7CU102 ADC12DJ1350 JESD REFERENCE DESIGN USER GUIDE
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I. DESCRIPTION

The design “ZCU102_ADC12DJ1350 8G.zip” is developed for ZCU102 board (HW-Z1-ZCU102,
Revision D2 PROD) for the mode: JMODEDQ. It has JESD Base IP and JESD PHY IP to get JESD data
from the ADC12DJ1350 and is compiled for 8G lane rate. This project is compiled for the part number
XCZU9EG-2FFVB11561. The design has a simple transport layer specific for the mode that captures
samples from the ADC, re-order the bits and give out 10 samples every clock cycle. The results can be
verified using Chipscope. This document gives a brief on the compilation and verification process
involved.

NOTE: This version of the FW is a fixed line rate firmware and hence will work only at 8G. For any
other line rate the firmware needs to be recompiled for that specific linerate.

Section II discusses about how the hardware setup should be connected. Section III discusses on how
to extract the project from .zip file and the compilation process involved. Section IV discusses on how
to get the ADC data in Chipscope and validate the same. Section V discusses the LED debug signals
added in project.

Signals Description Direction
User programmable clock. It’s default value 300Mhz.
CLK IN1 D1 However it is recommended to set to 300Mhz again through
System controller.
refclk Reference clock from the ADC12DJ1350 EVM Input
sysref SYSREEF Signal from the 12DJ1350 EVM
. . Serial Data from ADC
Rxp_in/Rxn_in (LVDS lines)
dataout .
(Trafl);_poita:rl;pl i Transport Layer data out (10 samples for every link clock)
chipscgpe) Output from the
SOMF aligned with rx_dataout transport module

rx_validout

Data valid Signal aligned with rx_dataout
rx_somfout -

ADCI12DJ1350 EVM RevEl was used for testing. In this EVM revision P & N pins of the four
SERDES lanes are inverted, hence Rx lane polarity inversion is implemented in the design to address
that. Due to this, Rx lane polarity inversion constant given to the PHY module is 15.

II. HARDWARE SETUP

Connect the ZCU102 board with 12DJ1350. Please use the HPCO FMC to connect the devices.
Connect the Digilent port or the JTAG cable to the PC in order to download the firmware. Additionally
UART port must also be connected to the PC to make any configurations.
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III. COMPILING VIVADO PROJECT

1. Extracting the zip file.

e Right click the ZCU102 12DJ1350 8G.xpr.zip file and then press “Extract
All”. After extracting, open the project using Vivado 2017.2. The project file
is
ZCU102_12DJ1350 8G.xpr\prj MyZCU102 TI\ prj MyZCU102_TIL.xpr

2. Compiling the project.

¢ In Vivado, on the left you will see the Flow Navigator. Press the generate
Bitstream option under “Program and Debug” to generate the output “.bit”
file.

e Once the generation is over a .bit file will be generated, along with with .Itx
file (required for chipscope).

e The bit file generated is “mySystem_wrapper.bit”. The name of the .1tx file is
debug nets.Itx. These are the files that must be loaded when the device is to be

programmed.

e These files are generated at the location -
ZCU102_12DJ1350 8G.xpr\prj MyZCU102_ TI\prj MyZCU102_ TI.runs\im
pl 1\

IV. VALIDATING WITH ADC12DJ1350

1. Configure ADC

e The reference clock from ADC should be stable before downloading firmware.
So, the ADC has to be configured first before we program the board.

e Open ADCI2DJ1350 GUI, and manually download the following files one-
by-one in the same order as mentioned by pressing the folder icon on the
“Low level view” Tab.

o LMKO04610 MODEO CLKINI1.cfg
o LMX 1000M.cfg
o ADCI12DJ1350 Mode0.cfg (present within ADC12DJ1350 folder)
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File Debug Script Settings Help

ADC14DJ1350

Broadcast

| Quick Start | ADC14DJ1350 ] LMK04610 | LMx2582 [5] Low Leve! View

usBstatus ) | G Reconnect?

Linked | Update Mode Immediate EI

Idie

|Search | et

Register Map = | ds
Register Name Address | Defaull | Mode | Size | value [15]14]13[12[11[10]| 8 [ & «| FleldView
CHIP_TYPE ox03 0x03 R ] 0x03 (=]
CHIP_ID [ 0x40 R 8 Ox40
CHIP_VERSION 06 0400 R 2 | owo0
VENDOR_ID_0 ooc | oS R 8 | ms1
VENDOR_ID_1 0x00 D04 R 8 OxD4
IBIAS0_A 020 [ @2 | RW | 8 | oxe2
1BIAS1_A 21 049 RW 8 Oxd9
IBIAS2_A 022 024 | RW | 8 | ox23
IBIAS3_A 023 @2 | RW | 8 | oe2
1BIAS4_A w24 48 RN 8 Oxd9
IBIASS_A 25 [ o024 | RW | 8 | ox24
IBIASE_A 0x26 oEF | RW | 8 | oweF
CTRLO_A 27 0x7F RN 8 On3F
CTRL1_A 028 | 0xC4 | RW | 8 | OxC5
CTRLZ_A 29 Oxag R 8 OwAd
CTRLI_A Ox24, (i) R 8 C7
CTRL4_A ] 024 | RW | 8 | 2a
CTRLE_A m2C 086 R 8 OxBG
CTRLE_A 0x20 0x00 RW 8 0x28
OVR_A 0x2E 0aF | RW | 8 | ooF =
+ - i "
Register Description
- Block Address Write Data Read Data_Generic
[=] |[x 0 * 0 * 0

Wite Register | | Read Register

@ reroware co| R Texas INSTRUMENTS

Once it is successful, go to ADC14DJ1350 tab, and in the “Top” subtab type in
1000 for the “F ADC _FUNC” variable. After doing this, please click on the
PLLO lock and PLL1 lock signals below on the same page to make sue the
clock has been locked. (This step can be skipped if the normal sine wave input
signal is to be captured).

[i& Aocsonzso

==

=

USE Status Reconned?
L

File Debug Script Settings Help
ADC14DJ1350
Quick Start | ADC14DJ1350 | LMK04610 | LMX2582 l LmLew.wm'
Top | ADCO | ADC1 | DDC | JESD | BIST | EFUSE |
@ SOFT_RESET divide-by-1 (=] apc_pv
Mormal [=] MODE 1000 +|FaDC
@ aLarm ADCD samples / [=] RAW_OUT [ [+ mope
@FovRA divide-by-2 |+ |rEF DIV
" 7
@Fovre = ~ADC_DIV. FUNC ax LEPLL_MPY
3000 “Jr aoc Func 4 bits per PLL IL TX_RATE
Mode 0. 125 4 [= ] IMODE_FUNC Low VCO E VRANGE
8 =R
The alarm [=] aLm_MODE
0 [+ TS_TEMP
[CIFIFO_AE_MASK
@rssiee [FIFIFO_AF_MASK
3 12 cHIP_TYPE & ADCO_EN 3 PLLO_EN
2l 4 PLLLEN 0 I+ |FIFO_AF_ALM
0 5| CHIP D & ADC1EN PLL clock is used ﬂ CLE_BYP =
0 4| chp_version @ es_sTop 0 = | FIFO_AE_ALM
Medium LB
451 |2/ VENDORID @orHEn L6 PLL_MASK
PLLO_LOCK_LOST
1 [2]sGlcaN @eoca
' WD PLLO LOCK @ PLL1_LOCK LOST
P e Lock
Idie

& CLKEN
@sorr P

& ANALOG_PDMT
& BG_PDM

& T5_PDM

& CLK_PDM
JLPL_PDM

& LPo_PDM

& ADC1_PDM

& ADCO_PDM

& ANALOG_POMI
& ANALOG_POME
& jEsD_POM

J DEC1_PDM

& DECO_PDM

& DDC3_POM

& DDC2_POM

& DDC1_POM

& DDCO_POM

o

@ rerowere co| AP Texas INSTRUMENTS

51| SYNC_MODE

15 LVDS_TRIM

Cleikser_sieep
ClsysREFCLK_SEL
Clen_pepus
CISLEEP_VBGR_IN
ClsLeep_tsan
Elapc_TsT_DATA
Elapc_tsT_ena
¥IspI_GCLK_RESETB
Flen_svs

ISYNC_SKIPCOUNT
CIINTERLEAVESEL
Tl cLKREC_SLEEP N
| SYSREFREC_SLEEP
TlsLeePvBGR
) SLEEPGLOBALCLK
_|SLEEDTEMPSEN50R
lEXTREF_ENA
TILVDS_TRIM_ENA

ClLvDS_EFUSE_SET
Elivos_steep
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¢ Finally go the JESD subtab and set the “JTest” variable to Ramp test mode.
This will enable the device to send a separate byte ramp on each lane.(This
step can be skipped if the normal sine wave input signal is to be captured).

& Aociaonzs —
[ Fie Debug Script Settings Help
ADC14DJ1350 —
Quick Start | ADC14DJ1360 | LMK04610 | LMX2582 | [EE] Low Level View ussstaus () [ @ Recomect? |
Top | ADCO | ADC1 | DDC | JESD | BIST | EFUSE
B JESD_EN 0 + LANED_SEL
1 4| LANEL_SEL
19 kML 2 % LAMEZ_SEL
._Jsm(_rl 3 1 LAMES_SEL
he sy | SYNC_SE -
Use the sync_n __,_5 1L _SEL 4 & LANE4 SEL
sgned 2's ~ | SFORMAT -
Signed L= | SFORN 5 +/ LANES SEL
iC”. [ = LANES_SEL
[omp test mode |- |TesT :
amp test mode | » JITES 7 & LANE? SEL
[] + DD
Use K287 | FCHAR
[
o LINK_U 0 2| TY_SWING
& SYNC_STATUS - < TR TWPST
REALIGN
& REALIGNED [} = TX_TWPRE
& ALIGNED 0 Ty
& PLL_LOCKED TH_MSYNC

HARDWARE CO| i TEXAS INSTRUMENTS

2. Programming with Vivado Hardware Manager

In order to program the ZCU102 we need to follow a series of steps. Please make sure you

follow the order while programming it.

1) Make sure to configure the ADC EVM before programming the device.

8 Open Device manager and check for the COM ports which are named like Silicon Labs
uad CP210x. (Make sure you have connected to the UART port of the board)
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= Device Manager

£ ControlVault Device

g Disk drives

K Display adapters

s DVIVCD-ROM drives

ﬂﬁ Human Interface Devices

=5 Imaging devices
» == Keyboards

I Mice and other pointing devices
K Monitors

& Mebwork adapters
¥ Ports (COM & LPT)

X 2 ECP Printer Port (LPT1)
? Silicon Labs Quad CP210x USE to UART Bridge: Interface 0 (COM3)
'Y Silicon Labs Quad CP210k USE to UART Bridge: Interface 1 (COM4)
'Y Silicon Labs Quad CP210w USB to UART Bridge: Interface 2 (COMS)
YY Silicon Labs Quad CP210x USE to UART Bridge: Interface 3 (COME]

T USE Serial Port (COMT)
n Processors

3 Smart card readers
& Seund, video and game controllers

LY

€3 Storage controllers
M Systemn devices
4§ Universal Serial Bus controliers
9§ Cypress )3 USE StreamerBample Device
@ Generic USE Hub
- Generic USE Hub
L '. Intel(R) & Senes/C200 Series Chipset Family USB Enhanced Host Controller - 1026
@ Intel(R) 6 Senes/C200 Series Chipset Family USB Enhanced Host Controller - 1020
¥ USE Composite Device
.' USE Compaosite Device

File Action View Help

e mEHm & RS

4 =4 HSP_LTOO01 -
3 Batteries
‘& Computer

In this case, we have COM Port 3,4,5,6

3) Open the Vivado Hardware manager. It can be opened from the GUI start screen (or) the

Vivado flow navigator under “Program and Debug”.

# Vivado 20172

Eile Flow Tools Window

VIVADO/

HLx Editions

Help Q- Quick Access

Recent Projects

Quick Start

plat_id
Crea D:/Solitor ri/Kowsalya/VC707/T |_HSDC_Pro_Reference_desig;
Jjesd_extras
Open Example Project Dz/Soliton_werl/Kowsalya/VC707/T|_HSDC_Pro_Reference_desi
data_block
Di/Soliton_ werk/Kowsalya/VC707/TI_ HSDC Pro_Reference desi|
pri_v¥C707

prj_MyKcu105_TI
Solito

D _work/ilinx/ZCU/UltraScale_Demo_P4_T13/¢
Manage IP > pri_MyKcu105_TiI
Open Hardware Manager > Di/Soliton_work/Xllin</ZCU/JkraScale_Demo_Pd_T12/r
Xilinx Tcl Store > Pri_MyKcu105_T1

D:/Soliton. workiXilin/ZCU/UlraScale. Demo._P4.T

Jesd_ref_trial_fresh
D:/Solin

kiXilinx/ZCUNamsifjesd_ref trial_fresh

project_1

Learning Center

neniert 1

Pro_Reference_design

amsi/prj_MyK

[E=SEER =]

£ XILINX

ALL PROGRAMMABLE.
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(OR)

PROJECT MANAGER
£ Settings

Add Sources
Language Templates

T P Catalog

IP INTEGRATOR
Create Block Design
Open Block Design

Generate Block Design

SIMULATION

Run Simulation

RTL AMALYSIS

SYNTHESIS
P Run Synthesis

» Dpen Synthesized Design

IMPLEMENTATION

P Run Implementation

» Open Implemented Design

PROGRAM AND DEBUG

V5 Generate Bitstream

~  (pen Hardware Manager

Qpen Target
Program Device

Add Configuration Memc
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5) Press on Open Target and then press on Auto connect.

Flow Havigator E B HARDWARE MANAGER - unconnected
v PROJECT MANAGER © No hardware target is open. Open target
£ Settings & Auto Connect
Hardware
Add Sources Recent Targets b
=

Language Templates
Open New Target...

< P Catalog

v IPINTEGRATOR
Create Block Design Mo content
Open Block Design

Generate Block Design

(OR)

If you cannot auto connect, then press on “Open New Target” from the drop down list. Click

Next twice and you should see the following.

Select Hardware Target

Select a hardware target from the list of available targets, then set the appropriate JTAG dock (TCK) frequency. If you do not see the
expected devices, decrease the frequency or select a different target

Hardware Targets
Type Mame JTAG Clock Frequency
H silinx_1cf  Digilent/210251893417 15000000 w
& xilinx_tcf Digilent/210308A121BA | 15000000 A

Add Xilinx Virtual Cable (XVC)

Hardware Devices (for unknown devices, specily the Instruction Register (IR) length)
Name ID Code IR Length
@ xczu9 0 24738093 12
@ arm_dap_1 5BAD0477 4

Hardware server: lacalhost3121

Cancel
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6) After that Right click on the ZCU102 device part number that is listed and press on

Program Device.

HARDWARE MANAGER - localhostiiling_tcfiDigilent/210308A121BA

Hardware ? _ 00 X% hw_ila_1
Qix|® > » B o Waveform - hw_ila_1
MName Status
15 Q )+ o
~ B localhost (2) Connecled =]
(=%
@ xilin_tciDigilent’2102518934..  Closed ©  ILAStams:idie
« [l xiling 1cfDigilent’2103084121..  Open E Name
v {8 xczud_0 (2] - .
= Hardware Device Properties_.
W SysMon
~ {8 arm_dap_1 Verify Device...
@ Sysmon P Run Trigger
i | » Run Trigger Immediate
Hardware Device Prop B Stop Trigger
Enable Auto Re-frigger
& xczu9 0
Mame: NCE Create User Defined Probe..
s ¥
Pare 8 O Refresh Device
ID code; 24 L |
Add Configuration Memary Device .
IR length 12
Boot from Configuration Memory Device
Status: P
Programming file: |5, Exportto Spreadsheet.. . - IE
Prohes fils WKrn10& Tl minsfimnl 1idehun ng ™ Capture status
¢ »
General Properties :

In the Pop-up. Select the “mySystem_wrapper.bit” generated earlier in the Bitstream file
path. In the Debug Probes file path mention the “debug_nets.Itx” file which was also

previously generated. Then press “Program”.
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3. Setting the FMC voltage & User Clock

We need to set the FMC voltage of the ZCU to 1.8V before we capture. Also the user
programmable Si570 clock needs to be set to 300Mhz. In order to set this please make sure
that you have connected the UART of the board to the PC. This setting needs to be done only
once after the ZCU has been connected and turned ON. For subsequent captures, this section
can be skipped.

¢ Once firmware is downloaded, we need to set the FMC voltage to 1.8v in the
enhanced port.

¢ To do that, Open the System Controller UI from the folder zcul02 scui, by
clicking on “SCUI.exe”

e Under FMC -> Se VADJ -> Current, Press on “Set VADJ to 1.8V”

e Then, under Clocks -> Set, Enter the frequency of the Si570 User frequency to
300 and press “Set Si570 User Frequency”.

£ zcuroz scun = | = |js3)
Clocks | Yoltages | Power | FMC | GTRMUX | EEPROM Data | GPIO Commands | Systern Meniter | About

Set Read Set Boot Frequency | Restore Device Defaults

I Set 5i570 User Frequency l Frequency (10-B00MHz)

Set SIS0 MGT Frequency i Frequency (10-B00MHz)

Set 55328 Frequency | Frequency (0.008-B08MHz):

Success running "Read Si570 User Frequency™.
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$ zcutoz scun = | = e
Clocks | Voltages | Power | FMC GTR MUY | EEFROM Data | GPIO Commands | System Monitor | About
Set VADJ |HPCD | HPCL

Current | Boot-up

Set VAD) to 0.0V
Set VADIto 1.2V

Set VAD) to 1.5V

I Set VADIto 1BV I

Success running "Read Si570 User Frequency™.

4. Checking Results in Chipscope

Once the development kit is programmed, user can view the results in Chipscope (Vivado
Hardware Manager) which probes signals from the board.

In the “hw_ila_1” window on the right, you can see number of signals. The different signals
have been explained below.

Signals which are currently probed are

¢ Rx_sync - Active low SYNC signal from JESD Base IP. If SYNC is established, this
signal will be high.

e Jesd204 rx_rx_tdatal0...127] — Data coming from the JESD BASE IP.

e Jesd204 rx_rx_tvalid — Indicates whether the output data coming from JESD Base IP is
valid. If this signal is low then it is invalid.

e Rx_somf — Start of multiframe signal coming from the base.

¢ Transport_smpl 0... Transport_smpl 9 — The output samples coming from the
transport layer. The Jesd204 rx_rx_tdata[0..127] passes through the transport layer and
is converted to a 120 signal bus (Transport layer 12DJ1350 0 rx_dataout) which
contains 10 samples(12bit) per clock cycle. The
“Transport layer 12DJ1350 0 rx_dataout” signal is then sliced into 10 12 bit buses that
are probed (Transport _smpl 0... Transport smpl 9). This has been done for better
visibility in the chipscope for the user.

¢ Transport layer JO_12DJ1350_0_rx_validout - Indicates whether the output data
coming from transport layer is valid. If this signal is low then it is invalid.

¢ Rx_somfout — Delayed SOMF signal coming as an output from transport layer.
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Other signals can also be probed. Each time, signals are added/removed from chipscope, the
project has to be compiled again.

The hw_ila 1 window is shown below.

Press the Play button on the top to capture the data. (data captured in the above image is with
Ramp test mode).

HARDWARE MANAGER - localhosthilink_tciDigilent/210308A121BA

hw_ila_1

Waveform - hw_ila_1
al+ 'E»I\LQQK-HDI I | Fe o

ILA Status:Idle

Dashboard Options

™ u_ila_0_Tr.
™ u_ila_0_Tr:
™ u_ijla_0_Tr:
™ u_ila_0_Trans|

Updat

The Jesd204 rx_rx_tdata can be grouped into 4 lanes of 32 bits each. This will make
viewing much easier . This can be done by selecting the required signals (select 0 to 31 for
lane0, 32 to 63 for lane 1 etc.,) and right-clicking and selecting “New Virtual bus”. Then
name the new bus. After grouping into 4 lanes you will get something similar to the image
below.

NOTE: The transport layer signals have been sliced in the firmware design itself, so that the
user need not group the signals in the chipscope. This part of the block diagram can be
removed if the user deems it unnecessary.
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]

B

Waveform -
a + r o »

ILA Stalus:|dle

0_Transport_smpl_0[11:0]
_0_Transport_smpl_1[11:0]
_0_Transport_smpl_2[11.0]
™ u_ila_0_Transport_smpl_3[11:0]
_Transport_smpl_4[{11:0]
_Transport_sm
_Transport_smpl_6[11:

™ u_ila_0_ t_smpl_8[11:0]
B u_ila_l mpl_9[11:0]

Transport layer data out for JMODEOQ, 8G Lane Rate with Ramp test pattern is below

Waveform - hw _ila_1

Q|+ AN R >

1:0]
_Transport_smpl_1[11:0]
_Transport_smpl 1.0]
0_Transpor_smpil_3({11:0]

L) uJIain?Tranrsp it

™ u_ila_0_Transport_smpl_8[11:0]

50is MSB |5101is MSB

13| Page



The transport layer is implemented only for the mode JMODEQ.

From the ADC datasheet, the sample format can be obtained as follows

Sample Pattern for one frame of JIMODEO

Octet 0 1 2 3 4 5 6 | 7

Nibble | 0 | 1 4 5|16 |7 [8]9]10][11[12][13]|14]15
TXO AO A2 A4 A6 A8 T
TX1 Al A3 A5 A7 A9 T
TX2 BO B2 B4 B6 B8 T
TX3 B1 B3 B5 B7 B9 T

User should take the transport layer data along with SOMF (Start of Multi-frame)
“rx_somfout” signal (Transport layer JO 12DJ1350 0 rx somfout) and rx_validout

(Transport_layer JO 12DJ1350 0 rx_validout) signals. These signals are in alignment with
transport layer rx_dataout signal (Transport _layer 12DJ1350 0 rx_dataout).

rx_dataout follows the following sequence for JMODEQ

e The first link clock on the rising edge of rx_somfout, rx_dataout signal contains
samples from first half of the frame, both channels included

[AO0, BO, Al, B1, A2, B2.., A4, B4] with A0 as MSB

¢ On the second link clock, rx_dataout contains samples from second half of the frame,
both channels included

[AS, BS, A6, B6, ..., A9, B9] with AS as MSB

¢ On the third link clock, rx_dataout contains samples from the first half of successive
frame, both channels included

[AO, BO, Al, B1, A2, B2.., A4, B4] with A0 as MSB and the sequence repeats.

V.STATUS LEDS

Two signals have been added in the top module for debugging

rx_sync: This signal refers to the SYNC out from JESD Base IP and is given to LED DO on
board. It will be OFF if SYNC is lost. Under normal process, this LED will be ON

rxoutclk_bf: This signal indicates if the link clock (lane rate/40 clock) generated from the
PHY module and passes through a buffer before being connected to the LED. This is
connected to LED D4.

Apart from the above two LEDs, few other signals are assigned to LED mainly to
prevent logic deletion by Fitter tool and it can be ignored

Note: Both the LEDs are active high
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