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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 -

13

I3 TEXAS
INSTRUMENTS




IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI's products are provided subject to TI's Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
TI products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2021, Texas Instruments Incorporated


https://www.ti.com/legal/termsofsale.html
https://www.ti.com

