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1. Introduction

For years the sample rates of data converters have been rising progressively to make
room for applications using increased bandwidths, such as telecommunication products,
medical products, instrumentation, and industrial products. Moreover, integration
capabilities of advanced CMOS technologies have made digitization affordable. Therefore
digitizing as early as possible in the signal chain and thus benefitting from complex digital
signal processing techniques has many advantages. This has motivated the development
of high speed data converters with data rates, which are higher than 100 Msps and with
resolutions ranging from 10 bits to 16 bits.
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Fig 1. Distribution of applications with respect to resolution and speed

Another trend that can be seen is the complexity of the applications, which integrate
Analog-to-Digital Converters (ADC) and Digital-to-Analog Converters (DAC).

Base stations, such as wireless communication systems, are a good example. The
stringent demands related to the quality of the transceiver, the non-linearity specifications,
the adjacent channels rejection capabilities, and the increasing demand in bandwidth has
led to transceiver architectures integrating at least three ADCs and DACSs, with a high data
rate, high bandwidth and state of the art dynamic performances.
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Fig 2. Transceiver system with 3 data converter devices with pre-distortion return path

System integrators have long had issues with e.g. signal integrity,

Printed-Circuit Board (PCB) layout, ElectroMagnetic Compatibility (EMC) and
ElectroMagnetic Interference (EMI). These issues come with fast switching signals which,
in their most basic form, are the signals that one can find on the input side of a DAC and
the output side of an ADC. Communication and interfacing standards between various
devices on the same PCB have been established to guarantee signal integrity.

2. JESD204A: Serial interface

AN10812

The JESD204A is a serial interface standard dedicated to data converters. It has been
built by all the major stakeholders in the industry, involving System integrators, I1C
suppliers (including NXP Semiconductors) and Field Programmable Gate Array (FPGA)
producers. This ecosystem is very useful as it allows easy interoperability between IC
providers and FPGA producers.

Its main purpose is to simplify PCB design and allow for long distance transmissions.

The added value of the JESD204A over the JESD204 is that it is now possible to have
multiple devices connected through multiple lanes, which is highly beneficial for achieving
high data rates.

The JESD204A has the major advantage of capitalizing on previous serialization features
and standards. For example, it consists of well known blocks, such as an 8b/10b coding,
which is widely used in the industry and has a proven robustness.

The signaling defined in the JESD204A specification is low swing, differential, and
suitable for low-voltage IC technologies. Current Mode Logic (CML) is typically used for
the serial interface as it has the benefit of working at very high frequencies

(from DC to > 3 Ghps). CML provides an 800 mV swing in certain implementations with
the possibility to control the level of the output swing. The 800 mV may be adjustable
down to a few hundred millivolts to minimize crosstalk. CML is for point-to-point links only
and provides matched source and load terminations. This greatly simplifies the
interconnections and stub lengths (termination to RX input) are minimized, optimizing the
signal quality. Because one side is pulled to the rail, both the driver and the receiver
should be powered from the same supply potential for DC coupled applications. This is
one of the reasons that AC coupling is popular with CML interfaces. It provides
common-mode tolerance, fault protection, and also supply independency.
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2.1 Easy PCB design and flexibility

Complex systems require intricate PCB design with multiple metal layers. Figure 2 shows
a telecommunication system that contains five data converter components. If each of
these has a 12-bit resolution, a total of 60 traces (clock signals excluded) are required.

With the JESD204A, given a certain maximum speed, only one pair of differential lanes is
required per data converter, which means a grand total of 7 differential traces when we
have five data converters. This reduces the complexity of the PCB routing. A smaller
board size can be used, which reduces the overall cost.
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Fig 3. PCB optimization with the JESD204A

Moreover, an FPGA can be directly linked to multiple devices and occupying only a few
I/Os on the logic device. This in it itself is extremely helpful because a change of device,
for example, from a 12-bit to a 14-bit ADC, only needs a new reconfiguration file to
reprogram the FPGA and not a total redesign of the board. For this reason there is a
drastic reduction in costs and a lot of flexibility for the designers.

2.2 Electromagnetic interference, electromagnetic compatibility and
speed

When a current flows in a conductor it results in a magnetic field at a certain distance,
which is proportional to the intensity of the current and inversely proportional to the
distance. When data is sent in parallel on the PCB, it creates large magnetic fields
depending on the geographical situation. This can cause problems for the other blocks on
the circuit board. A differential signal can help reduce this effect. Indeed, if we consider
the simplest differential signal, a current flowing from a supply route to a ground route,
one can easily see that in the ground route, the current is in the opposite direction to the
supply route. Both currents will result in a magnetic field, but as the currents are flowing in
opposite directions, at a distance r, the magnetic field is cancelled. The same reasoning is
valid for a switching current. As long as the signals are differential and routed closely, the
magnetic field is extremely low.
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Fig 4. Far field electromagnetic coupling at one point in space
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JESD204A uses differential signals for the data. Therefore the Electromagnetic coupling
and problems with other blocks are greatly decreased. In the same way, a differential
signal is highly immune to EM coupling from other blocks.

Remark: The same applies to the supply routing. Due to its differential nature, the current
flow in the supply routes of the 10 drivers is nearly constant, causing fewer problems.

Spur mitigation features are used in the digital processing to further decrease the chance
of creating spurs. Considering an ADC, a highly sequential series of '0' and '1' is present
at the output, creating a high frequency signal. This can result in spurs in the wanted
domain through coupling mechanisms, which will degrade the overall performance of the
ADC. To avoid this, a 'scrambler" is implemented in the JESD204A system.

The scrambler is a randomizing mechanism that is used to eliminate strings of
consecutive identical transmitted symbols and to avoid the presence of tones in the signal
spectrum without changing the signaling rate.
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2.3 Synchronization, clock recovery and error detection
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Fig 5. System description of the JESD204A with clock distribution

All clocks are based on the frame clock, which is the absolute timing reference in the
JESD204A system. It is a relatively low frequency clock which is also the sampling clock
of the ADC or the DAC. It is therefore distributed as a separate signal and supplied to all
transmitter and receiver devices in the pipe.

The JESD204A transmitter and receiver must first synchronize through the SYNC
interface. This interface is used as a time-critical return path from the receiver(s) to the
transmitter(s). It is synchronous with the frame clock input of the devices.

The JESD204A data interface guarantees the synchronization between different devices.
This allows for good matching between data lanes, which is very beneficial for the
interoperability between FPGA vendors.

As mentioned in Section 2 an 8b/10b coding is used to encode data before transmission.
The 8b/10b codes have the following properties:

» Sufficient bit transition density (3 to 8 transitions per 10-bit symbol) to allow clock
recovery by the receiver.

¢ Control symbols that are used:
— To establish receiver synchronization to the symbol boundaries

— To mark the start and the end of frames or other sequences of data without
impacting the bandwidth of the signal

— To enable alignment between serial lanes
¢ Detection of errors
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3. Conclusion

The JESD204A standard has many improvements and advantages:

* Reduced system cost
* Reduced system size; easy PCB design
¢ Synchronization of multiple lanes

¢ Capability to connect multiple converter devices to a single logic device

* Long distance transmission

¢ High flexibility and scalability

¢ High signal integrity and error detection

* No clock propagation

Table 1 gives a comparison of the JESD204A with its main competitors and the benefits
that come along with this standard.

Table 1. Comparative table summarizing the advantages of JESD204A
Parallel Serial LVDS JESD204A
Data rate 200 Msps 150 Msps 320 Msps
PCB area saving - + ++
Customer PCB design  -- + ++

effort

EMI/EMC
(signal integrity)

Distance between
ADC/DAC and FPGA

Multiple converter
synchronization

Error detection

Radio system cost

Flexible/scalable
configuration

Managing inter traces
skew and timing
requirement versus
clock required.

No guarantee
(less than 4 cm)

No

Costly

No (new PCB design
required)

Complying to timing
requirement versus
clock required.

No guarantee
(less than 4 cm)

No
+

(reduced number of
FPGAs - cheaper)

++

10 bits, 12 bits, 14 bits,
16 bits

No need to manage
inter lanes skew.

Multiple converters can
be transmitted over a
small number of lanes.

++

++

Guaranteed up to
20 cm

++

++
Yes
+

(reduced number of
FPGAs - cheaper)

++

10 bits, 12 bits, 14 bits,
16 bits
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4. Legal information

4.1 Definitions

Draft — The document is a draft version only. The content is still under
internal review and subject to formal approval, which may result in
modifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included herein and shall have no liability for the consequences of
use of such information.

4.2 Disclaimers

Limited warranty and liability — Information in this document is believed to
be accurate and reliable. However, NXP Semiconductors does not give any
representations or warranties, expressed or implied, as to the accuracy or
completeness of such information and shall have no liability for the
consequences of use of such information.

In no event shall NXP Semiconductors be liable for any indirect, incidental,
punitive, special or consequential damages (including - without limitation - lost
profits, lost savings, business interruption, costs related to the removal or
replacement of any products or rework charges) whether or not such
damages are based on tort (including negligence), warranty, breach of
contract or any other legal theory.

Notwithstanding any damages that customer might incur for any reason
whatsoever, NXP Semiconductors’ aggregate and cumulative liability towards
customer for the products described herein shall be limited in accordance
with the Terms and conditions of commercial sale of NXP Semiconductors.

Right to make changes — NXP Semiconductors reserves the right to make
changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without
notice. This document supersedes and replaces all information supplied prior
to the publication hereof.

Suitability for use — NXP Semiconductors products are not designed,
authorized or warranted to be suitable for use in life support, life-critical or
safety-critical systems or equipment, nor in applications where failure or

AN10812

All information provided in this document is subject to legal disclaimers.

malfunction of an NXP Semiconductors product can reasonably be expected
to result in personal injury, death or severe property or environmental
damage. NXP Semiconductors accepts no liability for inclusion and/or use of
NXP Semiconductors products in such equipment or applications and
therefore such inclusion and/or use is at the customer’s own risk.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes no
representation or warranty that such applications will be suitable for the
specified use without further testing or modification.

Customers are responsible for the design and operation of their applications
and products using NXP Semiconductors products, and NXP Semiconductors
accepts no liability for any assistance with applications or customer product
design. It is customer’s sole responsibility to determine whether the NXP
Semiconductors product is suitable and fit for the customer’s applications and
products planned, as well as for the planned application and use of
customer’s third party customer(s). Customers should provide appropriate
design and operating safeguards to minimize the risks associated with their
applications and products.

NXP Semiconductors does not accept any liability related to any default,
damage, costs or problem which is based on any weakness or default in the
customer’s applications or products, or the application or use by customer’s
third party customer(s). Customer is responsible for doing all necessary
testing for the customer’s applications and products using NXP
Semiconductors products in order to avoid a default of the applications and
the products or of the application or use by customer’s third party
customer(s). NXP does not accept any liability in this respect.

Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from national authorities.

4.3 Trademarks

Notice: All referenced brands, product names, service names and trademarks
are the property of their respective owners.
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