.

Press the APPL key on the instrument’s front panel.

MENU DE9

EMBED/DE-EMBED
S2P FILE

ORIGINAL CAL FILE
TO APPLY NETWORK

READ CAL FILE
FROM HARD DISK

READ CAL FILE
FROM FLOPPY DISK

PRESS <ENTER>
TO SELECT

PRESS <CLEAR>
TO ABORT

MENU DE9A

EMBED/DE-EMBED
S2P FILE

S2P FILE DATA
OF THE NETWORK

READ S2P FILE
FROM HARD DISK

READ S2P FILE
FROM FLOPPY DISK

PRESS <ENTER>
TO SELECT

PRESS <CLEAR>
TO ABORT

Step 2.

Step 3.

Step 4.

Step 5.

Select the VNA test port where the network will be
embedded, then select the DE-EMBED function un-
der the EMBED/DE-EMBED S2P FILE menu (menu
DES, top left).

Select APPLY NETWORK S2P FILE TO CAL
FILE DATA. This will take you to the
EMBED/DE-EMBED S2P FILE menu (menu DE9,
middle left).

Select where to read the calibration file from.

The calibration file to be embedded can be stored on
either the floppy or the hard disk. Once the calibra-
tion file is recalled, the EMBED/DE-EMBED S2P
FILE menu (menu DE9A, bottom left) is displayed.

Menu DE9A allows you to choose the .S2P file to be
de-embedded from either the floppy or hard disk. Se-
lect the .S2P file to read.

Once the .S2P file is selected, it is de-embedded with
the calibration file. To de-embed additional files, save
the calibration along with the de-embeded .S2P file
onto the hard disk or floppy disk for later recall upon
the next de-embedding operation.
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8-11 opticaL

APPLICATION

E/O Measurements

Optical applications are divided into two measurement categories,
electro-optical (E/O) and opto-electrical (O/E).

E/O measurements can be performed with the 372XXD/373XXD series
VNAs using the built-in E/O measurement application. On-screen
menu-driven procedures guide you through the set-up and calibration
required for E/O measurements of optical modulators such as band-
width, flatness, and group delay.

O/E measurements of a photo-diode or photo-receiver can be per-
formed with the 372XXD/373XXD series VNAs by using the built-in
O/E measurement application. On-screen-menu-driven procedures
guide you through the set-up and calibration required for O/E mea-
surements such as bandwidth, flatness, and group delay.

Optical modulators modulate digital data signals over a light wave
carrier and send it over fiber optic networks. Since a VNA is only capa-
ble of generating and measuring electrical signals, a laser source is re-
quired to provide optical input to the modulator DUT and a photo-di-
ode/photo-receiver is required to convert the modulator output back to
an electrical signal that can be measured by the VNA. The MN4765A
(65 GHz characterized photo-diode) is used with the following proce-
dure. The equipment set up for an E/O measurement is shown in Fig-
ure 8-33, below.

372XXD/373XXD

ao
[=]=]

Bt
oojjoo
(= | [=]

[=[=] | [=[=]

RF In

Laser Modulator Photo-diode
Source

Figure 8-33. E/O Measurement Setup

The E/O measurement application de-embeds the response of the
photo-diode/photo-receiver transfer standard from a 12-term calibra-
tion to enable measurements of a modulator DUT.
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MENU APPL

APPLICATIONS
ADAPTER REMOVAL

SWEPT FREQUENCY
GAIN COMPRESSION

SWEPT POWER
GAIN COMPRESSION

E/O MEASUREMENT
O/E MEASUREMENT
MERGE CAL FILES

PRESS <ENTER>
TO SELECT

E/O Measurement Procedure

The following procedure will explain ways of using the MN4765A
photo-diode to make an E/O measurement of a modulator DUT. The
same set up can be used for a user characterized photo-diode as well.

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Set-up the measurement as shown in Figure 8-33.

Perform a 12-term calibration on the VNA over the
frequency range of interest with reference planes at
the DUT input and the photo-diode output. (Refer to
section 7-4 for the 12-term calibration steps.)

Press Save/Recall to save the calibration and set-up
to the hard disk or a floppy disk.

Press the Appl key to display the applications menu
(left).

Move the cursor to E/O MEASUREMENT and
press Enter.

This brings up menu DEL1 (left) and the step-by-step
procedure, Figure 8-34, for making the measure-
ment.

MENU DE1

E/O MEASUREMENT

MEASURE E/O DUT
MODULATOR

DE-EMBED TRANSFER
FUNCTION OF A
GENERIC NETWORK

PRESS <ENTER>
TO SELECT

- E/0 HEASUREMENT -

E/0 WEASUREMENTS CAN BE REALIZED BY DE-EMBEDDING THE
CHARACTERISTICS OF A TRANSFER STAMDARD (DETECTOR STD).
SIMILARLY, THE FORWARD TRANSFER FUNCTION OF A GENERIC
NETHORE CAN BE DE-EWBEDDED.

- REQUIREMENTS -

- PERFORM A RF CALIBRATION WITH FORWARD TRANSHISSION
CORRECTION - EITHER FULL 12-TERW, 1-FPATH Z-FORT FWD, E/0 HEASUREMENT
Of FREUQUENMCY RESPONSE C(FMD OR BOTH). STORE THE CAL

AND FRONT PAMEL SETUP TO DISK (e.g. ORIG-E-E.CALJ).

PHEASURE EA0 DUT
(HODULATOR)

- THE CHARACTERIZATION OF THE DEWICE TO DE-EMEED

SHOULD BE IM A FILE USING THE S2P FORMAT (e.g.
OD_E_DET.32F3J.
INPROVE INTERFOLATION ACCURACY.

- CAL FILES AND 3ZF CHARACTERIZATION FILES MUST BE

DE-EHBED TRANSFER
FUNCTION OF A
GENERIC NETHORK

USE AS HMANY POINTS AS FOSSIBLE TO

PRESS <EWTER:

FLACED IW THE CURRENT DIRECTORY OF THE DISK. TO SELECT

- IMSTRUCTIONS -

1. 70 MEASURE E/0 DEWICES (e.g. MODULATORS), DE-EMBED
A DETECTOR TRAMSFER STAMDARD (e.g. O-E_DET.32P
FROM ORIG-E-E.CAL}. IF DESIRED, SAVE RESULTS.

2. T0 DE-EMBED THE FORWARD TRANSFER FUNCTION OF A
GENERIC WETWORK, SELECT A CAL FILE AND A S2F FILE.

Figure 8-34. E/O Measurement Menu

Step 6.

Select MEASURE E/O DUT (MODULATOR) and
press Enter.
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MENU DE3

E/O MEASUREMENT

ORIGINAL CAL FILE
WITH FWD TRANS
CORRECTION

READ CAL FILE
FROM HARD DISK

READ CAL FILE
FROM FLOPPY DISK

PRESS <ENTER>
TO SELECT

PRESS <CLEAR>
TO ABORT

MENU DSK2

SELECT FILE
TO READ

TESTCAL CAL

PREVIOUS MENU

PRESS <ENTER>
TO SELECT

PRESS <1> FOR
PREVIOUS PAGE

PRESS <2> FOR
NEXT PAGE

Step 7.

Step 8.

Step 9.

This brings up menu DE3 (top left).

Select READ CAL FILE FROM HARD DISK or
READ CAL FILE FROM FLOPPY DISK depend-
ing on where the 12-term calibration was saved in
Step 3.

This bring up menu DSK2 (middle left).

Select the calibration file and press Enter.

Read the S2P file (characterization data file) for the
photo-diode transfer standard. This will de-embed
the photo-diode for an E/O measurement (menu
DE3A, bottom left).

NOTE
If an S2P file is not available, it can be gen-
erated from the characterization data pro-
vided by the vendor. This is explained on
page 8-74.

The VNA now displays the measurement of the mod-
ulator DUT. An example measurement of a 40 Gb/s
NRZ modulator is shown in Figure 8-35 below.

MENU DE3A

E/O MEASUREMENT

TRANSFER STANDARD
TO BE DE-EMBEDDED
(DETECTOR STD)

READ S2P FILE
FROM HARD DISK

READ S2P FILE
FROM FLOPPY DISK

PRESS <ENTER>
TO SELECT

PRESS <CLEAR>
TO ABORT

S
L

11 FORWARD REFLECTION
06 MAGNITUDE

=>REF= 9.000 dB 5,000 dB/DIV

0.840000

521 FORWARD TRANSMISSION
L0G MAGNITUDE > REF= -45.000 oB 1,809 dB/DIV

GHz 42. 6aeece

T

0.040e00

GHz 4¢. Gagece

Figure 8-35. E/O Measurement of a 40 Gb/s NRZ Modulator
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O/E Measurements

Step 10. Press Save/Recall and save this de-embedded cali-
bration to the hard disk or the floppy disk.

NOTE
Observe that the S11 graph displays the electrical return
loss (port match) of the modulator and S21 represents the
transfer function of the modulator. The bandwidth of the
modulator can be calculated from the S21 data by setting
the delta markers or using the marker search function to
find the 3 dB change in magnitude. The 3 dB bandwidth of
the modulator measured in this example is 24 GHz.

Photo-diodes/photo-receivers convert an optical signal into an electri-
cal signal. Bandwidth measurements can be made on a photo-di-
ode/photo-receiver by stimulating its input with a modulated optical
source and measuring the output signal. A laser and a characterized
modulator are required, in addition to the VNA, to make O/E measure-
ments. See Figure 8-36, below, for the equipment set-up.

372XXD/373XXD

g0 83300
g 83300
o [oo0|[o_a
oo|_oo||coo

0 [oooj[o_a

o0 0o 00o|006/|0o0
[ = oo G

Port 1
RF In
>4
¥ -
Fiber
Laser Modulator Photo-diode

Source

Figure 8-36. O/E Measurement Set-up

The O/E measurement application de-embeds the response of the mod-
ulator transfer standard from a 12-term calibration to enable mea-
surements of the photo-diode DUT.

O/E Measurement Procedure

The following procedure will explain ways of obtaining characteriza-
tion data for a modulator and then how to use it to make an O/E mea-
surement of a photo-receiver.
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MENU APPL

APPLICATIONS
ADAPTER REMOVAL

SWEPT FREQUENCY
GAIN COMPRESSION

SWEPT POWER
GAIN COMPRESSION

E/O MEASUREMENT
O/E MEASUREMENT
MERGE CAL FILES

PRESS <ENTER>
TO SELECT

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

previous page.

Set-up the measurement as shown in Figure 8-36,

Perform a 12-term calibration on the VNA over the

frequency range of interest with reference planes at
the modulator input and the photo-receiver DUT
output. (Refer to section 7-4 for the 12-term calibra-

tion steps.)

to the hard disk or a floppy disk.

(left).

press Enter.

Press Save/Recall to save the calibration and set up

Press the Appl key to display the applications menu

Move the cursor to O/E MEASUREMENT and

This brings up menu DE2 (bottom left) and the
step-by-step procedure for making the measurement

as shown in Figure 8-37, below.

MENU DE2

O/E MEASUREMENT
DE-EMBED O/E S2P

0/E HEASUREMENT

0/E HEARSUREMENTS CAN BE REALIZED BY DE-EHBEDDING THE
CHARACTERISTICS OF A TRAMSFER STANDARD (HODULATOR).

REQUIREMEN

PERFOEHM & RF CALIBRATION WITH FORHARD TRAMSHISSIOR
CORRECTION - EITHER FULL 12-TERM, 1-PATH 2-FORT FWD,
OF FREQUENCY RESPONSE (FWD OR BOTH). STORE THE CHL
AMD FRONT PANEL SETUP TO DISK (e.g. ORIG-E-E.CAL).

THE CHARACTERIZATION OF THE DEVICE TO DE-EHBED
SHOULD BE IW A FILE USING THE 52FP FORHAT (e.g.
O_E_DET.32P AND E_Q_MOD.52P). USE AS HANY POINTS
AS POSSIBLE TO IHPROVE IWNTERPOLATION ACCURACY.

CAL FILES RMD S2P CHARACTERIZATION FILES MUST BE
FLACED IN THE CURRENWT DIRECTORY OF THE DISK.

. DE-EMBED A DETECTOR STANDARD (e.g. O-E-DET.32P

0/7E HERSUREMEH

»DE-EMBED O/E SEP
(DETECTOR STD)

GENERATE E/D S2F
CHARACTERIZATION
(HODULATORD

HERSURE OJ7E DUT
(DETECTOR)

(DETECTOR STD) FRON ORIG-E_E.CAL). IF DESIRED, SAVE RESULTS. ECT
GENERATE E/O S2P 2. MEASURE THE INTENDED HODULATOR TRANSFER STANDARD
CHARACTERIZATION AND CAPTURE 1TS CHARACTERIZATION BY GENERATING A
(MODULATOR) S2P FILE (e.g. E_0_HOD.SZF). THIS IS THE 3AHE A3
USING THE S2P DISK FILE HARDCOPY FEATURE.
MEASURE O/E DUT
(DETECTOR) 3. T0 HEASURE 0/E DEVICES (e.g. DETECTORS), DE-EHBED
THE MODULATOR TRANSFER STANDRRD (e.g. E_O_MDD.S2F
PRESS <ENTER> FRON ORIG_E_E.CAL). IF DESIRED, SAVE RESULTS.
TO SELECT
PRESS <CLEAR>
TO ABORT
Figure 8-37. O/E Measurement Menu
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MENU DE5

DE-EMBED O/E S2P

ORIGINAL CAL FILE
WITH FWD TRANS
CORRECTION

READ CAL FILE
FROM HARD DISK

READ CAL FILE
FROM FLOPPY DISK

PRESS <ENTER>
TO SELECT

PRESS <CLEAR>
TO ABORT

MENU DSK2

SELECT FILE
TO READ

TESTCAL CAL

PREVIOUS MENU

PRESS <ENTER>
TO SELECT

PRESS <1> FOR
PREVIOUS PAGE

PRESS <2> FOR
NEXT PAGE

MENU DE5A

DE-EMBED E/O S2P

TRANSFER STANDARD
TO BE DE-EMBEDDED
(DETECTOR STD)

READ S2P FILE
FROM HARD DISK

READ S2P FILE
FROM FLOPPY DISK

PRESS <ENTER>
TO SELECT

PRESS <CLEAR>
TO ABORT

Step 6.

Step 7.

Step 8.

Step 9.

Step 10.

The measurement of the photo-receiver DUT relies
on a characterized modulator standard. If a charac-
terized modulator is not available, an S2P file can be
created by using a characterized photo-diode and
de-embedding it from the 12-term calibration per-
formed in Step 2.

With the measurement set-up as shown in Fig-
ure 8-36, select DE-EMBED O/E S2P (DETEC-
TOR STD) (menu DEZ2, previous page).

This brings up menu DES5 (top left).

Select READ CAL FILE FROM HARD DISK or
READ CAL FILE FROM FLOPPY DISK depend-
ing on where the 12-term calibration was saved in
Step 3.

This brings up menu DSK2 (middle left).

Select the calibration file and press Enter.

Select READ THE S2P FILE FROM HARD DISK
or READ THE S2P FILE FROM FLOPPY DISK
(menu DESA, bottom left). This is the characteriza-
tion data file for the photo-diode transfer standard.
This will de-embed the photo-diode for an O/E mea-
surement.

Press the Appl key, select O'/E MEASUREMENT.
Again, then press Enter. This recalls menu DE2 (left).
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Step 11. Move the cursor to GENERATE E/O S2P CHAR-
ACTERIZATION (MODULATOR STD) (menu
MENU DE2 DEZ2, left) and press Enter. This will generate an S2P
characterization file for the modulator.
O/E MEASUREMENT
DE-EMBED O/E S2P Once the modulator characterization S2P file has
(DETECTOR STD) been generated, it can be used as a transfer standard
GENERATE E/O S2P for the photo-receiver DUT measurement.
CHARACTERIZATION
MODULATOR L
( ) After the characterization file has been saved, the
'(\"D?FSE%'%'%/E puT VNA returns to the O/E measurement menu shown
in Figure 8-38, below.
PRESS <ENTER>
TO SELECT
PRESS <CLEAR>
TO ABORT - 0/7E HERSUREMENT -

0/E MERSUREMENTS CAM BE RERLIZED BY DE-EMBEDDING THE
CHARACTERISTICS OF A TRAMSFER STANDARD (HODULATORD.

- REQUIREMENTE -

- PERFORM A RF CRLIBRATION WITH FORHARD TRAMSHISSTON
CORRECTION - EITHER FULL 12-TERM, 1-PATH 2-PORT FHWD,
OR FREOQUENCY RESPONSE (FWD OR BOTH). STORE THE ChL
AND FRONT PAMEL SETUP TO DISK (e.g. ORIG-E-E.CAL).

- THE CHARACTERIZATION OF THE DEVICE TO DE-EMBED
SHOULD BE IW A FILE USING THE S2F FORHAT (e.g.
O_E_DET.52P AND E_0_MOD.S2F). USE AS HANY POINTS
AS POSSIBLE TO IWPROVE INTERPOLATION ACCURALCY.

- CAL FILES AMD 352P CHARACTERIZATION FILES MUST BE
FLACED IN THE CURRENT DIRECTORY OF THE DISK.

- INSTRUCTIONE -

1. DE-EMBED @ DETECTOR STANDARD {e.g. O-E-DET.32F
FROM ORIG_E_E.CALY. IF DESIRED, SAWE RESULTS.

2. MEAJURE THE INTENDED HODULATOR TRANSFER STANDARD
AND CAFTURE ITS CHARACTERIZATION BY GENERATING A
52P FILE f(e.g. E-0_-MOD.52P). THIS IS THE SANME AS
USING THE S2F DISK FILE HARDCOPY FEATURE.

3. TO WEASURE O/E DEVWICES (e.g. DETECTORS), DE-EMBED
THE MODULATOR TRAMSFER STAMDARD (e.g. E-O-MOD.S2P
FROM ORIG-E-E.CALY. IF DESIRED, SAVE RESULTS.

0/7E HERSUREMENT

»DE-EMBED O/E SZP
(DETECTOR 5TD)

GENMERATE ESO 3ZF
CHARACTERIZATION
(HODULATOR)

MERSURE 07E DUT
(DETECTOR)

Figure 8-38. O/E Measurement Menu

Step 12. Press the Appl key, select O/E MEASUREMENT.
Again, then press Enter. This recalls menu DE2 (top

left).
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Step 13. Move the cursor to MEASURE O/E DUT (DETEC-
TOR) (menu DE2, top left) and press Enter.
MENU DE2

O/E MEASUREMENT

DE-EMBED O/E S2P
(DETECTOR STD)

GENERATE E/O S2P
CHARACTERIZATION
(MODULATOR)

MEASURE O/E DUT
(DETECTOR)

PRESS <ENTER>
TO SELECT

PRESS <CLEAR>
TO ABORT

MENU DE7

O/E MEASUREMENT

ORIGINAL CAL FILE
WITH FWD TRANS
CORRECTION

READ CAL FILE
FROM HARD DISK

READ CAL FILE
FROM FLOPPY DISK

PRESS <ENTER>
TO SELECT

PRESS <CLEAR>
TO ABORT

MENU DSK2

SELECT FILE
TO READ

TESTCAL CAL

PREVIOUS MENU

PRESS <ENTER>
TO SELECT

PRESS <1> FOR
PREVIOUS PAGE

PRESS <2> FOR
NEXT PAGE

Step 14.

This brings up menu DE7 (middle left).

Select READ CAL FILE FROM HARD DISK or
READ CAL FILE FROM FLOPPY DISK depend-
ing on where the original 12-term calibration was
saved in Step 3.

This brings up menu DSK2 (bottom left).

8-72

37XXXD OM




MEASUREMENTS OPTICAL APPLICATION
Step 15. Read the S2P file for the modulator that was gener-
ated in Step 10 from the hard drive or floppy drive
MENU DE7A (menu DET7A, left). This will de-embed the modulator
response from the set-up for an O/E measurement.
O/E MEASUREMENT
TRANSFER STANDARD NOTE
TO BE DE-EMBEDDED - - .
(MODULATOR) If an S2P file is not available, it can be gen-

READ S2P FILE
FROM HARD DISK

READ S2P FILE
FROM FLOPPY DISK

PRESS <ENTER>
TO SELECT

PRESS <CLEAR>
TO ABORT

erated from the characterization data pro-
vided by the vendor. This is explained on
page 8-74.

An O/E measurement of a photo-receiver is shown in Figure 8-39 be-
low. The S21 measurement represents the transfer function of the
photo-receiver and S22 represents the electrical return loss.

SHEEP SETUP

®3TRRT
B.A40BEAA0RE GHz

STOP
J8.000808008 GHz

SET CENTER/IPAN

AN A cowmooe oFF

(N .| kR sueep
' ' DISCRETE FILL

: : : : : HOLD BUTTON
. : : : FUNCTION

TEST SIGNALS

0.040008000 GhHz 50.000000220 1R TURN ON/OFF

Figure 8-39. O/E Measurement of a Photo-receiver
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Creating a Characteri ation
(*S2P) File for E/O and O/E
Measurements

This section guides you through the process of creating an S2P file
from vendor supplied characterization data. The S2P file can then be
read into the VNA for de-embedding the response of the transfer stan-
dard used for either a modulator or photo-diode.

Microsoft Excel is the recommended application for creating and stor-
ing the S2P file containing the characterization data. A sample S2P
file is available for reference (contact Anritsu MMD Customer Service
for a copy).

The file format is the standard S2P format that includes the four S-pa-
rameters (see the section below for details on the S2P format). The
transfer function data supplied by the vendor should be copied into the
columns designated for S21 data and the frequencies into the FREQ
column. Once the data has been entered, the file should be saved as an
S2P file (as shown in Figure 8-40 below).

2 & s a2 Wy W
035 T # -0.004335665
T A B B T D E F [ H

= ;#GHZS A R 50
| 4 || FREQ ST S11A S21M S214 S12M S124 3220

& |! Put Freq data here Put 521 Magnitude (Put 521 Phase data here

B | 1.000000000 0.000000 0.000000 0.000147635 177 821043 0.000000 0.000000 ot
] 2.000000000 0.000000 0.000000 0000586796 175 B417294 0.000000 0.000000 ot
E 3000000000 | ppewerye (7[]| 0000000 0c
iBU gggggggggg savein: [ characterization data JEa (R @ ¥ O - ook~ nggggg gE
11 6.000000000 0.000000 ot
Lz 7.000000000 ﬁ] 0.000000 ot
13 .000000000 e 0.000000 ot
14| 9.000000000 0.000000 o
15| 10.000000000 A 0.000000 ot
16| 11000000000 j 0000000 [il§
17| 12.000000000 e 0.000000 [ils
18 13.000000000 0.000000 oc
Lk 14.000000000 7 0.000000 oc
20 15.000000000 ﬁ 0.000000 oc
2 16.000000000 Desktop 0.000000 ot
22 17 000000000 0.000000 ot
23| 16 000000000 0.000000 nc
24| 19000000000 %] 0.000000 il
25| 20000000000 Favorites 0.000000 ot
26| 21000000000 ’é(}:‘! 0.000000 ot
= <2 1OeUt0 == Filepame:  ['modulator data.szn” i | Save L 0L ni
25| 23000000000 Wy Neswork [ =e 1| ooooom i3
2 24,000000000 Flaces Save astypei [Formatted Text (3pace delimited) (*.prn) x| Cancel | | 0.000000 0.C
30 25000000000 - - - (0.000000 ot

Figure 8-40. Saving the S2P File in Excel

S2P File Format

S2P data files are ASCII text files in which data appears line by line,
one line per data point, in increasing order of frequency. Each line of
data consists of a frequency value and one or more pairs of values for
the magnitude and phase of each S-parameter at that frequency.

Values are separated by one or more spaces, tabs, or commands. Com-
ments are preceded by an exclamation mark (). Comments can appear
on separate lines or after the data on any line.
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The standard S2P file format consists of:

O Option Lines
O Data Lines

d Comments
The option line contains the specifications of the data, for example, the
frequency units, the normalizing impedance, and the measured param-
eter (S, Y, Z, etc.).
The option line format is:

<frequency unit> <parameter> <format> <Rn>

where:

# The delimiter that tells the program you are specifying these param-
eters

frequency unit The set of units desired (GHz, MHz, KHz, Hz)

parameter The parameter desired (S, Y or Z for S1P components; S, Y, Z, G, or
H for S2P components; S for S3P or S4P components)

format The format desired (DB for dB-angle, MA for magnitude-angle, or Rl
for real-imaginary)

Rn The reference resistance in ohms, where n is a positive number of
ohms (the real impedance to which the parameters are normalized)

The default option line for a component data files is:
GHZ S MAR50

For Y-parameters with real imaginary data, the option line header will
change to:

GHz Y RI R 50
The data lines contain the data of interest. Data for all four S-parame-

ters will be listed on a single line for a particular frequency point. The
format is:
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Frequency S11 S21 S12 S22

Data Line Examples:

Frequency S11 (magnitude) S11 (angle)
0.040000000 1.426492E-04 18.642
0.139900000 2.840961E-03 22.262

Finally, the comment lines begin with an exclamation point “ .” They
can be inserted at any point in an S2P file and are ignored by the ap-
plication program. An S2P file example appears in Figure 8-41 below.

! Anritsu Company

| DATE 04/11/2002 13:16 PAGE 1

! Photo-diode receiver characterization — NRZ-40G
# GHz S MAR 50.00

IFREQ S11M S1A S21M S21A S12M S12A S22M S22A
0.040000000 1.426492E-04 18.642 3.008963E-04 87.040 1.618370E-04 27.317 2.708149E-04 129.056
0.139900000 2.840961E-03 22.262 6.185992E-03 -114.026 2.539190E-03 125.940 5.977178E-03 -7.691
0.239800000 3.072268E-03 97.851 7.423908E-03 109.019 3.147963E-03 -88.205 7.634960E-03 -75.071
0.339700000 1.887820E-02 81.836 3.814256E-02 -135.753 1.632677E-02 -27.669 3.348942E-02 117.818
0.439600000 2.173782E-02 142.412 4.595363E-02 72.973 1.962434E-02 107.429 3.946349E-02 40.979
0.539500000 2.634556E-02 -62.971 5.206176E-02 31.589 2.257828E-02 -22.787 4.638838E-02 70.663
0.639400000 3.060178E-02 -103.325 6.416773E-02 120.463 2.732290E-02 5.656 5.685493E-02 -124.645

Figure 8-41.  S2P File Example
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9'1 INTRODUCTION This chapter describes the optional Time Domain feature.
9-2 TIME DOMAIN The Option 2, Time Domain feature provides a useful measurement
MEASUREMENTS tool for determining the location of impedance discontinuities. Some

typical applications are identifying and analyzing circuit elements, iso-
lating and analyzing a desired response, locating faults in cables, and
measuring antennas.

The relationship between the frequency-domain response and the
time-domain response of a network is described mathematically by the
Fourier transform.

The 37XXXD makes measurements in the frequency domain then cal-
culates the inverse Fourier transform to give the time-domain re-
sponse. The time-domain response is displayed as a function of time
(or distance). This computational technique benefits from the wide dy-
namic range and the error correction of the frequency-domain data.

Let us examine the time-domain capabilities. Two measurement
modes are available: lowpass and bandpass.

We use the lowpass mode with devices that have a dc or low-frequency
response. In the lowpass mode two responses to the device-under-test
(DUT) are available: impulse or step response.

The frequencies used for the test must be harmonically related (inte-
ger multiples) to the start frequency. The simplest way to calculate
this relationship is to divide the highest frequency in the calibration
by 1600 (the default number-of-points available); this is the start fre-
guency. For example, if the highest frequency is 40 GHz, the calculated
start frequency is 0.025 GHz (40/1600). If the highest frequency is 65
GHz, the calculated start frequency is 0.040625 GHz (65/1600).
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CIRCUIT ELEMENTS

Lowpass Impulse Response

The lowpass impulse response displays the location of discontinuities
as well as information useful in determining the impedance (R, L, or
C) of each discontinuity.

The impulse response is a peak that goes positive for R>Zg and nega-
tive for R<Zp. The height of the response is equal to the reflection coef-
ficient:

_R-4
R+ Z,

p

The impulse response for a shunt capacitance is a negative-then-
positive peak and for a series inductance is a positive-then-negative
peak (Figure 9-1).

An example of using an impulse response is a circuit impedance analy-
sis. With an impulse response we can observe the circuit response of a
passive device, such as a multi-element step attenuator (Figure 9-2),
and make final, realtime adjustments during the test.

IMPEDANCE S 41 REAL
R>Z,, _—
R<Z, —_—
SHUNT C —N—
SERIES L N\,

Figure 9-1. Lowpass Impulse

Response

STEP ATTENUATOR

o =

BMOP0 g3 iy

S11 FORWARD REFLECTION LP w/iG N Mimé
LINEAR MAG. PREF=5.000mU 7.000mU/DIV
L \ MARKER TO MiX

2 4668RBmY
3 I7B0RLPY
4 28598a1pd
5 161 Py

6 RRPupY

0.000ps 700.000ps

Figure 9-2. Example of Lowpass Impulse Response

In the above example, the connectors at each end have been gated out
(page 9-12), which lets you better observe the internal circuit response.
Each displayed marker has been manually set to the peak of the re-
sponse at each adjustable circuit element. In this way, the data display
lets you make the adjustment in realtime, while the marker menu
shows the magnitude of the response at each marker.
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TIME DOMAIN MEASUREMENTS

CIRCUIT ELEMENTS
Lowpass Step Response

The lowpass step response displays the location of discontinuities as
well as information useful in determining the impedance (R, L, or C) of
each discontinuity. If you are familiar with time-domain reflectometry
(TDR) you may feel more comfortable with step response, as the dis-
plays are similar.

The lowpass step response for a resistive impedance is a positive level
shift for R>Zp and a negative level shift for R<Zg. The height of the re-
sponse is equal to the reflection coefficient

_R- 4
R+ Z,

p

The step response for a shunt capacitance is a negative peak, and for a
series inductance it is a positive peak (Figure 9-3).

IMPEDANCE S, REAL
2:;0 An example of using the lowpass step response is cable-fault location.
o TN— In the frequency domain a cable with a fault exhibits a much worse
SHUNT C U
CABLE OPEN
SERIES L —_— D — ,
|
! |
Figure 9-3.  Lowpass Step i ]
Response ‘

\

0.000mm 40.000cm

Figure 9-4. Example of Lowpass Step Response

match than a good cable. Using lowpass step response, both the loca-
tion of the discontinuity and the information about its type are avail-
able (Figure 9-4).

In the above example, the dip in the display shows the shunt-
capacitive response caused by a crimp in the cable. The response at the
end of the cable shows the step-up that is typical of an open (Figure
9-3, left).

The 37XXXD bandpass mode gives the response of the DUT to an
RF-burst stimulus. Two types of response are available: impulse and
phasor-impulse. An advantage of the bandpass mode is that any fre-
guency range can be used. Use this mode with devices that do not have
a dc or low-frequency path.

37XXXD OM
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CIRCUIT ELEMENTS
Bandpass Impulse Response

Use the bandpass-impulse response to show the location of a disconti-
nuity in time or distance, as indicated by changes in its magnitude.
Unlike the lowpass mode, no information as to the type of the disconti-
nuity is available. A typical use for this mode is to measure de-
vices—such as, filters, waveguide, high-pass networks, bandpass net-
works—where a low-frequency response is not available.

The bandpass-impulse response for various impedance discontinuities
is shown in Figure 9-5. As we can see, no information about the type of
discontinuity is available.

An example of using the bandpass-impulse response, is the pulse
height, ringing, and pulse envelope of a bandpass filter (Figure
9-6).Use the phasor-impulse response with bandpass response to de-
termine the type of an isolated impedance discontinuity.

S21 FORWARD TRANSMISSION 821 FORWARD TRANSMISSION BP w/G
IMPEDANCE S 1 LOG MAGNITUDE LOG MAG. P REF=20.000 dB 20.000dB/DIV LOG MAG. PREF=30.000 dB 10.000dB/DIV
R>Z, —_
R<Z, N\
SHUNT C N\
SERIES L N\
Figure 9-5. Bandpass Impulse |
L
Response 0.5000 GHz 4.0000 0.5000 GHz 4.0000
Figure 9-6. Example of Bandpass-Impulse Response
After the bandpass-impulse response has been isolated, the phasor-im-
pulse response for a resistive-impedance-level change is a peak that
goes positive (R>Zp) for the real part of S11 and negative for R<Zp. The
imaginary part remains relatively constant. In each case the peak is
proportional to the reflection coefficient. The phasor-impulse response
for a shunt capacitance is a negative-going peak in the imaginary part
of S11. For a series inductance, it is a positive going peak (Figure 9-7).
9-6 37XXXD OM
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TIME DOMAIN MEASUREMENTS

CIRCUIT ELEMENTS
Bandpass-Phasor Impulse Response

10 cm 5cm 10 cm

OB SO NS S o =
50 20 T 50 §

REALS
LOWPASS

1
RESPONSE Lu—\/\—[\_j_

REAL S
LOWPASS
RESPONSE

MAGNITUDE $

1
BANDPASS
RESPONSE LA~ N

Figure 9-7. Complex Impedances

Next, let us look at a complex circuit. A resistive impedance change
R<Zp and a shunt capacitance and series inductance. These impedance
changes are shown in the time domain for the lowpass-impulse re-
sponse, lowpass-step response, and bandpass-impulse response (Figure
9-8).

IMPEDANCE REAL S, IMAGINARY S,
R>Z,, —_ . .
R<Z, —_ The 37XXXD processes bandpass-impulse-response data to obtain
phasor-impulse response. This becomes most advantageous where both
SHUNTC =l — — a reactive reflection and an impedance change occur at the same loca-
seRESL  —f\p— —— tion. The real part of the time-domain response shows the location of
impedance level changes, while the imaginary part shows the type of
reactive discontinuity. Phasor-impulse response displays one disconti-
nuity at a time (Figure 9-9).
Figure 9-8. Bandpass Phasor
Response 5cm 10 cm
20 TCs0
SPAN
MAGNITUDE [\ BANDPASS
P / R IMPULSE
PHASOR
REAL|
IMAGINARY | U
Figure 9-9. Phasor-Impulse Response Data
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TIME DOMAIN

OPERATING TIME
DOMAIN

To operate in the time domain mode, press the Domain key (below). A
domain menu (Figure 9-10) lets you select the frequency- or time-do-
main modes by simple cursor selection. The 37XXXD defaults to the

frequency domain.

Select time or distance for the horizontal axis. The 37XXXD defaults to

SET
DIELECTRIC
CONSTANT
AIR
(1.000649)
POLYETHYLENE
(2.26)
TEFLON
(2.10)

MICROPOROUS
TEFLON
(1.69)

OTHER
XXXX. XX

PRESS <ENTER>
TO SELECT

time axis.

0283299

DDDDD

0 |000ja aQ

00| 0a4af|opo

ooo|[al

00 00 0Qojooa|lo
N 7=y
@ () )
NOTE

If you select distance, be sure to set the dielectric constant

in the Reference Delay menu (Figure 9-11).

Figure 9-11.

Menu

Reference Delay

DOMAIN
FREQUENCY

FREQUENCY
WITH TIME
GATE

TIME
LOWPASS MODE

TIME
BANDPASS
MODE

DISPLAY
TIME/DISTANCE
SET RANGE
SET GATE
GATE ON/OFF
HELP

PRESS <ENTER>
TO SELECT
OR SWITCH

DOMAIN
FREQUENCY

FREQUENCY
WITH TIME
GATE

TIME
LOWPASS MODE

TIME
BANDPASS
MODE

DISPLAY

TIME/DISTANCE

SET RANGE

SET GATE

GATE ON/OFF

HELP

PRESS <ENTER>
TO SELECT
OR SWITCH

DOMAIN
FREQUENCY

FREQUENCY
WITH TIME
GATE

TIME
LOWPASS MODE

TIME
BANDPASS MODE
DISPLAY
TIME/DISTANCE
SET RANGE
SET GATE
GATE ON/OFF
HELP

PRESS <ENTER>
TO SELECT
OR SWITCH

Figure 9-10. Domain Menu
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OPERATING TIME DOMAIN

Select SET RANGE and use the START/STOP or GATE/SPAN selec-
tions to set the range (Figure 9-12).

DOMAIN LOWPASS TIME BANDPASS TIME
FREQUENCY DOMAIN SETUP DOMAIN SETUP
FREQUENCY START START

WITH TIME XXX XXX ps XXX XXX ps
GATE
STOP STOP
T:_'\é%VPASS XXX XXX ps XXX XXX ps
MODE CENTER CENTER
TIVE XXX XXX ps XXX XXX ps
SPAN SPAN
',\BA@'\IID%PASS XXX XXX ps XXX XXX ps
DISPLAY MARKER RANGE MARKER RANGE
TIME/DISTANCE RESPONSE PHASOR ON/OFF
SET RANGE IMPULSE/STEP
GATE ON/OFF PRESS <ENTER> HELP - PHASOR
HELP TO SELECT IMPULSE
PRESS <ENTER> MORE
TO SELECT
OR SWITCH

Figure 9-12.  Set Range Menu

For the lowpass mode select either IMPULSE or STEP Response and
set the DC term. The 37XXXDdefaults to the IMPULSE Response and
the AUTO EXTRAPOLATE mode for the DC term (Figure 9-13).

NOTE

The bandpass mode displays Bandpass Impulse Response

unless we select Phasor Impulse Response.
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LOWPASS TIME SET D.C. TERM BANDPASS TIME
DOMAIN SETUP FOR LOWPASS DOMAIN SETUP
PROCESSING START
START
XXX XXX ps AUTO XXX XXX ps
STOP EXTRAPOLATE STOP
XXX XXX ps LINE XXX XXX ps
CENTER IMPEDANCE CENTER
XXX XXX ps OPEN XXX XXX ps
SPAN
SPAN SHORT
XXX XXX ps OTHER XXX XXX ps
MARKER RANGE XXX XXX # MARKER RANGE
ABOVE VALUE
RESPONSE REPRESENTS A PHASOR ON/OFF
IMPULSE
IMPULSE/STEP
REFLECTION
MORE COEFF. OF HELP-PHASOR
PRESS <ENTER> XX XXX mU IMPULSE
TO SELECT PREVIOUS MENU MORE
PRESS <ENTER> PRESS <ENTER>
TO SELECT TO SELECT

Figure 9-13.  Response Menus

The Marker Range menu allows us to zoom in and display the range
between two selected markers (Figure 9-14).

LOWPASS TIME TIME
DOMAIN SETUP MARKER SWEEP
START START TIME

XXX XXX ps MARKER ( )
STOP XXX XXX nS
XXX XXX ps STOP TIME
CENTER SO0L00K 1

XXX XXX ps RESTORE
SPAN
AN X ORIGINAL
: ps RANGE
MARKER RANGE PREVIOUS MENU
RIIiISPPOLNSEE e USE KEYPAD
ULSE/S TO CHOOSE
MORE MARKER (1 - 6)
PRESS <ENTER> OR
TO SELECT PRESS <ENTER>
TO SELECT

Figure 9-14.  Marker Range Menus
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TIME DOMAIN WINDOWING

9'4 WINDOWING Windowing is a frequency filter that we apply to the frequency-domain
data when we convert it to time-domain data. This filtering rolls off
the abrupt transition at F1 and F2. This effectively produces a time-
domain response with lower sidelobes. Windowing allows a limited de-
gree of control over the pulse shape, trading off ringing (sidelobes) for

pulse width (Figure 9-15).

WINDOWING

FREQUENCY DOMAIN TIME DOMAIN . R R . .
1-TERM WINDOW We select windowing from the Time Domain Setup menu. Four differ-

ent windows are available: RECTANGLE, NOMINAL, LOW

SIDELOBE, and MIN SIDELOBE. The RECTANGLE option provides
the narrowest pulse width, while the MIN SIDELOBE option provides
the least ringing (fewest sidelobes). The 37XXXD defaults to the NOM-
INAL option, which is acceptable for most measurements. Windowing
menus are shown in Figure 9-16.

F1 F2

2-TERM WINDOW

NOTE: Wider but no ringing

LOWPASS TIME LOWPASS TIME SHAPE
Figure 9-15.  Windowing DOMAIN SETUP DOMAIN SETUP RECTANGULAR
START SET WINDOW NOMINAL
XXX XXX ps NOMINAL
LOW SIDELOBE
sTop SET GATE MIN SIDELOBE
XXX XXX ps
SET D.C. TERM HELP
CENTER XXX XXX
XXX XXX ps PRESS <ENTER>
SPAN PREVIOUS MENU 70 SELECT
MARKER RANGE TO SELECT
RESPONSE
IMPULSE/STEP
MORE
PRESS <ENTER>
TO SELECT

Figure 9-16. Window Shape Menus
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TIME DOMAIN

9-5 Garine

GATING
| GATE

<2

AVAYA

DISTANCE

/\

GATE APPLIED

Figure 9-17.  Gating

Gating is a time filter that allows for removing unwanted time-domain
responses by gating the desired response. We can view the isolated re-
sponse in both time domain—and in the frequency domain—using the
FREQUENCY WITH TIME GATE selection (Figure 9-17).

There are four different gate shapes available: MINIMUM, NOMI-
NAL, WIDE, and MAXIMUM (Figure 9-18). The 37XXXD defaults to
the NOMINAL gate. To specify a different shape simply enter the Gate
menu and select the desired gating shape. The MINIMUM has the
sharpest rolloff and some frequency domain ripple, while MAXIMUM
has the least rolloff and best residual ripple. Figures 9-18A through
9-18D, on the next page, show gating shapes.

The combinations of gate/window shapes will be restricted. For the
MINIMUM gate shape, the LOW and MIN SIDELOBE window shape
will not be allowed. For the NOMINAL gate shape, the MIN SIDE-
LOBE window will not be allowed. If the user has set the window
shape to MIN or LOW SIDELOBE and changes the-gate shape to
MINIMUM, the window will be reset to NOMINAL. If the user has set
the window to MIN SIDELOBE and changes the gate shape to NOMI-
NAL, the window will be reset to LOW SIDELOBE. Gate shapes will
be adjusted in a similar manner.

LOWPASS TIME LOWPASS TIME SELECT GATE
DOMAIN SETUP DOMAIN SETUP SHAPE
START
S;(é);.xxx P SET WINDOW MINIMUM
XXX XXX ps NOMINAL
NOMINAL
CENTER
XXX XXX ps SET GATE
SPAN WIDE
XXX.XXX ps SET DC TERM
MARKER RANGE XXX XXX MAXIMUM
RESPONSE
HELP
IMPULSE/STEP PREVIOUS MENU
MORE PRESS <ENTER>
TO SELECT
PRESS <ENTER> PRESS <ENTER>
TO SELECT
TO SELECT

Figure 9-18.  Gating Menus
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An informational message will be displayed in the data area when the
window or gate shape reset in this way. The message will last two
sweeps and will say:

“GATE SHAPE ADJUSTED” or “WINDOW SHAPE ADJUSTED”
depending on which was changed by the software.

Ty ey i S N e T T
o b [
. 0
r B - R ]
-20 - Span N - =20 |- Span 4
g ] ) ] ]
5 A0 J reE n
£ ] - ]
& 60 [ ] & 0 [ ]
= —> | le— 1.5/BW - = ; 3/BW
20 L ] <0 L ]
Kl ) I P N TR R I U P 00 Lovwna o v b,
220 -15 210 -5 0 5 10 15 .20 =20 -15 -10 -5 0 5 10 15 20
. Time (1/BW) Time (1/BW)
Figure 9-18A. Minimum Gate Shape Figure 9-18B. Nominal Gate Shape
A e R B e R R B T o T o ST
o[ A 0k n
| /"ﬁ—f—-'———_’_\""-\ i i //""_-—’—'—“‘-\\ ]
20 L Span ] -20 L Span ]
—~ r ) " > 1
[ia] r “ o
=4 { A <]
w40 k- J T of
b k 4 o B ]
3 ] r
£ [ J 2 1
o, . = - 4
= [ / ] e : > 9/BW 1
[ ] ]
-80 i L
r ] 80 | 3
Ty ¢ S I B DIV E IS W ST B L i
20 a5 10 s 0 5 10 15 20 100 Lo dvena bbb b d s 4y
Time (1/BW) 20 15 10 5 v 5 0 15 20
Time (1/BW)
Figure 9-18C. Wide Gate Shape Figure 9-18D. Maximum Gate Shape
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ANTI-GATING

TIME DOMAIN

9-6 ANTI-GATING

9-7 EXAMPLES, GATING
AND ANTI-GATING

9-8 TIME DOMAIN MENUS

Anti-gating is the opposite of gating. Whereby, gating provides for re-
moving all but the desired response, anti-gating displays all but the
desired response. To provide anti-gating, gate in the normal manner,
except use a minus value for the SPAN width.

Examples of anti-gating are shown in Figures 9-19 through 9-24. The
figures, all captured from an actual VNA display, show a sequence of
measurements using gating and anti-gating to enhance measurement
technique and accuracy. The examples use a dented length of semi-
rigid cable having a connector on one end and a connector-DUT on the
other end, as shown below. The DUT has a smoothly varying 15 dB re-
turn loss.

15 dB
Connector DUT

Dent

A flow diagram of the menus associated with the Time Domain Option
is shown in foldout Figure 9-25. The menu choices are described in Ap-
pendix A. They appear in alphabetical order by their call letters: TD1,

TD2, TD2dlI, etc.

9-14
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TIME DOMAIN TIME DOMAIN MENUS

37369A
MODEL.: DATE: 03/27/96 15:10
DEVICE: OPERATOR:
START: 4.000000000 GHz GATE START: ERROR CORR: REFL PORT1
STOP: 40.000000000 GHz GATE STOP: AVERAGING: 1 PT
STEP: 0.090000000 GHz GATE: IF BNDWDTH: 1 KHz
WINDOW:
S11 FORWARIREFLECTION
DOMAIN
LOG MAGNITUDE >REF=-40.000 dB 20.000 dB/DIV
>FREQUENCY
FREQUENCY
WITH TIME GATE
TIME
LOWPASSMODE
V\/“WV\/V\ KVaVase i
/\ Am TIME
V‘U V ] BANDPASSMODE
SETUP
>
! DISPLAY
TIME/ DISTANCE
SET RANGE
SET GATE
GATE OFF
HELP
PRESS <ENTER>
TO SELECT
4.000000000 GHz 40.000000000 OR SWITCH

Figure 9-19.  Frequency Domain Trace of Test Cable Gating Off
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37369A

MODEL: DATE: 03/27/96 15:12
DEVICE: OPERATOR:
START: 4.000000000 GHz GATE START:  315.0000 ps ERROR CORR: REFL PORT1
STOP: 40.000000000 GHz GATE STOP: 165.0000 ps AVERAGING: 1 PT
STEP: 0.090000000 GHz GATE: NOMINAL IF BNDWDTH: 1 KHz
WINDOW: NOMINAL
S11 FORWARIREFLECTION BP
CH1 - S11
REFERENCEPLANE
LOG MAGNITUDE >REF=-40.000 dB 20.000 dB/DIV 0.0000 mm
>MARKER3
240.0000 ps
Connector interface with -16.260 dB
VNA
Dent DUT Interface
\ /

/ MARKERTO MAX

\\ % L MARKERTO MIN

1 1 0.0000 ps

/\ w -29.255 dB

. A A A 2 705.0000 ps
V v \/ M 118001 dB

-500.0000 ps 1.5000 ns

Figure 9-20.  Time Domain Trace of Test Cable Gating Off
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TIME DOMAIN
37369A
MODEL: DATE: 03/27/96 15:14
DEVICE: OPERATOR:
START: 4.000000000 GHz GATE START: 642.5000 ps ERROR CORR: REFL PORT1
STOP: 40.000000000 GHz GATE STOP: 767.5000 ps AVERAGING: 1 PT
STEP: 0.090000000 GHz GATE: NOMINAL IF BNDWDTH: 1 KHz
WINDOW: NOMINAL
S11 FORWARIREFLECTION BP w/GATE
LOG MAGNITUDE > REF= -40.000 dB 20.000 dB/DIV
GATE
START
642.5000 ps
DUT Interface
gated for display
/ STOP
Dent removed p, 767.5000 ps
by gating ‘%
¢ rer‘nm;e:i ; - a:i"ri\m w | ( \ CENTER
y pating ’»‘ \ 705.0000 ps
\ i
j K SPAN
\ f/ \\ 125.0000 ps
Flag A
\ / o — GATE SHAPE
\ W‘\”/ I, NOMINAL
MA“W‘»‘W AU T
1 W“\FW‘AMJ#‘ nM/\ﬁ’NW\N | I N'WW\MJ‘» f\MVA‘m”AVnVArM / >GATE ON
YT Ty W I\MW\)V\‘W\‘UV il I \"WMVWUWMHW‘\
M\ el L " SET RANGE
! Note that gating is turned on and span is set to cover the
discontinuity (125 ps down line from connection with VNA)
Further note that the gating flags point inward. PRESS <ENTER>
TO SELECT
-500.0000 ps 1.5000 ns
Figure 9-21.  Time Domain Trace of Test Cable Gating On and Positioned Over DUT Interface Discontinuity.
9-17

37XXXD OM




TIME DOMAIN MENUS TIME DOMAIN
MODEL: DATE: 03/27/96 15:16
DEVICE: OPERATOR:
START: 4.000000000 GHz GATE START: 6425000  ps ERROR CORR: REFL PORT
STOP: 40.000000000 GHz GATE STOP:  767.5000  ps AVERAGING: 1 PT
STEP: 0.090000000 GHz GATE: NOMINAL IF BNDWDTH: 1 KHz
WINDOW: NOMINAL
S11 FORWARIREFLECTION FGT

LOG MAGNITUDE

>REF= 0.000 dB 10.000 dB/DIV

DUT Interface
enlarged for evaluation

/

123

e \

/

~

~_

Note that the reference value is 0 dB and the resolution is
10 db per division. These values are optimum for viewing
the smoothly varying return loss characteristics of the DUT
interface - approximately 15 dB

4.000000000

GHz 40.000000000

SET SCALING
OR PRESS
<AUTOSCALE>

-LOG MAG-

RESOLUTION
10.000 dB/DIV

>REFERENCEVALUE
0.000 dB

REFERENCH.INE
4

Figure 9-22.  Frequency Domain Trace of DUT
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TIME DOMAIN TIME DOMAIN MENUS
MODEL: DATE: 03/27/96 15:19
DEVICE: OPERATOR:
START: 4.000000000 GHz GATE START: 315.0000 ps ERROR CORR: REFL PORT-
STOP: 40.000000000 GHz GATE STOP: 165.0000 ps AVERAGING: 1 PT
STEP: 0.090000000 GHz GATE: NOMINAL IF BNDWDTH: 1 KHz
WINDOW: NOMINAL
S11 FORWARIREFLECTION BP w/GATE
LOG MAGNITUDE > REF=-87.348 dB 20.000 dB/DIV
GATE
Eent r(_emm_led 2 START
y anti-gating \
Flag 315.0000 ps
I A
“\\ 1 { N STOP
'\ O / W 165.0000 ps
i ‘ \ | &‘\ J‘/\\/ \ ‘/”\M
| M 5 @ L VY
. 1 i1 WM N f CENTER
Moot \ | 240.0000 ps
i ) T |
18I AT ‘H SPAN
| -150.0000 ps
GATE SHAPE
Note that anti-gating is turned on by changing the polarity of NOMINAL
the SPAN to negative and changing its value to cover the dent.
Also, note that the flags point outward. ] > GATE (
SET RANGE
PRESS <ENTER>
TO SELECT
-500.0000 ps
Figure 9-23.  Time Domain Trace of Test Cable Gating On and Positioned Over Dent (Cable Fault)
Interface Discontinuity.
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TIME DOMAIN MENUS TIME DOMAIN

MODEL: DATE: 03/27/96 15:23
DEVICE: OPERATOR:
START: 4.000000000 GHz GATE START:  340.0000  ps ERROR CORR: REFL PORT1
STOP: 40.000000000 GHz GATE STOP:  140.0000  ps AVERAGING: 1 PT
STEP: 0.090000000 GHz GATE: NOMINAL IF BNDWDTH: 1 KHz
WINDOW: NOMINAL
S11 FORWARIREFLECTION FGT
LOG MAGNITUDE >REF= 0.000 dB 10.000 dB/DIV
SET SCALING
OR PRESS
<AUTOSCALE>
-LOG MAG-
RESOLUTION
> 10.000 dB/DIV
> REFERENCEVALUE
0.000 dB
123
REFERENCELINE
m N ‘ 4
¥l
N I I
I w !

4.000000000 GHz 40.000000000

Figure 9-24.  Frequency Domain Trace of Test Cable Gating On
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Figure 10-1. AutoCal Module, Power Supply, and Calibration Coefficients Disk
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This chapter provides a general description of the AutoCal calibrators,
including specifications, setup, and the use of the associated software
and on-line documentation. This series has three models, as shown be-
low. Throughout this manual, the term AutoCal will refer to the series.
Individual models will be referred to by model number. Figure 10-1
shows the AutoCal module and all of its attaching parts.

Model Switch Freq. Range Connector
36581NNF Electronic 40MHz-18 GHz N (Male)-N(Fem)
36581KKF Electronic 40MHz-20 GHz K(Male)-K(Fem)
36582KKF Mechanical 40MHz-40 GHz K(Male)-K(Fem)

The AutoCal module provides an automatic system for fast, repeatable
high-quality calibrations of a Vector Network Analyzer (VNA). The
AutoCal module is connected between the VNA s test ports 1 and 2 to
perform the calibration. Refer to Figure 10-2 for a diagram of the
AutoCal connections.

The electronic AutoCal modules use solid state electronic switches to
exchange the internal calibration standards. Note that these units
have a lower frequency limit (18 and 20 GHz). The mechanical module
uses electro-mechanical actuators to exchange the standards and has
the highest frequency limit, but has a small non-repeatability error.
The mechanical module contains internal standards used to measure
port isolation; the electronic module does NOT contain isolation stan-
dards and requires a manual operation to perform this measurement.

A standard serial RS-232 interface cable is used to connect the
AutoCal module to the 37XXXD. Power is supplied by a connecting ca-
ble from a universal power supply (+5V, +15V, =15V for the electronic
modules; +5V, +24V for the mechanical modules). A power on-off
switch is not provided.

Test Port Cable Converters (Anritsu series 36583) are used during and
after the calibration process to establish the desired test port connec-
tor type and sex.

37XXXD OM
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CALIBRATIONS

AUTOCAL

10-3 caLIBRATIONS

10-4 Dperinitions

Four types of calibration can be performed using AutoCal:

One-Port: S11 1-Port and S22 1-Port are 1-port calibrations per-
formed on the indicated port of the VNA and are equivalent to the tra-
ditional Open-Short-Load calibrations.

Full 2-Port: This type is equivalent to the traditional
Open-Short-Load-Thru (OSLT) calibration.

Thru Update: This type is a new form of calibration which is used to
update an existing 12-term calibration in the VNA. This calibration
could have been performed using any method of calibration which
yields 12 terms (LRL, LRM, AutoCal, or OSLT). Due to cable move-
ment and aging, the calibration may have degraded over time. The
Thru Update refreshes the calibration by measuring a Thru connec-
tion and updating the Transmission Tracking and Load Match calibra-
tion coefficients.

Adapter Removal: This calibration measures the characteristics of
male-male or female-female test port cables for subsequent measure-
ment of non-insertable devices. An adapter is required for this calibra-
tion. Adapter Removal requires two calibration procedures in order to
calculate the parameters and electrical length of the adapter.

The following terms are used in explaining the calibration procedure
using the AutoCal module:

Thru: A thru is a connection of the two test ports. Two kinds of thru
connections are defined for the AutoCal calibration: (1) a Calibrator
thru is an internal path through the calibrator. (2) a True thru is a di-
rect cable connection between the test ports, with no intervening con-
nectors. The calibrator thru is not as accurate as a true thru, so the
you have the option during a calibration to use the more accurate
method, if necessary.

Switch Averaging: The mechanical AutoCal module uses electro-me-
chanical switches to select calibration standards. These switches have
a small amount of non-repeatability (typically less than —-55 dB). For
most calibrations, this is more than adequate because it is below con-
nector repeatability error. If desired, you can choose to reduce the ef-
fect of this non-repeatability in the mechanical module by using
Switch Averaging, which causes additional calibration measurements.
By setting a Switch Averaging factor larger than 1, switch repeatabil-
ity error will be reduced. The tradeoff is that calibration time will be
proportionally increased.

10-4
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DEFINITIONS

Isolation: For certain measurements which require accurate S21 or
S12 readings for very small values of those parameters, an isolation
step is required to characterize the leakage of the VNA and test setup.
The isolation step can be performed automatically as part of a “Full
2-Port” calibration when using the mechanical module. The isolation
step requires a manual operation for the electronic module. In order to
achieve high accuracy for the characterization of the leakage, a high
averaging factor is needed.

VNA Measurement Averaging Factor: This is the number of
measurements taken at a given data point (frequency) and may be
adjusted to meet the measurement requirements. The average of all
the measurements will become the measured data. For example, if 256
averages is selected, each data point is measured 256 times and the
average of these measurements is displayed, then the VNA moves to
the next data point.

VNA Video IF Bandwidth: The bandwidth of the receiver may be
changed to enhance the measurement accuracy or, conversely, to in-
crease the measurement speed. Selecting the minimum IF bandwidth
results in the greatest accuracy for low-signal-level measurements and
the slowest measurement speed. Selecting the maximum IF band-
width results in the greatest measurement speed and reduced accu-
racy on low-signal-level measurements.This can be set by using the
Video IF BW key and selecting the desired IFBW.

Characterization File: Each calibrator module has a file containing
data which characterizes each standard in the calibrator. This file also
contains information (identification number, start and stop frequen-
cies) concerning the capabilities of the calibrator. Each characteriza-
tion file has the extension “.acd.” When modules are changed, you
must install the appropriate new characterization file. This file can be
installed using the Util key (AutoCal Utilities) to recall the character-
ization file from a disk. In addition, each AutoCal module can be
re-characterized using the VNA. A valid 12-term calibration must be
active, which is used to characterize the standards within the module.

37XXXD OM
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PHYSICAL SETUP AUTOCAL

1 0'5 PHYSICAL SETUP See Figure 10-2 for an illustration of the connections necessary to per-
form an automatic calibration using the AutoCal module. Note that
the connection is very simple. Different power cable connectors are
used with the mechanical modules and the electronic modules to pre-
vent connecting the wrong power supply in error.

There is no on-off switch. When power is connected to the AutoCal
module, the LED labeled POWER should come on immediately. The
second LED, labeled OPERATE, should come on in about five minutes,
after the internal temperature control oven has stabilized. The
internal temperature is held within a 5 °C window.

37XXXD

L— ) Qoo
Q oo 0a||| SERIAL
DD 29900 EORT

o [ooallo o
oo/ ool/ooo

o [oool[a o
D|] 00 0O 000/oo0ollooo

® Jeseel 0.5

AUTOCAL
POWER
SUPPLY SERIAL
( ) CABLE
P e PN m il
[ Anritsu
AUTOCALM&B&&F 36581KKF
© (O]

©)
AUTOCAL

Figure 10-2. AutoCal Equipment Setup
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CHARACTERIZATION FILES

10-6 CcHARACTERIZATION

FILES

oEE

“ 000
ooo|[o o
00||ooo
o [cool[o o
|:||] 0p, 00 000[000|[000
:El o |
 fesesl 0%

umy

MENU UTIL

SELECT UTILITY
FUNCTION OPTIONS

GPIB ADDRESSES

DISPLAY
INSTRUMENT
STATE PARAMS

GENERAL DISK
UTILITIES

CAL COMPONENT
UTILITIES

AUTOCAL
UTILITIES

COLOR
CONFIGURATION

DATA ON (OFF)
DRAWING

BLANKING
FREQUENCY
INFORMATION

SET DATE/TIME

PRESS <ENTER>
TO SELECT
OR TURN ON/OFF

Before performing an AutoCal on a 37XXXD, the Characterization File
for the AutoCal Module has to be loaded. This file may be recalled
from the floppy disk accompanying the Module. It may also be recalled
from one generated using the user s specialized manual calibration.

Insert the AutoCal Module Characterization Disk into the floppy drive.
Press the Utility Menu key (left), then select the following menu options,
in turn: AUTOCAL UTILITIES, RECALL FROM FLOPPY DISK.
Select the file “Lxxxxxx.ACD".

If a copy of the Characterization File is in the hard-disk, you can recall
it by choosing RECALL FROM HARD DISK instead. Select the
same file “LxXxxxxx.ACD".

NOTE
The “xxxxxx” in the above paragraphs correspond to the
serial number of the AutoCal module.

Should you desire to re-characterize the module, which is recom-
mended every six months of usage, perform the following procedure:

Step 1. Using a 365x or 375x Calibration Kit, perform a
12-Term calibration over the desired frequency range
of characterization, but within the range of the
AutoCal module and the VNA.

NOTE
Any calibration method may be used (Stan-
dard, Offset Short, LRL/LRM, or TRM)
along with either the Coaxial or Waveguide
line types.

Step 2. Upon completion of the calibration, press the Utility
Menu key.

37XXXD OM
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CHARACTERIZATION FILES

AUTOCAL

Step 3. Select AUTOCAL UTILITIES then AUTOCAL
CHARACTERIZATION, from the next menu to ap-
pear.

AUTOCAL
CHARACTERIZATION
AUTOCAL
SWITCH AVERAGING UTILITIES
XXXX
AUTOCAL
PORT CONFIG CHARACTERIZATION
L=1, R=2
R=1, L=2 SAVE
TO HARD DISK
NUMBER OF
AVERAGES SAVE
REFLECTION TO FLOPPY DISK
XXX RECALL
LOAD FROM HARD DISK
XXXX RECALL
THRU FROM FLOPPY DISK
XXXX PRESS <ENTER>
ISOLATION TO SELECT
XXXX
ELAAELS;EQEQI}ION Step 4. Select an appropriate amount of SWIT.CH AVER-
PRESS <ENTER> AGING (recommend 4 for the electronic modules,
TO SELECT and 16 for the electro-mechanical modules).
OR SWITCH

Step 5. Ensure the Module Configuration is correct (L=1,
R=2 or R=1, L=2).

Step 6. If desired, you may change the amount of averaging
during characterization of each standard, by enter-
ing the NUMBER OF AVERAGES.

Step 7. Ensure the Autocal Module is connected between the
Test Ports, power is applied, and the serial cable is
connected to the VNA. Verify that both the “Power”
and “Operate” LED’s are ON.

Step 8. Select START AUTOCAL CHARACTERIZATION.
The VNA will proceed through a characterization of
the attached Autocal Module.

Step 9. When the calibration is complete, press the Save/Re-
call key.

Step 10. Select SAVE then FRONT PANEL SETUP AND
CAL DATA TO HARD DISK (middle and bottom
left).

10-8 37XXXD OM




AUTOCAL USING AUTOCAL

Step 11. Select a file or CREATE NEW FILE and press En-
ter.

If you are creating a new file, enter the filename and
select DONE when finished.

10' 7 USING AUTOCAL An example procedure for using the AutoCal module is given below.
This example assumes a frequency range of 40 MHz to 40 GHz, a
power level of -7 dBm, and use of a Series 36582 AutoCal module.

Step 1. Press the Begin Cal key (top left).
Step 2. Select AUTOCAL from the displayed menu (C11,
left).

oaa
o-_|

I

MENU C11

BEGIN CALIBRATION

KEEP EXISTING
CAL DATA

REPEAT
PREVIOUS CAL

AUTOCAL

CAL METHOD
XXXXXXXXX

TRANSMISSION
LINE TYPE:
XXXXXXXXX

CHANGE CAL
METHOD AND
LINE TYPE

NEXT CAL STEP

PRESS <ENTER>
TO SELECT

37XXXD OM 10-9




USING AUTOCAL

AUTOCAL

MENU ACAL

AUTOCAL

AUTOCAL TYPE:
XXXXXXXX

CHANGE
AUTOCAL SETUP

START AUTOCAL
THRU UPDATE

CONNECT THROUGH
LINE BETWEEN
PORTS 1 AND 2

NUMBER OF AVGS
XXX

START THRU UPDATE

USE PREVIOUS
AUTOCAL SETUP

PRESS <ENTER>
TO SELECT
OR SWITCH

Step 3.

The selections in the next menu to appear, MENU
ACAL, will depend on current instrument conditions,
as follows:

a. THRU UPDATE lets you update the Thru cali-
bration of an active 12-term Calibration. This
updates the transmission frequency response
and load match coefficients.

b. START AUTOCAL lets you start a calibration
using the current setup.

c. CHANGE AUTOCAL SETUP lets you setup a
new calibration, which is what we will do for
this example. This example also assumes that
you have selected the transmission medium and,
if waveguide, identified the cutoff frequency.

10-10
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USING AUTOCAL

MENU ACAL_SETUP

AUTOCAL SETUP

LINE TYPE
COAXIAL/WAVEGUIDE

WAVEGUIDE CUTOFF
XX XXXXXX GHz

SWITCH AVERAGING
8

NUMBER OF AVGS

REFLECTION
XXXX

LOAD
XXXX

THRU
XXXX

ISOLATION
XXXX

AUTOCAL TYPE

SIl 1 PORT

§22 1 PORT

FULL 2 PORT
ADAPTER REMOVAL

MENU ACAL_FULL

AUTOCAL
FULL 2-PORT

ISOLATION
AVERAGING

oMIT
DEFAULT

AVERAGING
FACTOR
XXXX

THRU TYPE
CALIBRATOR/TRUE

PORT CONFIG
L=1, R=2
R=1, =2

START AUTOCAL

PRESS <ENTER>
TO SELECT
OR SWITCH

Step 4.

Step 5.

Step 6.

Step 7.

Step 8.

Step 9.

Step 10.

Select CHANGE AUTOCAL SETUP. This causes
MENU ACAL_SETUP (left) to appear.

Enter a SWITCH AVERAGING value of 8.

To improve the effect of switch repeatability error
with the 36582 series (mechanical switch), you can
change the switch averaging. Note, however, that
switch averaging will have no affect on the 36581 se-
ries (electronic switch).

Select FULL 2 PORT. This displays a menu (MENU
ACAL_FULL) that lets you set up the calibration
(bottom left).

You could have also selected S11 1-PORT, S22
1-PORT, or ADAPTER REMOVAL. The last of
these lets you remove the effects of an adapter used
in the calibration.

Select the PORT CONFIG setting that matches the
physical setup (R-1, L=2 or L=1, R=2).

It is critical to ensure the correct module orientation
is established. Each side (left) and right) of the mod-
ule is labeled.

Select the THRU TYPE to be either CALIBRATOR
or TRUE.

By default, the CALIBRATOR (internal) thru stan-
dard is used for the Thru Calibration. The transmis-
sion response of the calibration may be improved by
selecting the TRUE thru standard. This will result
in an added manual step.

Observe that OMIT is shown for the ISOLATION
AVERAGING.

Isolation may be omitted (default). You may also se-
lect DEFAULT to use the default value during the
isolation step. You may also use your own AVER-
AGING FACTOR. Including isolation involves a
manual step for the 36581 models.

Ensure the AutoCal module is properly connected
between Ports 1 and 2, then select START
AUTOCAL.

37XXXD OM
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USING AUTOCAL

AUTOCAL

000
OF R
- 58800

00aQ
]

MENU SR1

SAVE/RECALL
FRONT PANEL
AND CAL DATA

SAVE
RECALL

PRESS <ENTER>
TO SELECT
FUNCTION

MENU SR2

SAVE

FRONT PANEL
SETUP IN
INTERNAL MEMORY

FRONT PANEL
SETUP AND
CAL DATA

TO HARD DISK

FRONT PANEL
SETUP AND
CAL DATA

TO FLOPPY
DISK

PRESS <ENTER>
TO SELECT

Step 11.

Step 12.

Step 13.

Follow the on-screen instructions and do not disturb
the setup during the calibration. Please note that
you should not start a calibration until both LED s
on the AutoCal module are lit. This will ensure accu-
rate calibration of the VNA.

When the calibration is complete, press the Save/Re-
call key.

Select SAVE then FRONT PANEL SETUP AND
CAL DATA TO HARD DISK (middle and bottom
left).

Select a file or CREATE NEW FILE and press En-
ter.

If you are creating a new file, enter the filename and
select DONE when finished.

10-12
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10-8 piNnDEPTH

The depth of the center pin on connectors is a critical specification,

SPECIFICATIONS which if not met, can cause damage to mating connectors. Table 10-1
provides pin depth examples and Table 10-2 provides pin-depth speci-
fications for associated AutoCal connectors.

Table 10-1. Checking Connector Pin Depth (Example)
Example 1:
FEMALE MASTER GAUGE BLOCK (protrusion)
Desired nominal value: 0.2070
Caset Actual value of master gauge 0.2071 (protrusions 0.0001 more than desired)
Gauge should be set to indicate: ~ +0.0001
Case2 Actual value of master gauge 0.2069 (protrusions 0.0001 less than desired)
Gauge should be set to indicate:  -0.0001
Example 2:
MALE MASTER GAUGE BLOCK (cavity)
Desired nominal value: 0.2070
Case1 Actual value of master gauge 0.2071 (cavity 0.0001 deeper than desired)
Gauge should be set to indicate:  -0.0001
Case2 Actual value of master gauge 0.2069 (cavity 0.0001 shallower than desired)
Gauge should be set to indicate:  +0.0001
Table 10-2.  AutoCal Module Connector Pin Depth Specifications
Device Connector Pin Depth (inches)
3658XXX K-Female +0.0000 to -0.005
3658XXX K-Male +0.0000 to -0.005
3658XXX N-Female *[0.207](+0.000, -0.005)
3658XXX K-Female *[0.207](+0.000, -0.005)
32K50 K-Male (cable side) **Negative Indication
32KF50
K-Female +0.0000 to -0.0005
K-Male (DUT side) +0.0000 to -0.0005
32L50 K-Male (cable side) **Negative Indication
32LF50
3.5mm-Female (DUT side) +0.006 to -0.008
3.5mm-Male (DUT side) +0.006 to -0.008
32S50 K-Male (cable side) **Negative Indication
328F50

SMA-Female (DUT side)

+0.0005 to -0.0015

SMA-Male (DUT side)

+0.0005 to -0.0015

*Gauging Type N Connectors: The actual value of a Type N master gauge block will always vary to some degree from the desired nomi-
nal value. The recorded measured value of the master gauge must be observed when calibrating the Pin Depth Gauge to the desired
nominal value. Although the AutoCal Module Pin Depths are not critical, this information may be helpful in the measurement of Type N

mating components. Examples are shown in Table 10-1, on the preceding page.

37XXXD OM

10-13




AUTOCAL MENUS FLOW DIAGRAM AUTOCAL

10'9 AUTOCAL MENUS A flow diagram for the AutoCal menus is provided in Figure 10-3.

Menu ACAL_S11
Menu C11 AUTOCAL
$111 PORT
BEGIN CALIBRATION Menu ACAL PORT 1
KEEP EXISTING AUTOCAL CORNNEGTION
CAL DATA AUTOCAL TYPE Menu ACAL_SETUP LEFT/RIGHT
REPEAT PREVIOUS XXXXXXXX e
CAL CHANGE AUTOCAL SETUP TEST SIGNALS
b AlTosaseue
CAL METHOD p| COAXIALWAVEGUIDE PRESS <ENTER>
X000 THRU UPDATE WAVEGUIDE CUTOFF (T)g gs\}ﬁga
TRANSMISSION CONNECT THROUGH XXXXXXXX GHz
: LINE BETWEEN SWITCH AVERAGING Menu ACAL_S22
XXXHXOXXX PORTS 1 AND 2 XXXX AUTOOAL
A e NUMBER OF AVGS NUMBER OF AVGS 422 1 PORT
XXX REFLECTION
LINE TYPE RerL PORT 1
NEXT CAL STEP START THRU UPDATE| ONNECTION
PRESS <ENTER> LOAD LEFT/RIGHT
PRESS <ENTER> XXXX
TO SELECT To SELECT TiRU TEST SIGNALS
OR SWITCH o START AUTOCAL
PRESS <ENTER>
ISOLATION TO SELECT
XXXX OR SWITCH
Cal Sequence AUTOCAL TYPE
Menus, $111PORT -
Page 4-18 Menu ACAL_FULL
$22 1 PORT
AUTOCAL
FULL 2 PORT FULL 2 PORT
ADAPTER REMOVAL———————— ISOLATION
_ AVERAGING
omIT
DEFAULT
AVERAGING
FACTOR
XXXX
THRU TYPE
CALIBRATOR/TRUE
PORT CONFIG
L=1,R=2
R=1,L=2
TEST SIGNALS
START AUTOCAL
PRESS <ENTER>
TO SELECT
OR SWITCH
Menu ACAL_AR
Menu U1 AUTOCAL
UTILITY ADAPTER REMOVAL
GPIB ADDRESSES R%'ﬁ(‘glz‘e
+ DISPLAY Menu ACAL_UTIL omIT
INSTRUMENT
PARAMETERS AUTOCAL DEFAULT
GENERAL UTILITIES Menu ACAL_CHAR AVERAGING
DISK UTILITIES AUTOCAL AUTOCAL FACTOR
Sﬁhﬁ%“gPONENT CHARACTERIZATION CHARACTERIZATION
SAVE PORT CONFIG
AUTOCAL TO HARD DISK %’&;CH AVERAGING ADAPT&L=1, R=2
UTILITIES SAVE L=1, ADAPT&R=2
COLOR TO FLOPPY DISK ngLEQONFlG ADAPT&R=1, L=
CONFIGURATION RECALL Rt Lok R=1, ADAPT&L=2
BQX\*NINGON(OFF) ;ES/’;"L[‘ARD DisK NUMBER OF AVGS TEST SIGNALS
REFLECTION START AUTOCAL
BLANK(ING) FROM FLOPPY DISK ok
FREQUENCY PRESS <ENTER> LOAD PRESS <ENTER>
INFORMATION TO SELECT [ TO SELECT
SET DATE/TIME OR SWITCH
THRU
PRESS <ENTER> XXXX
TO SELECT
OR TURN ON/OFF ISOLATION
XXXX
START AUTOCAL
CHARACTERIZATION
PRESS <ENTER>
TO SELECT
OR SWITCH

Figure 10-3. AutoCal Menus Flow Diagram
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Repair

WARNING A

WARNING

This equipment can not be repaired by the operator. DO NOT attempt to
remove the equipment covers or to disassemble internal components.
Only qualified service technicians with a knowledge of electrical fire
and shock hazards should service this equipment. There are
high-voltage parts in this equipment presenting a risk of severe injury
or fatal electric shock to untrained personnel. In addition, there is a risk
of damage to precision components.
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11 -.Z INTRODUCTION This chapter provides quick operational checkout procedures that may
be used by incoming inspectors to ensure that the Model 37XXXD Vec-
tor Network Analyzer is operational. This is a quick-check procedure.
For the full performance verification procedure, refer to the Series
37XXXD Maintenance Manual, Anritsu Part Number 10410-00264.

11'2 REQUIRED The following equipment is required for the procedures in this chapter:
EQUIPMENT
O Flexible microwave cable (through line)
4 Short
11 -3 INITIAL SETUP Before starting the performance tests, press the Power key (left) to On.
Sos 5 NOTE
80|® 835aa Allow the system to warm up for at least 60 minutes to en-
sure operation to performance specifications.
DDDE| 808
CICI 00 oo uua' 808
b EERY
i) )
&J
11 -4 SELF TEST Perform an instrument self test to ensure that the VNA is operating

properly. To start a self test, Press the Option Menu key and make the
menu choices shown in Figure 11-1.

37XXXD OM 11-3




NON-RATIO POWER

OPERATIONAL CHECKOUT

11-5 Non-raTIO POWER

OPTIONS
TRIGGERS
REAR PANEL DIAGNOSTICS
OUTPUT
DIAGNOSTICS “ START SELF TEST
MULTIPLE SOURCE READ SERVICE LOG
CONTROL
INSTALLED OPTIONS
RECEIVER MODE
PERIPHERAL TESTS
RCE NFI
SOURCE CONFIG TROUBLESHOOTING
PRESS < ENTER> (FOR SERVICE
TO SELECT USE ONLY)
H/W CALIBRATIONS
(FOR SERVICE
USE ONLY)
PRESS < Enter>

Figure 11-1. Performing a Self Test

This test verifies that each individual receiver channel operates prop-
erly. Measurement calibration of the system is not required for this
test.

This test requires that you press specified front panel keys and make
choices from the displayed menu(s). The keys used in this test are
shown below.

—
Jom [ [ |

Qo
U©g58s

[m]m]

000|160 0
QQ (000

000
o] oo oo o/bo/oda 800
11

0 Jx3ysl o0

Og

Channel Menu| [ . Setup
Menu
Graph Type Graph
Type
S Params
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OPERATIONAL CHECKOUT

NON-RATIO POWER

Test Procedure

Perform test as described below.

Key Menu Choice Step 1. Connect Test Ports 1 and 2 together using a
high-quality through line (below).
Options Non-Ratioed Parameters,
Menu see Figure 11-2
Setup START: 1 GHz
Menu STOP: High-End Fre-
quency PORT 1 PORT 2
Channel FOUR CHANNELS TEST PORT 1
Menu TEST PORT 2
Graph LOG MAGNITUDE
Type (All channels)
S-PARAMS |  USER 1: (Channel 3)
Parameter: Ra/1
Phase Lock: Ra
USER 2: (Channel 1)
Parameter: Ta/1
Phase Lock: Ra Step 2. Reset the VNA using the Default Program key.
USER 3: (Channel 2)
Parameter: Tb/1 Step 3. Set up the VNA as shown in table at left.
Phase Lock: Ra
Ug::r:;t(g_h;l?j" 4) Step 4. Observe the sweep indicators and allow at least one
Phase Lock: Rb complete sweep to occur on all four channels.
Sgi[E ';%Sd(;'/-glvo'\“ Step 5. Verify that the minimum amplitude meets the speci-
REF VALUE: fications shown below.
0dB
(All four channels) Model Test Channel Reference Channel
37217C >-28 dB >-35dB
37317C >-28 dB >-35dB
37225C >-25dB >-34 dB
37325C >-30 dB >-32dB
37247C >-26 dB >-35dB
§ Qo 37347C >-31dB >-33dB
= R 37269C >-40 dB >-40 dB
] Q0 37369C >-34 dB >-34 dB
O\ 000
0 =5 37277C >-45dB >-45 dB
Q 000 37377C >-45dB >-45dB
O E i = o 37297C >-60 dB >-55dB
37397C >-60 dB >-55dB
Use the Marker Menu and Readout Marker keys ( left) and
menus to obtain precise frequency and amplitude values.
37XXXD OM 11-5




HIGH LEVEL NOISE TEST OPERATIONAL CHECKOUT

11 '6 HIGH LEVEL NOISE The following test verifies that the high-level signal noise in the VNA
TEST will not significantly affect the accuracy of subsequent measurements.
Calibration of the system is not required for this test.

This test requires that you press specified front panel keys and make
choices from the displayed menu(s). The keys used in this test are
highlighted below.

Key Menu Choice

Limits
Setup START: 40 MHz
Menu STOP: High-end frequency
EICI 0o 000

Channel DUAL CHANNELS 1-3

Menu i E .
Graph LOG MAGNITUDE . @—-@% )

Type (Both channels)

Set RESOLUTION: etup Menu

Scale 0.020 dB/DIV .
REF VALUE: Channel Menu Data Points
0.0dB
(Both channels)

S-Paroms|  Channel 1—S12 Set Scale /——=—— ———==

Channel 3 - 521 Graph Type . Video IF BW

Data 201 -

Points S Params , @) |Average

Video NORMAL (1 kHz) .

IF BW Avg/Smooth Menu

Limits UPPER LIMIT ON
0.015 if less than 40 GHz
0.04 if 40 GHz

0.14 if above 40 GHz

LOWER LIMIT ON
-0.015 if less than 40 GHz
-0.04 if 40 GHz

-0.14 if above 40 GHz

Setup the VNA as described in the table at the left.

DISPLAY LIMITS ON

11-6 37XXXD OM




OPERATIONAL CHECKOUT

HIGH LEVEL NOISE TEST

PORT 1 PORT 2

TEST PORT 1

TEST PORT 2

PORT 1 PORT 2

TEST SHORT
PORT 1

TEST OPEN
PORT 2

Perform the test as described below:

Step 1.

Step 2.

Step 3.
Step 4.

Step 5.

Step 6.

Step 7.

Step 8.

Step 9.

Step 10.

Step 11.
Step 12.

Step 13.

Step 14.

Step 15.

Reset the VNA using the Default Program key.

Connect Test Port 1 and Test Port 2 (top left) to-
gether.

Press the Ch 1 key.
Press the Trace Memory key.

Choose VIEW DATA from the menu and press the
Enter key.

While observing the sweep indicators, allow at least
two complete sweeps to occur.

Choose STORE DATA TO MEMORY from the
menu and press the Enter key.

Choose VIEW DATA / MEMORY from the menu
and press the Enter key.

While observing the sweep indicators, allow at least
two complete sweeps to occur.

Verify that the peak-to-peak High Level Noise falls
within the area between the two limit lines (Fig-
ure 11-2, following page).

Press the Ch 3 key.
Repeat Steps 4 through 9 for channel 3.

Press the S Params key; set Ch 1 for S11 and Ch 3 for
S22.

Connect a Short to Test Port 1 and an Open to Test
Port 2 (left).

Repeat Steps 2 through 9.

37IXXXD OM
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HIGH LEVEL NOISE TEST

OPERATIONAL CHECKOUT

$12 REVERSE TRANSMISSION

LOG MAG. REF=__0.000 dB 0.020 dB/DIV
» A ALA s W Y v N A /“
0.040000000 GHz 20.000000000
S$21 FORWARD TRANSMISSION
LOG MAG. REF=_0.000 dB 0.020 dB/DIV
A PN AI\/M M
Y v PEf
0.040000000 GHz 20.000000000

Figure 11-2. High Level Noise Test Waveform

11-8
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12-1 INTRODUCTION This chapter provides illustrations and contents for the Models 3650,
3651, 3652, 3653, 3654/3654B, 36550 and 36552 Calibration Kits.

12-2 PURPOSE The calibration kits contain all of the precision components and tools
required to calibrate the 37XXXD Vector Network Analyzer System for

a 12-term error-corrected measurement.

12—3 KIT CONTENTS The contents and illustrations of the calibration kits are listed on the
following pages.
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KIT CONTENTS

CALIBRATION KITS

Model 3650 Calibration Kit Table 12-1. Model 3650 (SMA/3.5 mm) Calibration Kit Contents
Index | Anritsu Part Description Qty.
Number
1 01-212 Female Flush Short (Option 1) 1
2 01-211 Male Flush Short (Option 1) 1
3 17SF50 Female Sliding Termination 1
4 17850 Male Sliding Termination (Option 1) 1
5 34ASF50-2 Female Adapter 2
6 Calibration Software Diskette 1
7 33FSF50 Female-Female Adapter 2
8 33SS50 Male-Male Adapter* 1
9 28S50-2 Male Termination 2
10 28SF50-2 Broadband Female Termination 2
11 33SSF50 Male-Female Adapter* 2
12 24850 Male Open 1
13 23SF50 Female Open 1
14 23850 Male Short 1
15 23SF50 Female Short 1
16 34AS50-2 Male Adapter 2
17 Connector Thumb Wheel 4
18 01-201 Torque Wrench 1
19 01-210 Reference Flat 1
20 01-222 Pin Depth Gauge 1
21 01-223 Pin Depth Gauge 1
5
=1 / =1
WILTRON ___MoDEL 3650
o= |
e e e
[TTTTL]
: — 8
- BT
SR e
TN Vol \
17 16 15141312 11* 10 9
Figure 12-1.  Model 3650 (SMA/3.5 mm) Calibration Kit Components
* Phase Equal Adapters
12-4 37XXXD OM




CALIBRATION KITS KIT CONTENTS

Model 3651 Calibration Kit Table 12-2. Model 3651 (GPC-7) Calibration Kit Contents

Index | Anritsu Part Description Qty.
Number
1 01-221 Collet and Extractor Tool 1
2 28A50-2 Broadband Termination 2
3 24A50 Open 1
4 23A50 Short 1
5 Calibration Software Diskettet 1
6 17A50 Sliding Termination (Option 1) 1
7 01-200 Torque Wrench 1
8 01-210 Reference Flat 1
9 01-220 Pin Depth Gauge 1
/l 2 3 4
=L =L

Figure 12-2. Model 3651 (GPC-7) Calibration Kit Components
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KIT CONTENTS

CALIBRATION KITS

Model 3652 Calibration Kit

Table 12-3. Model 3652 (K-Connector) Calibration Kit Contents

Index | Anritsu Part Description Qty.
Number
1 01-212 Female Flush Short (Option 1) 1
2 01-211 Male Flush Short (Option 1) 1
3 17KF50 Female Sliding Termination 1
4 17K50 Male Sliding Termination (Option 1) 1
5 34AKF50-2 Female Adapter 2
6 Calibration Software Diskette 1
7 33FKF50 Female-Female Adapter 2
8 33KK50 Male-Male Adapter* 1
9 28K50-2 Male Termination 2
10 28KF50-2 Broadband Female Termination 2
11 33KKF50 Male-Female Adapter* 2
12 24K50 Male Open 1
13 23KF50 Female Open 1
14 23K50 Male Short 1
15 23KF50 Female Short 1
16 34AK50-2 Male Adapter 2
17 Connector Thumb Wheel 4
18 01-201 Torque Wrench 1
19 01-210 Reference Flat 1
20 01-222 Pin Depth Gauge 1
21 01-223 Pin Depth Gauge 1
5
= [ =

WILTRON MODEL 3652

{?DEBEE

ﬂ

16

15141312 11* 10 9

Figure 12-3.  Model 3652 (K-Connector) Calibration Kit Components

* Phase Equal Adapters

12-6
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CALIBRATION KITS

KIT CONTENTS

Model 3653 Calibration Kit

Table 12-4. Model 3653 (Type N) Calibration Kit Contents
Index | Anritsu Part Description Qty.
Number
1 28N50-2 Broadband Male Termination 2
2 34AN50-2 Male Adapter 2
3 Calibration Software Diskette 1
4 34ANF50-2 Female Adapter 2
5 28NF50-2B Braodband Female Termination 2
6 24NF50 Female Open 1
7 24N50 Male Open 1
8 23NF50 Female Short 1
9 23N50 Male Short 1
10 01-213 Reference Gauge 1
11 01-224 Pin Depth Gauge 1
1 2
WILTRON MODEL 3653
Aa4400
gdgognog
N / |_J
[TI1117 [IT1T1]
11 él é E E
o I Q E ﬁ? 3
1 ] 11 \/ \ =
10 9 87 6 5 4
Figure 12-4. Model 3653 (Type N) Calibration Kit Components

37IXXXD OM
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KIT CONTENTS CALIBRATION KITS

Model 3654/ 3654B Table 12-5. Model 3654 (V-Connector) Calibration Kit Contents

Calibration Kit _ .
Index Anritsu Part Description Qty.
Number
1 17VF50B Female Sliding Termination 1
2 17V50B Male Sliding Termination 1
3 33VVF50 Male-Female Adapter 2
4 2360-54B Calibration Software Diskette 1
5 28V50B Male Broadband Termination 2
6 28VF50B Female Broadband Termination 2
7 24V50B Male Open 1
8 24VF50B Female Open 1
9 23V50B-5.1 Male Short, 5.1 mm 1
10 23VF50B-5.1 Female Short, 5.1 mm 1
11 33VV50 Male-Male Adapter 1
12 33VFVF50 Female-Female Adapter 2
13 Connector Thumb Wheel 4
14 01-201 Torque Wrench 1
15 01-323 Female Adapter For Pin Gauge 1
16 01-322 Pin Depth Gauge 1
17 01-210 Reference Flat 1
18 01-204 Adapter Wrench 1
19 01-312 Male Flush Short 1
20 01-311 Female Flush Short 1
1 2
=N \ =
( o WILTRON MODEL 3654 \:)
L 4
741
{7 T)
]— 4
I N
O=—7~_5
.T_I | /'.I O=
[T\ [
13 12 11 10 98 7 6

Figure 12-5. Model 3654 (V-Connector) Calibration Kit Components

* Phase Equal Adapters
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CALIBRATION KITS KIT CONTENTS

Model 3656 Calibration Kit Table 12-6. Model 3656 (W1-Connector) Calibration Kit Contents

Index Anritsu Description Qty.
Part Number
1 23W50-1 Male Offset Short 1 (2.02 mm) 1
23W50-2 Male Offset Short 2 (2.65 mm) 1
23W50-3 Male Offset Short 3 (3.180 mm) 1
2 24W50 Male Open (1.510 mm) 1
28W50 Male Broadband Termination 1
4 23WF50-1 Female Offset Short 1 (2.02 mm) 1
23WF50-2 Female Offset Short 2 (2.65 mm) 1
23WF50-3 Female Offset Short 3 (3.180 mm) 1
5 28WF50 Female Broadband Termination 1
6 24WF50 Female Open (1.930 mm) 1
7 33WSC50 Fixed Male SC Connector 1
8 33WFSC50 Fixed Female SC Connector 1
9 Interchangeable Sliders, SC Connectors 1
10 Locking Keys, SC Connectors 1
11 01-402 Interchangeable Adapter Fixed Male 1
12 33WWF50 Male-Female Adapter 1
13 33WW50 Male-Male Adapter 1
14 33WFWF50 Female-Female Adapter 1
15 01-504 6 mm Torque Wrench 1
16 01-505 6x7 mm End Wrench 1
17 18-WWF50-1B Stepped Impedance Thruline (Verification Device) 1
18 18-WWF50-1 50Q Matched Thruline (Verification Device) 1
19 Calibration/Verification Software
Ll i
ANritsU  vooew asse
0000000 | 0
oponoo q
1 00000 =——m
AN =
2 = =
3 A
ANEANANEN y4REEEN|

/

\

Aol
b
V%iiijx? =

CRANAAAAANA T

10 11 12 13 14 15 16

Figure 12-6. Model 3656 (W1-Connector) Calibration Kit Components
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PRECAUTIONS

CALIBRATION KITS

12-4 precautions

Pin Depth

The following are precautionary notes related to the use of connectors.
For specific information on setting pin depths on sliding terminations,
refer to the 37XXXD Operation Manual, Chapter 7.

Before mating, measure the pin depth (Figure 12-7) of the device that
will mate with the RF component, using an Anritsu Pin Depth Gauge
or equivalent (Figure 12-8). Based on RF components returned for re-
pair, destructive pin depth of mating connectors is the major cause of
failure in the field. When an RF component is mated with a connector
having a destructive pin depth, damage will likely occur to the RF
component connector. (A destructive pin depth has a center pin that is
too long in respect to the connector’s reference plane.)

REFERENCE REFERENCE
PLANE PLANE

P RN U

PIN PIN
DEPTH DEPTH
(INCHES) (INCHES)
FEMALE MALE

Figure 12-7.  N-Connector Pin Depth

12-10
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CALIBRATION KITS PRECAUTIONS

Pin Depth Tolerance The center pin of RF component connectors has a precision tolerance
measured in mils (1/1000 inch). Connectors on test devices that mate
with RF components may not be precision types and may not have the
proper depth. They must be measured before mating to ensure suit-
ability. When gauging pin depth, if the test device connector measures
out of tolerance (Table 12-7) in the “+” region of the gauge (Fig-
ure 12-8), the center pin is too long. Mating under this condition will
likely damage the termination connector. On the other hand, if the test
device connector measures out of tolerance in the “-” region, the center
pin is too short. While this will not cause any damage, it will result in
a poor connection and a consequent degradation in performance.

Table 12-7. Pin Depth Tolerances

Port/Connector Type Pin Depth (mils) Anritsu Gauge Setting
GPC7 +0.000 to —0.003 Same as pin depth
)
N Male
.207 +0.003 Same as pin depth
-0.003
N Female
WSMA Male
:88%2 Same as pin depth
WSMA Male '
K Male
4 +0.000 to —0.003 Same as pin depth
P K Female
V Male +0.000 to —0.001
Same as pin depth
Figure 12-8.  Pin Depth Gauge V Female +0.000 to —0.001
Over Torquing Connectors Over torquing connectors is destructive; it may damage the connector

center pin. Finger-tight is usually sufficient, especially on Type N con-
nectors. Never use pliers to tighten connectors.

Teflon Tuning Washers The center conductor on most RF components contains a small teflon
tuning washer located near the point of mating (interface). This
washer compensates for minor impedance discontinuities at the inter-
face. The washer’s location is critical to the RF component’s perfor-
mance. Do not disturb it.

Mechanical Shock RF components are designed to withstand years of normal bench han-
dling. However, do not drop or otherwise treat them roughly. They are
laboratory-quality devices, and like other such devices, they require
careful handling.
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CLEANING INSTRUCTIONS CALIBRATION KITS

12'5 CLEANING Connector interfaces—especially the outer conductors on the GPC 7
INSTRUCTIONS and SMA connectors—should be kept clean and free of dirt and other
debris.

Denatured alcohol applied with a cotton swab applicator is recom-
mended for cleaning connector interfaces.

NOTE
Most cotton swabs are too large to fit in the smaller con-
nector types. It is necessary to remove most of the cotton
and then twist the remaining cotton tight. Be sure that the
remaining cotton does not get stuck in the connector.

The following are some important tips on cleaning connectors:

O Use only denatured alcohol as a solvent

Always use an appropriate size of cotton swab

Gently move the cotton swab around the center conductor
Never put lateral pressure on the connector’s center pin

000D

Verify that no cotton or other foreign material remains in the
connector after cleaning

(]

Only dampen the cotton swab. Do NOT saturate it

O

Compressed air can be used to remove foreign particles and to
dry the connector

O Verify that the center pin has not been bent or damaged

Figure 12-9, following page, illustrates how to clean connectors.
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CALIBRATION KITS

CLEANING INSTRUCTIONS

=)
>m
55
o4
T
53

O

Use only denatured alcohol and the proper size of cotton swab. Gently rotate the swab
around the center pin being careful not to stress or bend the pin or you will damage
the connector.

Do NOT put cotton swabs in at an angle, or you will damage the connectors.

Do NOT use too large of cotton swab, or you will damage the connectors.

Figure 12-9.  How to Clean Connectors

37XXXD OM
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13-1 inTrRoDUCTION

13-2 DEscripTION
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This chapter describes the ME7808B Millimeter Wave System, its op-
eration, and its measurement capabilities. For information on
ME7808B Broadband System, refer to Chapter 14.

The ME7808B Millimeter Wave System can be constructed upon any
37XXXD VNA, 37247D being the most economical choice. It also re-

quires two 680XXC or MG369XA Frequency Synthesizers, and a
3735B Millimeter Test Set having two 374X Millimeter Wave Modules.
There are 14 different 374X modules available (below) to accommodate
different measurement types and frequency ranges.

a

O00D0000DO0O

3741A-V 50 to 75 GHz Transmission Module

3741A-E 60 to 90 GHz Transmission Module

3741A-EE56 to 94 GHz Transmission Module

3741A-W 75 to 110 GHz Transmission Module

3741A-EW 65 to 110 GHz Transmission Module

3740A-V 50 to 75 GHz Transmission/Reflection Module
3740A-E 60 to 90 GHz Transmission/Reflection Module
3740A-EE 56 to 94 GHz Transmission/Reflection Module
3740A-W 75 to 110 GHz Transmission/Reflection Module
3740A-EW 65 to 110 GHz Transmission/Reflection Module

37XXXC OM

13-3




PERFORMANCE SPECIFICATIONS

MILLIMETER WAVE

13-3 PERFORMANCE

SPECIFICATIONS

System Performance

Performance specifications are given below in Table 13-1.

“Receiver Dynamic Range” is defined as the ratio of the maximum sig-
nal level at Port 2 for 0.1 dB compression to the noise floor at Port 2.
System Dynamic Range is defined as the ratio of the power incident
on Port 2 in a through line connection (reference) to the noise floor at
Port 2 (forward measurements only). The Noise Floor is the maxi-

mum measured signal with the test ports terminated using 10 Hz IF
bandwidth and 512 averages.

Table 13-1. Performance Specifications, Millimeter Wave Modules
Model
Specification V Band E Band Extended W Band Extended
(WR-15) (WR-12) E Band (WR-10) W Band
56-60 75-100 65-75
Frequency Range (GHz) 50-75 60- 90 60-85 100-110 75-100
85-94 100-110
Frequency Resolution 3 Hz 6 Hz 6 Hz 6 Hz 6 Hz
Max Signal Into Port 2 +8 dBm +8 dBm +8 dBm +6 dBm +6 dBm
-85 dBm —90 dBm
Noise Floor -90 dBm -90 dBm -90 dBm :gg ggm -89 dBm
—76 dBm —-87 dBm
93 dB 96 dB 96 dB
Receiver Dynamic Range 98 dB 98 dB 98 dB 96 dB 95 dB
84 dB 93 dB
High Level Noise (typical) 0.05dB 0.06 dB 0.08 dB 0.06 dB 0.08 dB
+5dBm -5 dBm
. +5 dBm
Power Out (typical) +7 dBm +6 dBm +6 dBm +2 dBm +5 dBm
+4 dBm +2 dBm
90 dB 95 dB 85dB
System Dynamic Range 97 dB 96 dB 96 dB 92 dB 94 dB
80 dB 89 dB

13-4
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MILLIMETER WAVE

PERFORMANCE SPECIFICATIONS

Test Port Characteristics

Table 13-2.

Test port characteristics for the waveguide connector used on the vari-
ous modules are given in Table 13-2.

Test Port Characteristics

Waveguide Designation

e s Offset Short Calibration LRL Calibration
Specification
WR-15| WR-12 | WR-12 | WR-10 WR-10 |WR-15| WR- WR-12 WR- WR-10
Ext. Ext. 12 Ext. 10 Ext.
(Féﬁzu)e”cy 50-75 |60-90 56-94 |75-110 65-110 50-75 |60-90 56-94 75-110 65-110
(Dc;g")‘:t""ty 46 | >46 44 | >46 >40 546 | >46 >44 >46 >40
I\SAZL:;e(dB) >37 | >36 >33 >36 >30 >46 | >46 >43 >46 >40
(LQ)E?)d Mateh 546 | >a6 >44 | >46 >40 >46 | >46 >44 >46 >40
Reflection
Frequency +0.030 [+0.040 +0.080 |+0.040 +0.080 +0.02 |+0.02 +0.06 +0.02 +0.06
Tracking (dB)
Transmission
Frequency +0.060 |+0.060 +0.100 |+0.070 +0.100 $0.02 [%0.02 +0.06 +0.02 +0.06
Tracking (dB)
Isolation (dB) | >90 >90 >80 >90 >80 >90 >90 >80 >90 >80

Measurement Capabilities

Measurement capabilities are the same as the standard 37XXXD. That
is: Four Channels, Standard S-parameters as well as User Defined Pa-
rameters, Auto-Reversing, Data Points 1601, 801, 201, 51, N Discrete,

and CW (see Appendix D).

the internal source is removed or disabled.

NOTE
When a 37XXXD is configured as a Millimeter Wave Sys-
tem, the frequency range is extended per the specifications
of the Millimeter Wave Modules and the system will be
limited to operate with only two external sources. That is,

37XXXD OM
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INSTALLATION MILLIMETER WAVE

13‘4 INSTALLATION This section describes installation and system check-out. For instruc-
tions on installation of the wafer probe test station, refer to section
14-5.

IMPORTANT NOTES
* The empty console weighs approximately 66kg
(145 pounds). Use two people to remove the console from

A\ cAUTION the pallet.
>18 kg
HEAVY WEIGHT * Many of the instruments are quite heavy and require

two people to lift them.

* Instruments should be loaded into the bottom sections of
the console first, to prevent tipping of the console.

* The VNA instrument has fragile RF cables connected to
both the front and rear panels. Be careful not to bend
these cables when handling the instrument.

¢ |f the synthesizers are not installed precisely as de-
scribed below, the system will be non-functional.

* We suggest using an 8 in/lb torque wrench to tighten
SMA connectors (available in most Anritsu VNA Cali-
bration kits) Do not tighten any connectors over 8 in/lbs.
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MILLIMETER WAVE

INSTALLATION

Console and Table Setup

Set up the console and table as described below.

Step 1.

Step 2.

Step 3.

Step 4.

Remove the shipping container and all packaging
and accessories from around the console. Set the ta-
ble aside. Instructions for table installation appear
later.

Lift or roll the console off the pallet (to lift: insert
two sections of lumber through the console top and
lift it, using one person on each side).

Cut the tie wraps which are securing the table
mounting rails at the console rear door. Cut the tie
wraps which are securing the power cords and wrist
strap ground wire.

Attach the mounting rails to the table as shown in
Figure 13-1.

10-32 x 1/2 INCH

10-32 x 1/2 INCH

#10 LOCKWASHER #10 LOCKWASHER
INSTALL IN 6 PLACES #10 FLATWASHER

INSTALL IN TWO PLACES AFTER
PLACING THE WRITING SURFACE
INTO THE CONSOLE.

Figure 13-1.

Console Table

37XXXD OM
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MILLIMETER WAVE

Instrument Installation
into Console

Refer to Figures 13-2, 13-3, and 13-4 for installation of major instru-
ments and cables.

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Step 6.

Step 7.

Check the rear panel serial number labels of the syn-
thesizers. The instrument without Option 15 belongs
in the bottom compartment (“RF” synthesizer).

Install the synthesizer with Option 15 in the second
opening from the bottom.

Install the VNA into the top compartment. Ensure
the three small RF cables are installed onto the front
and rear panels (one in front, and two in back).

Install the 3738A Test Set into the compartment be-
low the VNA.

Secure all instruments in the console using the
screws provided.

On the left front of the console, move the black
ground wire away from the guide of the table-mount-
ing rail, and install the table by sliding the table
rails into the guides.

Secure the table rails at the rear of the console using
the screws provided.

13-8
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MILLIMETER WAVE INSTALLATION

37XXXD VNA

Millimeter-wave
modules

Figure 13-2. ME7808B Console Showing Major Components
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INSTALLATION MILLIMETER WAVE

Step 8. Lay the static-safe mat on the table and attach the
ground cable.

Step 9. Unpack the millimeter-wave modules and set them
on the table.

37XXXD VNA

Millimeter-wave
modules

e

Figure 13-3. ME7808B Console Showing Table and Module Setup
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MILLIMETER WAVE

INSTALLATION

System Cabling Connect ME7808B system cables as described below and shown in Fig-
ure 13-4 on the following page.

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Step 6.

Step 7.

From the front, connect the rigid RF cable between
the upper synthesizer and the 3738A LO IN connec-
tor. Ensure the connectors are seated correctly and
tightened securely.

From the front, connect the rigid RF cable between
the bottom synthesizer and the 3738A RF IN connec-
tor. Ensure the connectors are seated correctly and
tightened securely.

From the front, install the two RF cable sets between
the 3738A and the mmW modules. Connect exactly
as the labels indicate.

From the rear, unscrew the four small
chain-mounted terminations from on VNA (let them
hang loose) and install the Cable Set. Connect indi-
vidual cables as indicated on the labels .

Connect one GPIB cable from the lower (Dedicated)
GPIB connector of the VNA to the upper synthesizer.
Connect the second GPIB cable between the two syn-
thesizers.

Insert the power cords into all 4 instruments and
turn all the instruments on.

Ensure that the two synthesizers GPIB addresses
are set correctly. The top unit should be set to ad-
dress 4 and the bottom unit should be set to ad-
dress 5. This can be verified or changed by pressing
SYSTEM |CONFIG |GPIB ADDRESS and entering
the appropriate GPIB address.

37XXXD OM
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INSTALLATION MILLIMETER WAVE

Cable Set.
Install individual
cables as marked

GPIB Cable

GPIB Cable

Figure 13-4. ME7808B Console Rear Panel Cabling
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MILLIMETER WAVE CALIBRATION

13-5 CALIBRATION Calibration for millimeter wave measurements is accomplished using
a waveguide offset-short method. Anritsu provides the Series 3655X,
3655X-1, 3755X, and 3755X-1 Calibration Kits, which contain all re-
quired precision calibration components. For optimum calibration and
measurement results, the following apply to modules that are not pro-
vided with precision waveguide extensions. (Refer to Figure 13-5 below,
for a supporting illustration.)

O Use the precision waveguide extension from the calibration kit to
connect to the waveguide module

O During calibration connect the highly polished (non-beveled) side
of the short toward the module

Waveguide Extension
from Calibration Kit

/
MODULE :ﬂ o

New reference
plane

OFFSET

Reference SHORT
Plane ™ /

MODULE H [ﬂBeveled side

Highly Polished
Side

Figure 13-5. Waveguide Connections for Optimum Measurement and Calibration Results
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OPERATION MILLIMETER WAVE

13‘6 OPERATION The ME7808B Millimeter Wave System is menu driven and the milli-
meter wave operation is entered into via the Enhancement
Key-Group’s Options Menu key. Selecting Millimeter Wave BAND
DEFINITION in that menu provides for defining measurement pa-
rameters; selecting TEST SET CONFIG provides for configuring the
3735B Test Set parameters (Figure 13-6, next page).

The menu options shown in Figure 13-6, Millimeter Wave System
Menu Flow, are described in Appendix A, along with all of the other
ME7808B menus. Additional operating instructions are provided be-

low.
Entering/ Leaving Millimeter Before entering the Millimeter Wave mode, users should have com-
Wave Operation pleted all of the steps in the “Installation” section of this manual. The

system should be ready for operation, with all connections properly
made to the Millimeter Wave test set, modules, and frequency synthe-
sizers. The system should then be powered up, and the procedure be-
MENU OPTNS low followed.

OPTIONS NOTE
Until the Millimeter Wave configuration is activated, the

TRIGGERS system will not operate and it will fail to lock.
REAR PANEL
OUTPUT CAUTION

- The transition to or from Millimeter Wave operation is a
Millimeter Wave . .
BAND DEEINITION major setup change that does NOT preserve the previous

setup. All current set up and RF calibration information

RECEIVER MODE will be lost on entering or leaving the Millimeter Wave

mode configuration. If the existing setup needs to be saved,
this should be done before the system is reconfigured for
TEST SET CONFIG Millimeter Wave mode operation.

SOURCE CONFIG

When the millimeter wave band is selected, the system automatically
reconfigures itself to measure at that frequency range. The lower and
upper limits of the displayed sweep frequencies will change to the

band selected. The frequency resolution changes to account for multi-
MENU OTS1 . - .
plier factors. However, users will (1) have access to the multiple source
TEST SET control definitions and (2) be able to change the sweep frequencies as
CONFIGURATION desired.
INTERNAL
Procedure
MILLIMETER WAVE The first step is to press the Options button on the front panel. This

brings up the menu OPTNS (top left). Select TEST SET CONFIG.
This causes the menu OTS1 (bottom left) to appear.
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OPERATION

(888} o]

Option
Menu

MENU OPTNS

OPTIONS
REAR PANEL
OUTPUT

DIAGNOSTICS
MILLIMETER WAVE

BAND DEFINITION
RECEIVER MODE

SOURCE CONFIG
PLOT OPTIONS
TEST SET CONFIG

TO SELECT
PRESS <ENTER>

MENU OTS1

TEST SET
CONFIGURATION

INTERNAL
MILLIMETER WAVE

PRESS <ENTER>
TO SELECT

y

N

v
MENU MMW4

MENU OTS2

MENU MMW1

MILLIMETER WAVE
TEST SET BAND
WR-22

(33 - 50 GHz)

WR-15

(50 - 75 GHz)

WR-12

(60 - 90 GHz)

WR-12 EXTENDED

(56 - 94 GHz)

WR-10

(75- 110 GHz)

WR-10 EXTENDED

(65 - 110 GHz)

WR-8

90- 140 GHz)
PRESS <ENTER>

TO SELECT

PRESS <CLEAR>
TO ABORT

TEST SET
CONFIGURATION

WARNING

CONTINUING
WILL INVALIDATE
CURRENT
SETUP AND
CALIBRATION

PRESS <ENTER>
TO SELECT

Mm WAVE BAND
BAND START FREQ
XX XXXXXX

XX XXXXXX

BAND STOP FREQ

EQUATION TO EDIT
SOURCE 1
SOURCE 2
RECEIVER
EQUATION SUMMARY
C.W. ON/OFF
MULTIPLIER
XXX
DIVISOR
XXX
OFFSET FREQ
XXXXXXXX
DEFAULT EQUATIONS
ACCEPT EQUATIONS

MENU MMW2

MILLIMETER WAVE
TEST SET MODULES

PORT 1 MODULE
3740/3741/NONE
PORT 2 MODULE
3740/3741/NONE
ACCEPT CONFIG
PRESS <ENTER>
TO SELECT

PRESS <CLEAR>
TO ABORT

MENU MMW3

TEST SET
CONFIGURATION

mm WAVE BAND:
XXXXXXXXXX
PORT 1 MODULE
3740/3741/NONE

PORT 2 MODULE
3740/3741/NONE

WARNING

CONTINUING
WILL INVALIDATE
CURRENT
SETUP AND

CALIBRATION

PRESS <ENTER>
TO SELECT

Figure 13-6.  Millimeter Wave System Menu Flow
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OPERATION MILLIMETER WAVE

If the system is not already configured for Millimeter Wave operation,

MENU MMWA1 select Millimeter Wave to call menu MMW1 (top left).
MILLIMETER WAVE - :
TEST SET BAND In menu M_MWl, select the millimeter wave band for which modules
have been installed.

WR-22
(33 - 50 GHz) CAUTION
WR-15 A band other than the one for which hardware is installed
(50 - 75 GHz) can be selected. In this case, the system may appear to op-
WRA2 erate normally, but it will not make accurate measure-
(60 - 90 GHz) ments.
WR-12 EXTENDED Upon completing the selection in the menu MMW1, menu MMW?2 (bot-
(56 - 94 GHz) tom left), appears.
WR-10
(75 - 110 GHz)
WR-10 EXTENDED
(65 - 110 GHz)

MENU MMW2

MILLIMETER WAVE
TEST SET MODULES

PORT 1 MODULE
3740/41/42/NONE

PORT 2 MODULE
3740/41/42/NONE

ACCEPT CONFIG

PRESS <ENTER>
TO SELECT

PRESS <CLEAR>
TO ABORT
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MILLIMETER WAVE OPERATION

In this menu, select which module is Transmission-Reflection and

MENU MMW3 which is Transmission Only. Do this carefully, as an incorrect selection
TEST SET causes the wrong S-parameters to be displayed. Once the selection is
CONFIGURATION made in this menu, MMW3 (left) appears.
mmWAVE BAND At this point, users have one last opportunity to abort the change in
KHXRXXXX configuration, by pressing the Clear key. If the Enter key is pressed, the
old configuration is lost. The system is reconfigured for millimeter

PORT 1 MODULE i
3740 wave operation.

PORT 2 MODULE
3740

WARNING

CONTINIUING
MAY INVALIDATE
CURRENT
SETUP AND
CALIBRATION

PRESS <ENTER>
TO SELECT

PRESS <CLEAR>
TO ABORT
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MILLIMETER WAVE

Changing Bands/Modules
While in Millimeter Wave

Allowable Millimeter Wave
Module Configurations,
Measurements and
Calibrations

Table 13-4. Calibration Criteria

The effect of changing millimeter wave bands while in Millimeter
Wave mode operation will be to (1) change the sweep frequency range
to the default range for the new band and (2) delete any current RF
calibrations. Therefore, the Caution on page 13-14 applies. Actually, it
is unlikely that any calibration would be valid if the modules are
changed. (This is because of manufacturing variations from module to
module.)

To configure the system for a different band or for one or more differ-
ent modules, follow the exact same steps as described on pages 13-14
through 13-16, except that only the new band or module types are
changed.

The S-parameter measurements and RF calibrations allowed are a
function of the type of millimeter wave module users have selected in
menu MMW?2. Note that one could actually have only one module and
still make reflection-only measurements. The criteria in Table 13-4 ap-
plies.

MMW Allowed Allowed RF Calibrations
Modules S-parameters
Port 1 Port 2 S11 | 812 |S21| S22 | 12 Forward Reverse Reflection | Reflection Forward | Reverse
Term | 1 Path 2 Port | 1 Path 2 Port P1 P2 Trans Trans

3740 3740 X X X X X X X X X X X

3740 3741 X X X X X

3741 3740 X X X X

3741 3740 b1/1 | b2/1 |b2/1|b1/1 X X
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MILLIMETER WAVE OPERATION

Effect of Default Program Because the system is reconfigured for Millimeter Wave mode opera-
tion, the effects of performing a “Default Program” are somewhat dif-
ferent. Performing a default program operation, either from the front
panel or via the GPIB will have the following results:

O Pressing the Default Program key twice:
The Millimeter Wave operating band, its associated frequency
range, multipliers, and millimeter wave module types will re-
main unchanged. If the frequency range has been modified from
the default values for the band, the modified values will remain
in force. The current sweep range will be set to the band fre-
guency range. This is consistent with other similar setup param-
eters, such as GPIB addresses

O Pressing the Default Program key, then the 1 data entry key:
Except for clearing the internal setup memories, the effect will be
the same as for pressing the Default Program key twice

O Pressing the Default Program key, then the 0 data entry key:
The system resets to its default, non-millimeter wave configura-
tion; that is, internal source active, no multiple source equations,
normal default system frequency range, and internal test set con-
figuration. If the “delete source” option is active, the system will
attempt to use an external source for source 1

The restrictions stated in the above “Allowable Microwave Modules
Configurations, Measurements, and Calibrations” section (previous
page) will impact the display resulting from a “Default - Default” ac-
tion. S-parameters displayed will be as indicated above, while the
channel configuration will be as shown in Table 13-5.

Table 13-5. Channel Configuration

MMW Modules Default Channel S-parameters Assigned
Configuration
Port 1 Port 2 Ch1 Ch2 Ch3 Ch4
3740 3740 All Four Channels S11 S12 S21 S22
3740 3741 Dual, Channels 1 and 3 S11 S21 S21 S11
3741 3740 Dual, Channels 2 and 4 S22 S12 S12 S22
3741 3741 All Four Channels b1/1 b2/1 b2/1 b1/1

Note: In the case of two 3741’s, the system will be put into SET ON mode. If users provide a phase-lock signal, they may set the
“user-defined” receiver mode to TRACKING.
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MILLIMETER WAVE

Redefinition of Band
Frequency Ranges

MENU OPTNS

OPTIONS

TRIGGERS

REAR PANEL
OUTPUT

Millimeter Wave
BAND DEFINITION

RECEIVER MODE

SOURCE CONFIG

TEST SET CONFIG

MENU MMW4

mmWAVE BAND

BAND START FREQ
65.000000

BAND STOP FREQ
110.000000

It is possible to modify the Millimeter Wave band equations to a range
different than the default range for the band currently installed. This
is done by pressing the Options key to display menu OPTNS (top left).
In this menu, select Millimeter Wave BAND DEFINITION and
cause menu MMW4 (bottom left) to appear.

The receiver equation or either of the sources may be edited. New val-
ues for the multiplier, the divisor, or the offset may be entered. To ap-
ply the selections, select ACCEPT EQUATIONS. Or select DE-
FAULT EQUATIONS to return selections or edits to the standard
default values.

The EXT_MILLIMETER WAVE 4 menu (Figure 13-7) appears next to
menu Millimeter Wave 4 to provide the current or proposed band in-
formation.

CAUTION

It is possible for the equations to be set to values that may
prevent normal operation of the system, due to excessive
frequency range beyond the capabilities of the system
hardware. The only way of restoring the system to its
known default settings is by selecting DEFAULT EQUA-
TIONS then ACCEPT EQUATIONS in menu MMW 4,
Using the DEFAULT-DEFAULT method will not reset
the equations.

If the frequency range of a millimeter wave band is changed to a range
where some or all of the frequencies are outside of the default range
for that band, or if the frequency multipliers are altered, the change
will be allowed, but upon selecting ACCEPT EQUATIONS in menu
MMW4, a warning message will be issued in the data area: “CAU-
TION: NON-STD BAND DEFINITION.” If the frequency range of a
Millimeter Wave band is changed to a range that is a subset of the de-
fault range for that band, no warning message will be issued.
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OPERATION

BAND STOP F

- MILLIMETER WAVE BAND DEFINITION SUMMARY -

XXX XXXXXX XXX

BAND FREQUENCY RANGE
BAND START F

XXX, XXXXXX XXX

FREQUENCY = (MULTIPLIER/DIVISOR) * F + OFFSET FREQ)
SOURCE 1 = (1/ 8) * (F= 0.270000 GHz)
SOURCE 2 = (1/ 6) * (F + 0.000000 GHz)
RECEIVER = (1/ 1) * (0.270000 GHz C.W.)

-NOTES -

1. SELECT <DEFAULT EQUATIONS> TO OVERWRITE DEFINITION
WITH VALUES SUITABLE FOR THE MILLIMETER WAVE BAND.

2. SELECT <ACCEPT EQUATIONS> TO CONFIRM ANY CHANGES.

3. PERFORMANCE SPECIFICATIONS ARE VALID ONLY WHILE
USING THE DEFAULT EQUATIONS OVER THE DEFAULT BAND
FREQUENCY RANGE.

4. DEVIATING FROM THE DEFAULT MAY CAUSE LOCK FAILURES.

Figure 13-7. Menu EXT_MMWA4

Use of Normal Multiple

Source Mode

Stored Setups and

Calibrations

While the millimeter wave feature is active, the normal multiple
source mode will not be available. Access to the menus OMO through
OM2 will not be allowed. If the system is in multiple source mode
when switched to millimeter wave, all multiple source information will
be lost, and the unit will return to normal (single source) operation
when millimeter wave operation is ended. In Millimeter Wave mode,
users may change the default values of the current waveguide band
frequency range, multipliers, and offset (CW-1F) frequency, by using
menu MMW4.,

The Millimeter Wave band definition and module information is stored
with a stored setup in internal memory, and with the setup and RF
CAL on disk. When a setup is recalled, first the band and module
types will be compared with the current settings. If different, the setup
will be rejected, and a message “ABORTED: HARDWARE DIFFER-
ENT” will be posted. If the hardware settings are compatible, the fre-
guency range of the stored setup will be compared with the current
system low and high frequency limits, in case the user has employed a
customized-band definition. If the recalled setup is within the current
frequency range of the system, it will be recalled with no warn-
ing—even if the current range is customized. If the recalled setup is
outside the normal frequency range, or if it has changed equations
(been customized) it will be recalled. However, a time-out warning
message will be issued in the data area: “CAUTION: NON-STD BAND
DEFINITION.”

37XXXD OM
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MILLIMETER WAVE

External Source and Power

Levels

When MILLIMETER WAVE has been selected in menu OTS1, the
system checks for the existence of two external sources. If either
source is not connected and operating, a warning message is posted to
the screen. On entering Millimeter Wave mode operation, the system
will automatically be configured to use the two external sources. The
Millimeter Wave mode will not function properly with low
source-power levels. Therefore, on entering this mode the source-power
levels will be adjusted to a predefined level. However the Source
Config and Test Signals menus will still be available to users, to
change power settings and source configuration if so desired.

13-22
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MEASUREMENT PROCEDURE

13-7 MEASUREMENT

PROCEDURE

MENU MMW1

MILLIMETER WAVE
TEST SET BAND

WR-22
(33 - 50 GHz)

WR-15
(50 - 75 GHz)

WR-12
(60 - 90 GHz)

WR-12 EXTENDED
(56 - 94 GHz)

WR-10
(75 - 110 GHz)

WR-10 EXTENDED
(65 - 110 GHz)

WR-8
(90 - 140 GHz)

PRESS <ENTER>
TO SELECT

MENU MMW2

MILLIMETER WAVE
TEST SET MODULES

PORT 1 MODULE
3740/3741/NONE

PORT 2 MODULE
3740/3741/NONE

ACCEPT CONFIG

PRESS <ENTER>

The measurement of a Device Under Test (DUT) using the Millimeter
Wave mode is quite similar to one using a coaxial measurement tech-
nique. However, due to the more complex nature of the Millimeter
Wave System equipment, additional care must be taken to ensure that
everything is set up properly. Depending upon the type of measure-
ment being performed, the setup may vary. The following is a descrip-
tion of a typical measurement procedure for a passive two-port DUT.

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Verify Correct Band Definition

Use menu MMW!1 (top left) to examine the current
millimeter wave band selection, and menu MMW?2
(bottom left) to examine the current module selec-
tions to be sure that they match the installed hard-
ware. Examine menuMMW4 (next page) to verify
that the band equations are set correctly. If there is
any doubt whether the setting are correct, use the
DEFAULT EQUATIONS selection to reset them.

Verify Correct Setup for the System

The safest way to do this is to press the Default key
twice. This returns the system to the proper fre-
quency range and power settings for the current mil-
limeter wave hardware configuration. It is very im-
portant that the RF sources be set to the correct
power levels. Set Source 1 (LO) to +17 dBm and
Source 2 (RF) to +13 dBm.

Perform and Verify an RF Calibration

The system may now be calibrated using an appro-
priate Anritsu Calibration Kit. Be sure to load the
calibration kit information from the provided floppy
disk into the instrument first. The default calibra-
tion type is Offset-Short, but an LRL/LRM calibra-
tion may also be used. See Chapters 4 and 7 for help
with RF Calibration details. Consult Table 13-4 for
limitations on which calibrations may be performed
as a function of the module types installed.

Attach the DUT

Use the calibrated torque wrench provided with the
Calibration Kit to tighten the waveguide flange re-

taining screws on the DUT. This results in more re-
producible measurements.

Select the S-parameter(s) and Graph Type(s) to Be
Used for the Measurement

TO SELECT The selection may be limited due to the types of mil-
limeter wave modules installed. Consult Table 13-4
on page 13-18 for further information.
37XXXD OM 13-23




OPERATIONAL CHECKOUT MILLIMETER WAVE

MENU MMW4

mmWAVE BAND

BAND START FREQ
65.000000

BAND STOP FREQ
110.000000

EQUATION TO EDIT
SOURCE 1
SOURCE 2
RECEIVER

EQUATION SUMMARY

Cw OFF

MULTIPLIER
1

DIVISOR
8

DEFAULT EQUATIONS

13-8 REmMOTE oPERATION

Step 6. Set the Display Scale
This may be done most quickly by selecting each ac-
tive channel, and pressing the Autoscale key. The
scale and reference values may then be set to a de-
sired value using the appropriate SET SCALE menu
for the graph type selected.

Step 7. Observe the Measured Data
It should not vary from sweep to sweep, and should
be within the range expected for the type of mea-
surement. Re-check tightness of the flange retaining
screws if data appears abnormal.

Step 8. Save the Calibration and Setup On the Hard Disk
Press the Save/Recall key to initiate the saving of
the current setup. An instrument setup in the milli-
meter wave configuration may be saved exactly like
any other VNA setup and RF calibration.

NOTE
Anritsu strongly recommends that any setup and calibra-
tion used for measurement be saved.

All functions of the ME7808Bmm can be controlled remotely, via the
IEEE 488 Bus (GPIB). The remote operation and controlling com-
mands are provided in the 37XXX Programming Manual

(PN: 10410-00262).
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13-9 OPERATIONAL The Operational Checkout subsection provides for checking that the
CHECKOUT— ME7808B Millimeter Wave System is functioning properly.
GENERAL

Required Equipment
The following equipment is required to perform the verification tests.

Model Description Quantity
Anritsu Waveguide Calibration Kit, with Option 1: Sliding Termination 1
MENU OPTNS 3655 Series
OPTIONS
Step 1. Remove the silver straight waveguide sections from
TRIGGERS the modules, if installed.
REAR PANEL . . . .
OUTPUT Step 2. Install the precision-straight waveguide sections
that are contained in the calibration kit on the wave-
Millimeter Wave guide output connector of each millimeter module.
BAND DEFINITION
RECEIVER MODE ) ) NOTE .
These waveguide sections (test port adapters) use high
SOURCE CONFIG precision flanges to improve connection repeatability and
calibration quality. They must be used to ensure specified
TEST SET CONFIG
system performance.

Step 3. Apply power to both system Sources and allow them
to complete self test.

Step 4. Apply power to the network analyzer.

Step 5. Press the Option Menu key, select TEST SET
CONFIG to configure the system for the types of
millimeter modules used.

Step 6. Allow the system to warm up for at least 60 minutes
to ensure operation to performance specifications.
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13-10 oreraTiON

CHECKOUT—IF
POWER LEVEL TEST

This test verifies that each individual receiver channel operates prop-
erly. Measurement calibration of the system is not required for this
test.

Test Setup
Key Menu Choice Set up test equipment as described below:
SIEELL:JP SUT;F;T: Low-end Fre- Step 1. Install a flush short on the output of the 3740A-X
gTOP?' High-end Fre- module connected to Port 1.
quency
Step 2. Set up the network analyzer controls as shown at
CHANNEL DUAL CHANNELS left
MENU 183 '
GRAPH LOG MAGNITUDE NOTE
TYPE (both channels) For 3741A Series, use limit settings for
S-PARAMS Channel 1 b1/1 (b2/1).
User Ratio: a1/1
User Phase Lock: a1 Test Procedure
Channel 3 The test procedure is described below:
User Ratio: b1/1 P ’
User Phase Lock: a1 o
SET RESOLUTION. 10.0 Step 1. Observe sweep indicator and allow at least one com-
SCALE dB/DIV S plete sweep to occur.
REF VALUE: -10.0 dB . .
(both channels) Step 2. Verify that the measurement traces fall within the
limit lines (Table 13-6).
Step 3. If the second module connected to Port 2 is also a
] Model 3740A-X Transmission/Reflection module,
Key Menu Choice change the setup to that shown at the top left and
CHANNEL DUAL CHANNELS perform Step 4. Otherwise, skip to Step 7.
MENU 284
Step 4. Install a flush short to the output of the 3740A-X
S-PARAMS Channel 2 module on Port 2
User Ratio: a2/1 ’
User Phase Lock: a2 . o
Channel 4 Step 5. Verify that the measurement traces fall within the
User Ratio: b2/1 limit lines.
User Phase Lock: a2
Step 6. If the second module to be tested is a Model
3741A-X, connect the two modules together and
change the setup to that shown at the bottom left.
Step 7. Verify that the measurement trace falls within the
Key Menu Choice limit lines.
CHANNEL SINGLE CHANNEL
MENU
S-PARAMS Channel 3
User Ratio: b2/1
User Phase Lock: a1
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Table 13-6. Limit Line Settings
Limit Model and Frequency Range (GHz)
Type
3740A-Q | 3740A-V | 3740A-E 3740A-EE 3740A-W and 3740A-EW 3740A-F
33-50 50-75 60-90 56-60 60-85 85-94 65-75 75-100 100-110 90-140
al/1 (a2/1) -5 -5 -5 -5 -5 -5 -5 -5 -5 -5
UPPER
LIMIT dB
a1/1 (a2/1) -29 =27 -29 -34 -29 -39 -39 —24 -34 -39
LOWER
LIMIT dB
b1/1 (b2/1) -2 -2 -2 -2 -2 -2 -2 -2 -2 -2
UPPER
LIMIT dB
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13-11

OPERATIONAL
CHECKOUT—
TRANSMISSION
HIGH LEVEL NOISE
TEST

The following test verifies that the transmission high-level noise in the
ME7808B Millimeter VNA System will not significantly affect the ac-
curacy of subsequent measurements. High-level noise is the random
noise that exists in the ME7808B Millimeter VNA System. Because it
is non-systematic, it cannot be accurately predicted or measured. Thus,
it cannot be removed using conventional error-correction techniques.
Measurement calibration is not required for this test.

Key Menu Choice NOTE
SETUP START: Low-end This test is not applicable if you are only using a single
MENU Frequency 3740A-X module on Port 1.
STOP: High-end
Frequency Test Setup
CHAN- DUAL CHANNELS 1 Set up the ME7808B Millimeter VNA System controls as shown at
NEL &3 left.
MENU (two 3740A-X’s)
SINGLE CHANNEL 3
(one 3740A-X and Test Procedure _ _
one 3741A-X) The test procedure is described below.
GRAPH LOG MAGNITUDE
TYPE (both channels) Step 1. Connect the two modules together.
ch:;LE (TBE/%?VLUT'ONi 0.050 Step 2. If using two 3740A-X’s, press the Ch 1 key and per-
REF VALUE: 0.0 dB form Steps 3 through 9. Otherwise, go to Step 10.
(both channels)
Step 3. Press the Trace Memory key.
S-PARA Channel 1 S12
MS Channel 3 S21
DATA 401
POINT
VIDEO IF 1 KHz
BW
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Step 4. Choose VIEW DATA from the menu (left) and press
MENU NO1 the Enter key.
TR?S,E&FOMN%RY Step 5. While observing the sweep indicator, allow at least
two complete sweeps to occur. (One complete sweep if
VIEW DATA using single channel display.)
VIEW MEMORY
Step 6. Choose STORE DATA TO MEMORY from menu
VIEW DATA and press the Enter key.
AND MEMORY
VIEW DATA () Step 7. Choose VIEW DATA / MEMORY from the menu
MEMORY and press the Enter key.
SELECT Step 8. While observing the sweep indicator, allow at least
TRACE MATH two complete sweeps to occur. (One complete sweep if
STORE DATA using single channel display.)
TO MEMORY . . .
Step 9. Verify that the peak-to-peak High Level Noise falls
DISK within the area between the two limit lines.
OPERATIONS
NOTE
Displayed data is only valid for the first few
sweeps.
Step 10. Press the Ch 3 key.
Step 11. Repeat Steps 4 through 9 for channel 3.
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13-12 opPeraTIONAL

CHECKOUT—
REFLECTION HIGH
LEVEL NOISE TEST

The following test verifies that the reflection high-level noise in the
ME7808B Millimeter VNA System will not significantly affect the ac-
curacy of subsequent measurements. High-level noise is the random
noise that exists in the ME7808B Millimeter VNA System. Because it
is non-systematic, it cannot be accurately predicted or measured. Thus,
it cannot be removed using conventional error-correction techniques.
Measurement calibration is not required for this test.

K Menu Choi
&y ent “hoice Test Setup
SETUP START: Low-end Fre- Set up the ME7808B Millimeter VNA System controls as shown at
MENU quency left.
STOP: High-end Fre-
quency Test Procedure
CHAN- DUAL CHANNELS 1&3  The test procedure is described below:
NEL (two 3740A-X’s)
MENU Sé’:‘}g;;%':’_“;‘:ﬂi";e Step 1. Attach the flush short to the waveguide port on the
3741AX) 3740A-X on Port 1 (and Port 2, if two are used); leave
the waveguide port on 3741A-X unterminated.
GRAPH LOG MAGNITUDE (both
TYPE channels) Step 2. Press the Ch 1 key.
SET RESOLUTION: 0.050
SCALE dB/DIV Step 3. Press the Trace Memory key.
REF VALUE: 0.0 dB
(both channels)
S-PARA Channel 1 S11
MS Channel 3 S22
DATA 401
POINT
VIDEO IF 1 KHz
BW
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Step 4. Choose VIEW DATA from the menu (left) and press
the Enter key.
MENU NO1
Step 5. While observing the sweep indicator, allow at least
TRACE MEMORY two complete sweeps to occur. (One complete sweep if
FUNCTIONS using single channel display.)
VIEW DATA
Step 6. Choose STORE DATA TO MEMORY from the
VIEW MEMORY menu and press the Enter key.
VIEW DATA
AND MEMORY Step 7. Choose VIEW DATA (/) MEMORY from the menu
and press the Enter key.
VIEW DATA (/)
MEMORY Step 8. While observing sweep indicator, allow at least two
SELECT complete sweeps to occur. (One complete sweep if us-
TRACE MATH ing single channel display.)
STORE DATA Step 9. Verify that the peak-to-peak High Level Noise falls
TO MEMORY within the area between the two limit lines.
NOTE
Displayed data is only valid for the first few
sweeps.
Step 10. If two 3740A-X’s are used, press the Ch 3 key and re-
peat Steps 4 through 9 for channel 3.
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This chapter describes the ME7808B Broadband Measurement System
and the broadband mode of operation (40 MHz to 110 GHz). For other
setup modes, refer to Chapter 13 (Millimeter Wave System), or other
pertinent chapters in this manual. Model 3742A-EW modules (65 to
110 GHz) are assumed to be installed on the system, even though
other modules are available.

The W1 Calibration Kit (P/N 3656) is designed for the purpose of per-
forming coaxial calibrations with the ME7808B Vector Network Ana-
lyzer up to 110 GHz. The calibration kit comprises of Open, Short, and
Load standards to enable two sets of calibrations—a Short Open Load
Thru (SOLT) calibration from 40 MHz to 65 GHz, and a Triple Offset
Short (SSST) calibration from 65 to 110 GHz (refer to Chapter 7, Mea-
surement Calibration for these calibration procedures). The ME7808B
firmware supports concatenation to allow merging of the two calibra-
tions for broadband corrected measurements from 40 MHz to 110 GHz
(discussed later in this chapter). In addition, the calibration kit in-
cludes fixed and interchangeable adapters, which may be used as test
port connector savers. The interchangeable adapters have one fixed
end and one interchangeable end that can be changed to a male or fe-
male for non-insertable device measurements.

The ME7808B Broadband system is normally composed of the follow-
ing Anritsu instruments and accessories (your system may vary de-
pending on your application):

O 37397D Vector Network Analyzer with Option 12

O 68037D or MG3692A Synthesized Signal Generator with
Option 15A

O 68037C or MG3692A Synthesized Signal Generator
(no options necessary)

3738A Millimeter Test Set
3742A-EW Millimeter Module (quantity 2)
O 57215 (left) and 57216 (right) Coupler (quantity 1)

0 O
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Console and Associated
Hardware

Cables

14-3 INsTALLATION

N\ CAUTION

>18 kg

HEAVY WEIGHT

Console and Table Setup

000D O00D0 D

[

a

Console

Table

Mounting rails for Table (quantity 2)
Static Dissipative Mat for Table
Wrist Strap

Rigid RF Cable (Upper synthesizer to 3738A)
Rigid RF Cable (Lower synthesizer to 3738A)
Cable Assembly (3742A to 3738A front panel) (Quantity 2)

Cable Assembly (3738A rear panel to VNA rear panel) (quan-
tity 1)

Flexible RF Cable (coupler to VNA) (quantity 2)
GPIB Cable (VNA to Synthesizer) (quantity 2)
Power Cord (quantity 4)

This section describes installation and system check-out without mak-
ing use of a wafer-probe test station. For instructions on installation of
the wafer probe test station, refer to section 14-5.

IMPORTANT NOTES
* The empty console weighs approximately 66kg
(145 pounds). Use two people to remove the console from
the pallet.

* Many of the instruments are quite heavy and require
two people to lift them.

¢ Instruments should be loaded into the bottom sections of
the console first, to prevent tipping of the console.

* The VNA instrument has fragile RF cables connected to
both the front and rear panels. Be careful not to bend
these cables when handling the instrument.

* If the synthesizers are not installed precisely as de-
scribed below, the system will be non-functional.

® We suggest using an 8 in/lb torque wrench to tighten
SMA connectors (available in most Anritsu VNA Cali-
bration kits) Do not tighten any connectors over 8 in/lbs.

Set up the console and table as described below.

14-4
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Step 1. Remove the shipping container and all packaging
and accessories from around the console. Set the ta-
ble aside. Instructions for table installation appear
later.

Step 2. Lift or roll the console off the pallet (to lift: insert
two sections of lumber through the console top and
lift it, using one person on each side).

Step 3. Cut the tie wraps which are securing the table
mounting rails at the console rear door. Cut the tie
wraps which are securing the power cords and wrist
strap ground wire.

Step 4. Attach the mounting rails to the table as shown in
Figure 14-1.

10-32 x 1/2 INCH 10-32 x 1/2 INCH

#10 LOCKWASHER #10 LOCKWASHER

INSTALL IN 6 PLACES #10 FLATWASHER
INSTALL IN TWO PLACES AFTER
PLACING THE WRITING SURFACE
INTO THE CONSOLE.

Z
Figure 14-1.  Console Table

37XXXD OM
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BROADBAND SYSTEM

Instrument Installation
into Console

Refer to Figures 14-2, 14-3, and 14-4 for installation of major instru-
ments and cables.

Step 1. Check the rear panel serial number labels of the syn-
thesizers. The instrument without Option 15 belongs
in the bottom compartment (“RF” synthesizer).

Step 2. Install the synthesizer with Option 15 in the second
opening from the bottom.

Step 3. Install the VNA into the top compartment. Ensure
the three small RF cables are installed onto the front
and rear panels (one in front, and two in back).

Step 4. Install the 3738A Test Set into the compartment be-
low the VNA.
Step 5. Secure all instruments in the console using the

screws provided.

Step 6. On the left front of the console, move the black
ground wire away from the guide of the table-mount-
ing rail, and install the table by sliding the table
rails into the guides.

Step 7. Secure the table rails at the rear of the console using
the screws provided.

14-6
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37397D Vector Network Analyzer

3738A Millimeter Test Set ‘

i

3742A-EW Milimeter Module [ & &

g
= | 3742A-EW Milimeter Module N\

T ES——

68037C or MG3692A
Synthesized Signal Generator
Option 15

GPIB Address: 4

68037C or MG3692A
Synthesized Signal Generatg
Not Option 15

GPIB Address: 5

Figure 14-2. ME7808B Console Showing Major Components
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INSTALLATION BROADBAND SYSTEM

Step 8. Lay the static-safe mat on the table and attach the
ground cable.

Step 9. Unpack the 3742A-EW modules and set them on the
table. Do not attach the couplers to the module test
ports - they will not be tested at this time. (To test
the couplers requires a W1 (1 mm) Male-Male
adapter for mating of Port 1 to Port 2, or a full instal-
lation on a wafer probe station.)

Coupler (Do not Coupler (Do not
install, initially) install, initially)
S ————

—_——
e

3742A-EW Module

3742A-EW Module

g— Devices Under
— Test (DUT)

Grounded,

Static-safe mat

Figure 14-3. ME7808B Console Showing Table and Module Setup
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INSTALLATION

System Cabling Connect ME7808B system cables as described below and shown in Fig-
ure 14-4 on the following page.

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Step 6.

Step 7.

From the front, connect the rigid RF cable between
the upper synthesizer and the 3738A LO IN connec-
tor. Ensure the connectors are seated correctly and
tightened securely.

From the front, connect the rigid RF cable between
the bottom synthesizer and the 3738A RF IN connec-
tor. Ensure the connectors are seated correctly and
tightened securely.

From the front, install the two RF cable sets between
the 3738A and the 3742A-EW modules. Connect ex-
actly as the labels indicate.

From the rear, unscrew the four small
chain-mounted terminations from on VNA (let them
hang loose) and install the Cable Set. Connect indi-
vidual cables as indicated on the labels .

Connect one GPIB cable from the lower (Dedicated)
GPIB connector of the VNA to the upper synthesizer.
Connect the second GPIB cable between the two syn-
thesizers.

Insert the power cords into all 4 instruments and
turn all the instruments on.

Ensure that the two synthesizers GPIB addresses
are set correctly. The top unit should be set to ad-
dress 4 and the bottom unit should be set to
address 5. This can be verified or changed by press-
ing SYSTEM JCONFIG |GPIB ADDRESS and en-
tering the appropriate GPIB address.

37XXXD OM
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Cable Set.
Install individual
cables as marked

GPIB Cable

GPIB Cable

Figure 14-4. ME7808B Console Rear Panel Cabling
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14-4 nmiAL ELECTRICAL
TESTS

Millimeter Module Checkout

Perform electrical tests as described below:

Check out the Millimeter Modules as described below:

Step 1. Ensure the VNA displays “Self-Test Passed”. If
self-test fails, contact your Anritsu Representative.

Step 2. To put the system into the “Millimeter” mode, press
the Option Menu key, and select TEST SET
CONFIG / MILLIMETER WAVE, then press Enter.
Select the correct WR modules for your system.

Step 3. Connect the Port 1 and Port 2 3742A-EW waveguide
test ports tightly together.

Step 4. If error messages appear, or the system does not
sweep:

« Look for error messages displayed on the
synthesizers’ front panels (“ovn cold” is not an
error)

« Double-check all cable connections

« Verify the synthesizers’ GPIB addresses are set cor-
rectly

 Verify the power control verniers on top of the
3742A-EW modules are set to maximum power
(fully CW)

Step 5. Ensure the system is set to default settings (press
the Default Program key twice to reset the system).

Step 6. Set the VNA display as follows:
a. Press the Channel Menu key and select
SINGLE CHANNEL from the display menu.
b. Press the Ch3 key
c. Press the Graph Type key and select LOG MAG-
NITUDE from the displayed menu.

Step 7. Ensure the display is similar to Figure 14-5 (next
page).

Step 8. Press the Ch2 key.

Step 9. Press the Graph Type key and select LOG MAGNI-

TUDE from the displayed menu.

37XXXD OM
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BROADBAND SYSTEM

Step 10.

Ensure the display resembles Figure 14-5.

521 FORMARD TRANSHISSION

LOG HAGNITUDE »REF=0. 808 dB 18.088 dB/DIY

SHWEEF SETUP

PITART
03 .AEARAEAAE GHz

3Top
118 .000800000 GHz

SET CENTER/SPAN
481 DATA POINTLS)
@.112009888 GHz
STEPSIZE

C.H. HODE OFF

HARKER SHEEP
DISCRETE FILL

HOLD BUTTON
FUNCTION

TEST SIGNALE

FRESS <ENTER>
TO SELECT

L3 .0EAAAEARG

GHz 118.00p8apRAR OFR TURN 0OW/OFF

Figure 14-5. Normal S21 Display of MM Module Uncalibrated Transmission

40 MH to 65 GH Checkout Checkout the 40 MHz to 65 GHz range as described below.

Step 1.

Step 2.

Step 3.

Step 4.

Install a throughline between the test ports on the
VNA.

Disconnect the cables from the rear panel of the
VNA that connect to the Test Set. Install the four
small terminations, which are hanging from the
chains, to the VNA.

Press the Option Menu key and select TEST SET
CONFIG / INTERNAL from the displayed menu.

View single channel S21 and S12 as described above
and verify that the traces are similar in appearance
to Figure 14-6 on the following page.

14-12
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BROADBAND SYSTEM WAFER PROBE STATION
521 FORHARD TRANSHISSION
SHEEP SETUP

LOG HAGHITUDE

»REF=0.008 dB 18.088 dB/DIV

........... ........... ........... ........... ........... ........... pSTOP

STRRET
B.0400008@8 GHz
65.00AERARAA GHz
SET CEMTER/SFAN
481 DATA POIMT(S)
g.162408008 GHz
STEPSIZE

C.H. MODE OFF

MARKER SHEEFP
DISCRETE FILL

”f .......... ?”_nnﬁ ........... 5 ........... ; ........... 5 ........... % .......... f ........... HOLD BUTTON

FUHCTION

........... ........... ........... ........... ........... _ ........... ........... TEST SIGHALS

PRESS <EMTER>

g.0840800008

: : 5 : : TO SELECT
GHz 63 .BBEABABAR OR TURM ON/OFF

Figure 14-6.

14-5 warer PROBE
STATION

S21 or S12 Forward Transmission

The preliminary checkout is complete. (Coupler operation can be
checked using the wafer probe station).

You are now ready to install the system to the wafer probe station or
configure it to your needs. To activate the full 40 GHz to 110 GHz
sweep, press the Option Menu key, and select BROADBAND.

The ME7808B VNA can be integrated with any standard probe station
(manual or semi-automatic) for making on-wafer measurements of ac-
tive or passive components to 110 GHz. However, there are some con-
siderations for set-up that will ensure accurate and repeatable mea-
surements.

Figure 14-7 (following page) shows integration of the ME7808B VNA
with a probe station. The primary connection is from the W1 (1.00
mm) coaxial output on the multiplexing coupler to the wafer probes. If
losses through the probes and cables are excessive, the result can be a
poor calibration. Therefore, it is recommended that the distance be-
tween the couplers and the probes be kept as small as possible. This
can be achieved by mounting the millimeter wave modules
(3742A-EW) on top of the positioners, as shown in the following figure.

37XXXD OM
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WAFER PROBE STATION

BROADBAND SYSTEM

0.7m Flex Cables

Coupler Scope
Coupler
37397D
(W/Option 12) ~—_|  —— — O
Tl DD
m]
a D
m]
of 0o oo o DD | v
Slr< H
3742A-EW 3742A-EW
3738A A
T [: '-=——-.F
(2 ©®© ® ® % =
68037D Positioner Positioner
(w/Option15) ] | ooo g
GPIB Address 4 A = ggg o=
=i - ooo U
= = C/ Oooo O
68037C o o sooh
(w/o Option15) oy |
GPIB Address 5 M = = SocNg O
B in | o o
= ; ooo 8
— ooo O
O e e e 000 ®
110 GHz Probes  HF Chuck
3700C3 —| ——
Note: The probe station is positioned in front of the equipment
rack such that the 65 GHz flex cables from the VNA are kept
1.5m Cable P
T ﬂﬁl ﬂEﬂ equal and as short as possible in length.
Table 14-7. Probe Station Interconnection
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BROADBAND MENUS, FLOW

14-6 BRoADBAND MENUS,

This results in increased output power and hence, enhanced system
dynamic range. This concern also applies for the V-connector cables
that connect the 37397D VNA to the multiplexing couplers. Placing
the probe station directly in front of the ME7808B can minimize these
cable lengths. Note that the probe station is shown on the side of the

rack simply for clarity purposes.

For more information on wafer probe station integration, please con-

tact Anritsu at 1-800-ANRITSU.

The menus associated with the broadband system are shown in Fig-

| m ooo |
o
ol Ogegoo
a|00gj|lg_o
00| _0agjjaao
[u | [=]=]u] B (u]
O] 00 0o oao|ooaf{pod
CREET=
0—o [)
Option
Menu
MENU OPTNS
OPTIONS
REAR PANEL
OUTPUT
DIAGNOSTICS
BROADBAND
DEFINITION
RECEIVER MODE
SOURCE CONFIG
TEST SET CONFIG v
RF N/OFF |___MENUBB4
DURING RETRACE BROADBAND BAND 2
TO SELECT BAND 2 START FREQ
PRESS <ENTER> 65.000000000 GHz
BAND 2 STOPT FREQ
110.000000000 GHz
DEFAULT RANGE
ACCEPT RANGE
MENU BB2 MENU BB3
BROADBAND BROADBAND
TEST SET MODULES TEST SET PRESS <ENTER>
TO SELECT
R
3740/41/42/NONE PRESS ;%s.?b
3740/41/42/INONE ;%FéT 1 MODULE
PORT 2 MODULE
PORT 2 MODULE
ACCEPT CONFIG 3742
WARNING
PRESS <ENTER> CONTINUING
TO SELECT MAY INVALIDATE
OR SWITCH CURRENT
SETUP AND
PRESS <CLEAR> CALIBRATION
TO ABORT
PRESS <ENTER>
TO CONTINUE
PRESS <CLEAR>
TO ABORT
Table 14-8. Broadband System Menu Flow
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BROADBAND CALIBRATION

BROADBAND SYSTEM

14-7 BrRoADBAND

CALIBRATION

Merging Calibrations

MENU MRG1

MERGE CAL FILES

CAL FILES MUST
EXIST IN THE
CURRENT DIRECTORY

MERGE CAL FILES

PRESS <ENTER>
TO SELECT

Broadband coaxial calibrations on the ME7808B are performed using
the W1 calibration kit (3656). The most accurate calibration can be
achieved during two separate calibrations, an SOLT from 40 MHz to
65 GHz and an SSST from 65 GHz to 110 GHz. Once the SOLT and
SSST calibrations have been performed and saved, they can be merged
for a continuous, single sweep broadband calibration. (Refer to Chap-
ter 7, Measurement Calibration for SOLT and SSST calibration proce-
dures.) Alternatively, the user may perform an SOLT over the entire
band, 40 MHz to 110 GHz, which will result in degraded performance,
compared to the previously mentioned routine.

Procced as follows:

Step 1. Press the Appl key.

Step 2. Select MERGE CAL FILES to open menu MRG1
(left).

Step 3. Select MERGE CAL FILES again to open menu

MRG2 (below left).

Step 4. Select READ CAL FILE 1 FROM HARD DISK or
READ CAL FILE 1 FROM FLOPPY DISK to se-
lect the SOLT calibration file.

Step 5. After loading the SOLT cal file, select READ CAL
FILE 2 FROM HARD DISK or READ CAL FILE
2 FROM FLOPPY DISK from menu MRG3 (below
right) and select the SSST calibration file. This step
merges the calibration files together.

MENU MRG2

MERGE CAL FILES

READ CAL FILE 1
FROM HARD DISK

READ CAL FILE 1
FROM FLOPPY
DISK

PRESS <ENTER>
TO SELECT

PRESS <CLEAR>
TO ABORT

MENU MRG3

MERGE CAL FILES

READ CAL FILE 2
FROM HARD DISK

READ CAL FILE 2
FROM FLOPPY
DISK

PRESS <ENTER>
TO SELECT

PRESS <CLEAR>
TO ABORT

Step 6.

The system is now ready for calibrated measure-
ments over the 40 MHz to 110 GHz frequency range.
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