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Summary

« Demonstrated deterministic latency and measured the latency of the
JESD204B interface between the LM97937 and Kintex 7

« LM97937EVM + KC705 (Xilinx Kintex7 Reference Board)

« Deterministic Latency Demonstrated
— Latency measured to be 139.9 frame clock cycles
— Latency Calculated to be 138.9 frame clock cycles

— Accuracy limited by transmissions line delays, baluns used in the signal
path as well as small delays in the FPGA
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Hardware Bench Setup

LM97937EVM connects to KC705 on HPC FMC connector

LM97937EVM is modified from the default configuration

— ADC CLKIN (368.64MHz) and SYSREF (11.52MHz) driven by LMK04828,
LVPECL

— FPGA driven by LMK04828 such that DEVCLKB=92.16MHz,
DEVCLKA=184.32MHz, and SYSREF = 5.76MHz

— LMKO04828 driven by 61.44MHz XO and PLL2 enabled

— Both SYSREF outputs delayed ~1ns from LMK synchronized rising edges
using LMK SDCLK analog delays

— LMKO04828 registers programmed for the above conditions

FPGA generates a coherent 5.76MHz square wave output from J11 and
that is input into Ch.A of LM97937EVM and split off to oscilloscope

ADC Ch.A MSB is output on J13 and routed to O-scope

Routings from J11 and J13 and splitting of signal are length minimized and
matched as close as possible between channels

LM97937 configured for L=2 lane/ch., offset binary format
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Firmware
Developed in Xilinx Vivado v2013.4
Firmware targeted to Kintex 7, XC7325TFFG900

Design utilizes the JESD204 IP Core v5.1 and is based on the example
project provided with the IP Core.

Some of the required changes to the example project included:
— Changing GTX so that refclk is 185MHz and lane rate is 3.7Gb/s

— Updating glblclk input path to accommodate 92.5MHz as JESD204 core
operating clock (samples SYSREF)

— Ensure that the glblclk and sysref differential input clock buffers have 100
ohm input terminations

— Routing JESD core output bits (corresponding to sample MSBs) directly to
SMA output J13. The MSBs of the 4 different samples available in each
92.5MHz clock cycles are selectable using the DIP switches.

— Modifying AXI files to set default JESD settings as L=4, K=32, F=1, RX
Buffer Delay = 4 (making RBD=28), SYSREF always, SCR off
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Experiment

* Monitor the alignment of the pulse trains coming from J11 and J13 and
verify that they are:

— Deterministic and do not change skew each time the system is powered up
— Skewed by the appropriate amount as calculated
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Calculated Latency

 For this experiment the following apply
— All units in Frame clock cycles

— trx LMFC = 28
— trx pESER = 92 *+/- 2

— trx_tvrc = 3.9

— trx ser =6 /-1

— tiane = /-1

— K=32

— RBD=28 (RX_BUFFER_DELAY=4)
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Calculated Latency

Use equations 4 & 5 to verify the n value with release time margin

((n—1) xK+RBD) x Trame =N x K % Tirame < trx_ser +tane +trx_peser +(trx_Lmre —trRx_Lmrc)

trx_ser *+ tane + trx_peser T(ttx_Lmre —trx_mrc) < (N x K+RBD) x Tgrame = (N+1) % Tirame

Tryn=2

Equation 4: ((2-1)*32+28)<= 2*32 < 6+/-1 +/-1 + 92 +/-2 + (6-28)
— 60<=64<76 +/-4
— OK (8 cycles margin)

Equation 5: 6+/-1 +/-1 + 92 +/-2 + (6-28) < (2*32+28) <= 3 *32
— 76 +/-4 <92 <96
— OK (12 cycle margin)
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Calculated Latency

 Per the application note, the latency is calculated from equation 10
tunk at_as = (N XK +RBD )x Teome + (I LMre — t1x_mec )
- tRX_LMFC = 28, tTX_LMFC = 35, n= 2, K = 32, RBD = 28

- 1:LINK_LAT_ABS/TFRAME =116.5
— Add ADC core latency (+12.5, ADC16DX370) - 119 clock cycles

« Additional system and experiment dependent details impact latency
— Skew between moments that SYSREF event is sampled at ADC and FPGA
— Skew of routing DEVCLK/SYSREF to ADC and FPGA
— Transmission line skew of routing of output from FPGA board to O-scope
— Additional processing delays at the back-end of the receiver
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Calculated Latency

The alignment of the RX and TX LMFCs is influenced by the alignment of
the DEVCLKs and SYSREFs to the ADC and FPGA

The DEVCLK and SYSREF routing from the LMK to the ADC is inverted on
the EVM compared to the routing to the FPGA
— SYSREF is set to Fs/64 so the SYSREF inversion to the ADC does not matter

The FPGA samples on the falling edge of SYSREF @92.5MHz
« ADC samples SYSREF on the rising edge of DEVCLK
 The ADC samples SYSREF high 1.5 cycles before the FPGA
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Calculated Latency

Some latency in the measurement is due to signal routing

2.8ns added due to input signal and MSB routing to O-scope
1ns added due to DEVCLK/SYSREF routing to ADC and FPGA

Total Added Latency = 3.8ns (1.4 cycles)

Accuracy of these calculations expected to be no better than +/-1 frame
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Calculated Latency

Latency calculated from Eqg. 10 plus ADC core latency = 119 clock
cycles

The following also extend the latency
— DEVCLK and output routing skew = +1.4
— SYSREF sampling skew = +1.5
— Additional RX processing = +7

Total Calculated Latency =119+ 1.4+ 1.5+ 7 =138.9 cycles

Missing 1.0 cycles in total latency calculation compared to measured
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Measured Results

» Oscilloscope measures time between
rising edge input into ADC and MSB
output transition from 0 to 1

* |Input a sinusoid into ADC first and
sweep the frequency to determine
correct latency edge

 Input a pulse train with a period that
is an integer multiple of the sampling
period for accurate measurement

. Measured latency = 379.6ns (139.9 ________ |
frame clock cycles) R ==

tttttt

........ Latency=379_6ns

. System powercyded mu|tip|etimes _______
and latency remains constant SRR R SR -
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IMPORTANT NOTICE FOR TI REFERENCE DESIGNS

Texas Instruments Incorporated ("TI") reference designs are solely intended to assist designers (“Buyers”) who are developing systems that
incorporate Tl semiconductor products (also referred to herein as “components”). Buyer understands and agrees that Buyer remains
responsible for using its independent analysis, evaluation and judgment in designing Buyer’s systems and products.

Tl reference designs have been created using standard laboratory conditions and engineering practices. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular reference design. Tl may make
corrections, enhancements, improvements and other changes to its reference designs.

Buyers are authorized to use Tl reference designs with the Tl component(s) identified in each particular reference design and to modify the
reference design in the development of their end products. HOWEVER, NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL
OR OTHERWISE TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY THIRD PARTY TECHNOLOGY
OR INTELLECTUAL PROPERTY RIGHT, IS GRANTED HEREIN, including but not limited to 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.

TI REFERENCE DESIGNS ARE PROVIDED "AS IS". TI MAKES NO WARRANTIES OR REPRESENTATIONS WITH REGARD TO THE
REFERENCE DESIGNS OR USE OF THE REFERENCE DESIGNS, EXPRESS, IMPLIED OR STATUTORY, INCLUDING ACCURACY OR
COMPLETENESS. TI DISCLAIMS ANY WARRANTY OF TITLE AND ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, QUIET ENJOYMENT, QUIET POSSESSION, AND NON-INFRINGEMENT OF ANY THIRD PARTY
INTELLECTUAL PROPERTY RIGHTS WITH REGARD TO TI REFERENCE DESIGNS OR USE THEREOF. TI SHALL NOT BE LIABLE
FOR AND SHALL NOT DEFEND OR INDEMNIFY BUYERS AGAINST ANY THIRD PARTY INFRINGEMENT CLAIM THAT RELATES TO
OR IS BASED ON A COMBINATION OF COMPONENTS PROVIDED IN A TI REFERENCE DESIGN. IN NO EVENT SHALL TI BE
LIABLE FOR ANY ACTUAL, SPECIAL, INCIDENTAL, CONSEQUENTIAL OR INDIRECT DAMAGES, HOWEVER CAUSED, ON ANY
THEORY OF LIABILITY AND WHETHER OR NOT TI HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES, ARISING IN
ANY WAY OUT OF TI REFERENCE DESIGNS OR BUYER’S USE OF TI REFERENCE DESIGNS.

Tl reserves the right to make corrections, enhancements, improvements and other changes to its semiconductor products and services per
JESDA46, latest issue, and to discontinue any product or service per JESD48, 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 are sold
subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl 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 for TI components 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.

Reproduction of significant portions of Tl information in Tl data books, data sheets or reference designs 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.

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 that
anticipate dangerous failures, monitor failures and their consequences, lessen the likelihood of dangerous failures and take appropriate
remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use of any TI components in
Buyer's 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 Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed an agreement specifically governing such use.

Only those Tl components that 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 that
have not been so designated is solely at Buyer's risk, and Buyer is solely responsible for compliance with all legal and regulatory
requirements in connection with such use.

Tl 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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