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Latency in a JESD204B Link




What Is Latency?

« Latency is defined as the total time (in seconds or clock cycles) it takes
a signal to travel from Point A to Point B

* For Example:
— Point A might be the input to the ADC
— Point B might be the output of the DAC

* Ina JESD204B link:
— Point A is the input to the JESD204B transmitter
— Point B is the output of the JESD204B receiver’s elastic buffer
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Latency Definitions

Link Latency — the latency from when the sampled parallel data is
Input to the serializer at the transmitter (ADC/FPGA) until the same
data is available in parallel form at the output of the elastic buffer in

the receiver (FPGA/DAC)
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Latency Definitions

Link Delay — delay from when the sampled parallel data is input to
the serializer at the transmitter (ADC/FGPA) until the same data is
presented at the input to the elastic buffer in the receiver (FPGA/DAC)
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Factors That Influence Latency or Delay

TX/RX Device Dependent Clock Device Dependent

Link Layer Digital Implementation Device Clock Launch Alignment
Delays SYSREF Launch Alignment
(De-)Serializer Implementation SYSREF Pulse Characteristics
Delays
Internal SYSREF Delays
Data Converter Core Latency Data Channel Propagation Delay
Signal Path Processing (i.e. DDC) Device Clock Propagation Delay
Signal Path Buffering SYSREF Propagation Delay
Process

Voltage Supplies
Temperature
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Deterministic Latency Definition
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Deterministic Latency (DL) Definition

« Wikipedia: "A deterministic system is a system in which
no randomness is involved in the development of future states of the
system. A deterministic model will thus always produce the same
output from a given starting condition or initial state.”

- The change in the state is known and constant (repeatable across trials)

« JESD204B Standard (abbr.): Latency from the frame-based data input
at the TX to the frame-based data output at the RX. Latency should be
programmable and repeatable over power cycles and re-sync events
provided timing requirements are met.

« Knowing the exact latency is usually not as important as it being
constant
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Deterministic Latency (DL) Definition

« Deterministic latency in he JESD204 standard refers to the link latency
and does not refer to individual delays in the link
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Systems that Require DL

» Applications sensitive to latency
— Digital pre-distortion (DPD) control loops
— Automatic gain control loops (AGC)
— Defensive counter measures

* Any system that requires multi-device synchronization
— Multi-antenna communications systems
— Phased array radar
— Magnetic Resonance Imaging (MRI)
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Example: Multi-Device Synchronization

Data is sent over serdes lanes

Fixed Latency Fixed Latency

T

Data

FPGA
The device
Device Clock Device Clock clock captures
C—
SYSREF SYSREF SYSREF SO
Device Clock Device Clock Se’[up and hOId
SYSREF SYSREF f must be met
Each device receives a Each device receives a
“device clock” “‘SYSREF” signal
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JESD204B Features that Enable DL

« (Time Reference) Low freq. time reference local to each device,
synchronized deterministically to other devices in system

Local Multi-Frame Clock (LMFC)

* (Alignment Detection) TX->RX initialization pattern with embedded TX
time reference is used by RX to detect reference alignment

Initial Lane Alignment (ILA) Sequence

» (Delay Adjustment) Adjustable delay compensation at RX
RX Elastic Buffer
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Link Initialization Sequence to Achieve DL

1.Time synchronization signals are sent to all devices to align LMFCs
2.All TX’s send ILA sequence aligned to TX LMFC

3.RX analyzes data alignment and adjusts elastic buffer for each lane
independently to align data of all lanes
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Time Synchronization Signals
« JESD204B defines 3 “subclasses”, 2 of which support DL

« 2 mechanisms to synchronize the local time references (LMFC)

Subclass 0 No support for deterministic latency (backward
compatible with JESD204A).

{Subclass 1 “‘SYSREF” signal is used to align LMFCs within all TX ]

and RX devices.

Subclass 2 “SYNC” signal is used to align LMFCs, eliminating the
need for “SYSREF”. LMFC is aligned based on when
the SYNC signal is received from each data converter
device.

Complex timing means that this will only work below 500
MSPS.
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Initial Lane Alignment (ILA) Sequence

« Transmitters send ILA on all lanes starting on an LMFC “boundary”

: 4 Multi-frames ;
. >

K28.3 lane alignment character

i Kframes K frames i Kframes | K frames JESD204 link configuration data

~ [REIRPP) - PPHRRle) - [obp] - PP lRPP] - PPHRPE - PPHePPP] -

) . I

Code Group Sync Initial Lane Alignment Sequence (ILA Sequence) User Data

Dx.y data symbol

K28.5 SYNC comma

K28.0 start of subsequence

BIEIE O]

K28.4 start of link configuration data

* The ILA contains /A/ and /R/ characters that indicate the multi-frame
boundaries

« /Al and /R/ are the alignment markers used to determine the data and
time alignment and adjust the elastic buffer depth
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Delay Compensation with Elastic Buffer
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Deterministic Latency Visual
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released on the
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Guaranteeing Deterministic

Latency
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Requirements to Guarantee DL

1.The LMFCs in each device must have deterministic alignment every
time the system starts or is re-synchronized

2.Data on all lanes must arrive before the RX data release point occurs
« Max total link delay < LMFC period (T yec)
* RBD setting must set release point to a time after all lanes have arrived
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1. Align the LMFCs in Each Device

 The LMFCs must be aligned in each device

— In reality, the LMFCs are misaligned but the phase difference must be
deterministic

« SYSREF must meet setup and hold times relative to device clocks

(Subclass 1)
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2. Release Point Occurs After Data Arrives

« The standard requires: max(link delay) < T, yec

« Example: Serial Rate (SR)=10 Gb/s, F=2, K=32. What is LMFC period?
* T urc = 10*F*K/SR = 10*2*32/10e9 = 64ns (32 frame clock cycles)

« The default release point is on the next LMFC boundary
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2. Release Point Occurs After Data Arrives

« The elastic buffer release point can be shifted from the LMFC rising
edge by using the RBD parameter

 RBD is defined as a shift in the elastic buffer release point from the
LMFC boundary by “RBD” frame periods

— 1<RBD <K
— RBD =K corresponds to the release point at the next RX LMFC boundary

— RBD = K-4 shifts the release point to 4 frame cycles before the next RX
LMFC boundary

* Modifying RBD can be used to:
— Release the buffer earlier to achieve minimum latency
— Shift the release point away from a time window of link delay uncertainty

23
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Excessive Link Delay

 Link delay > T\ IS a violation of requirement #2 but is common with
today’s devices

— Not considered in standard

* DL can still be guaranteed if release point avoids time windows of link
delay uncertainty
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Example: Excessive Link Delay

Design Goal: Set RBD to avoid delay windows of uncertainty and
successfully achieve deterministic latency in the case of excessive link

delay

The LMFC period is 50 ns

The link delay is 100 ns +/- 10 ns
— Min link delay = 90 ns
— Max link delay = 110 ns

First assume the buffer release point is set to the LMFC boundary
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Example: Excessive Link Delay

« Assume MIN link delay Buffer releases on
- LMFC rising edge
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Example: Excessive Link Delay

« Assume MAX link delay Buffer releases on next
- LMFC rising edge
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Example: Excessive Link Delay

* In this example, the latency IS NOT deterministic because it is not
consistent from startup to startup

« How do we avoid this scenario?

1. Calculate the delay window of uncertainty by finding the minimum and
maximum expected link delay

2. Choose a release point that occurs before the minimum delay and after the
maximum delay
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Use RBD to shift the release point

Release Point occurs “RBD” frame
SetRBD =K cycles after the LMFC boundary
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Designing for Deterministic

Latency
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Design Process for Deterministic Latency

1. Determine Alignment of LMFCs

2. Calculate expected link delay (with variation) and window of
uncertainty

3. Choose release point that avoids delay window with margin
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Step 1: Determine Alignment of LMFCs

« Things to consider
— Propagation delay of SYSREF and device clocks across board

— Purposefully added delays to SYSREF, such as analog delays or dynamic
digital delays (like in LMK04828)

— Delays from SYSREF input pins to resetting of LMFC (internal to devices)
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Step 1: Determine Alignment of LMFCs

« Example of calculating LMFC alignments

r— SYSREF latched-in

Device Clock @ ADC |

Note: Frame clock has same rate
|

SYSREF @ ADC |
|

|
Device Clock @ FPGA

Note: Frame clock has 2x rate

SYSREF @ FPGA

|
I
[
Device Clock Skew |€—p] | SYSREF Ialkched-in
|
|
|
]
I
I
I
I

ADC LMFC

8 frame SYSREF-to-LMFC delay

FPGA LMFC —>

!

4 frame SYSREF-to-LMFC delay T
I
I
|
I

—

2.4 frame cycle LMFC skew

13 TEXAS
INSTRUMENTS




Step 1: Determine Alignment of LMFCs

« Example SYSREF to LMFC boundary for DAC38J84

« SYSREF pin to LMFC boundary latency in terms of DACCLK

LMF 1x 2 4x 8x 16x
841 16 24 40 80 160
442 10 16 24 40 80
244 N/A 10 16 28 40
148 N/A N/A 11 16 28
821 24 40 80 160 N/A
421 16 24 40 80 160
222 10 16 24 40 80
124 N/A 10 16 28 40
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Step 2: Calculate Link Delay

Variations occur due to device

These delays will come from the datasheet variances (specified in datasheet)
or need to be measured or calculated or due to PVT effects
Data released
Serial Data | garial Data Previous RX Dmlﬂ Ir}puh} 1; RX from elastc bufer
Data enters TX JESD eaves | arrivas at elasic buffer release .ﬂf;‘-‘lm urer o RX LMFC
block on LMFC boundary | TX Qutput | RY Input opportunity (With delay variation)  ~, day
| . | |
Data tr¥sex T DEseR % e
Propagation 4 *r—h'n »
LANE

TXLMEC T T T i

r
wore 4 r b
- - VAN

Lower Margin Up
LMFC alignment between T>§ and Margin ensurs data s released i
RX has already been determined desired mult-rame pesiod

!

Total Link Delay = try sgr + tiane * trx_peser /- tvariaTion
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Step 3: Choose Buffer Release Point

Choose release point that
guarantees enough
margin around the
expected lane arrival

Data releasad
Serial Data gyl Data Previous RX DE@E;;EUE}U?ET from elastic buffer
Data enters TX JESD laVEE  prives at elastic bullerrelease " o O RXLMFC
block on LMFC boundary — TXOutput Ry jngut Oppornity (with delay variation boundary
NN N <
Data Trasen thxDEsER ' éz o urF \
Propagation 4 e B ' >
ane : ] |
TX LMFC T T C 1‘ |
T ¥
|
RX LMFC T T4 ;o )T
n=0 n=1 / n=2

I—rTI me

Lower Margin Up&“argin

Margin ensures data is released in
desired multi-frame period
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Design Process Summary

1. Determined LMFC alignment between TX and RX
2. Calculated total link delay

3. Determined the appropriate buffer release point

Data releasad
Serial Data gyl Data Previous RX Diﬁ;ﬂ?gﬁgx from elastic buffer
Data enters TX JESD laVEE  prives at elastic buffer release (it delay variaion) " RXLMFC
block on LMFC boundary — TXOutput Ry jngut 2 Oppornity Y boundary 3
| [ | |
\4( \ L \H >u/ M/
Data [ trx DEsER ' éz trocurs
Propagation < i B ' »
fun : ] |
TX LMFC ‘T f T R 1‘ |
| | ;
RX LMFC T T o ,‘F

|—r n={ n=1 / n=2 \
Time Lower Margin Upper Margin
l Margin ensures data is released in

1 desired multi-frame period
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Total Link Latency

« The total link latency can be calculated using the following formula

* “n” is the number of whole RX multi-frames traversed for the case
where the total link delay exceeds one LMFC cycle

Link Latency = (n * K + RBD) * Tegame + (trx_Lmrc — trx_Lmrc)

) ) Data released
Serlal Data  ggrigl Data Previous RX Dole |n.plu1 ORX o elasic bufer
lactie buller releas elastic buffer
Data enters TX JESD leaves afflvas at slastic bulfer release (with delay variation)  ©" RX LMFC
block on LMFC boundary ~ TXOutput R Jnpur opportunity boundary

| | | | | |
Data tivaer troEser s
Propagation * Lt B ég
| |
|| T |
| ! |

TXLMFC $ 0 4 i
RX LMFC ‘T T T41_', :_l_)f n=2

I_’- n=0 n=1 / n=2 \‘
Time 1 2 Lower Margin Upper Margin

Margin ensures data is released in
desired multi-frame periad

Ll e i ]
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Add ADC or DAC latency for Total Latency

3 52P0 Latency .
|" 8250 Latency | -
¢ >
. _ADC Core Latency | Link Latency K
' Link Delay i
¢ >
i TX Del . RXD
| elay | « elay \
i Lane |
i Dela'_.r!
| | .
ADC f——{ Serializer ’ I;le.- =N Elastic .
Serializer Buffer
Transmitting Device (TX) Receiving Device (RX)

Figure 2. Block Diagram of Simplified Latencies in a System Using the LM97937
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Verifying Deterministic Latency




Example System Diagram

Serial Lanes

. <

. CHANNEL . Altera
— INGIERY
FPGA

Device Clock 1
SYSREF 1
SYSREF 2

Device Clock 2

Reference

13 TEXAS
INSTRUMENTS




Deterministic Latency Test Setup

1. Generate a pulse with FPGA o0

2. Capture FPGA pulse
with ADC

ADC MSB

Generated Pulse

3. Output ADC’s MSB from
FPGA

4. Observe relative timing on scope

5. Power up the system many times to
confirm the relative timing stays constant
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Device Setup for Test

« ADC = ADC16DX370 (16-bit, dual channel, 370 MSPS)
— Device clock = 368.64 MHz (2.713 ns)

« JESD204B Parameters
—L=2,M=2,F=2,S=1,K=32
— Frame cycle =10 * F / Linerate =10 * 1/ 7372.8 Mbps = 2.713 ns
— LMFC cycle = Frame cycle * K =2.713 ns * 32 = 86.82 ns

- FPGA
— Device clock =92.16 MHz (~10.85 ns)
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Additional Delays in System

« Account for non-device related delays in calculations

12in. Coax = 1.6ns

0-Scope

» ChA

Splitter

Input Pulse

12in. Coax_ | 3in. Rogers350

- 1.6ns ‘ - 0.5ns

2in. Rogers4350

e

18in. Coax

ADC —» FPGA

- 0.3ns

- 2.3ns

' Ch.B

8in. Rogers4350

- 1.3ns

Total Added Latency
(due to routing) =
(1.640.5+2.3)-
(1.6)+(1.3-0.3) =3.8ns
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Expected Latency (Calculation)

» Per the previous slides, the latency is calculated as
Link Latency = (n * K + RBD) * Tepave + (trx_Lmrc — trx_Lvirc)

« For this experiment the following parameters apply
— All units in Frame clock cycles
— trx Lwre = 28, trx Lurc = 3.5, n =2, K = 32, RBD=28
— Link Latency = 116.5 frame clock cycles

« The following also extend the latency
— ADC16DX370 core latency = +12.5
— DEVCLK routing skew and MSB output routing delay = +1.4
— SYSREF/DEVCLK sampling skew = +1.5
— Additional receiver processing delays

+ +3 rx_tdata release delay (for earliest sample in the 4-sample set output each period of 92.5MHz clock.
This delay may instead be +4)

* +4 latching MSBs before output (at Fs/4 rate)

« Total Calculated Latency = 116.5+ 125+ 1.4+ 1.5+ 7 = 138.9 cycles
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Measured Latency L atency=379.6ns

ek Rl Hi Res BETAS Acys 04 Feh 14 14:28:23 @

Curs1 Pos

 Calculated latency for
this setup is 138.9 frame cycles

Curs2 Pos
0.0

* Measured latency is
379.6 ns/ 2.7 ns =139.9 cycles

* Note: A longer pulse width would
remove ambiguity of input-to-output
edge

Ch4  SO0mY @
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Empirical Method to Determine Link Delay

1. Setup a test similar to the one shown to observe relative delays
2. Vary RBD until a 1 LMFC period latency jump is observed

3. Choose release point by taking the last RBD value before the latency
jump was observed and add the expected latency variation to that
value (plus extra margin)

Pro p::'atiun p t'l'.l'i SER P tRi".-IJE-SER /4 |:FI.'li-EUFF .
tU.HE | |
TXLMFC 1‘ 1‘ 1‘ | T
—
RHMFC ! t N O

f={] =1 =2 \
Optimal Release Point

Total Latency
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Summary

« Deterministic Latency (DL) refers to having a constant and known
latency through the JESD204B link

« DL is enabled by the time reference (LMFC), alignment detection (ILA
sequence) and delay adjustment (Elastic Buffer) features of the link

« Subclass 1 devices align the time reference using SYSREF, Subclass
2 device align using SYNCDb

 The Elastic Buffer adjusts delay at the receiver to compensate for
delay variation in other segments of the link

« RBD (Release Buffer Delay) is used to vary the buffer release moment
to avoid link delay windows of uncertainty and to reduce the total link
latency

‘ I3 TEXAS
| INSTRUMENTS




More Educational Resources

www.ti.com/Isds/ti/data-converters/high-speed-adc-greater-10msps-jesd204b.page

Eile Edit Yiew History Bookmarks Tools Help

= | D i

‘9 High Speed Data Converter... *

| (- @ www.ti.com/lsds/ti/data-converters/high-speed-adc-greater-10msps-overview.page v c | | Qi 2> | ﬁ B ¥+ # | =

Data Converters

Product Tree

Analog to Digital
Converter (833)

Precision ADC
[<=10MSP5) (500)

High Speed ADC
{>10MSPS) (312)

High Speed ADC
(>=1G5P5) (28)

Isolated ADC (11)
Current Input ADC (10)

Capacitance to Digital
Converter (&)

Digital to Analog
Converter (294)

Precision DAC
{=<10MSPS) (229)

High Speed DAC
(>10MSPS) (58)

Precision DAC with 4 to
20mA current output
)]

(<] m Products

Overview for High Speed ADC (>10MSPS)

Tl is a trusted technology leader in high speed data converters producing a wide portfolio of parts that are designed to meet
your toughest requirements. Qur porifolios are designed to have the lowest power, highest speed and maximum dynamic range
in the industry.

Featured products

Tools & software ‘ Technical documents ‘ ADC3kfamily | JESD2048 interface

m

Find products Learn Get support

Combining high-performance with easy Explore TI's technical training for data Search Tl's E2E Community to find
product selection. CONVerters. BNSWErs.

Find products by: Take short video courses on new Featured forum posts:

technology such as JESD204E and RF

Sampling in the High Speed Signal

* Parameters Chain University * How to properly clock ADS4249EVM
from FPGA

+ Speed and resolution » ADC16DX370 unused channel

Explore a broad array of topics related
to data converters in the Data PSSR (ST E S

Converter Learning Center

Q5ee Parametric Search Tables Q5ee more technical documents QVisit the High Speed ADC Forum

1

Il " 3
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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.

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video
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