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Abstract:  
RF and radio system development is becoming more complex at a time that technical support is becoming 
more diffused. Design Accelerator hardware development tools can speed design and development. This paper 
presents how Design Accelerators reduce design time, an analysis of how different types of accelerator boards 
serve different development needs (from designing waveforms or developing software, to proving concepts and 
prototyping), as well as an exploration of the different levels of integration available in accelerator boards.

Introduction: Overview of Radio Development
Developing a radio and bringing it to market can be a complex and expensive undertaking.  Depending on the level of complexity, developing a radio 
can take 6 to 18 months and an investment of up to $500K for the most complex systems. 

Figure 1, below, illustrates the development journey of a software defined radio.
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Figure 1: Example SDR development journey
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As shown, development steps include investigation, PCB layout, multiple board spins, debugging and manufacturability tests. It is also important to 
note that a large team of engineers is needed for this development journey, including an algorithm developer, FPGA developer, software engineer, 
RF engineer, and more.

Design Accelerators offer an alternative to this painstaking and expensive process. Today there is critical mass of available hardware, software 
and design support that greatly simplifies radio and RF development and enables more projects to be completed—faster and under budget. This 
concept is illustrated in Figure 2, below, and will be addressed in detail throughout this paper

Introduction to Design Accelerators
We use the term “Design Accelerators” to refer to bundled solutions that greatly reduce the development time and associated costs of radio 
development that were discussed above.

Design Accelerators start with hardware. As a rule, these are standardized, off-the-shelf platforms with documentation, that are priced 
competitively and ready to use “out-of-the box.”  

While there are a variety of Design Accelerator solutions available to meet different requirements, and we are also growing the number of solutions, 
we cannot address every use case. However, what is available can still shorten development time, as design files are available via license, or we can 
provide a third-party that can customize for specific applications.

It is important to acknowledge Analog Devices at this point, as we are building on their efforts. Analog Devices is, of course, a well-known 
semiconductor company. One of the aspects that makes ADI unique is that they employ a large team of system developers, hardware engineers 
and software developers that design system and sub-system level solutions built from ADI devices. Additionally, Analog Devices and Richardson 
RFPD have aligned with third parties that can offer design services and customized hardware.

Since Design Accelerators build from established platforms, the path to production should be much faster. And since no radio would be a radio 
without software, our Design Accelerators provide the hardware to start that software development, as well as include licensable or open-source 
software to facilitate algorithm development quickly and easily.

Overview of Design Accelerator Categories
We will now look at the various types of Design Accelerators in more detail.

The RF FMC Reference Design, shown at right, is an RF card with FMC interface that can be easily integrated 
with a known FPGA FMC card. These RF cards can employ either wideband transceiver ICs or high-speed data 
converters for the radio. Multiple configurations (1T1R, 2x2 MIMO, 4x4 MIMO, etc) with different instantaneous 
bandwidths are available and design files are available via license.  

Although the baseband processor is not included, software for multiple baseband processors is included, thus 
offering developers the flexibility of using the best one for a given application. This is an ideal solution for fast prototyping when a supported 
baseband processor is already available in a lab.

The SDR System on Module (SOM), shown at right, integrates the RF card with a baseband processor, which is an 
advantage for some use cases. This Design Accelerator is an off-the-shelf SDR OEM module in a compact footprint.  
Design files and software are available via license. We also offer design services and full customization from third 
party partners.

This solution is limited to SoC/radio configuration. However, we are expanding the number of SoMs available, and 
our design partners have some ability to either upgrade or downgrade the transceiver or SoCs on our existing platforms relatively quickly.

Figure 2: Design Accelerators save time and money
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The SDR Development Platform, shown at right, integrates a SoM with a carrier board, which offers simplified 
access to the peripherals of the SDR. Many product development projects can benefit from this development 
platform. Some of our SDR Development Platforms include integrated, RF front ends with high-power transmitter/
power amplifiers. This is a great platform for developing full systems, especially when taking advantage of digital 
predistortion (DPD) software available on some of the SOMs.

This platform includes hardware, software and technical support.

The SDR Demonstration Platform, shown at right, is the most integrated Design Accelerator solution available. It 
combines an SDR SoM with a carrier board and is enclosed in a housing.  This results in easy access to peripherals 
and makes it easy to start developing algorithms or even taking field measurements. This is the closest solution to 
an end-product, and design files and software are available via license.

Some solutions include two transceivers, so they can talk to each other. All solutions include externally mounted 
antennas. This high level of integration does mean, however, that it is limited to the available features of the hardware.

Figure 3, below, offers a high-level view of four of our levels of integration and how they are best utilized. 

While many radio solutions may be low power, most of the time they require an RF Front end with amplified 
transmit and receive paths, integrated switches and filters. Richardson RFPD is growing the selection of RF 
Front End Reference Design boards, as shown at right, that can be integrated with existing SDR platforms or 
used as a standalone. Like the other boards, all RFFEs are licensable and customizable.

New to the Design Accelerator lineup are Wideband Frequency Converters, an example of which is shown at 
right. This is a family of general-purpose, high performance wideband converters that are designed to interface 
directly with an external baseband platform and RF Front End.

Note that it is mounted in an enclosure, but like the other Design Accelerators, the hardware is licensable and 
customizable.

Alternative Radio Systems
Now let’s look at alternative radio systems. There are three dominant technologies available that offer different operating frequency and bandwidth 
capabilities.

Wideband transceivers offer good low-band performance, as they operate from 30 MHz to 6 GHz and can support narrowband as well as 
reasonably wide bandwidth channels of 12 kHz to 450 MHz. These are highly versatile solutions, some of which include digital pre-distortion 

Figure 3: Design Accelerators levels of integration, features and use cases
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software. They are ideal for military, instrumentation and communication applications.  

High-speed converters (RF DACs and ADCs), operate in the same sub-6 GHz space, but offer over 1 GHz of bandwidth which is much higher than 
transceivers.  This makes these solutions ideal for radar and electronic warfare, as well as some 5G communication systems.

Finally, the wideband frequency converters (mentioned earlier in this paper and discussed in greater detail in the next section) cover the most 
spectrum, from DC-44 GHz, and offer the widest useable bandwidth of up to 1.6 GHz for the most demanding applications.

Figure 4, below summarizes the available Design Accelerators by radio technology.

Design Accelerators: Highspeed Converter/FPGA FMC Solutions
Table 1, below, shows the lineup of highspeed converter FMC solutions. The lineup includes solutions with a variety of sampling rates and frequency 
ranges; some include ADCs and some include both DACs and ADCs.

Figure 4: Design Accelerators by radio technology

Part #
Res. 

TX/RX 
(Bits)

Sample 
Rate 

TX/RX 
(GHz)

Freq. 
Range 
TX/RX 
(GHz)

Chan-
nels 

TX/RX
Description

ADI 
Highspeed 
Converter

Compatible 
FPGA

AD-
FMCOMMS11-
EBZ

0/12 12/2.5 4/4 1/1
Clock, Power, 

JESD204B Framework. 
TX- LPF+ VGA  RX- VGA

AD9162, 
AD9625

ZC706

AD-FMCDAQ2-
EBZ

16/14 2.8/1.25 /2 2/2
14-Output Clock, 

Power, JESD204B 
Framework

AD9144, 
AD9680

KC705 
KCU10 
 VC707 
ZC706

 ZCU102 
Arria 10

AD-FMCDAQ3-
EBZ

16/14 2.5/1.25 /2 2/2
14-Output Clock, 

Power, JESD204B 
Framework

AD9152, 
AD9680

KCU105 
ZC706 
Arria 10

https://www.richardsonrfpd.com/Products/Product/AD-FMCOMMS11EBZ
https://www.richardsonrfpd.com/Products/Product/AD-FMCOMMS11EBZ
https://www.richardsonrfpd.com/Products/Product/AD-FMCOMMS11EBZ
https://www.analog.com/en/design-center/evaluation-hardware-and-software/jesd204-interface-framework.html
https://www.analog.com/en/design-center/evaluation-hardware-and-software/jesd204-interface-framework.html
https://www.analog.com/en/design-center/evaluation-hardware-and-software/jesd204-interface-framework.html
https://www.richardsonrfpd.com/Products/Product/AD-FMCDAQ2-EBZ
https://www.richardsonrfpd.com/Products/Product/AD-FMCDAQ2-EBZ
https://www.analog.com/en/design-center/evaluation-hardware-and-software/jesd204-interface-framework.html
https://www.analog.com/en/design-center/evaluation-hardware-and-software/jesd204-interface-framework.html
https://www.analog.com/en/design-center/evaluation-hardware-and-software/jesd204-interface-framework.html
https://www.richardsonrfpd.com/Products/Product/AD-FMCDAQ3-EBZ
https://www.richardsonrfpd.com/Products/Product/AD-FMCDAQ3-EBZ
https://www.analog.com/en/design-center/evaluation-hardware-and-software/jesd204-interface-framework.html
https://www.analog.com/en/design-center/evaluation-hardware-and-software/jesd204-interface-framework.html
https://www.analog.com/en/design-center/evaluation-hardware-and-software/jesd204-interface-framework.html
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The difference between these FMC solutions and Analog Devices’ regular evaluation boards (that tend to have FMC connectors) is that these 
solutions are designed to be used with regular FPGA platforms instead of the customized ones from ADI. This makes it much easier for a designer to 
use the FPGA they were already planning on using in production to evaluate the ADCs and DACs and then smoothly go into software and algorithm 
development. Another difference is that the HDL code is open source, which provides another head start and facilitates getting to production 
faster.

These solutions come with an SD card with the Linux image on it, so all that is needed is to move the right files from the SD card to the root, based 
on which FPGA board is used. Once that is done and the FPGA board is ready to boot, plug the FMC solution in an FMC slot of a compatible FPGA 
and turn on the board.

Test equipment is not needed for the FMC solutions that have both an ADC and DAC. They can be connected in a loopback configuration to start 
seeing the signal in IIO-scope.

Note that there are four FMC ADC solutions that use the AD9625, a very capable 12-bit, 2.5 GSPS ADC. These boards were designed in alternative 
configurations to make it easy to choose the closest one to a given application. These variants will be discussed in additional detail later in this 
paper. 

In general, these highspeed converter/FPGA FMC solutions are used for data acquisition applications or as wideband transceivers. They can also 
be used for wideband auxiliary receiver applications. They have been tested with specific FPGA platforms, but users are welcome to port them to 
the specific FPGA of their choice.

All the FMC solutions include optimized power management that gets its power from the FPGA carrier motherboard. They also include a licensable 
JESD204B interface that provides a performance-optimized IP framework that integrates complex hardware such as highspeed converters, 
integrated transceivers and clocks, with various FPGA platforms.  

The designs include RF/highspeed layout and thermal considerations, and the design files are made available, so users don’t need to worry about 
these complexities. All highspeed converters on a particular FMC platform are synchronized to allow for their use in most applications. Some 
of them are also able to be easily synchronized with other external boards, allowing for their use in phased array applications without external 
synchronization efforts.  

These designs have many uses, including customer or management demonstrations, and they may be used to start the development of software 
and algorithms while the hardware designers are integrating the solution into the hardware. They can be used as reference designs, or Richardson 
RFPD can supply a third party to customize and/or complete the design (e.g., add an RFFE). 

We will now look more closely at several of the FMC Design Accelerators.

AD-FMCADC2-
EBZ

0/12 0/2.5 0/3.2 0/1
Power, JESD204B 

Framework
AD9625

VC707
ZC706

AD-FMCADC3-
EBZ

0/12 0/2.5 0/3.2 0/1
DGA, Power, JESD204B 

Framework
AD9625

VC707
ZC706

AD-FMCADC5-
EBZ

0/12 0/5 0/3.2 0/1
2 Interleaved AD9625, 
JESD204B Framework

AD9625 VC707

AD-FMCADC7-
EBZ

0/12 0/2.5 0/1.8 0/1
DC coupled, DGA, 

Clock, Power, 
JESD204B Framework

AD9625 ZC706

AD-
FMCJESDADC1

0/14 0/0.25 0/0.4 0/4
2x AD9250, Clocking, 

Power, JESD204B 
Framework

AD9250

KC705
VC707
 ZC706
Arria 10

Table 1: Highspeed converter/FPGA FMC Solutions based on Analog Devices technology

https://www.richardsonrfpd.com/Products/Product/AD-FMCADC2-EBZ
https://www.richardsonrfpd.com/Products/Product/AD-FMCADC2-EBZ
https://www.analog.com/en/design-center/evaluation-hardware-and-software/jesd204-interface-framework.html
https://www.analog.com/en/design-center/evaluation-hardware-and-software/jesd204-interface-framework.html
https://www.analog.com/en/products/ad9625.html
https://www.richardsonrfpd.com/Products/Product/AD-FMCADC3-EBZ
https://www.richardsonrfpd.com/Products/Product/AD-FMCADC3-EBZ
https://www.analog.com/en/design-center/evaluation-hardware-and-software/jesd204-interface-framework.html
https://www.analog.com/en/design-center/evaluation-hardware-and-software/jesd204-interface-framework.html
https://www.analog.com/en/products/ad9625.html
https://www.richardsonrfpd.com/Products/Product/AD-FMCADC5-EBZ
https://www.richardsonrfpd.com/Products/Product/AD-FMCADC5-EBZ
https://www.analog.com/en/design-center/evaluation-hardware-and-software/jesd204-interface-framework.html
https://www.analog.com/en/design-center/evaluation-hardware-and-software/jesd204-interface-framework.html
https://www.analog.com/en/products/ad9625.html
https://www.analog.com/en/design-center/evaluation-hardware-and-software/jesd204-interface-framework.html
https://www.analog.com/en/design-center/evaluation-hardware-and-software/jesd204-interface-framework.html
https://www.analog.com/en/design-center/evaluation-hardware-and-software/jesd204-interface-framework.html
https://www.analog.com/en/products/ad9625.html
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FMCDAQ2: 1 GSPS ADC and 5.6 GSPS DAC Data Acquisition Board 
The FMCDAQ2 is comprised of:

• AD9680 dual, 14-bit, 1.0 GSPS, JESD204B ADC

• AD9144 quad, 16-bit, 2.8 GSPS, JESD204B DAC

• AD9523-1 14-output, 1 GHz clock

• Power management components

It is clocked by an internally generated carrier platform via the FMC connector, resulting in a completely self-contained data acquisition and signal 
synthesis prototyping platform. In an FMC footprint (84 mm × 69 mm), the module’s combination of wideband data conversion, clocking and power 
closely approximates real-world hardware and software for system prototyping and design, with no compromise in signal chain performance.

Note that the AD9144 is a quad 2.8 GSPS DAC, but the FMCDAQ2 is listed as a 5.6 GSPS dual DAC. That is because it interleaves two of the DACs 
to give one-half of the channels at double the sample rate, without large interleaving spurs. The two channels of ADC and two channels of DAC are 
fully synchronized.

FMCOMMS11: 2.5 GSPS ADC and 12 GSPS DAC Data Acquisition Board 
The FMCOMMS11 board is a system platform board that demonstrates the direct-to-RF transmitter and receiver/observation receiver architecture. 
Using high sample rate RF DACs and ADCs, a number of components in previous generation transmitters can be eliminated, such as mixers, 
modulators, IF amplifiers and filters. This enables bringing the ADC or DAC as close to the antenna as possible, which may lead to a more cost 
effective and efficient solution.

This FMC Design Accelerator is comprised of a multi-GSPS RF ADC and DAC, the AD9625 and AD9162, respectively. The transmit path contains 
a balun, low pass filter, gain block and variable attenuation to produce an output appropriate for a power amplifier module. Along the observation 
path, the PA output is coupled back into the board through a variable attenuator, a balun and finally the ADC. Clock management is taken care of 
on-board; all the necessary clocks are generated from a reference. Power management is present as well.

FMCADC2: 12-Bit, 2.5 GSPS JESD204B A/D Converter 
The FMCADC2 is a 12-bit high-speed data acquisition board featuring the AD9625 single channel ADC at 2.5 GSPS, in an FMC form factor that 
supports the JESD204B high-speed serial interface. This FMC card is designed for sampling wide bandwidth analog signals up to the second 

Target Application Interfact / 
Connectivity Available Documentation Compatible 

FPGA

• Electronic test and measurement 
equipment

• General-purpose software radios
• Radar systems
• Ultra-wideband satellite receivers
• Point-to-point communication 

systems

• JESD204B
• FMC (HPC)
• SMA

• http://www.analog.com/ad-fmcdaq2-ebz
• Hardware
• Design files
• Software user guide
• Application software

KC705
KCU105
VC707
ZC706

ZCU102
Arria 10

Table 2: FMCDAQ2 (1 GSPS ADC and 5.6 GSPS DAC Data Acquisition Board)

Target Application Interfact / 
Connectivity Available Documentation Compatible 

FPGA

• Communications Infrastructure
• Instrumentation
• Electronic Warfare
• Radar

• JESD204B
• FMC (HPC)
• SMA

• http://www.analog.com/ad-fmcdaq2-ebz
• Hardware
• Design files
• Software user guide
• Application software

ZC706

Table 3: FMCOMM11 (2.5 GSPS ADC and 12 GSPS DAC Data Acquisition Board)

http://www.analog.com/ad-fmcdaq2-ebz
http://www.analog.com/ad-fmcdaq2-ebz
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Nyquist zone. The AD9625’s combination of wide input bandwidth, high sampling rate, and excellent linearity is ideally suited for spectrum 
analyzers, data acquisition systems and a wide assortment of military electronics applications, such as radar and jamming/anti-jamming measures. 
The board meets most of the FMC specifications in terms of mechanical size, mounting hole locations, and more. Although this board meets most of 
the FMC specifications, it is not intended as a commercial off-the-shelf board. If a commercial, ready-to-integrate product is needed, the design file 
can be used to create one, or Richardson RFPD has third parties that can do the design.

The design of the board is specifically tailored to synchronize multiple FMCADC2 boards. It allows for on-board or external clocking, and there is 
an I/O added for multi-board synchronization. It also includes the device data capture via the JESD204B serial interface and the SPI interface. The 
samples are written to the external DDR-DRAM. It allows for programming the device and monitoring its internal registers via SPI.

The FMADC2 is the base design for the FMADC3, FMADC5 and FMADC7. They are all data acquisition cards designed around the AD9625 and 
include the same base attributes. These four boards were created to get designers closer to the configuration that will be used in their specific 
design.

FMCADC5: 5 GSPS, 12-Bit Analog to Digital Conversion 
Finally, a brief look at the FMCADC5. This FMC reference card is very similar to the FMCADC2, but it interleaves two AD9625s without large 
interleaving spurs.

Design Accelerators: RF Integrated Transceivers/FPGA FMC Solutions
Table 6, below, shows many of our integrated transceiver FMC solutions. These boards are similar to the highspeed converter FMC solutions we 
discussed above, except they use Analog Devices’ highly integrated transceivers. 

Target Application Interfact / 
Connectivity Available Documentation Compatible 

FPGA

• Spectrum analyzers
• Data acquisition systems
• Radar
• Jamming/anti-jamming

• JESD204B
• FMC (HPC)
• SMA

• http://www.analog.com/ad-fmcdaq2-ebz
• Hardware
• Design files
• Software user guide
• Application software

VC707
ZC706

Table 4: FMCADC2 (12-bit, 2.5 GSPS JESD204B A/D Converter)

Target Application Interfact / 
Connectivity Available Documentation Compatible 

FPGA

• Spectrum analyzers
• Data acquisition systems
• Radar
• Jamming/anti-jamming

• JESD204B
• FMC (HPC)
• SMA

• http://www.analog.com/ad-fmcdaq2-ebz
• Hardware
• Design files
• Software user guide
• Application software

VC707

Table 5: FMCADC5 (5 GSPS, 12-bit Analog to Digital Conversion)

Part # Freq. Range 
(GHz)

Bandwidth 
(MHz)

TX/RX 
Channels

ADI 
Transceiver

FPGA 
(Not included)

AD-FMCOMMS3-EBZ 0.7-6 0.2-56 2 AD9361
KC705, VC707, AC701, ZC702, 

ZC706, Zedboard / ZCU102, Arria 10

http://www.analog.com/ad-fmcdaq2-ebz
http://www.analog.com/ad-fmcdaq2-ebz
https://www.richardsonrfpd.com/Products/Product/AD-FMCOMMS3-EBZ
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AD-FMCOMMS4-EBZ 0.7-6 0.2-56 1 AD9364
KC705, VC707, AC701, ZC702, 

ZC706, Zedboard / ZCU102, Arria 10

AD-FMCOMMS2-EBZ 2.4-2.5 0.2-56 2 AD9361
KC705, VC707, AC701, ZC702, 

ZC706, Zedboard / ZCU102, Arria 10

AD-FMCOMMS5-EBZ 0.7-6 0.2-56 4 2x AD9361 ZC702, ZC706, ZCU102

ADRV9371-W/PCBZ 0.3-6
RX: 8-100

TX/ORX: <250
2 AD9371 ZC706, Arria 10

AD-FMCOMMS8-EBZ 0.75-6 0.2 - 56 4-8 ADRV9009 ZU11EG, ZCU102

Table 6: RF Integrated Transceivers / FPGA FMC Solutions

Analog Devices’ portion of the FPGA HDL code is open sourced, with the JESD204 IP licensable for production use. Just like the highspeed 
converter FMC solutions, the boards are very easy to bring up; no test equipment is required for basic measurements. Note that many of these 
solutions are based on the AD9361 and its variants.

AD9361 Variants 
The AD9361 was Analog Devices’ flagship initial offering into integrated transceivers, and it is a very capable chip. The AD9361 has two direct 
conversion RF receive channels and fully integrated synthesizers, including a loop filter. The data path consists of an LNA, AGC, demodulator, 
low pass filter, ADC with quadrature calibration and DC offset calibration, and digital filters. The noise figure is 2.5 dB @ 1 GHz, and the ADC 
is a continuous time sigma-delta running at 640 MSPS. It includes digital filters with 128 complex taps, decimation between 2 and 48, and 2 
VGAs—one with 1 dB steps and 80 dB range, as well as a second that is post-ADC with 30 dB range. Other features include an on-chip sensor for 
temperature-corrected RSSI.

On the transmit side, it has two direct conversion RF transmit channels and fully integrated synthesizers, including loop filters. The data path 
consists of digital filters, a 320 MSPS DAC, modulators, VGA (with 0.25 dB step size and 86 dB range), digital filters with 128 complex taps and 
interpolation between 2 and 48.  

The AD9363 and AD9364 are lower cost variants of the AD9361 and either reduce functionality or channel count, as shown in Table 7:

Part # General Purpose SDR Features Functionality RF Tuning Range Max Bandwidth

AD9361 Low power; JESD207 CMOS/LVDS 2 Rx, 2 Tx 70 MHz-6 GHz 56 MHz

AD9363 Low power; CMOS/LVDS digital 2 Rx, 2 Tx 325 MHz-3.8 GHz 20 MHz

AD9364 Low power; JESD207 CMOS/LVDS 1 Rx, 1 Tx 70 MHz-6 GHz 56 MHz

Table 7: AD9361 Variants

https://www.richardsonrfpd.com/Products/Product/AD-FMCOMMS4-EBZ
https://www.richardsonrfpd.com/Products/Product/AD-FMCOMMS2-EBZ
https://www.richardsonrfpd.com/Products/Product/ADRV9375-W-slash-PCBZ
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As mentioned, many of the integrated transceiver FMC solutions are based on the AD9361 and its variants. If we call the FMCOMMS3 solution 
the baseline, the FMCOMMS2 is a reduced frequency variant, the FMCOMMS4 is a reduced channel count variant, and the FMCOMMS5 is a dual 
version. The ADRV9371-W/PCBZ and FMCOMMS8 are made from next generation integrated transceivers. 

FMCOMMS3: Wideband Software Defined Radio Board 
The FMCOMMS3 consists of four functional partitions—receive path, transmit path, clocking and power supply. As mentioned earlier, the transmit 
and receive path comes from the AD9361 and all key features are reproduced on the solution. The clocks are managed by the AD9361 and are 
software programmable. The device datasheet offers additional information for the various clocks within the device. The board provides a 40 MHz 
crystal for the AD9361.

The SPI signals are directly passed to the FMC connector. The AD9361 allows real-time control via dedicated pins. These signals are passed to 
the FMC connector. The functionality of these pins is programmable and includes gain, synchronization, state machine control, etc. The AD9361 
also allows real-time monitoring of internal signals via another set of dedicated pins. Again, these signals are passed to the FMC connector and the 
internal signals are multiplexed into these pins. The FMCCOMM3 includes a complete power solution, including a DC-to-DC step-down regulator 
and LDO.

FMCOMMS8: 4 x 4 MIMO Software Defined Radio Board 
The FMCOMMS8 is an integrated RF design containing two Analog Devices ADRV9009 wideband transceivers, providing 75 MHz to 6 GHz quad 
transmitters, quad receivers, and quad input observation receiver for DPD. It has a max Rx bandwidth of 200 MHz, max tunable Tx synthesis 
bandwidth of 450 MHz, and max observation Rx bandwidth of 450 MHz. It has fully integrated fractional-N RF synthesizers/loop filters and 
provides multi-chip phase synchronization for all RF LO and baseband clocks. It complies with VITA 57.1 mechanical dimensions of 84 mm x 69 
mm but is not fully compliant with the keep-out areas. Platform development environment support includes industry standard Linux industrial I/O 
applications, MATLAB®, Simulink®, GNU Radio, and streaming interfaces for custom C, C++, python, and C# applications.

Open-source HDL reference designs and drivers allow zero-day development time. By connecting to a compatible FPGA development board 
that supports FMC HPC mechanical connectors and JESD204B bus interface, it can be used for evaluation and prototyping. The four-channel 
transceiver can be synchronized in phase and frequency. Additionally, it can be used with the ADRV9009-ZU11EG RF-SOM system. This gives 
a path to evaluating and prototyping with up to 8 phase- and frequency-synchronized transmit and receive channels for complex multi-stream 
applications, ensuring end-to-end deterministic latency. The ADRV9009 transceivers include integrated LO and phase synchronization. Overall 
system frequency and phase synchronization is maintained with a clock tree structure using ADI’s high-performance, low-jitter HMC7044 device, 
making it ideal for applications requiring RF phase alignment with a large number of channels

Target Application Interfact / 
Connectivity Available Documentation Compatible 

FPGA

• Production RF test 
• Software Defined Radio
• 3G-4G
• Drones
• Low Power Radar

• JESD204B
• FMC (HPC)
• SMA

• http://www.analog.com/ad-fmcomms3-ebz
• Hardware
• Design files
• Software user guide
• Application software

KC705
VC707
AC701
ZC702
ZC706

ZedBoard
ZCU102
Arria 10

Table 8: FMCOMMS3 (Wideband Software Defined Radio Board)

Target Application Interfact / 
Connectivity Available Documentation Compatible 

FPGA

• Software Defined Radio
• Phased Array
• 3G, 4G, 5G
• Production RF test 

• JESD204B
• FMC (HPC)
• SMA

• http://www.analog.com/ad-fmcomms3-ebz
• Hardware
• Design files
• Software user guide
• Application software

ZU11EG
ZCU102

Table 9: FMCOMMS8 (4 x 4 MIMO Software Defined Radio Board)

http://www.analog.com/ad-fmcomms3-ebz
http://www.analog.com/ad-fmcomms3-ebz
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Design Accelerators: RF Integrated Transceivers/FPGA SoM Solutions
The RF integrated transceivers with FPGA SoM solutions are very similar to the integrated transceiver FMC cards, with the exceptions of the 
formfactor and lack of flexibility in the FPGA. The goal of these solutions is to put both the integrated transceiver and FPGA on the same card in a 
very small formfactor, getting designers one step closer to having a final product.  

As mentioned, Richardson RFPD has third parties that can customize one of the SoMs to specific requirements, but changes to the FPGA are not as 
easy as connecting the FMC board to a different FPGA platform.

The ADRV9364-Z7020 and ADRV9361-Z7035 are similar to the FMCOMMS3 and FMCOMMS4 systems discussed above. Vanteon and NextGen 
RF have created SoMs to take advantage of one of ADI’s newest integrated transceivers, the ADRV900x.

ADRV9009-ZU11EG: Synchronizable, Dual Transceiver System on Module (SoM) 
This highly integrated RF SOM is based on dual Analog Devices ADRV9009 wideband transceivers. When combined with the ADRV2CRR-FMC 
carrier board, this hardware platform can be used for prototyping and reducing time-to-market for application-specific designs offering four TX 
and RX RF channels and four inputs for observation receiver applications. An additional RF board can be fitted to the carrier to further expand 
the system up to eight TX and RX RF channels and eight observation RX inputs. Analog Devices also has examples of synchronizing up to 12 
ADRV9009s or 24 individual transceivers. Multiple ADRV9009-ZU11EGs can be synchronized together for prototyping of complex multi-stream 
applications, ensuring end-to-end deterministic latency. The ADRV9009 transceivers include integrated LO and phase synchronization.

Overall system frequency and phase synchronization is maintained with a clock tree structure using ADI’s high-performance, low-jitter HMC7044, 
making it ideal for applications requiring phase alignment across a large number of channels. 

The ADRV9009-ZU11EG has extensive I/O capability via the two 400-pin connectors fitted on the underside. When combined with the 
ADRV2CRR-FMC carrier board, a variety of high-speed I/O can be used, including USB3, USB2, PCIe 3.0 x8, QSFP+, SFP+, 1Gb Ethernet x2, and 
CPRI capability.

PDF versions of the schematics can be downloaded for reference, or full design files can be licensed for custom applications. The necessary 
software is available to help a user get up and running out of the box. Platform development environment support includes industry standard 

Part #
Freq. 

Range 
(GHz)

Bandwidth 
(MHz)

TX/RX 
Chan-

nels
Description ADI 

Transceiver FPGA

ADRV9364-Z7020 0.7-6 0.2-56 1 Low Cost AD9364 XC7Z020

ADRV9361-Z7035 0.7-6 0.2-56 2 Multi-channel AD9361 XC7Z035

ADRV9009-ZU11EG 0.75-6
RX 200, 

TX/ORX 450
4

8 Channels 
possible

ADRV9009  ZU11EG

VPRO-21-C
(Vanteon Wireless Solu-

tions vProtean)
0.03-6 0.012-40 2

RX LNA / TX 
Amp, High 

Performance 
with Low 

Power

ADRV9004 Z-7020

BP-3CG1E-9002 
(NextGen RF Designs 

BytePipe)
0.03-6 0.012-40 2

High Perfor-
mance, Very 
Small, with 
Low Power

ADRV9002
ZU11EG, 
ZCU102

Table 10: RF Integrated Transceivers / FPGA SoM Solutions
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Linux industrial IIO applications, MATLAB®, Simulink®, GNU Radio, and streaming interfaces for custom C, C++, python, and C# applications. 
Opensource HDL reference designs and drivers are available for evaluation and prototyping.

The ADRV9009-ZU11EG can operate from 75 MHz to 6 GHz. The max bandwidth for the RX is 200 MHz, but the transmit and observation RX have 
a max bandwidth of 450 MHz. Effectively, it has a 16-bit, 491 MSPS ADC and DAC.

ADRV9002/3/4: Highly Integrated Transceivers (RF to Digital) 
As mentioned above, the vProtean and BytePipe are based on Analog Devices’ newest highly integrated RF transceiver. The ADRV9002 is the first 
high-performance integrated transceiver that can be used for cellular infrastructure applications, like ADI’s earlier AD9361 and its variants, but 
the ADRV9002’s focus is on everything else. Some highlights include widening the low frequency coverage down to 30 MHz and its focus on more 
narrowband modulation signals. Because it was made on a 28 nm CMOS process, it is very low power.

The ADRV9002 has two transmit channels, two receive channels, and two synthesizers that can be muxed to any combination of the transmit and 
receive chains, allowing it to be used for FDD or TDD applications. Or one of the RX paths can be used as a sniffer to see which frequency bands are 
not being used while the rest of the system is turned off—and then switch the whole system to that empty frequency band. It has various low power 
modes and the ability to do fast frequency hopping and DPD. It also has a SPI or LVDS digital interface, allowing it to be used with an inexpensive 
processor/FPGA. It has various digital functions like digital down converters and FIR filters, and multiple parts can be synched together for MIMO 
type applications.

The ADRV9002 is the full-featured device. The ADRV9004 is the same as the ADRV9002 without DPD, and the ADRV9003 is a 1x1 version 
of the ADRV9004 (i.e., 1x1 version of the ADRV9002 without DPD). As stated, all parts go between 30 MHz and 6 GHz, and have the same RF 
performance specifications and functionality.  

VPRO-21-C: 0.03–6 GHz Dual Transceiver with FPGA SoM 
vProtean is Vanteon Wireless Solutions’ second Software Defined Radio platform based on the Analog Devices ADRV9004 highly integrated, 
wideband RF transceiver and the Xilinx Zynq-7020 Programmable SoC. The vProtean SDR has a custom RF front-end that is highly flexible, 
allowing it to be software-configured for the full 30 MHz to 6 GHz frequency range and 12 kHz to 40 MHz of instantaneous bandwidth. This makes 
vProtean perfect for signal intelligence and multi-band processing applications.

vProtean also has a carrier board (VPROKIT-21-C vProtean Prototyping Platform) that makes it easy to evaluate and start software/algorithm 
development while the hardware team is finishing its design. It includes many options to interface to vProtean and is designed to make it easy to 
start working with the platform.  

BP-3CG1E-9002: 0.03–6 GHz Dual Transceiver with FPGA SoM 
NextGen RF’s BytePipe is a 30 MHz to 6 GHz Software Defined Radio SoM based on the ADRV9002 and Xilinx ZYNC® UltraScale+ SoC 
(the XCZU2CG or XCU3EG). The BytePipe can be used as an evaluation tool, a prototyping platform, or a full-scale product. It has most of the 
functionality of the ADRV9002, including DPD. Note that the two receivers can be used as regular receivers or observation receivers. The 12.5 KHz 
to 40 MHz bandwidth makes it suitable for applications like land mobile radio and APCO P25-PII, while supporting higher bandwidth applications 
like satellite communications, IoT, cellular, LTE and Wi-Fi. Platform development environment support includes industrial IIO applications, 
MATLAB®, Simulink®, and streaming interfaces for custom C, C++ or VHDL. Modulation and demodulation are available for ASK/AM, FSK/FM, 
PSK/PM, QAM and OFDM.

The BytePipe also has a carrier board (BP-3CG1E-9002KT BytePipe Prototyping Platform) that makes it easy to evaluate and start software/
algorithm development while the hardware team is finishing its design. It includes many options to interface to the BytePipe and is designed to 
make it easy to start working with the platform. Note that the carrier board includes an LNA, but the BytePipe itself does not include any RF front-
end components

Design Accelerators: RadioCarbon RF Front-Ends
These Richardson RFPD-designed Design Accelerators are complete RF front ends, although the TX portions can be used as driver amps 
for higher power applications. These front-ends were designed to be reference designs that would use integrated transceivers or highspeed 
converters as the baseband. The RadioCarbon series, as shown in Table 11 below, can also be used as a carrier board or prototyping platform for 
the BytePipe. The RFPD-RC-4450-50 will be released soon, and we have RFPD-RC-1327-50 prototype boards in the lab.  We currently have 
paper designs for the RFPD-1327-20 and DE705.
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Part # Freq. Range 
(GHz)

TX 
PSAT 

(W)

TX Pout 
Average 
(W @ 10 
dB PAR)

RX 
NF 

(dB)

Max 
BW 

(GHz)
Customizable Tested TRX Compatibility

RFPD-RC-4450-50 4.4-5 40 2 2.1 0.6 Yes
BytePipe 

ADRV9002

RFPD-RC-1327-50 1.35-2.7 40 2 1.5 1.35 Yes
BytePipe

ADRV9002

RFPD-RC-1327-20 1.35-2.7 20 1 1.5 1.35 Yes
BytePipe

ADRV9002

DE705 0.698-0.96 47 5 2.5 0.1 Yes
BytePipe

ADRV9002
AD9375

Table 11: RadioCarbon RF Front-end Design Accelerators

The RadioCarbon series has standalone software/GUI, although NextGen RF is also designing BytePipe software to control it. It was designed to 
be used with any platform that has DPD available. The boards were also designed so the BytePipe could be mounted directly to it, allowing it to be 
used in place of the BytePipe prototyping platform. The RF portions of the boards are relatively small, but the boards’ size has been increased to be 
used as the BytePipe’s prototyping platform. These platforms were meant to be used as reference designs; however Richardson RFPD can provide 
design services to modify them for a specific application.  

Figure 5, below, shows the RFPD-RC-4450-50, which is scheduled to be the first RadioCarbon release (June 2022). It is matched between 4.4-5 
GHz and is a complete RFFE that includes a transmit section with a gain of 42 dB and a 2W output power assuming a modulated signal with a 10 dB 
peak to average power. On the receive side, it has a 2.1 dB noise figure and gain of 23 dB. The reference design also includes the ability to input 45 
V to power the complete reference design, as well as protection of and the ability to optimize the bias for the 2 GaN PA stages and the GaN Driver 
stage.

Figure 5: RadioCarbon RFPD-RC-4450-50 block diagram
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Design Accelerators: RadioThorium Up/Downconverters
Bandwidth is at a premium for frequencies below 6 GHz. As the demand for wireless increases and the demand for more data increases, regulating 
bodies all over the world have opened spectrum at higher frequencies. Of course, increasing operating frequency is expensive (test equipment 
alone is very expensive) and adds risk to a design. It is not easy to work at mmWave frequencies. Richardson RFPD has designed two up/down 
converter Design Accelerators to help customers reduce time-to-market and risk.

The RFPD-RT-2444-1, shown in Figure 6, below, is expected to release June 2022. The module is designed to interface directly with software 
defined radios, such as Analog Devices’ Mixed-Signal Front-End (see below for additional information). Power is provided via a 12-volt wall cube 
which is included with the kit. An embedded fan and temperature monitoring are integrated into the unit to manage heat. Control of the module is 
provided via the USB, UART, or SPI interfaces.  

Two API protocols are available. The first is ASCII-based, and the second is a binary protocol. Up to 4 units can be combined in a vertical stack to 
create a complex 4 x 4 MIMO radio system. Module addresses are set using a DIP switch on the configuration port. The design accelerator has high 
enough performance to be used for most applications in its frequency range, including instrumentation, SatCom, 5G, and aerospace and defense.  

The low frequency RF inputs including the IF, IQ, external LO, and external frequency reference ports use SMA connectors. The mmWave ports, use 
2.4 mm connectors.

The RFPD-RT-0224-1 (2-24.5 GHz) is currently at a paper design phase.

The RadioThorium Design Accelerator portfolio will include various RF front-ends and baseband cards. The first baseband card we will interface 
to is ADI’s AD9081 and 82 MxFE platforms. These are a combination of highspeed DACs and ADCs that work perfectly as the baseband for 
applications between 24-44 GHz.

Part # Freq. 
(GHz) Architecture

TX 
P1dB 
(dBm)

RX 
NF 

(dB)

Max 
BW 

(GHz)
Customizable Tested TRX Compatibility

RFPD-RT-2444-1 24-44
Direct Conver-

sion and IF
0 10 >1 Yes AD9081/2

RFPD-RT-0224-1 2-24.5
Direct Conver-

sion and IF
15 5.5 >1 Yes AD9081/2

Table 12: RadioThorium Up/Downconverter Design Accelerators

Figure 6: RFPD-RT-2444-1 (24-44 GHz Up/Downconverter Design Accelerator)
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Design Accelerators: High-Speed Converter Demonstration Platforms
The next group of design accelerators, as shown in Table 13 below, are final products made from high-speed converters and FPGAs designed by 
Red Pitaya. Users of these Design Accelerators are given access to the FPGA and can program their own applications or use one of the many open-
source applications written by other users.

The highest sampling rate platform is the SIGNALlab 250-12. This platform can be ordered alone or with accessories to help with various 
applications, including oscilloscope, signal generator, etc.

Design Accelerators: RF Integrated Transceiver Demonstration Platforms
Finally, as shown in Table 15, there are two Design Accelerators final products made from a combination of RF integrated transceivers. These 
customizable platforms build on previous FMC cards and SOMs

Red Pitaya 
Part # Description Formfactor FPGA Application

STEMlab 125-10-D
STEMlab 125-10-S

10bit 125Msps ADC 
and DAC 

Dual TX/RX 
Product

Xilinx Zynq 
7010

Customer Programable, Oscilloscope, Signal Gen-
erator, Spectrum Analyzer, Bode Analyzer, Logic 
Analyzer, LCR Meter*, Streaming, SDR, or Vector 

Network Analyzer

STEMlab 125-14-D  
STEMlab 125-14-S  
STEMlab 125-14-U

Dual 14bit 125Msps 
ADC and DAC

Dual TX/RX 
Product

Xilinx Zynq 
7010

Customer Programable, Oscilloscope, Signal Gen-
erator, Spectrum Analyzer, Bode Analyzer, Logic 
Analyzer, LCR Meter*, Streaming, SDR, or Vector 

Network Analyzer

SIGNALlab 250-12
Dual 12bit 

250Msps ADC and 
DAC

Dual TX/
RX Product

Xilinx Zynq 
7020

Customer Programable, Oscilloscope, Signal 
Generator, Spectrum Analyzer, Bode Analyzer, 
Logic Analyzer, LCR Meter*, Streaming, SDR, 

Vector Network Analyzer, Network Manager, or 
Calibration Tool

SDRlab 122.88-16
Dual 16bit ADC and 

Dual 14bit DAC, 
122.88MHz Clock

Dual TX/
RX Product

Xilinx Zynq 
7020

Customer Programable, Oscilloscope, Signal 
Generator, Spectrum Analyzer, Logic Analyzer, 

SDR

Table 13: High-Speed Converter Demonstration Platform Design Accelerators

Interfact/Connectivity Processor Available Documentation

• 1 Gbit Ethernet
• 2xUSB 2.0
• WiFi
• BNC
• Accessories Available

• Dual-Cor ARM Coprtex A9 
MPCore

• Zynq 7020
• Ram 1Gb (8Gb)
• Up to 32Gb System Memory

Customer Programable, Oscilloscope, Signal Generator, 
Spectrum Analyzer, Bode Analyzer, Logic Analyzer, LCR Meter*, 
Streaming, SDR, Vector Network Analyzer, Network Manager, or 

Calibration Tool

Table 14: SIGNALlab 250-12 Platform

https://www.richardsonrfpd.com/Products/Product/STEMLAB125-10-D
https://www.richardsonrfpd.com/Products/Product/STEMLAB125-10-S
https://www.richardsonrfpd.com/Products/Product/STEMLAB125-14-D
https://www.richardsonrfpd.com/Products/Product/STEMLAB125-14-S
https://www.richardsonrfpd.com/Products/Product/STEMLAB125-14-U
https://www.richardsonrfpd.com/Products/Product/SIGNALLAB250-12
https://www.richardsonrfpd.com/Products/Product/SDRLAB122-period-88-16
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Pluto is a complete transceiver made from the AD9363 and Xilinx Zynq Z-7010. Analog Devices has written many learning modules for electrical 
engineering college courses for Pluto. There are many applications already included with Pluto, and users are also able to program it with their own 
applications.

PackRF is the next generation Pluto and comes with two self-contained dual radios. Each of these radios is made up of the ADRV9361-Z7035 
RF SOM, so users can transmit from one of these dual radios to the other. All accessories are included, including the antennas, ethernet cord, 
etc. These dual radios also have a battery backup in case the power goes out while they are in use. Just like Pluto, customer can write their own 
applications, but it comes with many of its own.  

Conclusion
Developing a radio and bringing it to market can be a complex and expensive undertaking, but Richardson RFPD has a portfolio of Design 
Accelerators that can reduce time-to-market and risk associated with new RF designs. Between the integrated transceiver and highspeed 
converter FMC Cards, SoMs and demonstration platforms, as well as the RFFEs and up/down converters, there is a versatile selection of platforms. 
Richardson RFPD can also connect developers with a design services company that can customize or productize any of the Design Accelerators.  

Additional Information
Additional information on the complete lineup of Design Accelerators is available online at https://www.richardsonrfpd.com/rfdesign/sdr-design-
accelerators/.

About Richardson RFPD

Richardson RFPD, an Arrow Electronics company, is a global leader in the RF, wireless, IoT and power technologies markets. It brings relationships 
with many of the industry’s top radio frequency and power component suppliers. Whether it’s designing components or engineering complete 
solutions, Richardson RFPD’s worldwide design centers and technical sales team provide comprehensive support for customers’ go-to-market 
strategy, from prototype to production. More information is available online at richardsonrfpd.com.

Part #
Freq. 

Range 
(GHz)

Band-
width 
(MHz)

TX/RX 
Chan-

nels
Description

ADI 
Transceiver 

/SoM
FPGA/SoM

ADALM-PLUTO 0.325-3.8 <20 1
Self-Contained, USB 

Powered, Plastic Mold-
ed Housing

AD9363 Xilinx Zynq Z-7010

ADRV-PACKRF 0.070-6 0.2-56 2
Robust Portable Radio 

Design2
ADRV9361-Z7035 ADRV9361-Z7035

Table 15: RF Integrated Transceiver Demonstration Platform Design Accelerators

https://www.richardsonrfpd.com/rfdesign/sdr-design-accelerators/
https://www.richardsonrfpd.com/rfdesign/sdr-design-accelerators/
https://www.richardsonrfpd.com/?utm_source=IoT-Traction-White-Paper&utm_medium=RFPDhome
https://www.richardsonrfpd.com/Products/Product/ADALM-PLUTO
https://www.richardsonrfpd.com/Products/Product/ADRV-PACKRF

