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Accuracy Enhancements

Embedding/De-embedding

The de-embedding capabilities of the VectorStar
VNAs can be used to remove test fixture
contributions, modeled networks, and other
networks described by S-parameters (.s2p files)
from the measurements. Similarly, the embedding
function can simulate matching circuits for
optimizing amplifier designs or simply adding
effects of a known structure to a measurement.

Adapter Removal

Quickly and easily characterize and “remove” the
effects of an adapter attached during calibration
and not used during device measurements. This
de-embedding technique is useful when
measuring non-insertable devices and optimizes
the calibration procedure. Using this method
requires only two normal insertable SOLT
calibrations. VectorStar VNAs retain both
calibrations in internal memory and automatically
extract the effects of the adapter during
measurement.

The VectorStar Universal Fixture Extraction option (UFX) provides advanced network extraction capabilities beyond
the standard methods. The option provides increased range of calibration choices for on-wafer and fixture
calibrations when a full set of calibration standards are not available. An example would be when only an open
and/or short at the end of a customized fixture is possible. This capability is quite valuable in signal integrity and
device characterization applications where migration to higher frequencies in support of higher data rates as
required in 4G and 5G systems, backhaul, and data centers.

Test Port Power with Power Meter Accuracy

S-parameter measurements of active devices, such as amplifiers, require accurate knowledge of the input and
output power levels of the device. Also, for optimum swept frequency gain compression measurements, the output
power of the analyzer test port should be flat over the frequency range. The VectorStar MS4640B VNA provides an
automated power flatness calibration program for characterizing test port power. When calibrated with power
meters such as the Anritsu ML24XX series power meters, the calibration routine automatically stores a power
correction table in the analyzer for later recall. The result is a VNA with flat, leveled power across the entire sweep
range and with power meter accuracy.

Anritsu’s VectorStar MS4647B with ML2438A Power Meter
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Opto-Electronic Testing

The VectorStar ME7848A opto-electronic network analyzer (ONA) system includes the VectorStar VNA combined
with a traceable calibration O/E detector module and an E/O converter. The VectorStar ME7848A ONA enables the
measurement of domain-transfer devices such as optical modulators, modulated lasers, optical transmitters,
photodiodes, photoreceivers, and transceivers. The VectorStar system facilitates the measurement of
electrical-to-optical (E/O) and optical-to-electrical (O/E) transfer function in terms of bandwidth, flatness, and
phase linearity (group delay).

Three system options provide the ability to measure optical devices at the 850, 1310, and 1550 nm wavelengths.
System modularity offers the ability to add detectors and/or converters with different wavelengths to expand
system capabilities without the need for additional VNAs.

+ Fast and accurate opto-electronic measurements — The VectorStar ME7848A-0200 series ONA, when
calibrated using the MN4765B O/E module, enables error-corrected transfer function, Group Delay, and Return
Loss measurements of E/O and O/E components and subsystems.

* MN4765B O/E calibration module — The O/E calibration module is a photodiode reference standard detector
that is thermally stabilized to minimize drift over temperature.

* MN4775A E/O converter — The E/O converter includes a calibration module with a lithium niobate
(LINbO3) modulator stabilized by a fully automatic bias controller and tunable or fixed wavelength laser source.
Excellent converter stability ensures characteristics remain consistent during measurement of O/E DUT detectors
and receivers.

National Institute of Standards and Technology (NIST) derived characterization — Magnitude and phase
characterization of the O/E calibration module is obtained using a primary standard characterized by NIST and
held in the Anritsu Calibration Lab.

Internal biasing — Accurate bias voltage to the photodiode is maintained internally.

+ Measurement flexibility — The VectorStar VNA can be easily switched between electrical and opto-electronic
measurements. Only one 12-term calibration is required, which can be applied to E/E, E/O, and O/E setups. This
makes it flexible and easy to use for all high-speed device measurements.

MN4775A E/O Converter

The MN4775A E/O converters offer wavelength support of 850 nm at 40 GHz and 1310/1550 nm with frequency
response to 70 GHz. Each converter incorporates a telecommunication-grade lithium niobate (LiNbO3) modulator
that is stabilized by an automatic bias controller. The converter also includes a tunable or fixed wavelength laser
source. The 1310 and 1550 nm versions also have loop-back access for operation using an external laser.

MN4765B O/E Calibration Module

The MN4765B is the base calibration module and, when combined with appropriate options, can be used with the
Anritsu VNAs to perform accurate, flexible, and cost-effective characterization of opto-electronic devices. Option 40
offers opto-electronic measurements of devices from 70 kHz to 40 GHz in the 850 nm range. The 1550 and

1310 nm wavelengths are supported with the option 70 and 71 respectively. These O/E calibration modules

consist of an InGaAs photodiode that converts modulated optical signals to electrical signals, and includes
additional circuitry for temperature and bias stability.
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SPA Measurements

Anritsu VectorStar VNA Spectrum
Analysis Option 49

Every electronic device or component that is
characterized using a Vector Network Analyzer,
at some point, also undergoes spectrum analysis
to check various parameters or is used for
troubleshooting. The following measurements
are examples of the various parameters:

* Harmonics (3rd, 5th, 7th, etc.) Measurements
* Spurious Measurements

+ Distortion Measurements

+ For Spectral Content of the Device

All the above measurements require the device under
test (DUT) to be detached from the VNA setup and
attached to a spectrum analyzer. The process can
become tedious, time consuming, and prone to
errors. With the inclusion of a spectrum analysis
option in the VectorStar VNA, users can make both
VNA based S-parameter measurements and
spectrum measurements in a single connection

with ease and accurate results.
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Main Highlights and Features of
VectorStar Spectrum Analysis (SPA)
Option 49

Dual SPA Mode Available for Usage as Per
Testing Requirements

* VNA-like (point based sweep)

- Suitable for accurate and fast spectrum
measurements when frequencies of interest
are already known

- Ten times faster than the classical spectrum
analysis mode

+ Classical mode (traditional spectrum analyzer)
- Suitable for viewing entire spectral content of a
device or when the frequencies of interest are
not known

+ Simultaneous, sequential S-parameter and
spectrum analysis for viewing VNA-like and
spectrum analyzer-like responses of the DUT

« Al VNA related benefits are also available in SPA
mode: embedding, de-embedding, power
calibration (source and receive), reference plane
extension, etc.

+ Make SPA measurements at the DUT reference
input or output plane like VNA measurement

* Zero Span mode available
+ Support for making modulated measurements*

* Refer to 10410-00318 MS4640B VectorStar measurement quide
for more information
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SPA Measurements

Key Features and Highlights

SPA available from 70 kHz to
20/40/70/110/125/145, and 220 GHz. Also available
for banded configuration to 1.1 THz

Dual SPA mode available: suitable for mixers,
amplifiers, harmonics, and spurious testing

SPA available on all ports and the user can define
which port to use as the designated SPA port

Several detection types are available in Classical
mode: peak, minimum, RMS, and mean

Various math functions can be applied on SPA
mode like min hold, max hold, user-defined
equations

Sources and receivers can be independently
configured and can be used as a tracking
generator

For units that have a dual source, a dual drive
option is available. Support for external source
control is also possible

Phase synchronization for units with dual source is
available. This feature allows users to control and
configure the phase between the two sources

Source and receiver attenuators are available with
VNA and can be activated in SPA mode.
Recommendation: use Option 62 (with attenuator
on receiver side) for measuring the spectrum
content of high-power devices

Software option: easy to install and upgrade
existing user equipment
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Harmonic Measurement for a Two-Port DUT

Harmonic Measurement Example

e

M1 - 21 Gz -21.788 BBm
M2 278§ GHz 238351 dBm

[

MAXHOLD Plot (Using Equation Editor) of
the Output of a Free-Sweeping Signal Source

Equation Editor (Max Hold) Example

Independent Tracking Control of Sources and Receivers -
Showing a 155 GHz Tracking Mode

Specifications Overview

Resolution bandwidth (RBW) range: 1 Hz to 1 MHz

Displayed measurement points: up to 25000
(100000 in a single channel configuration)

DANL at test port: -123 dBm/Hz to 70 GHz
(MS4647B, no loop options, above 10 MHz)

Third Order Intercept (TOI):

- >33 dBm for 1 to 70 GHz (typical) MS4647B

- >33 to 40 GHz for (typical) MS4644B and to
20 GHz for MS4642B

Sweep time: 201 display points, 1 MHz RBW,
single trace

- <40 ms, 10 MHz to 20 GHz (typical), VNA-like mode

- <60 ms, 10 MHz to 70 GHz, VNA-like mode
(MS4647B)

- <0.7 s, 10 GHz span, Classical mode

- <1.45s,10 MHz to 20 GHz, Classical mode
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Calibration Choices

Optimum Measurement Accuracy for a Wide Range of Application Environments
* Precision AutoCal module for automatic calibrations
« SOLT/SOLR for traditional mechanical calibrations
* TRL/LRL/LRM for metrology-grade accuracy
* A-LRM, SSLT to SSSR for on-wafer, waveguide, and other unique requirements

Precision AutoCal

The most efficient calibration solution:
+ Reduces calibration time and potential operator errors
« Improves accuracy over traditional SOLT by utilizing innovative characterization and calibration algorithms
+ Performs the widest frequency span calibration in a single, automatic calibration module: 70 kHz to 70 GHz

* Provides the largest number of internal characterization points for best accuracy simultaneously over a broad
and narrow frequency span

« Combines the most number of characterized points with up to 100,000 instrument calibration points - all with
a single click

VectorStar MS4647B with 36585V AutoCal

The concept of AutoCal was first introduced to decrease the possibility of improper connections or connecting the
wrong standard. Combining over-determined characterization algorithms with Anritsu’s Multiple Line Calibration
Kit, Precision AutoCal provides unprecedented accuracy. It now surpasses the accuracy of mechanical standards
kits, resulting in a simple-to-use calibration method providing metrology-grade performance.
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Calibration Choices (Cont'd)

Fast, Easy, and Accurate Non-Insertable Measurements

Non-insertable measurements require the use of an adapter during the thru calibration setup. Oftentimes,
extraction methods utilizing .s2p files are used to remove the effects of the adapter. This requires yet another
calibration and a challenge to perform the measurement with the desired degree of accuracy. That's why the
Precision AutoCal module is available in a variety of connector configurations and can easily connect the
non-insertable test ports to provide the most accurate alternative to non-insertable calibrations.

For cases where the correct connector version of AutoCal may not be available, VectorStar VNAs provide an
easy method of incorporating an adapter during the thru calibration step. This improved method eliminates
the need for additional .s2p files. The procedure works in conjunction with the insertable AutoCal, and simply
requires reversing the combination and re-calibrating. The result is an automatic adapter removal calibration
using only four connections (unlike other methods that require as many as 22 reconnections during the
calibration procedure).

Substantial advancements in automatic calibration performance with Precision AutoCal's superior switching

of internal standards, coupled with the highest available calibration points, provides the most accurate, stable,
and user-friendly automatic calibration system available for a VNA. The unique topology of the AutoCal module
provides a number of significant advances during the automatic calibration procedure:

* Hybrid GaAs PIN diode technology, with its unique standards mapping technique, provides a wide range of
impedance reference points without the high insertion loss of cascading multiple switches. With a wide variety
of impedance points to choose from, the VectorStar VNA's over-determined algorithm finds the optimum
characterization combination to provide the fastest, most accurate calibration possible. The higher number of
available reference points, coupled with over-determined characterization algorithms, provides wider
reference coverage of the impedance map, increased source match accuracy, and minimization of
interpolation errors across the entire Smith Chart.

Turnstile approach to impedance switching provides a low insertion loss path between ports 6 dB or better for
a far more accurate thru-path characterization and superior transmission tracking performance.

+ Get an accurate thru-path characterization without the need to reconnect test port cables or perform an
additional calibration step as with other electronic calibrators.

« A maximum number of over-characterized points, combined with an optimal segmented sweep, results in a
calibrated step size as narrow as 20 kHz (compared to 10 MHz for other electronic calibrators). The result is low
interpolation errors, even when sweeping extremely narrow band ranges.

Availability of the SOLR calibration routine for applications where transitions in connector types are required.

+ AutoCal can also be characterized in the field with an adapter. No need to send the module back to the
factory. When finished, the adapter can be removed and the initial characterization file restored to its
original state.
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Calibration Choices (Cont'd)

Unsurpassed Accuracy

Accuracy is determined by numerous system performance aspects, such as corrected test port characteristics and
trace noise. Uncertainty curves provide a graphical representation of total system accuracy and offer a complete
picture of precise and expected measurements. The overall test port characteristics of the VectorStar VNAs are
unsurpassed, whether compared to traditional SOLT calibration kits or automated calibration methods. For
example, note the significant advantage in accuracy of the VectorStar VNAs when calibrated with the Precision
AutoCal compared to other VNAs calibrated with similar automated calibration modules (or even with
traditionally more accurate mechanical calibration kits using sliding loads). Further proof that not only will
VectorStar VNAs provide the most accurate measurements, they are also easy to calibrate and operate.

LRL/LRM Multiple Line Calibration Kits

Utilizing Anritsu's 3657 series multiple line calibration kits, the VectorStar VNA can be calibrated to unprecedented
levels of performance. The six male-to-male, beadless airlines provide the highest level of quality in accordance to
the NIST traceable impedance standard. When calibrated with the internal LRL/LRM calibration routine, the
VectorStar VNA's corrected directivity and load match is specified to be up to 50 dB.

Model 3659 0.8 mm Calibration and Verification Kit

70 kHz to 70 GHz of Fully Specified, Traceable Measurements

Anritsu has pioneered metrology measurements using airline technology. Airlines establish the characteristic
impedance of the measurement system and are traceable through mechanical measurements. Traceable, beadless
airlines are then used to confirm performance of a calibrated VNA. Anritsu has established a traceable path for
airlines up to 70, 110, and 145 GHz. A traceable path to 70 kHz has also been established by using DC coupled
thermal power sensors. Thus, utilizing a combination of traceable Anritsu-designed thermal power sensors and
traceable airlines, calibration and specifications covering the entire 70 kHz to 70/110/145 GHz range in a single
sweep is achieved. For measurements up to 220 GHz using the ME7838G(G4) system, on wafer calibration
substrate standards are used for traceability.

36580 Series AutoCal and Precision AutoCal

The Anritsu 36580 series AutoCal modules are automatic calibrators that provide fast, repeatable, and high-quality
coaxial calibrations up to 70 GHz. These modules contain precisely characterized calibration standards that aid in
the removal of normal systematic errors of VNAs. These calibrators are ideal for the manufacturing environment
where speed, accuracy, and reliability are important.

36585V Precision AutoCal
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Calibration Kits and Accessories

3650 Series Calibration Kits

Accurate operation of your VectorStar VNA is ensured by using Anritsu'’s precision
coaxial SOLT (sliding load) calibration kits. These kits include precision components
for calibrating measurements in SMA, 0.8 mm, 1 mm, 3.5 mm, K connector™, and
V connector™. For waveguide measurements, standard kits offer offset-short
calibration capabilities. Anritsu’s microstrip calibration kits include all the
components necessary for SOLT, LRL, and LRM calibrations using the Anritsu 3650 series Coaxial Calibration Kits
3680 series Universal Test Fixture.

3657 Series Multiple Line Calibration Kits

The Anritsu 3657 series multiple line calibration kits provide six V connector airlines
ranging from 15.00 mm to 49.84 mm in length. All airlines are configured with
male-to-male connectors. The airlines can be used to calibrate the VectorStar

VNA using TRL/LRL/LRM calibration techniques. Using the proper combination

of airline lengths and the VectorStar internal calibration routines, the VNA can - —
be consistently calibrated to 50 dB directivity. Insertion and removal tools are

also supplied with the kits. The kits can be provided with and without fixed 3657 Series Multiple Line
offset shorts. Calibration Kits

3660 Series Verification Kits

Anritsu offers a complete line of coaxial verification kits to confirm a system’s
performance. All verification kits contain precision components with
characteristics traceable to NIST. Verification kits can be kept in a metrology
laboratory where they provide the most dependable means of checking o
system accuracy. ‘

_.:
3680 Series Universal Test Fixtures (UTF) 3660 Series Verification Kits

Anritsu’s universal test fixture accommodates measurements in microstrip and
coplanar waveguide. Spring-loaded jaws help to provide 0.1 dB repeatability on
devices from 5 to 75 mils thick. Special fixtures are available for testing packaging
transistors. An optional MMIC attachment helps you test integrated circuits.

3670 and 3671 Series Test Port Cables
Anritsu offers laboratory-quality, semi-rigid, and flexible test port cables for K and V connectors.

34 Series Test Port Converters

Test port converters allow you to change the connectors on the VectorStar VNA test ports. Converters are available
for K.and V connectors.

35 Series Waveguide-to-Coaxial Adapters

These precision waveguide-to-coax adapters transform standard or double-ridge waveguide-to-coaxial K or
V connectors.

W1 (1.0 mm) Components

Anritsu offers a power divider, power splitter, directional coupler, and a set of 3, 6 and 10 dB attenuators with
guaranteed electrical specifications to 110 GHz. These components are metrology-grade and offer the best
performance for broadband measurements.
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Full-Featured Front Panel for Easy Access to Powerful Functionality

* Access the features and functions of the
VectorStar VNA through dedicated keys,
touchscreen, and mouse-driven selections

+ Input extensive data via your external
keyboard

+ Custom toolbars provide easy setup
configurations for specific measurements

+ Select and organize up to 10 icons for fast
selection of the most common measurements

* Increase security using the removable SATA
hard drive accessible from the rear panel

* Multiple sweep options include: frequency
(lin or log) and power, and with option 2,
frequency with time gate and time domain
(low pass or bandpass)

ns LogM+P Reflvi:-0.6 dB,1*Res: 1 dB/Div,50
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Full-Featured Front Panel for Easy Access to Powerful Functionality

Grouped by category and application, the hard keys provide all the control options
dedicated to perform all front panel setups and measurements

Up to 16 independent channels for
maximum flexibility

Add up to 16 traces to each channel
for optimum data display

A single channel can provide as
many as 100,000 datapoints, while
multiple channels can provide up
to 25,000 points per channel

Click and drag up to 13 decoupled
markers per trace across the display
with continuous updated readout

Two USB ports on the front panel
provide convenient access for flash
drives, keyboards, and mouse
operations
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Customizable Rear Panel with Connectivity Options

10 MHz Reference In/Out
BNC (f)

AnalogIn1and?2
BNC (f)

External ALC 1 and 2
BNC (f)

External Analog Out
BNC (f)
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Customizable Rear Panel with Connectivity Options

RS-232C Serial Port
9-pin D-Sub Connector (f)

USB 2.0 Type B Port — for VNA
control over a USB Network

External Monitor Connection

s INPUT
90-264 VAC

47-63 Hz
[ 350 VA max

wit
type and rated |§

T6.3A250V &

AcauTioN

External I/0 25-pin
D-Sub Connector

Hxt
Trigger

Second IEEE 488.2 GPIB
port for GPIB talker/listener

Refer to manual for
GPIB address

leady
br Trigger

T .
= — Dedicated IEEE 488.2 GPIB
o EEE————— port for control of peripheral
ut T T o | devices such as power meters,
R R I 0 external sources, etc.
T ———
T
=n-3 ———
i System-HDB _' 10/100BaseT Ethernet port
B Two USB 2.0 Type A Ports PS/2
e Mini-DIN Ports
Bias Fuses,
o s Port 1 ® C¢ @ G € \ Serial-ATA hard drive easily
B CCREHAL O remove and replace from the
A\cauTion rear panel
> 18 kg
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