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Agenda

JESD204B IP Features

JESD204b Transmitter Block Design Deterministic Latency at 12.5 Gbps
= JESD204b Transmitter Deterministic Latency Testing Block Design
= Test Cases
= Test Procedure and Test Setup
JESD204b Receiver Deterministic Latency at 12.5 Gbps
= JESD204b Receiver Deterministic Latency Testing Block Design
= Test Cases
= Test Procedure and Test Setup

Test Results for all the Testing
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IP Features

= Design as per JESD204B Standard.

u Supports Data Rate upto 12.5 Gbps

=  Supports upto 8 lanes per core (This limitation is due to the Transceivers).
= Supports Transport and Link Layers.

=  Supports Subclass 0 and 1.

=  Does not support Subclass 2.

= No of Frames per Multiframe (K) = 1 to 32
=  No of Samples per Frame (F) =1 to 256

= Supports Scrambling.

= Supports Initial lane Alignment.

=  Supports Character Replacement.

= AXI Stream Data interface.

= AXI Lite Configuration interface.
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JESD204B Transmitter Block Design at 12.5 Gbps

Host PC
Elitestek TJ-Series FPGA
, DAC38J84 EVM
Pattern Memory o
(BRAM) [ UART » SPI Controller
FPGA Clk
¢ | 156.25 Mhz
FPGA Clk Device Clk
Transport Layer 156.25 Mhz 312.5 Mhz LMK04828
Device Clk FPGA Sysref
_ 3125 MHz | 4.88 MHz
JESD204B Tx IP
PMA Clk
312.5 MH3 F Bincii
Scrambler » Character »{ Lane Mapping < M ; s
Replacement
C DAC Clk DAC Sysref
—>| pcsp [ Elitestek PMA IP ——— A 5% u
CGS ILA Data IS Frame Boundary »| Tx State Machine ¥ ¥
Generator Generator S
_.) DAC38J84
A
FPGA Sysref
4.88 MHz
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DAC : Deterministic Latency Testing

Trigger is generated inside FPGA

This Trigger is square wave

Data is sent to JESD IP when the Trigger signal is high.
Trigger is connected to one channel of Oscilloscope « DAC Output is connected to
Sine Samples are sent from the pattern memory when Trigger is high the second Channel of the

l scope

« DAC Analog Output
« Sine Samples are output
from the DAC

Elitestek Evaluation Board DAC38.J84 Evaluation Board
. JESD Tx - FMC JESD Rx JESD Rx
Trlgge_r —> Pattern —» Transport ‘.jESD i ElRosteiix Phyical ‘!ESD e Transport DAC »| Oscilloscope
Generation Memory Layer Link Layer PMA Layer Link Layer Layer
GPIO Reference Signal
Latency
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Test Cases

DAC Input sampling rate = SerDes Rate / (DAC Resolution after 8b10b * No of converters in a single lane)

DAC Output sampling rate = DAC Input sampling rate * Interpolation Factor

Test Case Modes (LMF) Interpolation | No. of DAC Input DAC Output LMK Sysref PLL2 Input Frequency
convertersin [ Sampling Rate Sampling Rate (MHz)
single lane (MSPS) (MSPS)

0 442 x1 1 625.00 625.00 Continuous 100.00

1 442 N 1 625.00 1250.00 Continuous 100.00

2 442 x4 1 625.00 2500.00 Continuous 100.00

3 244 X2 2 312.50 625.00 Continuous 100.00

4 244 x4 2 312.50 1250.00 Continuous 100.00

5 244 X8 2 312.50 2500.00 Continuous 100.00

Deterministic Latency Testing

6 442 X4 1 625.00 2500.00 Continuous 100.00

Multiple Reset testing

7 442 X4 1 625.00 2500.00 Continuous 100.00
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Test Procedure Test Set up

Following are the Hardware connection :

Connect TI DAC EVM (TI DAC38J84 )with the o Do
Elitestek TJ-Series Evaluation (TJ375N1156X) Board 1) R RS- | x

—

on J14 FMC Connector(Quad 3)

Connect the host PC with the Elitestek TJ-Series

Evaluation Board via a USB cable, which can be used as ~IECER —3=2
a UART and JTAG | o \

e 11
.' . ; ‘V . \/

Start the Oscilloscope and connect it with DAC EVM
through SMA cables

Open the Efinity Programmer and program the required
bitfile

For deterministic latency testing, select the test case
number 6

Set up the trigger condition in the Oscilloscope
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Test Procedure : TCL Script sequence

Open the TCL IDE from the start menu, by default the required TCL script is sourced

The console will display the option to select the testing for the JESD204B Transmitter with DAC 5 Gbps and 12.5 Gbps or
JESD204B Receiver with ADC 5Gbps and 12.5Gbps . Select the required option to test the JESD204B Transmitter with DAC at
12.5 Gbps.

The user must select the DAC test cases (Modes) and enter a number from 0 to 7 according to the requirement.

The second input is the selection of the sub modes,

= 3 = Selection of the mode ‘a’ is done when LMKO04828 is configured for the first time after being powered up. This
mode ensures that LMKO04828 is configured so that clocks are available to Elitestek PMA IP, as it requires clocks
before bit file configuration to generate the necessary PMA clocks.

= b = Selection of this mode will run the complete sequence required for the link up of JESD204B TX IP with the DAC
and configure the pattern memory with data samples

On selection of ‘a@’, LMK gets configured.

Reprogram the bit file after selection of the ‘a’ mode or in case of MCS file programmed, power cycle only the Elitestek
Evaluation board

Select the ‘b’ option, which will display the JESD204B lock status and DAC errors

Select the input frequency and View the output waveform on the oscilloscope
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Test Results
DAC at 12.5 Gbps : Mode : 442 , x2 Interpolation

Input Frequency = 75MHz

35.1 dBm Frqu;ggy 2
Center
Frequency

1.00GHz

Span
2.00GHz

| ‘l[m l'[ li”;wh;

Start
0.00 Hz

|
'|1| 'L'q ”| E!

Stop
2.00GHz

R

To
Center

f@ S|gna| clipping, posmble distortion

[ﬁﬂ 5.0 dBm cale: 10.0 dB/div _)(CF Span . Hz ][ 15 May 2025]
2.00MHz | 10:53:21 ]
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DAC : Deterministic Latency Testing Result at 12.5 Gbps

3
Reset Type \joqe Interpolation Typical Max Value No. of Variation [ =
(LMF) Value (ns) Iterations  (ps) |
(ns)
Cold 442 x4 324.175 324.241 324.308 30 0.133
Warm 442 x4 324.166 324.241 324.313 30 0.147

A
26.9 ns 231ns 31lns 123 ns 173 ns
@ so.0nsy A C)223.11000ns (O > 1@ T < &
Results .
Measurement Current Mean Min 5 X1(2) -473.240 ps Y2(2) 774162 mV

Frequencyid) 75510251 MHz 79064149 MHz 73320473MHz 1602 | 30() 323834490 ns ay 758579 mV q
- 1
9| ax 324307730 ns AV/AX 233907 MV/s

1/AX 3.0834910 MHz
Y1(2) 15.5835 mV

<

s;uau.la.mseaw.‘l
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JESDZ204B Recelver




JESD204B Receiver Block Design

PC |ADCGUI
A
A4
Elitestek TJ-Series FPGA
AFE58JD48 EVM
device_clock LMK Clkin|
g device_clock) e Clkin|
Snapshot 3125 Mhz PLL2 78.125 Mh:
Upload 3 UART FPGA Clk
(FIFO) _ 100 Mhz
A FPGA Clk LMK Clkin
100 Mhz 78.125 Mhz LMK04828
Device Clk B
312.5 MHz FPGA Sysref
<—ﬁ _ 2.44 MHz
JESD204B Rx IP PMA Clk <
312.5 MHz
3 - Signal G tor
Descrambler |€ RC“I““"'" .l CGSILA |« aaiLane e Lane Mzpping F i
eplacemen ignmen M ADC Clk ADC Sysref
T T «————— FosP Elitestek PMA IP |« Cc [78.125 MHz 2.44 MHz
Frame
:‘:(‘3:?;: » Boundary
Generator
L AFE58JD48
Fy
-
FPGA Sysref
2.44 MHz
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ADC : Deterministic Latency Testing

« ADC Resolution = 16 bits --> 1 sign bit and 15 data bits

« Square wave with 50% duty cycle is sent from
« For Squarc wave, since the Duty Cycle = 50%, half sampics will be +ve and other LMK for ADC Input
half will be -ve. So MSE / signed bit of ADC samples will be a square wave - One output of LMK is connected to ADC input
. The MSB bit of received data can be used as a trigger to check the latency » One output of LMK is connected to
Dscilloscope
Elitestek Evaluation Board AFE58.D48 Evaluation Board
GPIO . JESD Rx . FMC JESD Tx JESD Tx
< ADC Signed (g | Transport [« JESDRX g E"tﬁfx RX e Phyical f€— JESPTX g | Transport [« ADC  |l&— LMK
pping Layer Y Layer y Layer =
Oscllloscope
Reference Signal
4 Latency
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Test Cases

ADC Input sampling rate = SerDes Rate / (ADC Resolution after 8010b * No of converters in a single lane)

Modes (LMF) | No. of convertersin | ADC Input Sampling Rate | ApC Output Sampling Rate LMK Sysref

single lane (MSPS) (MSPS)

“ 148 (160X) 3 78.125 78.125 Continuous

_\logic fruit

Technologies




Test Procedure

1. Connect TI ADC EVM (Tl ADS54J66 )with the Elitestek TJ-
Series Evaluation (TJ375N1156X) Board on J15 FMC

Connector
(Quad 2).

2. Connect host PC with Elitestek TJ-Series Evaluation Board
via USB cable which can be used as UART and JTAG

3. Start Signal Generator and connect it with ADC EVM
through SMA cables.

4. For deterministic latency set up the trigger condition in the
Oscilloscope

5. One output of LMK is used for ADC input data generation

e . ) ADC_MSB Output from JESD RX

. . . . ] - = — 1 ’ -_'. X
which will be mappgd on ADCO mput and other o.utput is SRR e e FE e

used as reference signal for checking deterministic latency - . g

on oscilloscope .

6. The MSB bit of the output data is mapped to the GPIO,
which is connected to another channel of the CRO.
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Test Procedure : ADC GUI configuration

1. The ADC is configured through the GUI a 1
Ede Script Debug Help by
2. Open the GUI and load the required configuration (.cfg) amrne
. . E Quick Setup L¥ vea 3 ADC ¥ DEMOD 12 Register Map Configuration
file through which we want to operate the ADC eval e e s
board GUI ( File = Open configuration = file_name.cfg) | ez —
Preset Configurations | ADC Input Target Frequency SMHz
e onn @ [Broma: > it Fgunon £)
Once ADC is configured , program the bit file to the a8 (ot
. - [ LVDS: 20M 16x 16 LVDS_1X, Dec
Elitestek evaluation board. 3 0% 00 e 16 1405 03K D v .
Choose Analog Configuration
e N S
8::& B LZ’.}: Device Status
v g z:: v ::G:TS‘E.:ADC :‘l.:):: Chs Disabled :
et Il oo o
geoz_;;ﬂ;:ist goamaon I8 enadled
JESD_SUBCLASS Suddlass 1
Note: No Selection indicates that last written quick selup configuration have been modified from advanced contro t':’g::gxsfe-:“ g::::::: v
"N)wmnegsm AFES8JD48_VCARgIster 197101C5) - [0x7400) @ connecteD QTExAslns‘mummrs
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Test Procedure : TCL Script sequence

1. Open the TCL IDE from the start menu, by default the required TCL script is sourced

2. The console will display the option to select the testing for the JESD204B Transmitter with DAC 5 Gbps and
12.5 Gbps or JESD204B Receiver 5 Gbps and 12.5 Gbps with ADC. Select required option to test the JESD204B
Transmitter with DAC.

3. This script includes the complete sequence from the JESD204B configuration to the capturing of the data
through snapshot streaming interface and data decryption for each ADC input

4. After selection of ADC testing the sequence of measuring the clock frequency, JESD204B RX IP configuration for 40X mode
and status of errors and link up information are displayed

5. Once link-up is done without any errors, the captured ADC sample data are uploaded to the host PC with user permission,
if user wants to upload the data, select option 1

6. Once the decryption is done for captured samples, open the Tl wave vision software to view the waveform for the
captured file.
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ADC : Deterministic Latency Testing Result at 12.5 Gbps

File Control Setup Display Trigger Measure Math Analyze Utilities Demos Help

— . ‘ Zwy =
s P SLEl g 50.0 GSs ; AR

SEI |EJIUIA | SE3W Sun|

Mode Min Value Typical Max Value No. of Variation

(ns) Value (ns) Iterations (ps)

(ns)

2

-205 ns -105 ns -Sns 95 ns 195 ns
—— —. — et - - g
(@ 00ns/ [AICl295.26000ns IO I> 1@ T < O
T Results

Measurement Current | Mean Min

@ Frequency(?) 24413595 MHz 66311497 MHz  1.2053976 MHz MJ[
Frequencyld) 24406232 MHz 20205206 GHz  1275843d MHz 36

i 173325650 ns 100,132 mV
’ET 406.717760 ns -809.756 mV
¥ 233392110 ns 246951 MV/s
42846350 MHz
909.888 mV
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Captured waveform in Tl WaveVision

Input Frequency = 2.44M Hz

a X WV WaveVision5.0.6465 (P2R1 Beta) [No Hardware Connected!

=
Be gos Uity Toos e (o) By ) o
Plot_Fie_2_TimeDomain, Active Channel: C: \LFT_TCL \scripts e iefinix\ADC,_Channel_A (Channel 1)

(P2R1 Beta) [No H:

) WaveVisions g
Eie Pots Utity Toos Hep dd Z;J e Y
Plot e 2 TmeDoman, Actve Chame!: C:\LFT_TCLisrts\tdefrix ADC,_Chamel_A (Charmel 1)

Ayl B2 wide ol 3 W e L)

3}
E
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N

| 10auo) @uis | | 3008 Eubis|
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sanopesy urwog swil | [5pis| | spuueyD
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|mpe sy |Sppo.M] [Fpio) [Epas:
839
5 -
&

FFTWindow: Cosne 6 Term >
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[ Inose

(] sgnore Exchusion Areas in Caluiations

X Aois Units: (0) Frequency () Bins

777777777777777777777777 dBUnits: (o) &BFS L) dsc
("] override rate
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