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Xilinx’s new RFSoC brings a powerful and unique solution for addressing some of the most
demanding requirements of high bandwidth and high channel count systems. This paper
provides alook at how RFSoC compares to the current trends in A/D and D/A converters and

the strategies for getting the most performance out of this new family of FPGAs.

On February 21st, 2017, Xilinx® announced the introduction
of anew technology called RFSoC with the rather dramatic
headline “Xilinx Unveils Disruptive Integration and
Architectural Breakthrough for 5G Wireless with RF-Class
Analog Technology.” The proposition was simple; add RF-
class analog to digital and digital to analog data converters
to Xilinx’s already powerful MPSoC, ARM processor enhanced
family of high performance FPGAs. And while the concept
was simple, the implications were profound, changing the
way engineers could design and package small, high channel
count systems. And this technology not only offers new
possibilities for 5G applications, but has significant impact
in military and scientific systems, justifying the claim in
Xilinx’sannouncement. To get better appreciation of the
capabilities of RFSoC and understand how to best use the
advantages of this technology, it's worth taking a quick look
at current trends in data converters and signal processing.

WHAT IS RFSOC?

RFSoC or more properly, Zyng® UltraScale+™ RFSoC is
based on Xilinx’s prior family, the Zynq UltraScale+ MPSoC.
The MPSoC is a system on chip architecture that includes
up to four ARM Cortex-Ab3 application processors and
two ARM Cortex-R5 real-time processors integrated

into the UltraScale+ programmable logic. This solution

MPSoC

Figure 1
Xilinx’s Zynq UltraScale MPSoC vs RFSoC.

offers the software programmability and flexibility
of a processor with the hardware programmability
and performance of an FPGA inasingle IC.

RFSoC builds on the MPSoC foundation and adds eight
5 GSPS 14-bit A/Ds each equipped with programmable
Digital Downconverts (DDC) and eight 10 GSPS 14-bit
D/As each equipped with Digital Upconverters (DUC).
While other A/D and D/A configurations are available,
we'll consider the eight A/D and eight D/A configuration
for the rest of this paper. Below is animage that shows
the similarity between the MPSoC and RFSoC.

IMPROVEMENTS IN SWAP AND COST

A common termin military applications is SWaP, which
stands for Size, Weight and Power and refers to the ongoing
requirement to reduce these attributes for communications,
reconnaissance, radar and various types of signal acquisition
and processing systems. The need for smaller, lighter and
less power becomes obvious when you think about where
these systems are often deployed. Unmanned vehicles like
unmanned aerial vehicles (UAV)and unmanned underwater
vehicles (UUV)frequently require stealth to achieve their
mission. Smaller, lighter and less power usually equates to
stealthier, enabling these systems to be more effective.

RFSoC
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Figure 2

Discrete component vs. RFSoC solution size comparison.

Manpack (or womanpack) systems where the communications
or direction finding equipment and associated power

supply are worn by personnel are another target for SWaP
reduction. Here again, smaller, lighter and less power is
needed for making a practical, human carried system.

RFSoC's high level of integration provides a significant amount
of SWaP reduction when compared to designing the same
functionality with discrete components. The example below
shows the reductionin size by representing component
footprints graphically. In the comparison, each component is
roughly to scale, and space has been left between the discrete
components to model a typical PCB layout, where ICs need
space between them for assembly and placement of passive
components. The RFSoC implementation can save 50% or
more in overall size compared to the discrete approach.

While RFSoC can reduce weight at the component level,
that savings is minimal when you consider the total weight
of nine ICs compared to a single RFSoC. Where weight
savings can be appreciated is when you look at power. For
every watt of power in a system, comes the weight of a
cooling solution, either in metal or composite heatsinks,
orin some systems, more exotic solutions like liquid and

UltraScale+

FPGA

Figure 3

Discrete component vs. RFSoC solution cost comparison.

RFSoC

(contains
UltraScale+ FPGA,
8 A/Ds, 8 D/As and
multi-core ARM processor)

Footprint required using RFSoC

vapor cooling. RFSoC can easily bring power savings of
30%-40% or more compared to typical discrete solutions
reducing the cooling solution complexity and weight. And in
portable systems, every watt that can be eliminated results
in smaller, lighter batteries and longer operation time.

A key reason for the reduced power of RFSoC is the elimination
of the interfaces needed to connect the various ICs in a discrete
solution. Most data converters sampling at 1or 2 GHz or higher
depend on serial interfaces to move digital data between the
converterand the FPGA. These interfaces expend power at
both the data converter side and the FPGA side in serializing
and deserializing(SerDes) circuitry. The most common

serial interface protocol used for converters is JESD204. By
integrating the converters directly into the FPGA, the serial
interfaces are eliminated as well as data transfer latency which
the SerDes process and protocol introduce. (More on serial vs.
parallel converter interfaces and latency later in this paper)

Another parameter often tacked on to SWaP is cost,
sometimes referred to as SWaP-C. Here again RFSoC
address the requirement. The same comparison used
earlier of implementing the functions of the RFSoC as
discrete componentsyields the following results:

> RFSoC
(contains
UltraScale+ FPGA,

8 A/Ds, 8 D/As and
multi-core ARM processor)

Cost of discrete
solution is 2x the
cost of the RFSoC

solution

mrcy.com


https://www.mrcy.com/?utm_campaign=pla_processing&utm_medium=print&utm_source=collateral&utm_content=ai_intel_wp_som

WHITE PAPER
Strategies for Deploying Xilinx's Zynq UltraScale+ RFSoC

mercury

The cost of a typical multi-core ARM processor +(4 x

Dual 5 GSPS A/Ds) +(4 x Dual 10 GSPS D/As) + Kintex™
UltraScale+ FPGA (with equivalent programmable logic
and DSP density of the RFSoC)=approximately 2x the cost
of the same functionality delivered in a single RFSoC.

While savings at any level is always welcome, the real
benefit of the reduced cost can be seen in systems
where many channels of A/Ds and D/As are required.
Massive multiple-input multiple-output (MIMO)antennas
are being targeted for applications from Wi-Fito LTE

to 5G. Massive MIMO antennas typically start at 8x8
configurations (8 receive channels and 8 transmit
channels)and can be multiples of that configuration. This
is a perfect match for the convertersin the RFSoC.

Another high channel count application is phased array radar.
The Multi-function Phased Array Radar (MPAR)initiative
combines the functions of several national radar networks
into a single system for aircraft and weather surveillance. It
isnotuncommon for these antenna arrays to be specified
with 64 or more elements, with each element requiring

an A/D and D/A pair combined with signal generation and
receive and control processing. With these systems as

well as military surveillance and targeting systems where
hundreds of elements can be required, the savings found

in RFSoC’'s integrated solution can add up quickly.

DATA CONVERTER INTERFACES

Up to this point the advantages of RFSoC have been primarily
inimproving on already available solutions, saving on size,
weight, power and cost compared to discrete component
solutions. But by integrating the data convertersinto the
FPGA, RFSoC offers a solution that is currently unavailable
using existing technology. To understand this you must first
look at how data converters connect to FPGAs. Using A/Ds
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A/D converter to FPGA interface using parallel LVDS pairs.

Figure 4

as an example (but this is the same for D/As), connecting
a12-bit A/Dto an FPGA using a parallel interface might
look like this where each bit is represented by an LVDS pair
and an additional pair is used for data ready or clock.

In some cases the interface can make use of double data
rate (DDR)technology where data is transferred on the rising
and falling edge of the clock, effectively doubling the amount
of data transferredin a single clock cycle. But even with
DDR, parallel converter interfaces become problematic for
data converters with sample rates above about 1.5 GHz due
to the speed limitations of the LVDS interfaces on FPGAs.
One solution to overcome thisis to use a 1:2 demultiplexed
interface (DeMux)where data is sent over two parallel
interfaces each running at half of the sample rate. In the 12-bit
A/D converter example, if the converter is sampling at 2 GHz,
each of the 12-bit paths following the DeMux are running at
1GHz. This keeps each 12-bit interface below the maximum
clock rate allowed by the FPGA LVDS interface but still
delivers the data needed to support the 2 GHz sample rate.
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Figure 5
A/Dconverter to FPGA interface usinga 1:2 DeMux.
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But this solution also becomes problematic at higher
speeds. Using this same technique, a 4 GHz A/D would
require a 1:4 DeMux. This quickly starts to become a PCB
design challenge when you consider the number of pairs
needed and that these signals need to be critically routed
to maintain tight length matching between pairs so data
arrives at the FPGA across all 12 bits at the same time. In
addition to the routing challenge, a 12-bit A/D converter
now requires 4 sets of 12 pairs (or 96 individual I/0 pins,
not including clock pins)to interface to the FPGA. In a
typical FPGA device where 400 to 600 1/0 pins might be
available for interfacing all parallel devices like A/D and
D/A converters and memory, half the pins could easily
be used to connect just two 4 GHz A/D converters.

An alternate solution to the high-pin count interfaceis to
use a serial interface to connect data converters. JESD204
was created for this exact purpose. JESD204 makes use

of the FPGA gigabit serial interfaces instead of LVDS. The
example below shows a PCB routed fora1GHz 12-bit A/D
connected via parallel LVDS and a PCB routed for a similar
1GHz 12-bit A/D connected via four high speed serial
interfaces(or lanes)using JEDS204. The four lanes pose
less of a PCB design challenge because of the reduced
number of signals as well as the fact that the interface
standard includes clock and datarecovery features which
eliminate the need to critically match the length of all lanes.

So while JESD204 can be a good solution for many high

speed data converter applications, it's not a perfect solution.
The JESD204 IP and gigabit serial interface add about 1W

to the power budget for every four lanes used. JESD204 is a
proprietary IP core and typically requires a paid license to use
it. Inaddition, using JESD204 can add complexity to the FPGA

12 data pairs & 1clock pair

routed to match length

LVDS Parallel Interface

Figure 6
Parallel vs. Serial PCB Routing

IP design. In applications where multiple converters across
multiple ICs need to be synchronized, JESD204 requires a
more elaborate clocking solution than parallel interfaces
adding some additional circuitry and complexity. But while
each of these obstacles can add power, cost, complexity
andincreased size, none is typically a showstopper.

Where JESD204 becomes a true impediment for some
applicationsisinlink latency. Where a parallel converter
interface can delay the data by at most a few sample clock
cycles forlocal buffering, the JESD204 protocol and the
SerDesrequired to support it can add 80 sample clock cycles
or more of latency from when the data is converted to when
itisavailable inthe FPGA foran A/D converterandinthe
reverse direction for a D/A converter. In some applications
where data is streamed and processing results are not
required in real-time, this poses no problem. As long as the
dataarrives at the FPGA without losing any samples, how long
it takes to get there is not critical. But in many applications
including high-speed tight control loop systems, some radar
systems, and electronic warfare like countermeasures,
where there is avery short time allowed for acquiring the
data, processingitand turningitaround, thislatencyisa
non-starter and eliminates JESD204 based solutions.

So, what does all this have to do with RFSoC? With the
data convertersintegrated directly into the FPGA using
parallelinterfaces, they don't require the prohibitively
high pin count external connections needed for discrete
parallelinterface converters allowing more converter
channels to be supported by a single FPGA. In addition,
the latency associated with a JESD204 serial interface is
not anissue. This makes RFSoC an attractive to solution
for high channel count and low latency applications.

4 pairs

JESD204 Serial Interface
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HARDWARE DESIGN WITH RFSOC

The circuit density and small size of the RFSoC create some
unique challenges for circuit and PCB designers when
engineering systems using the FPGA. Designing and laying
out the PCB for the analog interface containing 16 channels
(8 A/Dand 8 D/A), requires attention to even the smallest
details, to maintain signal quality and reduce crosstalk in such
adense configuration. Similarly, the RFSoCs GTYs(gigabit
serial interfaces)are capable of running at higher than 32 Gb/
sec. This poses another layout and routing challenge to the
PCB design to maintain these speeds with signal integrity.
For some operating modes, the RFSoC requires up to nine
different supply voltages. Add to that another four or five
supplies for peripheral circuitry and the power generation
and management design can become complex very quickly.
While each of these challenges can be demanding on their
own, consider that many of the applications where RFSoC
can bring the greatest benefit are in space restricted and
harsh environments, exacerbating the design challenge.

Mercury has taken a unique approach to delivering RFSoC
functionality to our customers. Our QuartzXM™ eXpress Module
isasmall 2.5"x 4" board containing the Zynqg UltraScale+
RFSoC FPGA and all peripheral and power circuitry needed

for support and operation. The concept behind the QuartzXM
is simple: to provide the RFSoC functionality in a small, fully
designed package that can be used on different carriers

as needed to match the specific interface requirements of
different applications. By offering the RFSoC on the QuartzXM,
Mercury is delivering not only the RFSoC functionality, but

is delivering a solution where many of the most demanding
circuitry and packaging challenges have been solved.

Figure7
QuartzXM eXpress Module

Figure 8

Model 5950 SOSA 3U VPX Quartz Board
(coverremoved to show QuartzXM Module)

Our Quartz™line includes board products in standard from
factors like 3U VPX and PCle, delivering the QuartzXM

in turn-key solutions ready forimmediate deployment.

The products are available in commercial and rugged,
conduction cooled versions, and in many situations will be
the final deployed solution. But with the modular design

of QuartzXM, the standard form factor board can be the
platform where the application is developed and proven, and
then migrated to a custom carrier platform for deployment.
More information about Mercury’s Quartz products can

be found here: https://www.pentek.com/rfsoc
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An additional benefit of the modular design is flexibility to track
emerging standards that will require new mechanical designs
or reconfiguration of backplane connections from the current
standards. A good example of this is SOSA™(Sensor Open
Systems Architecture). The SOSA Consortium is developing
common open standards for designing, building, and deploying
hardware, software, and firmware components of new military
electronic systems. While the SOSA hardware standards
leverage the existing VITA 3U and 6U specifications, there

THE QUARTZ FAMILY
ZYNQ ULTRASCALE+ RFSoC

are significant differences to the type and position of signals
onthe VPX backplane. A new product recently announced

by Mercury is the Model 5550 SOSA Aligned 3U VPX Quartz
board. The new 3U VPX board uses the existing QuartzXM
eXpress Module and much of the tested and mature IP ona new
SOSA aligned carrier. This allows much quicker deployment

on new standards as they develop. More information about
SOSA canbe found here: http://www.pentek.com/sosa

The Quartz® family is based on the QuartzXM System on Module, available in standard form factors
like 3U VPX and PCle and ideal for deployment on custom designed carriers.
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SOFTWARE AND IP DESIGN

With each new family of FPGA, there has been a constant
progression towards more powerful processing solutions.
Each new family adds more logic density, faster logic fabric,
more DSP resources, more on-chip memory, faster interface
and now with RFSoC high sample rate A/Dand D/A converters.
While these new capabilities are certainly welcome, and

they do enable more and more complex applications to be
targeted at FPGAs, they also raise the bar for betterand more
capable design tools to handle the increasing complexity and
size of the new IP that can be created. Xilinx has addressed
the design tool challenge with their Vivado® Design Suite.
Itincludestools for every aspect of the design cycle. The
latest version has improvements in performance with faster
routingand more efficient FPGA resource usage allowing
denser designs. Vivado also addresses the increasing design
complexity challenges with tools for creating processing

IP with C-language specification, an integrated software
development kit that targets the ARM processors, and
plug-and-play block diagram based IP integration with IP
Integrator. While all of these toolimprovements goalong
way in enabling both software and IP engineers, the job of
creatinga complete system solution can be greatly accelerated

Figure 9

Navigator FDK allows FPGA engineers to access the board designin IP Integrator

when manufacturers of FPGA based hardware products
provide IP and software libraries to support the specific
features of the hardware. The better the manufacturer can
provide a foundation of software and IP for the engineer

to build their application on, the faster the engineer can
complete the job of producing a final, robust system.

All Mercury hardware products include a full suite of

FPGA based functions allowing the product to be used
immediately in arange of applications without the need to
create any FPGAIP. Forall of our A/D or D/A based products
the functions caninclude data acquisition and waveform
generator engines, data tagging and metadata creation,
VITA-49 packet creation, digital downconverters, multi-
channeland multi-board synchronization, optimized DMA
for moving data on and off board through PCle or 10GigE,

in addition to IP targeted at specific applications.

RFSoC again brings new challenges and solutions with
the sheer amount of data the A/D and D/A converters can
introduce and the minimum latency interfaces between
data convertersand programmable logic in time critical
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applications. Mercury’s Quartz products address some of the
most common requirements of RFSoC targeted applications
with new built-in IP ready to use with no additional IP design
needed. These include an enhanced acquisition engine that
supports the fullbandwidth 4 GHz sample rate with options
to snapshot datato on-board memory or to stream over

dual 100 GigE interfaces, an optimized x16 decimator for
datareductionin high channel count applications, and an
enhanced waveform generator engine for outputting D/A data
supplied by the 100 GigE interface or from waveforms loaded
to on-board memory. In each case the installed functions can
provide a final solution or be the basis of a custom solution
when built upon using the Navigator™ FPGA Design Kit (FDK).

The Navigator FDK provides alibrary of all of Mercury’s IP
functions as blocks that can be used in Xilinx's Vivado IP
Integrator, giving the IP designer immediate access to the
product’s entire FPGA design as a block diagram. Individual
IP blocks can be removed, modified, or replaced with custom
IP to meet the application’s processing requirements. If at
any time a designer needs to work with the VHDL source
code directly, it isalways accessible ina source window,

as well as full on-line documentation of every Mercury

IP core. Navigator FDK leverages the features of Vivado
allowing an engineer to start designing with the FDK

NAVIGATOR:
BOARD SUPPORT PACKAGE

immediately without the need to learn new software tools
and streamlines the path to a final application solution by
providing the foundation for custom IP to be built on.

The companion product to the Navigator FDK is the Navigator
Board Support Package (BSP). With every creation of, or
modification to an IP block, a change to software, most likely
running on the RFSoC’s ARM processors, to control the new or
modified IP might be needed. The Navigator BSP was designed
to help manage this relationship between IP and software. The
BSP provides C language functions and utilities structured

to map the IP blocks provided in the FDK. This one-to-one
relationship between IP and the software to control it isanother
path to manage the increasing complexity of applications.

RFSoC brings new possibilities for addressing some of the
most challenging requirements of high bandwidth, high channel
count systems. Understanding how this new technology can
specifically address SWaP-C and low latency applications is key
to matching it to many applications that can benefit fromit the
most. And while Xilinx has provided a rich set of tools, IP and
support at the chip level, equipment manufactures like Mercury,
using RFSoC at the center of their board architecture, can
leverage the power of RFSoC by providing unique solutions to
streamline the path from RFSoC to a deployed system solution.

NAVIGATOR:
FPGA DESIGN KIT

A/D Control BSP Module

A/D Control IP Module

Clock Control BSP Module

Sync Bus Interface BSP Module

Clock Control IP Module

Sync Bus Interface IP Module

Digital Downconverter BSP Module

Digital Downconverter IP Module

Power Meter BSP Module

Power Meter IP Module

Timestamp Generator BSP Module

Timestamp Generator IP Module

10 Data Format BSP Module

Figure 10

1Q0 Data Format IP Module

Navigator’s one-to-one relationship between BSP modules and IP modules simplifies the task of keeping software changes synchronized with IP changes.
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