A system optimized
alternative to FPGAs,
the 66AK2L06 SoC
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Applications that are based on
high-speed data acquisition and
transmission are typically found in
avionics and defense markets, medical
imaging, test and measurement and
other industrial applications. Specific
equipment examples include radar
technology, ultrasound equipment,
wireless network testers, and LIDAR.
At the core of each of these products
are a signal chain that consists of data
acquisition and/or transmission which
requires an analog front end capturing
and transmitting data, and a digital end
converting the data to digital format

for further real-time processing. These
systems typically include a processor
or processors, and custom or semi-
custom circuit to support the digital
front end and JESD204B interface. The
single 66AK2L06 SoC, pre-integrated
in a Tl design with the ADC12J4000
and DAC38J84 as shown in Figure

1, enables the game-changing shift
from current core solutions, affording

a new wave of product innovations
with time to market of up to three times
faster than previous technology. Visit
66AK2L06 to learn more

Highly integrated SoC with
JESD204B attach enables game
changes in power, cost and size
Based on TI's high-performance

KeyStone™ [l architecture, the
66AK2L06 system-on-chip (SoC) is a
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A Figure 1: Game-changing SoC and front-end integration provide step-function reductions

Key features
* 66AK2L06 SoC
o Highly efficient and scalable high-
speed data acquisition and trans-
mission single-chip solution
o Enables significant solution
cSWaP enhancements
— Solution power reductions by up
to 50 percent
— Solution weight and board area
reductions by up to 66 percent
o High-speed JESD204B chip-to-
chip interface
— 4 x 7.36Gbps SerDes line rate
o Fully integrated, software pro-
grammable digital front end accel-
erators for digital up and down
conversion and digital filtering
— For wideband sample rate con-
version up to 48 channels

- 368 MSPS, 300-MHz BW, 4 x
7.36Gbps JESD, 8192-pt FFT,
FIR filters

Fast Fourier transform coproces-

sor (FFTC) improving latency for

FFT/inverse FFT (iFFT) execution

up to 8K-points with better perfor-

mance that a fixed-point DSP core
implementation

o KeyStone™ Il architecture with full
performance entitlement

e}

e ADC12J4000

o Wideband sampling and digital
tuning

o 12 bit, 4 GSPS

o JESD204B

e DAC38J84

© Low power, 4-channel
16 bit, 2.5-GSPS per channel
JESD204B

O
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http://www.ti.com/lsds/ti/dsp/keystone_arm/66ak2lx/overview.page

scalable, low-power high-speed data
acquisition solution that is JESD204B
interface enabled with an integrated
digital front end (DFE), digital down
converter, digital up converter, ARM®
and DSP cores and Fast Fourier Trans-
form (FFT) acceleration. It significantly
improves the cost, size, weight and
power (cSWaP) parameters over cur-
rent solutions, eliminating the need for
additional custom devices such as field
programmable gate arrays (FGPASs) or
application specific integrated circuits
(ASICs). The SoC’s dual-ARM, quad-
DSP cores, along with the DFE, are
fully software programmable, enabling
optimal performance, as well as end
product scalability and quick time to
market. The Tl pre-integration and
validation of the 66AK2L06 SoC with
the 16-bit, 4-GSPS, RF-sampling
ADC12J400 analog-to-digital converter
(ADC); 16-bit, 2.5-GSPS DAC38J84
digital-to-analog converter (DAC);

and required control software enables
customers to get products to market
more rapidly. The ADC12J4000 and
DAC38J84 are both JESD204B-enabled,
affording reduced power consumption
and board space and providing the per-
formance needed for high-speed data
acquisition applications.

Achieving cSWaP product
transformation through
KeyStone Il architecture

Simplifying the interface via
JESD204B

JESD204B is a serial communica-
tions link interface which conforms to
the JESD204B standard from JEDEC
and provides for a high-throughput,
low-in-count serial link between
analog-to-digital (ADC) and digital-
to-analog (DAC) converters, and is
integrated into the 66AK2L06 SoC.
JESD204B is a flexible and scalable
serial link interface that can accom-
modate a wide range of data transfer
speeds and configurations, such as
multiple ADCs or DACs on one JESD
differential pair. By embedding the
clock in the data stream and including
algorithms to optimize the sampling of
data bits, JESD204B is able to simplify

routing between devices because
significantly fewer lanes are needed

on the board. The 66AK2L06 SoC

is unique in that it supports a direct
JESD204B interface between the ADC/
DAC/AFE to the processor itself; no
intermediate circuitry required.

Integrated yet software-
programmable Digital Front End
To date, high-speed data acquisition
solutions have required FGPA or ASIC
solutions to execute the critical func-
tions of the DFE. Each implementation
has been honed to the specific appli-
cation configuration, ultimately com-
mitting the gates in the FPGA or ASIC.
By integrating the DFE, the 66AK2L06
SoC combines all the high-throughput
digital processing into one optimized
processing unit and as a result, the
SoC is able to perform a variety of
functions on-chip, from fundamental
signal processing including channeliza-
tion/decimation and re-sampling, to
exponential complex multiplications,
filtering and FFT/iFFT. The on-chip
integration of this essential function
reduces overall cost, size and weight
by eliminating additional hardware and
associated interfaces while provid-

ing the added bonus of ease of use in
quickly re-programming for field adjust-
ments or new product variations.

Mandatory DFE channelization and
data converter interface functions —
these are signal processing functions
to be performed with most types of
applications:
e Carrier filtering to comply with stan-
dardized spectral emission masks
¢ Tuning and channel aggregation and
distribution
e JESD204B SerDes interfaces to Tl
high-speed ADCs and DACs
¢ The baseband block (BB) provides:
o Programmable complex gain per
channel for transmit data
o Programmable circular clipper for
transmit data
o Programmable back-end automatic
gain control (BeAGC) for receive data
o Programmable power measurement
options for both transmit (TX) and
receive (RX) channels

o Supports up to 24 RX channels and
24 TX channels

o Provides loopback functionality

¢ The digital down/up conversion

(DDUC) provides:

o Multi-channel up/down conversion

o Flexible input/output sample rates

o Programmable resampling options

o Programmable FIR to meet spectral
mask requirements

o Gain, phase and fractional delay
adjustment per channel

On-chip DSP and FFT accelerator
for algorithm software
programmability

The FFTC coprocessors are acces-
sible across all four C66x cores on the
66AK2L06 SoC. This module can be
used to accelerate the FFT and iFFT
computations that are required in vari-
ous applications, hence freeing up DSP
core cycles for other processing. The
FFTC provides the following features:

e iFFT and FFT processing for the follow-
ing sizes:
o 2°x 3 for2<=a<=13,0<=b <=1~

maximum size 8192
o 12 x 2% x 3° x 5° for sizes between
12 and 1296

e 16 bits | / 16 bits Q input and output

¢ Throughput varies slightly depending
on the FFT size. For example an FFT
of 4096 points, can be processed by
a single FFTC at a throughput of 525
Msps for a 1.2-GHz device.

¢ SNR ranging from 84 to 100 dB
depending of the FFT size

¢ Dynamic and programmable scaling
modes

¢ Dynamic scaling mode returns block
exponent

e Support for “FFT shift” (switch left/right
halves)

e Support for cyclic prefix (addition and
removal)

¢ Ping/Pong input, output buffers

¢ |Input data scaling with shift

e Qutput data scaling

e Zero padding

Enabling low-power solutions

The architectural aspects of the

66AK2L06 SoC not only make it a

low-power device, but its unique

capabilities such as the integrated DFE

reduce the overall power consumption



of the entire system. Similar to the
KeyStone devices before it, the
66AK2L06 SoC has achieved its
exceedingly low power consumption
through a combination of process tech-
nologies, TI’s low-power SmartReflex™
technology and innovative power man-
agement techniques, such as dynamic
voltage, frequency scaling, memory
retention until access, power and clock
gating, and others.

Performance entitlement

through highly scalable, software
programmable KeyStone IlI-based
architecture

The 66AK2L06 SoC is based on TI’s
KeyStone Il architecture, which pro-
vides considerable scalability and
flexibility within the device itself, afford-
ing manufacturers the ability to base
an array of multiple products from the
same common hardware/software SoC
platform. This increases customers’
productivity and profitability.

The KeyStone Il architecture pro-

vides more than enough throughput
and on-chip resources to enable the
processing cores to reach their opti-
mum processing performance without
constraints, such as intra-bus blocking.
Referred to as multicore “entitlement”,
this empowerment is ensured by the
architecture’s ability to provide non-
blocking access to all processing

cores, peripherals, co-processors

and 1/O channels. Some of the key
elements of the KeyStone architecture
are its Multicore Navigator, TeraNet and
Multicore Share Memory Controller, per
Figure 2.

The Multicore Navigator controls and
abstracts the connections among the
various subsystems that make up the
KeyStone architecture and SoC. This
innovative packet-based manager has
a unified interface for communications,
data transfers and job management.
While delivering higher system perfor-
mance, it ensures fewer interrupts and
reduces the complexity of software
because of its “fire-and-forget” action
model.

TeraNet — a hierarchal switch fabric —
delivers more than two terabits of
none-blocking data bandwidth within
the 66AK2L06 SoC. This virtually guar-
antees that the cores and coprocessors
are never idle because of data commu-
nication latencies or contention. As a
result, each processing element is able
to operate at its optimum rate. Since
the TeraNet switch fabric is hierarchical
instead of a flat crossbar, overall power
consumption is much lower in idle
states and systems latency is mini-
mized. Low latency is an important key
that could be traded for extra process-
ing power.

Multicore Navigator
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A Figure 2: The 66AK2L06 SoC leverages the KeyStone Il architecture for full performance

entitlement.

The DDR3 external memory inter-
face (EMIF) on the 66AK2L06 SoC

is made up of one 1,600-MHz, 72-bit
bus supporting as much as 8 GB of
addressable memory space. With its
direct connection to the MSMC, the
DDR3 EMIF is able to reduce any la-
tency associated with external memory
fetches and provide the speed needed
for large data transfers, which is es-
sential for advanced applications with
heavy data storage needs.

Powerful core performance — The
KeyStone Il architecture leverages ad-
vanced 28-nm technology for improved
cost efficiency through the integration
of multiple RISC and DSP cores at
lower power consumption. The two
ARM Cortex®-A15 cores provide high-
performance RISC processing at
ultra-low power consumption levels.
The four TMS320C66x DSP cores
integrated into the 66AK2L06 SoC
enable programmable performance

of signal processing and compute
intensive math, supported by an FFT
coprocessor. The C-programmable
C66xx DSP core is the world’s fastest
integrated floating-point DSP deliver-
ing over 20 GFLOPS at 1.25 GHz while
also supporting deterministic real-time
performance.

Software programmability and
system pre-integration provide
3x faster time to market

Introducing the software
programmable Digital Front End

To date, the digital front end functions
such as up and down conversion, FIR
filtering, etc. of high-speed data acqui-
sition products have been implemented
in FPGA or ASICS. They are most often
programmed using VHSIC hardware
design language (VHDL) which in turn
gets implemented as hard-coded

IP blocks within the device. The
66AK2L06 SoC integrated, software
programmable DFE allows for natural
C, C++ floating-point algorithms to be
quickly compiled, analyzed and ad-
justed as necessary, up front, and once
the product is fielded, greatly improving
the R&D time and costs. In addition,
similar products can be created using



that common C, C++ software as a
starting point, enabling OEM product
scalability.

The 66AK2L06 SoC leverages the
software ease of use achieved by
previous KeyStone-based SoCs

An important aspect of the scalability
of the 66AK2L06 SoC is the consistent
and continuous software track that is
essential to all of Tl’'s processors. In ad-
dition to the hardware compatibilities of
the KeyStone Il architecture, software
developed for any KeyStone-based de-
vice is scalable upward to future SoCs.
The KeyStone Il multicore software
development kit (MCSDK) is pre-
integrated and testing with the mainline
Linux™ operating system for the ARM
cores and TI-RTOS real-time operat-
ing system for the DSPs, affording the
optimal balance of performance and
ease of use for SoC software develop-
ers. The ARM and, unlike most existing
implementations, the DSP cores, along
with radio front end, are fully software
programmable for a straightforward,
efficient path to initial product algorithm
implementation, as well as ease in sub-
sequent code permutations for product
variances and deployed enhancements.

TI ADCs, DACs, AFEs: Additional
boost for developer time to market
While the 66AK2L06 SoC JESD204B
interface enables seamless connection
to the robust family of TI ADCs/DACs/

AFEs, Tl has pre-integrated and
validated the real-time processing
engine with a pair of commonly used
Tl data converters, the ADC12J400
and DAC38J84, offering yet even more
simplification and ease of implementa-
tion for developers in this portion of the
market. This is offered as a Tl refer-
ence design, enabling manufacturers
to spend less time and resources on
board-level design, bring-up, integra-
tion and test.

Complete tools and support

Tl has developed a range of tools and
support capabilities that save equip-
ment manufacturers time, resources
and development budget so that these
resources can be allocated to devel-
oping differentiating product features.
The MCSDK provides highly-optimized
bundles of foundational, platform-
specific drivers to enable development
on selected TI ARM and DSP de-
vices. It gives developers the ability

to evaluate hardware and software
capabilities of the evaluation platform
and to rapidly develop applications.
The Radio Frequency Software De-
velopment Kit (RFSDK) provides APls
to initialize and configure digital front
end (DFE) and JESD. The RFSDK wiill
work with a set of configurations for the
pre-validated system solutions based
on the 66AK2L06 SoC and high-speed
data converters (ADCs/DACs) or analog

The platform bar, C6000, Code Composer Studio, KeyStone and SmartReflex are trademarks
of Texas Instruments. All other trademarks are the property of their respective owners.
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front end (AFE). Additionally the RFSDK
provides reconfiguration capability
through a graphical user interface (GUI)
to control and manage DFE/JESD
features such as frequency, filters and
gains. The RFSDK enables developers
to accelerate time to market, leveraging
the programmability of DFE and JESD
to create a scalable system solution for
the high-speed data generation and
acquisition market.

Other development tools include TI’s
well known Code Composer Studio™
(CCStudio) integrated development
environment (IDE), and a full suite of
best-in-class Eclipse-based develop-
ment and debugging tools. CCStudio
IDE features a C compiler for both ARM
and DSP and a Windows® debugger
for visibility into source code execu-
tion and performance. The compiler
generates high-performance code

that is first-pass efficient, reducing the
need for cycles of code optimization.
The debugging tools help designers
get products to market faster, saving
development resources by visualizing
problems and finding solutions quickly.
In addition, an evaluation module (EVM)
and Tl reference design (Tl Designs) are
available to facilitate rapid application
software development platforms and
product prototypes.

For more information
Visit 66 AK2L06 to learn more.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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