KCU105 DAC38RF82 JESD REFERENCE DESIGN USER GUIDE
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|. DESCRIPTION

The design “KCU105 DAC38RF82_7p68G.zip” is developed for KCU105 board for the mode:
84111 of DAC38RF82. It has JESD Base IP and JESD PHY IP to get the tone generated within
the firmware and sends it to the DAC38RF82 after conversion to conform to the JESD protocol.
The design is compiled for 7.68G lane rate. The design has a simple transport layer specific for
that mode (84111) that receives the samples generated by the DDS compiler in firmware and, re-
order the bits and give out 16 samples every clock cycle. The results can be verified using
Chipscope or using a Scope (or a spectrum analyzer). 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 7.68G.
For any other line rate the firmware needs to be recompiled for that specific linerate.

Section 1l discusses about how the hardware setup should be connected. Section Il discusses on
how to extract the project from .zip file and the compilation process involved. Section IV
discusses on how to get the DAC data in Chipscope. Section V describes the technical
information about the firmware. Section V1 discusses the LED debug signals added in project.

Signals Description Direction
CLK INL D Constant 300Mhz clock coming from an on-board
- - crystal
refclk Reference clock from the DAC38RF82 EVM Input
sysref SYSREF Signal from the DAC38RF82 EVM
Txp in/Txn in Serial Data to the DAC
p_Iniixn_ (LVDS lines)
Transport Layer data out (20 samples for every Output from the transport

tx_dataout link clock) module
tx_tready Ready signal mdmat;(r;gjaEtiD BASE IP is ready Output from JESD BASE IP

DAC38RF82 RevE EVM is used for testing.
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Il. HARDWARE SETUP

Connect the KCU105 board with DAC38RF82. Please use the HPC 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.

Connect a clock of 384Mhz of 6dBm to SMA J4 and remove the shunt connecting pinl and 2 of
jumper JP10. Keep all other hardware settings in the default configuration.

Also connect a Scope or Spectrum Analyzer to the DAC EVM.

I11. COMPILING VIVADO PROJECT

1. Extracting the zip file.

e Right click the KCU105_DAC38RF82_7p68G.xpr.zip file and then press “Extract
All”. After extracting, open the project using Vivado 2016.1. The project file is
KCU105_DAC38RF82_7p68G.xpr\prj_MyKcul05_TI\ prj_MyKcul05_TI.xpr

2. Compiling the project.

e 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 .Itx 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 -
KCU105_DAC38RF82_7p68G.xpr\prj_MyKcul05_TI\prj_MyKcul05_TI.runs\impl
A

I\VV. TESTING WITH DAC38RF82

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

e Open DAC38RF82 GUI v2p0 and perform the follow actions:
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Reset the DAC. Toggle the Reset Pin.
Load the Default Register Settings.
Set the following values:
= DAC Clock Frequency: 6144 Mhz
= #0of DACs: Dual DAC
= #of 1Q pairs per DAC : 1 1Q pair
= # of serdes lanes per DAC : 4 lanes
= Desired Interpolation : 8x
= Check the PLL enable checkbox for On-chip PLL
Press the Configure DAC button.
Press on PLL Auto tune
Finally press on Reset DAC JESD Core & SYSREF TRIGGER.

|l DAC3ERFEX EVM

[o] = =]
File Debup Settings Help

|tm|

DAC38RFxx EVM GUI v2p0

' Quick Start  DAC38RF8x | LMK04828 | [EE] Low Level V [ % Recomnece |
Die Temp (Ceicus)
0 DAC38RF82 Z| SELECT DEVICE

DAC RESETB Pin Quick Start Procedure

Reset the DAC. Toggle the RESET pin,
| I"’""Em I l |LLOAD DEFAULT | l -Load Default Register Settings.

-For Extemnal dock made, enter tha
extemnal cock frequency and
DAC MODE salect the desired no. of DACS,

. no. of IQ pars, no. of serdes Bnes
DAL Clock Fraquency (MHZ) #of DACs #of 10 pars per DAC  # of serdes lanes per DAC  Desired interpolation and the nterpolation.
B144 Dual DAC |L 110 pair |, 4Lanes - Bx j CONFIGURE DAC -Cick on CONFIGURE DAC button
to configura the DAC for the mode
on-chip PLL - selected
o Valid PLL Frequency
PLL Enable [V Current Serdes Lane Rate =7680.00MHz -For onchip PLL mode,check the
. Maxrmum sample rate for Dual DAC,1 IQ par,4 Lanes,8x interpokation i 9000 PLL Enable box and specfy the
wla iailyg RefFrea(NHz) Serdes Configured to Full Rate Reference frequency, M and N
= X 354 Serdes cock predivider = 4 divider values.
M 3 Serdes PLL Vrange = 1 -Select the desired mode of the DAC
Serdes PLL Multiplier = 5 and chck on the Configure DAC
SMA J4 CLK [ 35y HSDCPRO i file: DAC3BRFBx_LMF_841 button.
(MHz}

-Click on the PLL AUTO TUNE
button to automatically sek the PLL
loop fiter voitage

Reset DAC -Reset the DAC JESD Core and trigger sysref
JESD Core & SYSREF

| HARDWARE CONNEGTED | #i3 TExas INSTRUMENTS

ale

2. Programming with Vivado Hardware Manager

In order to program the KCU105 we need to follow a series of steps. Please make sure you
follow the order while programming it.

1) Make sure to configure the DAC EVM before programming the device.
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2) Open Device manager and check for the COM ports. (Make sure you have connected to
the UART port of the board)

File Action View Help

==&

D E | B | =&

& Computer Management (Local
a [} System Tools

[ @ Task Scheduler

1 [& Event Viewer

|- ] Shared Folders

[ ﬂ Local Users and Groups

I (%) Performance
5 Device Manager

P Storage
= Disk Management
|- [B4 Services and Applications

&= HSP_LTO03

|- 45 Batteries

[ {8 Computer

[ &F ControlVault Device

[+ r= Disk drives

[ E Display adapters

[ i} DVD/CD-ROM drives

|- 4% Human Interface Devices

|-~ @ IEEE1394 Bus host controllers

| -5 Imaging devices

[ - Jungo

| 2= Keyboards

[ I Mice and other pointing devices

| M Monitors

|- -8 Network adapters

T3 Ports (COM & LPT)

{ L.FF ECP Printer Port (LPTL)

i T Silicon Labs Dual CP210x USE to UART Bridge: Enhanced COM Port (COME)
. L.7 silicon Labs Dual CP210x USB to UART Bridge: Standard COM Port (COMT) |
. JE¥ Processors

|-+ Smart card readers

[ -# Sound, video and game controllers
| €% Storage controllers

| /8 System devices

|- § Universal Serial Bus controllers

More Actions

In this case, we have COM Port 8 (Enhanced) and COM Port 7 (Standard).

3) Open both the COM ports using any Utility (like Hercules). For Standard COM Port(in this

case COM port 7), make sure of the below settings while opening the port.

Feceived/Sent data

UDPSetup Serial | TCP Client| TCP Server| UDP | TestMode | About |

Serial port CCMT opened

~ Serial
MName

ICOM? -
Baud

9600 -
Data size

Ig -
Fari

Inone -

Handshake

IOFF -
Iode
Free -

X Clase |

"Mndem lines

@co @R @osR@cTs T DTF [T RTS

Hivg P updlate |

Send

rHex send || HLL)§voup

wwn HUl-groupcom
[~ HEx Send -
—I Hercules SETUP wiility

Yersior3.2.8

[~ HEx Send |
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4) Open the Vivado Hardware manager. It can be opened from the GUI start screen (or) the
Vivado flow navigator under “Program and Debug”.

1 = L= Lo S

Hell oW Toos BWNdoWRHiet [Q- search commands

VIVADO' £ XILINX

HLx Editions

Quick Start

® B B

Create New Project Open Project Open Example Project

g & ®

Manage IP Open Hardware Manager Xilinx Td Store
Information Center

9 B @

Documentation and Tutorials Quick Take Videos Release Notes Guide

Td Console 2h—iEAX
oo start_gui

<

Type a Tcl command here

(OR)
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% Generate Block Design

¢ Simulation
@ simulation Settings
(] Run Simulation

# RTL Analysis
& Blaboration Settings
I [g* Open Elaborated Design

¢ Synthesis
& synthesis Settings
$» Run Synthesis
# [H| synthesized Design

& Constraints Wizard
£, Edit Timing Constrain
¥ setUp Debug
(&) Report Timing Summ: i
By, Report Clock Networ
B Repart Clock Interac
"\ Report Methodology
D Report DRC
¥ Report Utiization
%B‘ Report Power
2] schematic

¢ Implementation
ﬁ. Implementation Settings
[ Run Implementation
v [g* Open Implemented Desi

4 Program and Debug
@ Bitstream Settings

¥ Generate Bitstream
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5) Press on Open Target and then press on Auto connect.

Hardware Manager - localhost/xilinx_tcf/Digilent/2 10251845071

@ Mo hardware target is open. Open target

— &
Q= =|[E | EH (JH N Recent Targets

Mame

..... E localhost (0) & Open New Target...
e

Available Targets on Server

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)

Hardware Targets
Type Port Mame JTAG Clock Freguency

| |Digilent/210308957213 |15000000

H dlir_tcf Xilinx/00001176314d01 -

Hardware Devices (for unknown devices, specify the Instruction Register (IR) length)

MName ID Code IR Length
@ xcku040_0D 13822093 6

Hardware server: localhost:3121

frequency. If you do not see the expected devices, decrease the frequency or select a different target.

E(}penﬂml-lmduamTargﬂ E

¥

| < Back |[ Next = ” Finish

| [Cance

PAGE n



6) After that Right click on the KCU105 device part number that is listed and press on Program
Device.

ayvado S0 ™ - ==
Fie Edit Fow Tools Window Layout View Help Q- Search commands
2wl XK @ [Bocktiyr W &% Sosvord - |

nager - | _tcf/Digilent/210251845071

(@) There are no debug cores. Program device Refresh device

Hardware — 0w x
5 paa [

az=E® M E

Name Status

= B localhost (1) Connected
=+ @& xilinx_tcf/Diglentf210251845071 (1)  Open

B 4 xcku040_0,

-3 SysMor| & Hardware Device Properties... Ctrl+E

|@ Program Device...

Verify Device...
@ Refresh Device
% Add Configuration Memory Device...

Boot from Configuration Memory Device

Program BER Key...

i

Program eFUSE Registers...

Hardware Device Propes

== Export to Spreadsheet...

G xcku40_0

Mame: xcku040_0

Part: xcku40

ID code: 03322093

IR length: 6

Status: Mot programmed

B
S e —

User chain count: 4

General | Properties |

Td Console —

= 1

=] i

g connect_hw_server: Time (s): cpu = 00:00:01 ; elapsed = 00:00:06 . Memory (MB): peak = £05.176 ; gain = 0.000
E

R S

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”.

3. Setting the FMC voltage

We need to set the FMC voltage of the KCU to 1.8V before we capture. 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 KCU has been connected and turned ON. For subsequent captures,
this section can be skipped.

Enhanced COM Port

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

e To do that, in the Hercules where we have opened the Enhanced COM port, enter 0 to
go the Main menu

e The main menu items will be displayed. Enter 4 to Adjust FPGA Mezzanine Card

(FMC) settings
e Again enter 4 to Set FMC VADJ to 1.8V.
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e To read the voltage value, go back to the main menu by entering 0. Then enter 2 to
“Get the Power system Voltages” and enter 7 to “Get the VADJ1DS voltage”.

'UDPSetup Serial | TCP Client| TCP Server | UDP | TestMode | About |
FReceived/Sent data

5. Get GPIO Data -
6. Get EEPROM Data

7. Configure UltraScale FPGA

Select an option

ECUl0S System Controller BETA v0.35
- Main Menu -
Set Programmable Clocks
Get Power System (PMBUS) Voltages
Get UltraScale FPGA System Monitor (SYSMON) Data
Adjust FPGA Mezzanine Card (FMC) Settings
Get GPFIO Data
6. Get EEFROM Data
7. Configure UltraScale FPGA
Select an option

1.
2.
3.
4.
5.

4

-

Modem lines

@co @R @ DsR@® CcTS T DTF T RTS

~ Setial
lame
|COMS ]
Baud
115200 -]
Data size
E [
Fariby
|n|:|ne j
jandshake
|oFF |
Mode
IFree j
X Close
Hy'g P update

'UDPSetup Serial | TCP Client| TCP Server| UDP | TestMode | About |

Feceived/Sent data

5. Set FMC VADJ to 1.5V -
6. Set FMC VADJ to 1.2V

7. Set FMC VADJ to 0.0V

0. Return to Main Menu
Select an option

KCUL105 System Controller BETA v0.35

- FMC Menu -
1. S5et FMC XMxxx CLOCEKES
2. Read FMC HEC IIC EEPROM
3. Read FMC LEC IIC EEFROM
4., Set FMC VADJ to 1.8V @l
5. Set FMC VADJ to 1.5V
6. Set FMC VADJ to 1.2V
7. Sec FMC VADJ to 0.0V
0. Return to Main Menu -
Modem lines
@co @r @DSR@ CTS [ DTE [ RTE

~ Setrial
lame
|COMS -]
Baud
115200 -
Data size
§ -
' ._I[||'-..-'
|n|:|ne j
Handshake
|oFF |
hMode
IFree j

X Close

H'w'g F¥W update
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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.

Signals which are currently probed are

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

e Transport_layer DAC38RF82_84111 0_tx_dataout[255...0] — A 256 bit bus of data
coming from the Transport layer. It contains sixteen 16-bit samples in each clock cycle.

e Sample 0....Sample 3 — The output samples coming from each DDS compiler (see
Firmware Information section).

e Concat_OP — The concatenated signals of Sample_0 to Sample_3 signals to create a 64-bit
bus. This bus consists of four 16-bit samples, with the Sample_0 output being in the LSB
position.

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.

hw_ila_1

Waveform - hw_ila_1
Q + = 2 > » B E @ Q 5 = M = 2 + [e o
ILA Status:Idie

Name

Dashboard Options

ilJesdSul ISample_0[15.0]

ple_ :0]

The Transport_layer DAC38RF82_84111 0 tx_dataout[255...0] can be grouped into 8 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 8 lanes you will get something
similar to the image below.
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hw_ila_1

Waveform - fiw_ila_1
Q + > » B G @ @ I < K [ Te o

ILA Status:|dle

Dashboard Options

F82_84111_0_b_dataoulj255.0

Lane &
Lane 5
Lane 4
(-1, T-c}
Lane 2
Lane 1
Lane 0

fiesd204_tx_tx_tready

The Concat_OP is a 64-bit bus consisting of four 16-bit samples. In this mode 4 samples are
divided across 2 lanes for every clock cycle. Hence the output of the transport layer is a 256 bit
bus, which contains sixteen 16-bit samples for 8 lanes.

It is possible to view the output of each DDS as a 20Mhz wave, within the chipscope.
The procedure:

1. Right click -> Radix -> Signed decimal
2. Right click -> Waveform Style -> Analog

hw_ila_1

Waveform - hw_ila_1
Q 4+ = & > » B B @ & 1 = M M = 2 ¢+ [ o

ILA Status:idle

Dashboard Options

The transport layer is implemented only for the mode 84111.
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From the DAC datasheet, the sample format can be obtained as follows

Sample Pattern for one frame of 84111

Bytes 0
Nibbles o | 1
Lane RX0 A-i0[15:8]
Lane RX1 A-i0[7:0]
Lane RX2 A-q0[15:8]
Lane RX3 A-q0[7:0]
Lane RX4 B-i0[15:8]
Lane RX5 B-i0[7:0]
Lane RX6 B-q0[15:8]
Lane RX7 B-q0[7:0]

Transport_layer DAC38RF82_84111 0_tx_dataout follows the following sequence
e The first link clock , Transport_layer DAC38RF82_84111 0_tx_dataout signal contains

16 samples. All the even lanes (0,2,4,6) contain MSB 8 bits of a_saﬁple (15:8) and all the
Odd lanes (1,3,5,7) contain the LSB 8 bits of a sample (7:0)
e Each lane contains MSB/LSB of 4 samples with the 1% sample of each cycle being the LSB

for each lane.

5. Scope and Spectrum Analyzer

The 20 Mhz tone as seen in the Scope output:

= !'Ff ® - Teledyne LeCroy WaveStudio - Display Capture (Auto-Refresh)
Scope Terminal Trace Display Scope Setups
= [V] Auto-Refresh || Use Print Colors !
T | |
11 sec o
Refresh——————————— | Add || Copyto Save

[{ Annotation || Clipboard to File
1 |
My Scope Explorer 2 | Display Capture (Auto-Refresh) x \ Scope Setups 1 Display Capture \
= e 5
Device Status  Bus - 8 Py CH2
BB WaveAce2.. Alive  USBTMC \ / % / Freq
/ X\ / ) / 3 Aokokok
CH1
/ \ / \ Freqg
. ' y \ 20.00MHz
=85 USB0:0x05FF:0XEE3AZLCR N NS N CH1
B Terminal y vmin
Front Panel -920.0mU
-l Traces ~
+-{7 Channels CH1

{si1 Display Capture
&3 Scope Setups

Period
58,08ns

CH1

© <10Hz Freq
26,06MHz
CHZ /20.6mV

17-12-8716:57:53

CH1= S88mV M 16.6ns

M Pos:0.00ps

1 »
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The 20 Mhz tone as seen in the Spectrum Analyser:

09.8020M

error ot

V. FIRMWARE INFORMATION

This FW (and Transport Layer) has been made specifically for 84111 mode. A sinewave is being
generated within the FW. This Sine wave is being sent continuously (free-running) to the DAC
from the FPGA.

1. Generation of Sinewave:

A DDS Compiler is being used within the FW in order to generate the Sinewave. In this
design, a Sine wave of frequency of 20 Mhz is being generated.

The DDS compiler will require a sampling clock as input. In this firmware, the sampling
frequency of the DDS compiler is 192 Mhz.

For every link clock cycle we need to send 32 bits of data to the JESD Base IP. Hence we
use 4 instances of DDS compiler modules to generate 4 waves of 20 Mhz each. However
each instance is offset by an equal value (for this mode the phase offset is one-fourth of
the output wave i.e., 20/4 = 5Mhz) such that in each link clock 4 samples of a 20 Mhz
Sinewave is generated. All four of these samples are concatenated (Concat_OP signal)
and given as an input to the transport layer.

The concatenated output (Concat_OP) consists of four 16-bit samples. In this mode 4
samples are divided across 2 lanes for every clock cycle. Hence the output of the
transport layer is a 256 bit bus, which contains sixteen 16-bit samples for 8 lanes.

The DAC sampling rate for this lane rate (7.68G) is 768 Msps. Each DDS Compiler
instance generates a 20Mhz wave w.r.t a sampling rate of 192 MHz. Therefore when we
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combine the outputs of 4 of such instances for a single cycle, a sine wave of 20 Mhz is
generated for a sampling rate of 768 Msps.

e In this design, the DDS compilers generate a free running sine wave output. Hence every
clock cycle is a start of frame. Thus the output of the transport layer is directly connected
to the JESD TX Base IP.

2. Changing the Sinewave frequency:

e In order to change the generated Sinewave frequency, we need to change the phase offset
and phase increment values.
(calculation has been presented for 20 Mhz sinewave case)
o Phase offset = [2*Phase width /(Sampling frequency/Required frequency)]/4

= [2716/(192/20)]/4
= [65536/9.6]/4
= 6826.667/4
=1706.6667

By rounding off to the nearest integer we get 1707 which is 6AB in hexadecimal

or 11010101011 in binary.

o Phase increment = 2"Phase width /(Sampling frequency/Required frequency)
= 2/\16/(192/20)
= 65536/9.6
= 6826.667
By rounding off to the nearest integer and making it a multiple of phase offset, we
get 6828 which is LAAC in hexadecimal or 1101010101100 in binary.

For more detailed information about the DDS compiler module please refer to the Xilinx
document Pg141 available at the following link:

https://www.xilinx.com/support/documentation/ip_documentation/dds_compiler/v6_0/pgl41-
dds-compiler.pdf
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DDS Compiler (6.0)

i Documentation [ TP Location

" IP Symbol | Information

[7] show disabled ports

M_AXIS_DATASR
M_ARIS_PHASESR &

acl

Component Mame | mySystem_dds_compiler_0_3

Configuration rImpIememaﬁon rDemiIed Implementation rPhase Angle Increment Values rPhaseAnq 4 v B

Configuration Options |Phase Generator and 5IN COSLUT  ~ |

System Requirements

system Clock (MHz) [0.01 - 1000.0]
Mumber of Channels
Mode Of Operation | Standard -

Freguency per Channel (Fs) 192.0 MHz

Parameter Selection |Hardware Parameters - |

MNoise Shaping |None - |

Hardware Parameters

e
B
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DDS Compiler (6.0) '\

I Documentation [ IP Location

IP Symbol | Information Component Name | mySystem_dds_compiler_0_1 |
[] Show disabled ports Configuration | Implementation rnmum_ﬁ 4 r @
Phase Angle Increment Values

Channel Phase Angle Increment Values (Bnary)
:
A

O

o |

o |

o |

Bﬂﬂ'ﬂﬂllﬂ-l@

M_AXIS_DATA =R
IS_PHASE 4

Lok || cancel |
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1 F Re-customize IP @

DDS Compiler (6.0) ‘
i§! Documentation 5 IP Location
IP Symbol | Information Component Mame | mySystem_dds_compiler_0_1
| Show disabled ports Implementation | Detaled Implementation = Phase Angle Increment Values  Phase Angle Offset Values 4 » B

Phase Angle Offset Values

Channel Phase Angle Offset Values (Binary)
1 liﬂlﬂlﬂlﬂl'_':ll

2 |0
0

W oW W o, kW
ol|lallal/a]/a][e

100
| ok 10
_adkM_A}{ISJDATA ‘.='= AT

M_AXIS_PHASE o = sl
140
150

16 |0

oK Cancel

VI. STATUS LEDS

Two signals have been added in the top module for debugging

tx_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

txoutclk: This signal indicates if the link clock (lane rate/40 clock) generated from the PHY
module. This is connected to LED DA4.

Apart from the above two LEDs, few other signals (if any) 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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