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Multi-channel antenna calibration
challenges

As the market for multi-channel, phased-array antenas grow,
manufacturers experience increased pressure to reduce cost
and increase test capacity. At the same time, manufacturers
would like to expand test system flexibility to cover broad use
cases and provide options for future upgrades. The calibration
and testing of multi-channel antennas brings many challenges
and, therefore requires a new testing approach:
- Anincrease in the number of array elements results in an
increase in test times and test complexity
- For precise beam-forming, it is critical to achieve phase
coherent sampling across all input channels, providing
relative amplitude and phase measurements
- Advancements in antenna and radar technologies re-
quires a test system that is flexible and upgradeable

Accelerate the calibration of large antenna
arrays with precise cross-element phase
and magnitude measurements. Get ready
for the future with increased measurement
bandwidth and system flexibility.

Multi-channel antenna calibration,
Reference Solution

The multi-channel antenna test Reference Solution is a com-
bination of hardware, software, and measurement expertise
providing the essential components of a narrow-band antenna
calibration test system. This enables engineers to use, ehance,
or modify the test system as required to meet specific test
application needs including scalable channel count, options
for downconversion of antenna receive channels, selectable
analysis BW, and choice of RF/micro wave sources and LO. It
can also be extended to wide-band measurements as needs
change.

To facilitate evaluation andintegration in your test environment,
you can use supplied test code examples to set up receiver
channels, including DDC, make phase and magnitude mea-
surements, add channel-channel correction factors, and
export measurements for post-processing.
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Hardware

Solution features & benefits
Features

Up to 40+ digitizer channels
measured in parallel

Phase coherent sampling
across input channels

DDC for narrow-band measure-
ments

Typical solution performance

Measurement throughput

Frequency range

Narrow-band analysis BW (with
DDC)

Non-decimated BW
Ch-ch phase coherence

Benefits

Provides 8-10x improvement in
antenna measurement time

Improved calibration and beam-
forming

Optimizes signal capture while
improving amplitude and phase
sensitivity

Up to TM narrow-band measure-
ments per second (40 channels)

DCto 40 GHz
300 MHz to < 1 kHz, adjustable

600 MHz
<1 degree

Product specifications & characteristics
M9703A AXle 12-bit digitizer/wide-band receiver
8 channels @ 1.6 GSa/s
2 GHz analog bandwidth
Real-time digital downconversion (DDC)
M9362A-D01 PXle microwave quad downconverter
4 coherent channels
26.5 or 40 GHz frequency range
1.5 GHz analog bandwidth
M9352A PXI hybrid amplifier/attenuator
4 channels
1 GHz analog bandwidth
N5183B MXG microwave analog signal generator
13,20, 31.8 or 40 GHz
+20 dBm output power at 20 GHz
Frequency switching time 600 ys, typical
E8257D PSG analog signal generator
20, 31.8, 40, 50 or 67 GHz
+26 dBm output power at 20 GHz
-143 dBc/Hz phase noise, typical (1 GHz signal)
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M9703A AXle 12-bit digitizer/wide-band receiver
www.keysight.com/find/m9703a

Make 8 high-speed, high resolution, and phase-coherent baseband measurements with a
single AXle module. Expand capability by combining multiple modules in a single AXle chas-
sis. Tune and zoom full-bandwidth ADC measurements with the DDC to a narrower frequency
analysis band of interest with improved amplitude/phase sensitivity.

M9362A-D01 and M9352A PXI-based quad downconverter and amplifier
www.keysight.com/find/m9362a-d01
www.keysight.com/find/m9352a

Match the signal output of the antenna to the input of the digitizer by using the PXI-based
quad downconverter and amplifier modules. Cover a frequency range of up to 40 GHz with
different downconverter options.

N5183B MXG microwave analog signal generator
www.keysight.com/find/n5183b

Provide the downconverters with a local oscillator with low phase noise. The high power
output of the MXG allows you to use a splitter to feed the LO to multiple downconverters to
ensure phase-coherence. Can also be used to provide a source signal with fast frequency
switching.

E8257D PSG analog signal generator
www.keysight.com/find/e8257d

Use the E8257D when you need industry-leading phase noise performance. Provide up to a
+26 dBm source/transmit signal for the antenna under test with frequencies up to 67 GHz.
Can also be used as an LO source for the downconverters.

AXle and PXle chassis and PXle controller
www.keysight.com/find/pxie-chassis
www.keysight.com/find/axie-chassis

For small systems, the M9502A will support up to 16 digitizer channels (2 modules). For larger
systems, the M9505A can support up to 40 digitizer channels (5 modules). Very large systems
can be built with the M9514A 14-slot AXle chassis. The M30O18A PXle chassis has 17 instru-
ment slots available for the PXI-based down-converters and amplifiers. Build a compact test
system by utilizing an embedded controller. The Core i7 based MI037A PXle controller can
control both an AXle and PXle chassis.


www.keysight.com/find/m9703a
www.keysight.com/find/m9362a-d01

www.keysight.com/find/m9352a

www.keysight.com/find/n5183b
www.keysight.com/find/e8257d
www.keysight.com/find/pxie-chassis
www.keysight.com/find/axie-chassis


Antenna calibration example software

The Reference Solution is provided with a C# test code exam-
ple specifically designed to collect data from an antenna under
test and compute cross-channel magnitude and phase data.
To accelerate test development and facilitate the integration in
your test environment, the source code for the example soft-
ware is provided in the form of a .NET class library. This allows
you to build-upon the example (using Microsoft Visual studio
or National Instruments LabVIEW) and customize the collec-
tion and processing of data to your specific application needs

Test setup and control

The example GUI allows the user to set up the measurements
made with the M9703A digitizer, including control over DDC
parameters. It includes settings such as initial sample rate,
number of samples/segments, trigger control, and deci-
mated IQ sample rate. It also allows the user to select which
digitizer channels are used for the test and to select the
reference channel for cross-channel measurements. Once
the test conditions are set, the hardware is configured, data
is acquired, and the decimated I-Q data record is uploaded to
the host computer.
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Figure 1. Test setup and control

Computing cross-channel measurements

The analysis tab allows you to quickly visualize absolute or
relative phase/magnitude measurements for all measurement
intervals in a selected segment.

Isolating measurement intervals

The analysis tab also allows you to isolate each measurement
interval by selecting the number of samples you wish to inte-
grate over and setting the interval delay and transition time
(samples) between intervals. After recalculating, the software
will generate a single I-Q measurement for each interval.
Again, you can use the plots to visualize either relative or
absolute measurements.
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Figure 2. Cross-channel phase measurements for all I-Q samples with abso-
lute (reference channel) and relative (other channels) values
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Figure 3. Absolute and relative phase plots, after computing a single I-Q pair
for each interval and applying a calibration table

Utility and file functions

The example software also has utility and file functions to
help improve and utilize your test results. For example, you
can load a cal table containing channel-channel magnitude/
phase correction factors to be used when calculating the
cross-channel measurements. You can also export your
results for post-processing in your test environment.

Abs Mag  Abs Phase Rel Mag Rel Phase
-5.19095E-007 0.0528263 476769 103616 224485
0.050418  -42.0245 1.03593 2.2504
0.0503985 475852 1.03562  2.24861
00504084  -42.0243 103579  2.25268
0.0504206 476036 103634 2.2506
00504163  -42.0475 103609 226725
00511135 39.2728 103581 231503
0051592  -338411 103536 209638
0.0516181 39.2545 103604 231602
00516051  -338607 103584, 209379
00512385 433699 103508 231262
00510157 -37.8169 103495 219123
0.0509767 433785 103442 231643
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Figure 4. Exporting cross-channel [-Q measurements



Wide-band signal analysis software

89600 VSA software

Using the M9703A and DDC with the Keysight Technologies,
Inc. 89600 VSA software for advanced measurement analysis

enables cross-channel baseband measurements including
phase and amplitude. The VSA software provides seamless
control of the M9703A digitizer including DDC and multi-
channel support (up to 8-channels). It is particularly useful

when more complete visualization is required with wide-band

measurements.
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Figure 5. 89600 VSA software plots using a 100 MHz chirp

Integrating the Reference Solution
into your test environment

When integrating this Reference Solution into your test envi-

ronment, keep the following notes in mind:

- This solution can be integrated into existing test ranges
by replacing the antenna measurement subsystem cur-

rently in use

- Current antenna control hardware and software is re-
used and interfaced to the Keysight reference solution.

Hardware trigger signals are used to synchronize the
antenna and the reference solution
- Build upon the Keysight supplied class library to cus-

tomize the collection and processing of cross-channel

measurements
- Existing application software used to automate near-

field scan and generate antenna correction factors may
need to be modified to use the cross-channel, complex

[-Q data from the Keysight reference solution
- Once calculated, antenna correction factors can be
downloaded to the DUT using your existing software.

Reference Solution configuration

Model
M9703A
M9703A-SR2
M9703A-DDC
M9703A-F10
M9703A-M16
M9352A
M9362A-D01

M9362A-D01-F26
M9362A-D01-F40

M9018A
M9037A
M9037A-WE7
M9037A-M08
M9037A-M16
M9502A
M9505A
M9514A
M9514A-521
N5183B
N5183B-1E1
N5183B-1EA
N5183B-520
N5183B-532
N5183B-540
N5183B-UNZ
E8257D
E8257D-1E1
E8257D-1EA
E8257D-520
E8257D-532
E8257D-540

Description

AXle 12-bit digitizer

Maximum sampling rate, 1.6 GS/s
Real-time digital downconversion
Bandwidth, 1 GHz path enabled
Memory, 16 GB, 1024 MSamples/ch
PXI amplifier/attenuator

PXle quad downconverter

10 MHz - 26.5 GHz frequency range
10 MHz - 40 GHz frequency range
18-slot PXle chassis

PXle high-performance embedded controller
Windows embedded standard 7 (64-bit)
Adds 8 GB memory

Adds 16 GB memory

2-slot AXle chassis

5-slot AXle chassis

14-slot AXle chassis

Adds AXle system module

MXG microwave analog signal generator
Step attenuator, 115 dB

High output power

Frequency range, 9 kHz to 20 GHz
Frequency range, 9 kHz to 31.8 GHz
Frequency range, 9 kHz to 40 GHz
Fast frequency switching

PSG analog signal generator

Step attenuator

High output power

Frequency range, 250 kHz to 20 GHz
Frequency range, 250 kHz to 31.8 GHz
Frequency range, 250 kHz to 40 GHz

For a more complete set of configutation options, please refer to the Multi-
channel Antenna Calibration, Reference Solution Configuration Guide, litera-
ture number 5991-4583EN.


http://literature.cdn.keysight.com/5991-4583EN.pdf
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myKeysight

www.keysight.com/find/mykeysight
A personalized view into the information most relevant to you.

www.axiestandard.org

AdvancedTCA® Extensions for Instrumentation and Test (AXle) is an

open standard that extends the AdvancedTCA for general purpose and
semiconductor test. Keysight is a founding member of the AXle consortium.
ATCA®, AdvancedTCA®, and the ATCA logo are registered US trademarks of
the PCI Industrial Computer Manufacturers Group.

www.Ixistandard.org

LAN eXtensions for Instruments puts the power of Ethernet and the
Web inside your test systems. Keysight is a founding member of the LXI
consortium.

WWwWw.pxisa.org

PCI eXtensions for Instrumentation (PXI) modular instrumentation delivers a

rugged, PC-based high-performance measurement and automation system.

Three-Year Warranty

www.keysight.com/find/ThreeYearWarranty

Keysight’s commitment to superior product quality and lower total cost
of ownership. The only test and measurement company with three-year
warranty standard on all instruments, worldwide.

Keysight Assurance Plans

www.keysight.com/find/AssurancePlans

Up to five years of protection and no budgetary surprises to ensure your
instruments are operating to specification so you can rely on accurate
measurements.

www.keysight.com/quality
Keysight Technologies, Inc.
DEKRA Certified 1ISO 9001:2008
Quality Management System

Keysight Channel Partners

www.keysight.com/find/channelpartners

Get the best of both worlds: Keysight's measurement expertise and product
breadth, combined with channel partner convenience.

www.keysight.com/find/modular
www.keysight.com/find/solution-mac
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For more information on Keysight
Technologies’ products, applications or
services, please contact your local Keysight
office. The complete list is available at:
www.keysight.com/find/contactus

Americas
Canada
Brazil

Mexico
United States

Asia Pacific
Australia
China
Hong Kong
India
Japan
Korea
Malaysia
Singapore
Taiwan

Other AP Countries

Europe & Middle East

Austria
Belgium
Finland
France
Germany
Ireland
Israel

[taly
Luxembourg
Netherlands
Russia
Spain
Sweden
Switzerland

United Kingdom

(877) 894 4414
551133517010
001 800 254 2440
(800) 829 4444

1800 629 485
800 8100189
800 938 693
1800112929
0120 (421) 345
080 769 0800
1800 888 848
1800 375 8100
0800 047 866
(65) 6375 8100

0800 001122
0800 58580
0800 523252
0805 980333
0800 6270999
1800 832700
1809 343051
800 599100
+32 800 58580
0800 0233200
8800 5009286
0800 000154
0200 882255
0800 805353
Opt. 1 (DE)
Opt. 2 (FR)
Opt. 3 (I
0800 0260637

For other unlisted countries:
www.keysight.com/find/contactus
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