Vector Signal Generator

NI PXle-5673, NI PXle-5673E

= 85 MHz to 6.6 GHz frequency range

= >100 MHz bandwidth

= Up to +10 dBm RF power

= 112 dBc/Hz phase noise at 10 kHz
offset at 1 GHz

= 66 dBc adjacent-channel leakage ratio
for WCDMA-like signals

= <7.5ms tuning time

= -64 dBc typical image rejection at 2.4 GHz

= -64 dBc typical carrier suppression
at 2.4 GHz

= Full bandwidth streaming
from disk (100 MS/s)

= RF List Mode support for NI PXle-5673E

Operating System
= Windows 7/Vista/XP/2000

Included Software
= NI Modulation Toolkit
= NI-RFSG driver

Programming API

= LabVIEW Real-Time
= LabWindows"/CVI
= C++/.NET

Overview

The NI PXle-5673 and PXle-5673E are wide-bandwidth 6.6 GHz RF

vector signal generators. Combined with the appropriate software, an

NI PXle-5673/5673E can generate a variety of signals. With the NI Modulation
Toolkit for LabVIEW, it can generate different waveforms including AM, FM,
CPM, ASK, FSK, MSK, PSK, QAM (4, 16, 64, and 256), multitone signals, arbitrary
waveforms, and many others. In addition, you can combine these vector signal
generators with standard-specific software to generate signals for GPS, GSM/
EDGE/WCDMA, WLAN, WiMAX, DVB-C/H/C, ISDB-T, ZigBee, and others. With
NI PXle-5673/5673E stream-from-disk capabilities, you can generate continuous
waveforms that are up to several terabytes in length.

Basic Architecture
The NI PXle-5673 uses direct RF upconversion from differential baseband | and Q
signals. A block diagram of the system is shown in Figure 1.
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Figure 1. Block Diagram of the NI PXle-5673
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As Figure 1 illustrates, the NI PXle-5673 consists of the NI PXle-5611 RF
upconverter, the NI PXI-5652 RF continuous wave (CW) source, and the
NI PXle-5450 dual-channel arbitrary waveform generator (AWG). The NI PXI-5652
CW source uses a voltage-controlled oscillator (VCO) architecture, enabling
frequency tuning times no greater than 6.5 ms. In addition, the NI PXle-5450
AWG 16-bit digital-to-analog converter (DAC) generates baseband | and Q
signals at data rates of up to 200 MS/s. At this sample rate, the generator is
capable of producing more than 100 MHz of RF bandwidth. Figure 2 shows
a QPSK signal with more than 100 MHz of bandwidth at 5.8 GHz. The signal
represented is configured for a symbol rate of 100 MS/s and a root raised cosine
filter with an alpha of 0.22.
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Figure 2. QPSK Signal with Wide Bandwidth
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Enhanced Architecture

The NI PXle-5673E (E for enhanced) offers additional performance and features
including RF List Mode support and configurable loop bandwidth for decreased
tuning times. As with the NI PXle-5673, the NI PXle-5673E comprises three
modular instruments. The NI PXle-5450 is a dual-channel AWG that provides
16-bit digital-to-analog conversion and generates baseband | and Q signals at
data rates of up to 200 MS/s. You then can use an enhanced NI PXle-5611 RF
upconverter with an NI PXle-565x CW source acting as the local oscillator (LO)
for direct upconversion to RF.

With the enhanced NI PXle-5673E, you can configure a wide- or narrow-loop
bandwidth for the VCO of an NI PXle-565x. By using a wide-loop bandwidth, you
increase tuning time at the expense of additional phase noise; if you require
lower phase noise over faster tuning times for a particular measurement, you
can specify a narrow phase-locked loop (PLL) bandwidth for best performance.
You can achieve tuning times of less than 300 ps to under 0.1 ppm of the final
frequency when using the wide-loop bandwidth configuration.

Fast Waveform Downloads

One of the biggest advantages of PXI Express instrumentation is the benefit of
high-speed waveform transfer rates. Using an NI PXle-5673/5673E, you can
download waveforms onto an instrument’s memory significantly faster than with
traditional instrumentation. Using a x4 PCI Express interface, you can download
waveforms to memory at speeds of up to 800 MB/s.

Phase-Coherent Generation

The flexible architecture of an NI PXle-5673/5673E enables multiple instruments
to share a common start trigger, reference clock, and even an LO. As a result, you
can synchronize up to four NI PXle-5673/5673E RF vector signal generators for
phase-coherent signal generation. A typical configuration of two synchronized
generators is shown in Figure 3. With up to four channels of synchronized RF
signal generation, you can easily address MIMO and beamforming applications.
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Figure 3. Simplified Block Diagram of Synchronized RF Vector Signal Generators

RF List Mode

The NI PXle-5673E provides list mode support for fast and deterministic RF
configuration changes. You supply a configuration list, and the RF modules
proceed through the list without additional interaction with the host system and
driver, making the configuration changes deterministic. Figure 4 illustrates this
determinism with a single tone at 1 GHz stepping through six power levels in 7 dB
steps starting with -10 dBm and ending with -45 dBm and a 500 ps dwell time
specified for each step. Analysis was performed using the NI PXle-5663E vector
signal analyzer.
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Figure 4. Deterministic 500 us Power Steps Using the NI PXle-5673E and RF List Mode

You can use the NI PXle-5673E in both open- and closed-loop scenarios
to specify the source for the configuration trigger that advances from one
configuration to the next. In an open-loop situation, the NI PXle-5673E advances
through the list based on a user-defined time specification for each step. The
closed-loop scenario relies on an external trigger that may be provided by the
device under test to advance through the RF configuration list.

RF Record and Playback

You can combine an NI PXle-5673/5673E with a PXI RF vector signal analyzer for
record and playback applications. Using a 2 TB redundant array of inexpensive
disks (RAID) volume, you can continuously generate up to 100 MHz (400 MB/s)
for more than 1.5 hours. In this application, an NI PXle-5663/5663E vector
signal analyzer records up to two hours of continuous RF signal and the data is
stored as a hinary file on a RAID volume. The NI PXle-5673/5673E then streams
recorded waveforms from disk. In addition to recorded waveforms, you can use
streaming technology to generate large simulated waveforms.

High-Performance Signal Generation

Higher-order modulation schemes such as 256-QAM require strong dynamic
range and phase noise performance. Using an NI PXle-5673/5673E, you can
generate a variety of signals with significant accuracy. As shown in Figure 5,

a loopback configuration with an NI PXle-5673/5673E and NI PXle-5663/5663E
yields a typical EVM (RMS) measurement of 0.5 percent (1250 symbols, software
equalization disabled).

BUY ONLINE at ni.com or CALL 800 813 3693 (U.S.)
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Figure 5. Constellation Plot of 256-QAM

In Figure 5, a center frequency of 1 GHz, a symbol rate of 5.36 MS/s, and a
root raised cosine filter with 0.12 alpha was used. The RF power was set to -10 dBm
and analysis was performed with the NI PXle-5663. In addition, the wide
bandwidth of an NI PXle-5673/5673E combined with high-performance image
rejection enabled the generation of modulated signals at high symbol rates. For
example, Figure 5 shows a constellation plot of a 64-QAM signal at 40.99 MS/s
with an RMS EVM of 0.9 percent (1250 symbols, equalization disabled).

Figure 6. Constellation Plot of QPSK with 50 MHz of Bandwidth

In Figure 6, a center frequency of 825 MHz was used. The RF power was set
to -10 dBm and analysis was performed with the NI PXle-5663. While an EVIM
of 0.9 percent is a nominal value, the typical result is 1.1 percent.

In addition, the combination of high dynamic range and a linear front end
yields high-performance adjacent channel power measurements. In Figure 7,
observe the spectrum for a QPSK signal at 1 GHz center frequency.
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Figure 7. Spectrum of OPSK Signal at 1 GHz

A symbol rate of 3.84 MS/s and a root raised cosine filter with alpha 0.22 is
used. As Figure 7 illustrates, an NI PXle-5673/5673E yields an adjacent channel
power measurement of better than -69 dBc rejection when configured with the
settings described.

Flexible Software

With NI Modulation Toolkit for LabVIEW software, you can operate an

NI PXle-5673/5673E as a general-purpose vector signal generator. Using

NI LabVIEW or LabWindows/CVI example programs, you can generate a variety
of modulated signals.

These modules are programmed with the NI-RFSG driver, which contains
several performance-enhancing characteristics. Using an optimized driver
stack combined with fast-settling VCO-based hardware, you can tune an
NI PXle-5673/5673E to 0.1 ppm of its settling frequency with a typical tuning
time of less than 1.5 ms. With the NI PXle-5673E, a wide-loop bandwidth
configuration results in tuning times to within 0.1 ppm of the final frequency
in under 300 ps.

You also can use the NI-RFSG driver to enhance the RF performance. With
an RF impairments API, you can manually or programmatically adjust 1/Q
impairments such as gain imbalance, DC offset, and quadrature skew.

A LabVIEW property node that illustrates how you can adjust these parameters
on the fly is shown in Figure 8.
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Figure 8. RFSG Impairments Property Node
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Typical out-of-the-box image and carrier suppression is better than -60 dBc,
but you can reduce suppression to better than -80 dBc for a particular frequency
and temperature by adjusting quadrature impairments through the RFSG VQ
impairments API. Figure 9 illustrates the carrier suppression at 1 GHz for a
10 MHz tone.
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Figure 9. Use the impairments APl to reduce image and carrier suppression.

Ordering Information

NI PXle-5673
128 MB 0nboard MEMONY........c..ovveeveeeeeereeeeeeeeeeee e 780418-01
512 MB onboard MEMOIY...........cocvveieiirieieieeieieeeeeee 780418-02

NI PXle-5673E

128 MB 0nboard MEMONY........c..ovveeveeeeeeereeeeeeeeeeee e 781263-01
512 MB onboard MEMOIY...........cocvvveieiiieieieeieeeeeeae 781263-02
Phase Coherent VSGs

NI PXle-5673/5673E VSG channel extension kit ...............c........... 780485-01
NI PXle-5673E two-channel VSG ...........c.cooovveiieeeeeecee 781340-02
NI PXle-5673E three-channel VSG...........ccccoovvveveiciccccccce. 781340-03
NI PXle-5673E four-channel VSG..........c.coooveveoeeeeeeeeee 781340-04

BUY NOW

For complete product specifications, pricing, and accessory information,
call 800 813 3693 (U.S.) or go to ni.com/pxi.

BUY ONLINE at ni.com or CALL 800 813 3693 (U.S.)
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Specifications
Frequency
Frequency Range NI PXle-5673 Part Number
85 MHz to 6.6 GHz 780418-0X
85 MHz to 3.3 GHz 780417-0X
85 MHz to 1.3 GHz 780416-0X

Note: NI PXle-5673 part numbers vary according to memory size.

Bandwidth

Modulation bandwidth

(3 dB double sideband).......................... >100 MHz

The modulation bandwidth specification assumes the frequency range is between
85 MHz and 6.6 GHz. For example, 100 MHz bandwidth can be achieved at a
frequency of 135 MHz but not 85 MHz.
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Figure 1. Typical Modulation Bandwidth at 1 GHz Carrier Frequency

In figures 1 through 5, typical modulation bandwidths show the actual baseband
response. The usable bandwidth is limited by the NI 5450 I/Q generator sample
rate from -80 to 80 MHz. The shaded area between the solid lines indicates the
frequency range covered by this specification.
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Figure 2. Typical Modulation Bandwidth at 2.4 GHz Carrier Frequency
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Figure 3. Typical Modulation Bandwidth at 5.8 GHz Carrier Frequency

Data streaming continuous

transfer rate.........coooevoeeeceee 500 MB/s, nominal

Tuning Resolution (NI 5650/5651/5652)

V3 GHZ o <1Hz
<1.3t0<33GHZ.oovooiie <2 Hz
<33t0<6.6GHZ.....o.oooooioei <4 Hz

Frequency Settling Time
0.1 x 10° of final frequency................. <7.5 ms, maximum
0.1 x 10% of final frequency................... <3.5ms, typical

The frequency settling time specification includes only frequency settling and
excludes any residual amplitude settling that may occur as a result of large

frequency changes.

Internal Frequency Reference (NI 5650/5651/5652)
10 MHz

+3x 108

+1 x 108, maximum

FrEQUENCY ...
Initial @CCUrACY ...vovevevee e
Temperature stability (15t0 35 °C) .......
Aging

Peryear. ... +5 x 10, maximum

External Reference Input (NI 5450)

Frequency 10 MHz

Amplitude 1.0 Vpk_pk to 5.0 Vpk_pk into 50 O
Input impedance..........c..cccoovverereene. 500

CoUPNG e AC

External Reference Output (NI 5450)

FrEQUENCY ... 10 MHz

Reference clock out 0.7 V.., into 50 %, nominal
Output impedance..........c.ccocovveriernnne 50 %

CoUPlNG oo AC

BUY ONLINE at ni.com or CALL 800 813 3693 (U.S.)
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Spectral Purity

Frequency Phase Noise (dBc/Hz)
100 MHz <125
500 MHz <112
1 GHz <-105
2 GHz <-98
3GHz <-95
4 GHz <-93
5 GHz <90
6.6 GHz <-90

Table 1. Single Sideband Phase Noise at 10 kHz Offset
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Figure 4. Typical Phase Noise at 1, 2.4, and 5.8 GHz
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Figure 5. Typical Phase Noise at 5.8 GHz

Sideband Image Suppression

2 MHz Modulation 20 MHz Modulation
Frequency Bandwidth Bandwidth
>85 MHz to <400 MHz <43 dBc <-41 dBc
>400 MHz to <2.5 GHz <-50 dBc <-48 dBc
>2.5GHz to <5.5 GHz <-46 dBc <-45 dBc
>5.5 GHz to <6.6 GHz <-43 dBc <-41 dBe

Note: Measured with a test signal at a baseband frequency of 1 MHz.
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Figure 6. Typical Image Rejection versus Baseband Frequency

Carrier Suppression
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Figure 7. Typical Carrier Suppression
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Digital Modulation’
(Nominal)
Quadrature Phase-Shift Keying (QPSK)

EVM (%) MER (dB)
Symbol Rate Root Raised Cosine
(MS/s) Bandwidth Filter Alpha Value 825 MHz 3,400 MHz 5,800 MHz 825 MHz 3,400 MHz 5,800 MHz
Onboard Reference Clock Source
0.16 200.00 kHz 0.25 03 0.7 1.0 51 43 40
0.80 1.00 MHz 0.22 0.4 0.7 1.0 48 42 40
4.09 4.98 MHz 0.25 0.6 08 1.2 45 42 38
QPSK, External Reference Clock Source (PXI Express Backplane Clock)
0.16 200.00 kHz 0.25 0.7 2 29 43 34 30
0.80 1.00 MHz 0.22 0.9 1.3 1.7 4 38 36
4.09 4.98 MHz 0.25 1.1 1.3 1.5 39 38 36
16-QAM, Onboard Reference Clock Source
17.6 22 MHz 0.25 0.7 1.4 1.8 41 35 32
32.0 40 MHz 0.25 1.1 24 25 36 29 29
16-QAM, External Reference Clock Source (PXI Express Backplane Clock)
176 22 MHz 0.25 1 1.5 1.9 37 34 32
320 40 MHz 0.25 1.4 25 26 35 29 29
64-0AM, Onboard Reference Clock Source
5.36 6.16 MHz 0.15 0.4 0.6 1 44 40 37
6.95 7.99 MHz 0.15 0.5 0.7 1 43 39 36
40.99 50.00 MHz 0.22 13 28 2.6 34 27 28
64-QAM, External Reference Clock Source (PXI Express Backplane Clock)
5.36 6.16 MHz 0.15 09 1 1.2 38 36 35
6.95 7.99 MHz 0.15 0.9 1.1 1.2 38 36 35
40.99 50.00 MHz 0.22 15 28 217 & 27 28
256-QAM, Onboard Reference Clock Source
6.95 7.99 MHz 0.15 0.5 08 1.8 43 38 32
256-QAM, External Reference Clock Source (PXI Express Backplane Clock)
6.95 7.99 MHz 0.15 0.8 2 23 37 32 29

'All measurements were made with an NI 5673 and NI 5663 not phase-locked together.
Number of symbols = 1,250 pseudorandom bit sequence (PRBS) at -30 dBm for all measurements.
No equalization in receiver demodulation.

BUY ONLINE at ni.com or CALL 800 813 3693 (U.S.)
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Figure 8. Typical Adjacent Channel Power at 825 MHz
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Figure 9. Typical Adjacent Channel Power at 2.4 GHz
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Figure 10. Typical Adjacent Channel Power at 3.4 GHz

Power (dBm)

") et —

5988G 599G 5992G 5.994G 5996G 5998G  6G  6.002G 6.004G 6.006G 6.008G 6.01G 6.012G
Frequency (Hz)

Figure 11. Typical Adjacent Channel Power at 5.8 GHz

The specifications in figures 8 through 11 were measured under the
following conditions:

= Modulation: QPSK

= Symbol rate: 3.84 MS/s

= Filter: root raised cosine with alpha value of 0.22

= Filter length: 128 symbols

= RF power: set to -10 dBm

= Prefilter gain: set to -5 dB

= Number of averages by receiver: 100

= Noise cancellation: On

BUY ONLINE at ni.com or CALL 800 813 3693 (U.S.)



NI Services and Support

NI has the services and support to meet
your needs around the globe and through
the application life cycle — from planning
and development through deployment and
ongoing maintenance. We offer services
and service levels to meet customer
requirements in research, design, validation,

and manufacturing.
Visit ni.com/services.

Training and Certification

NI training is the fastest, most certain route to productivity with our products.
NI training can shorten your learning curve, save development time, and reduce
maintenance costs over the application life cycle. We schedule instructor-led
courses in cities worldwide, or we can hold a course at your facility. We also
offer a professional certification program that identifies individuals who have
high levels of skill and knowledge on using NI products.

Visit ni.com/training.

Professional Services

Our NI Professional Services team is composed of NI applications and systems

engineers and a worldwide National Instruments Alliance Partner program of

more than 600 independent consultants and integrators. Services range from

W NATIONAL
’ INSTRUMENTS

Certified Alliance Partner

start-up assistance to turnkey system
integration. Visit ni.com/alliance.

OEM Support

We offer design-in consulting and product integration assistance if you want to
use our products for OEM applications. For information about special pricing and
services for OEM customers, visit ni.com/oem.

INSTRUMENTS

ni.com = 800 813 3693

National Instruments = info@ni.com

y NATIONAL

Local Sales and Technical Support
In offices worldwide, our staff is local to the country, giving you access to
engineers who speak your language. NI delivers industry-leading technical
support through online knowledge bases, our applications engineers,
and access to 14,000 measurement and automation professionals within NI
Developer Exchange forums. Find immediate answers to your questions at
ni.com/support.

We also offer service programs that provide automatic upgrades to your
application development environment and higher levels of technical support.
Visit ni.com/ssp.

Hardware Services

System Assurance Programs

NI system assurance programs are designed to make it even easier for you

to own an NI system. These programs include configuration and deployment
services for your NI PXI, CompactRIO, or Compact FieldPoint system. The NI Basic
System Assurance Program provides a simple integration test and ensures that
your system is delivered completely assembled in one box. When you configure
your system with the NI Standard System Assurance Program, you can select
from available NI system driver sets and application development environments
to create customized, reorderable software configurations. Your system arrives
fully assembled and tested in one box with your software preinstalled. When
you order your system with the standard program, you also receive system-
specific documentation including a bill of materials, an integration test report,
a recommended maintenance plan, and frequently asked question documents.
Finally, the standard program reduces the total cost of owning an NI system

by providing three years of warranty coverage and calibration service. Use the
online product advisors at ni.com/advisor to find a system assurance program
to meet your needs.

Calibration Services

NI recognizes the need to maintain properly calibrated devices for high-
accuracy measurements. We provide manual calibration procedures, services
to recalibrate your products, and automated calibration software specifically
designed for use by metrology laboratories. Visit ni.com/calibration.

Repair and Extended Warranty

NI provides complete repair services for our products. Express repair and
advance replacement services are also available. We offer extended warranties
to help you meet project life-cycle requirements. Visit ni.com/services.
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