ARRIA 10 AFE74xx XCVR 2x44210 JESD REFERENCE
DESIGN USER GUIDE
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|. DESCRIPTION

Overview:

The “A10_AFE74xx_XCVR_2x44210_7p3728G.qar” is a reference design developed to target
Arrial0 EVM board to interface with AFE74xx through JESD protocol. It is a transceiver firmware and
both the Rx and Tx section of firmware supports the JESD mode 2x44210 at lane rate 7.3728G.

Rx design description:

RX side of FW has altera_jesd204b_rx IP and xcvr_jesd_rx IP to get JESD data from the
AFE74xx at lane rate 7.3728G lane rate. The design has a simple Rx transport layer specific to this
mode (2x44210) that captures samples from the ADC, re-order the bits and give out 16 samples every
link clock (2 samples per lane). The results can be verified using Signal Tap.

Tx design description:

TX side of FW has altera_jesd204b_tx IP and xcvr_jesd_tx IP to send digital data (Sine wave
10MHz) to the DAC through JESD interface and it operates at lane rate of 7.3728 G. The design has a
simple Tx transport layer which generates sine and cosine samples by the DDS compiler in firmware.
The generated samples are reordered as per the JESD mode (2x44210), 2 samples per lane, with 4 lane
for | data and other four lanes for Q data and sends it to the xcvr_jesd_tx IP. The results can be verified
using a scope or Spectrum analyzer.

Note: This version of the FW is a fixed line rate firmware and hence will work only at 7.3728G. For
any other line rate the firmware needs to be recompiled for that specific line rate.

This document gives a brief on the compilation and verification process involved. Section 1l
discusses on how to restore the project from .gar file and the compilation process involved. Section il
discusses on how to get the data in Signal Tap and validate the same. Section IV discusses on generation
of tone for DAC. Section V discusses the debug signals added in project.

Following are some of the important inputs and the output signals with their description. User can make
use of these signals in their custom modules.

Signals Description Direction
device clk reference clock from AFE74xx
mgmt_clk 100MHz oscillator clock
global _rst n Active Low User reset
- Input
sysref SYSREF Signal
tx_syncn Tx Sync Signal
rx_serial_data Serial Data from ADC
tx_serial_data Serial Data to DAC Output
X dataout 'I_'ransport Layer data output (16 samples for every
- link clock)

- - Output from the RXx
rx_somfout SOMF aligned with rx_dataout transport layer module
rx_validout Data valid Signal aligned with rx_dataout
Jesd204_tx_link_data Transport Layer data out (16 samples for every link | Output from the Tx

clock) transport layer module




Jesd204 _tx_link_valid Valid signal of the transport layer data

Note: Tx SYNC signal of the device routed to FMC is not connected to FPGA in the Arrial0 EVM.
Hence the SYNCBOCMOS of the device is bluewired to Arrial0 EVM through J7 SMA connector.

In AFE74xx used for testing, the lower four SERDES lanes P & N pins of the JESD interface are
swapped, hence Rx lane polarity inversion is implemented in the design to address that. Due to this,
Rx lane polarity inversion constant given to the JESD IP module (csr_rx_lane_polarity) is ‘0x0F’. But
on the Tx side no lane inversion is required hence Tx lane polarity inversion constant given to the
JESD IP module (csr_tx_lane_polarity) is ‘0x00’

1. COMPILING QUARTUS PROJECT

1. Restore the Quartus project

Open Quartus 16.1. Click File -> Open and choose the qgar file
“A10_AFE74xx_XCVR_2x44210_7p3728G.qar”
Click OK in the dialog box that pops up next

\_# Restore Archived Project ===

Archive name:

F design\241018\Release\A10_AFE76xx_XCWVR_2x44210_7p3728G.gar [ J

Destination folder:

gn/2471013/Release/AT10_AFE76xx XCWVR Zx44210_7p3728G_restored |:|
Owerwrite any existing files in the destination folder

[ ok || cancet |[ rep |

Quartus will restore the contents to A10_AFE74xx_XCVR_2x44210 7p3728G_restored folder in the
same location as that of qgar file. User can change the location or the name of the folder.

2. Compiling the project

In Quartus IDE (environment), go to Project Navigator window located left side. This will show the
device for which the firmware was compiled and the hierarchy of Verilog modules used.

Tasks window right below the Project Navigator will list all the tasks involved in compiling a design.
To compile the project, double click “Compile Design” and all the subtasks listed will be executed in
sequence

This will generate a “.SOF file” in the following location
Relative path of the example design +

“\A10_AFE74xx_XCVR_2x44210 7p3728G _restored\prj\output_files”
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Once the SOF file is generated, proceed to next section. It will take 20 min approximately to compile
the design

I11. VALIDATING WITH AFE74xx

1. Configure ADC

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

e Open AFE GUI (Version 1.8.5 RC4) and set values as shown in the below snapshot
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In AFE GUI press buttons ‘init Script’, ‘Get Rx/Tx Dig path and JESD Config’, ‘LMK Config’ &
‘Run Complete Startup Sequence’ in sequence
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e Press on the small folder icon in the ‘AFE GUI” and load ‘SYNCOCMOS’ and ‘DDC Ramp’ config
files
B
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e Press the ‘SYSREF Cont M’ button in AFE GUIs

telaEs
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e Download Firmware (Refer Section 2)
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e  Press on DAC SYNC button (highlighted in the snapshot below) in AFE GUI
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With this step we should be able to see Ramp data from ADC and a clear tone from DAC



2. Programming Arria 10 development kit

Connect USB Blaster to Arrial0 development kit. Go back to Quartus project, and double click Program
Device in tasks window. This will open the programmer tool.

Click on Auto Detect and choose “10AX115S2E2” in the Select Device window and click OK

P P T L CTTIT T L T IT T Ty Py - wmamvisi-mme g aynny
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Search altera.com <
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Right click on “10AX115S2E2” in the JTAG chain and choose Edit-> Change File. Browse and select
the .SOF file generated in previous section
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3. Checking Results in Signal Tap

Once the development kit is programmed, user can view the results in Signal Tap which probes signals
from the kit using USB blaster and JTAG interface. It can be opened from Quartus Tools-> SignalTap
Il Logic Analyzer
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4 B Aq0 AFE76xx_2x44210_4T4R REFDESIGN "B @ TimeQuest Timing Analyzer tatus Successful - Wed Oct 24 06:44:08 2018
sld_hub:auto_hub A , bs PrimeVersion 16.1.0 Build 196 10/24/2016 SJ Standard Edition
sld_signaltap:debug_signals_rx i n Name jesd204b_ed
sld_signaltap:debug_signals_tx %* | Chip Planner vel Entity Name A10_AFE76xx_2x44210_4T4R_REFDESIGN
& core pljesd_pll_inst 4 Design Partition Planner Arria 10
jesd204b_rx_top:jesd_rx_ADC Netlist Viewers L 10AX11552F4511SGE2

3 Models Prelimina
T jesd204b_tx_topiesd_tx DAC ] signalTap il Logic Analyzer 1 i
Utilization (in ALMs) 9,663 / 427,200 (2 %)

& reset_genuo

#=  In-System Memory Content Editor

registers 21715
& Logic Analyzer Interface Editor
ins 51/960(5%)
‘ v |[ 01 in-System Sources and Probes Editor S 5
== e v|=ms x SignalProbe Pins. lock memory bits 12,910,592 / 55,562,240 ( 23 %)
Ve SP Blocks 0/1,518(0%)
Task 2
®&  JTAG Chain Debugger HSSIRX channels  8/72(11%)
4 P Compile s
Somelic De<igd ) Fault Injection Debugger HSSI TX channels 8/72(11%)
System Debugging Tools > bus 10/ 144 (7 %)
& P Catalog
les
Nios I Software Build Tools for Eclipse
& Osys
Td
B edit Settings #| Tl sciipts
) Program Device (Open Programmer) Customize.
Options
License Setup.

O Install Devices

Signals which are currently probed are

Signals in Rx Instance:

rx_sync_n — Active low SYNC signal from altera_jesd204b_rx IP. If SYNC is established,
this signal will be high

sysref — SYSREF signal to Base IP

somf[3]- SOMF Signal from altera_jesd204b_rx IP

Jesd204 rx_link_data — 256 bit link data from altera_jesd204b_rx IP (grouped into 8 lanes
of 32 bit each)

rx_dataout- transport layer data out (16 samples of data for every link clock). User has to use
rx_dataout along with rx_somfout and rx_validout

rx_somfout- SOMF signal aligned with transport layer rx_dataout

rx_validout- Data valid signal aligned with transport layer rx_dataout

Signals in Tx Instance:

tx_sync_n — Active low SYNC signal to altera_jesd204b_tx IP. If SYNC is established, this
signal will be high

sysref — SYSREF signal to Base IP

jesd204_tx_pcs_data — 256 bit pcs data from altera_jesd204b_tx IP (grouped to 8 lanes with
32 bit data for each lane)

ddsio|fsin_o & ddsio|fsin_1 — The 16 bit output samples from each DDS compiler (see DAC
wave form generation section).

jesd204_tx_link_valid - Data valid signal aligned with transport layer jesd204_tx_link_data.



Other signals can also be probed. Each time, signals are added/removed from signal tap, the project has
to be compiled again

Following is the Signal Tap window. Hardware and Device tabs should be selected/listed properly. The
Instance section lists both the Tx and Rx instances. Double clicking on any particular instance will
display its corresponding signals.

~% SignalTap Il Logic Analyzer - [A10_AFE76x0; 2344210 _4T4R_REFDESIGN. stp]*
Eile Edit View Project Processing Tools Window Help Search altera.cor ]
BUHNC %60 »rn @
[ Instance Manager. @ W [E| Ready toacquire X | JTAG Chain Configuration: JTAG ready x
l"b Status Enabled  LEs: 13340 Memory: 871628 Small NA Medium: NA Large: NA Hardware | USB-Blasteril [USB-1] ,H Setup..
2. debug_signals_tx Not running 7] 6842 cells 4481024 bits  NA NA NA i N
[2] debug_signals_rx Not running @ 6498 cells 4235264 bits  NA NA NA Device: | @1: 10AT11551 (0x02E060DD; ~ ( Jcan Chain
[>>] soF Manager. (] (8] 1g_violjesd204b_ed.sof | ..
trigger: 2018/10/24 03:58:20 #1 Lock mode: [ " Allow all changes ~ | | Signal Configuration: x
Node | Data Enable | Trigger Enabte | Trigger Condition E
— -
= = s | = TFlemicanp | Clock: core plljesd_pll instjoutctk 0 -
Y sysref [c7] ] | ] Data
| EN ™_sync_n Jl | i) f
= 1 : -~ v|i=
[R jesd204b_rx_top:jesd_rx_ADC|altera_jesd204b_ncu_jesd204|somf(3] 7] ] B Sape S [‘“‘ ] RAMtype | =
f’ o validout ! v vl | 1 [C] segmented: |2 4 K sample segments -
3 # _b_rx_topjesd_mx_ADC|altera_jesd204b_ncu_jesd204|jesd204_rx_link_data[255.0] | vl v AND
| [N m_somfout R = ] B Nodes Allocated: @ Auto © Manual: 517
@ # _sd_rx_ADC|Transport_layer AFE76xx_2x442_ncjesd_transport1|rx_dataout{255..0] &) ] AND Pipeline Factor: [o = J
Storage qualifier:
Type: [ﬂ Continuous 54 ]
Input port: |auto
Nodes Allocated: @ Auto 517
Record data discontinuities
storage qualifier
[l il v | i ] »
| 7 pata | BB setup ‘

If Hardware or device is not listed, click on Setup and choose the right port to which USB blaster is
connected

Instance Manager. | ¥ [E]] Readyto acquire X | JTAG Chain Configuration: JTAG ready x
Instance Status Enabled  LEs: 13340 Memory: 871628 Small: NA Medium: NA Large: NA T — lmwm' [use-1] ,l l Setup.. l
2. debug_signals_tx Not running [+ 6842 cells 4481024 bits NA NA NA
[®] debug_signals_m Mot running & 6498 cells 4235264 bits  NA NA NA Device: l@"i 10AT115517 (0x02E060DD] ™ ll Scan Chain I
tanager. [da] (0] ig_violjesd204b_edsof | ..
A Hardware Setup ==
trigger: 2018/10/24 0355820 #1 Hardware Settings ‘ JTAG Settings | x
Node =
- Selecta ing hardware setup to use when pr devices. This prog g nstioutclk 0 E
Type| Alias Name hardware setup applies only to the current programmer window.
%
LT sysref
= _sync_n Currently selected hardware: Iun Hardware '] T
% ) ) - ™ | RAM type: | Auto A
d204b_rx_topijesd_nc_ADC|altera_jesd204b, d2 &
? 1= - - toprjesd_m_ADC| e - Avallable hardware items MO Hardware
S e _walidout USE-Blasterl [USB-1] sample segments -
&  _b rx_topjesd_m ADC|altera_jesd204b_ncu_jesd204| Hardware Server Port ) -
% to © Manual: 517 :
- n_somfout Use-Blasterll Local usa-1 B B =
_fi_ ® _sd_x_ADC|Transport_layer AFE76xx_2x442_ncjesd_| Remove Hardware| 'l

- 3

external_storage gualifier

futo Manual: 51

pr—

tinuities

Tisable storage qualifier

«

P pata | B sewp




Select debug_signal_rx and Click on Run Analysis

Eile Edit View Project Processing Tools Window Help (]
BHNC %60 >0 0O
Instance Manags - @ Ready to acquire X | JTAG Chain Configuration: JTAG ready x
Instance Status Enabled  LEs: 13340 Memory: 871628 Small: NA Medium: NA Large: NA sy [USB—HHM [USB-1] ,] [ s ]
2 Not running ) 6842 cells 4481024 bits  NA NA NA
debug_signals_rx Not running @ 6498 cells 4235264bits  NA NA NA Device: ‘9’1 JOATIA5S: vI [srmdnin l
[E SOF Manager. @ @ ng_vloll|sdzolb_edsofg
trigger: 2018/10/24 03:58:20 #1 Lock mode: | #f” Allow all chang v ] Signal Configuration: x
Node Data Enable | Trigger Enable | Trigger Condition ) - &
= — = > P ~ | Clock core_plljesd_pll_instjoutclk_0 E
sysref “l ~l BB | pata
m_sync_n jci] ] :::] [ l [
: -
jesd204b_rx_topjesd_rx_ADClaltera_jesd204b_ncu_jesd204|somf[3] 5] [ E Sample depth: | g RAMtyp= |@ain
x_validout ¥ €] i B |2 4K sample seg -
& _b_rx_topjesd_nx_ADC|altera_jesd204b_ncu_jesd204|jesd204_rx_link_datz[255..0] )] ] AND = —
_somfout ] ] ] Nodes Allocated: @ Auto © Manual: 517 g
# _sd_x_ADC|Transport_layer AFE76xx_2x442_ncjesd_transport1|rx_dataout[255..0] i | AND Pipeline Factor: I° .]
Storage qualifier:
Type [ E continuous ']
Input port: |auto_stp_external_storage_qualifier ‘
Nodes Allocated: @ Auto Manual: (517 3
[¥] Record data discontinuities
[C] pisable storage qualifier
™= [0 = OO . ]
7 pata | &R setup

Transport layer data out for 2x44210, 7.3728G Lane Rate with Ramp test pattern is below.

Eile Edit View Project Processing Tools Window Help
BENC NPT 0O

Search altera.com 1

Instance Manager. E] [i Ready to acquire X | JTAG Chain Configuration: JTAG ready
Instance Status Enabled  LEs: 13340 Memory: 871628 Small: NA Medium: NA Large: NA rhe—— Imhmmﬂ ,] I Setup...
2. debug_signals_tx 7] 6842 cells 4481024 bits NA NA NA
[El debug_signals_ 5498 cells 4z3sesabits  NA NA NA Device: I@‘I:‘IﬂA‘lHSSI (0x02E060DD] ‘I ISGnCh:ir
5OF Manager: |da) ] g_viol/jesd204b_ed sof E
log: Trig @ 2018/10/24 06:55:14 [00:0.2 elapsed) |
Alias Name [F) -908 907 -906 -9p5 004 903 992 01
rx_sync_n <

SOMF from Base IP ~ A

jesd204b_rx_topijesd_rx_ADC|altera_jesd204b_ncu_jesd204|somf(3)

_validout
= ._b_rx_topijesd_nc_ADC|altera_jesd204b_ncu_jesd204]jesd204_rx_link_data[255..0]

_pjesd_nc_ADC|altera_jesd204b_rcu_jesd204|jesd204_rx_link_data[255.224]

oBssoBsol

..pijesd_rx_ADC|altera_jesd204b_rx:u_jesd204|jesd204_rx_link_data[223.192] {_oBssoBesah!)

0B700871h X 0B720R73h }{_0B740B7sh X 0B760B77h }
0B700871h )_0B720B73h {_0B740B75h X_0B760B77h )

pijesd_mx_ADClaltera_jesd204b_rxu_jesd204|jesd204 _rx_link_data[191..160]

prjesd_m_ADC|altera_jesd204b_ncu_jesd204|jesd204_rx_link_data[159.128]

op:jesd_rx_ADC|altera_jesd204b_rcu_jesd204|jesd204 m_link_data[127..96]

0B6COBGDh 0B700871h X_0B720B73h A_0B740B75h X 0B760B77h }
0B620B69h! 4] 0B6ADBGBN 0B6CoB6Dh 0B6EOB6Fh 0B700B71h 0B720873h X 0B740B875h X 08760677h )

0B700671h X_0B720873h }_0B740875h X 0B760B77h }

top:jesd_rx_ADC|altera_jesd204b_rcu_jesd204|jesd204_rx_link_data[95.64] {_oB&soBean!

.topijesd_nx_ADC|altera_jesd204b_ncu_jesd204|jesd204_x_link_data[63.32]

1h 0B73h X 0B74 h X_0B760B77h

=

.x_topjesd_n_ADC|altera_jesd204b_ncu_jesd204|jesd204_nx_link_data[31..0]

rx_somfout

0B700871h X_0B720B73h %_0B740B75h X_0B760B77h }

110 1 0 o s o

Wl

& |

1= ..sd_rx_ADC|Transport_layer AFE76xx_2x442_ncjesd_transport1|mx_dataout[255..0]
|| F - .DC|Transport_layer AFE76xx_2x442_ncjesd_transport1|nc_dataout[255.240] {__oBsan 0B66h 0B68h 0BsAh [XA.ipBSCh oB6Eh A__ oB7oh X oBzan
_DC|Transport_layer AFE76ix_2x442_ncjesd_transport1|n_dataout[239.224]{__ 0Beah 0B66h 0B68h ©0B6Ah | AA-o@B6Ch oB6Fh A oB7oh X oB7zh  }|=
..DC|Transport_layer AFE76xx_2x442_ncjesd_transport1|m_dataout[223..208] 0B64h oB66h ¥_  oB&sh oBeah |¥R.i@Bsch X oBeEh X oByoh X oB7zh )}
# .DC|Transport_layer AFE76xx_2x442_ncjesd_transport1|nc_dataout[207..192] 0B&ah 0Besh __X___oBssh oBeAh |¥B-a@BsCh ¥__ oB6Eh  X___oB7oh J__ oBz2h
- .DC|Transport_layer AFE76xx_2x442_ncjesd_transport1|m_dataout[191..176] 0BS4h 0BSEh 0B&8h 0BSAh | 0BSCh 0B6Eh A oB7Oh X oBzeh )
..DC|Transport_layer AFE76ix_2x442 ncjesd_transport1|m_dataout[175..160]{___0B64h 0B66h 0B6Gh 0B6Ah i 0B6Ch 0B6Eh A__ oB7oh X oB72h )
# _DC|Transport_layer AFE76xx_2x442_ncjesd_transporti|n_dataout[159.144]{__ oBsan oBesh _ )__ oBesh ©0B6Ah D-i@Be oBsEh X oB7oh X oByah )
DC|Transport_layer AFE76xx_2x442_ncjesd_transport|m_dataout[143.128] 0B64h 0B&6h 0B68h 0B&Ah Xn-mgu X 0B6Eh X oB70h X 0872h >
| | F - _DC|Transport_layer AFE76xx_2x442_ncjesd_transport1|nc_dataout[127..112]{__oBesn 0B67h 0B69h ©0B6Bh | AA-i1B6Dh 0B6Fh _A__ oB7ih X oBzzh }
& _DC|Transport_layer AFE76xx_2x442_ncjesd_transport]|ne_dataout[111.96] oBeSh 0B67h oBssh oBeBh |XA-absDh X oBeFh % oB7ih X oB7zah )
# .. ADC|Transport_layer AFE76xx_2x442_ncjesd_transportl|m_t 80] (__oBesh oB&7h ¥ oBesh 0B&Bh B-itBeph X oBerh X oB7ih X oB7zh )}
# ._ADC|Transport_layer AFE76xx_2x442_ncjesd_transport1|m_dataout{79..64] {__oBesn 0B67h oBsgh 0B6Bh - h
| ._ADC|Transport_layer AFE76xx_2x442_ncjesd_transport|n_ 23] 0B65h 0B67h 0B6ah 0B&Bh i 0BSDh 0B6Fh A ©0B71h X oB7zah )
.. ADC|Transport_layer AFE76xx_2x442_ncjesd_transport1|m_dataout[47..32] 0B65h 0B67h 0BESh 0B&Bh ‘oBEDh Y oBeFh X oB7ih X 0B73h }
% __ADC|Transport_layer AFE76xx_2x442_ncjesd_transport1|m_dataout[31.16] {__oBesh 0B67h __}__ oBesh ©0B&Bh 0B6Fh___)___0B71h __{___oB73h )
# _x_ADC|Transport_layer AFE76xx_2x442_ncjesd_transport?|n_dataout{15..0] 0865h 0B67h 0B69h QBB D- h —!

The transport layer is implemented only for the mode 2x2RX_44210.



From the ADC datasheet, the sample format of JESD mode 2x44210 is as follows

Octet 1 2 3 4
Lane 0 A-i0 A-il
Lane 1 A-q0 A-ql
Lane 2 B-i0 B-il
Lane 3 B-q0 B-q1
Lane 4 C-io C-i1
Lane 5 C-q0 C-ql
Lane 6 D-i0 D-il1
Lane 7 D-q0 D-ql11

Note: The samples specified as A & B are from one device and samples C & D from the other.

User should take the transport layer data along with SOMF (Start of Multi-frame) “rx_somfout” signal
and rx_validout signals. These signals are in alignment with transport layer rx_dataout signal

rx_dataout follows the following sequence for 2x2Rx_44210

The first link clock on the rising edge of rx_somfout, rx_dataout signal contains two 16 bit

samples for each channel, with samples as [A-i0, A-q0,...,D-g0] on the MSB 128 bits with A-
i0 as MSB and [A-i1,A-ql,...,D-q11] on the LSB 128 bits with A-i1 in MSB.

Similarly select the TX instance ‘debug_signal_tx’ and Click on Run Analysis

1 SignalTap Il Logic Analyzer - [A10_AFE76:xx_2x44210 4T4R_REFDESIGN.stp]* =N F=a =]
Eile Edit View Project Processing Tools Window Help ra.com ]
U ) e
Instance Manager: l/ - E Ready to acquire X | JTAG Chain Configuration: JTAG ready x
Instance Status Enabled  LEs: 13340 Memory: 871628 Small: NA Medium: NA Large: NA Hardware: |USE-Blaster [USE-1) ,I I - I

[2] debug_signals_tx Not running ]| 6842 cells 4481024 bits  NA NA NA -
2 debug_signals_mx Not running el 5498 cells 4235264 bits NA NA NA Device: | @1: 10AT11551 (0x02E06000; 'l [5““"0‘"“]
[52] soF Manager. (&) (0] g_violjesdzoab_edsof [ . |
log: Trig @ 2018/10/24 07:00:19 [000.2 elapsed)
Type | Alias Name L—mH q13 -1q12 -1911 -1q10 -1q09 -1qos -1q07 -1q06 1005
Y sysref
= tx_syncn
& FI-..04b_tx_top;jesd_tx_DAC|xcvr_jesd_txi0_xcvr_jesd_tx]jesd204_tx_pcs_data[255..0]
5 #-_top:jesd_tx_DAC|xcvr_jesd_tei0_xcvr_jesd_tx|jesd204_tx_pcs_data[255.224] { 74882A84h # DeA31Cosh X DoCe3FB4h X 6BF01ADBh } CB183206h A Fs430330h ssh }_1Fresezon X FO7Fe27En
& top:jesd_tx_DAC|xevr_jesd_tci0_xcvr jesd tx|jesd204_tx_pes_data[223.192] { EazasF2oh  D3saEsa7h | 87722C67h ) 0B7F907Ah { F17CD87FN J{ 776C6C76h ) 804FSDSFh }{ 6229553Dh ) 84FEa
& # .. topijesd_tx_DAC|xcvr_jesd_txi0_xcvr_jesd tx|jesd204_tx_pcs_data[191..160] { 748B2A84h ¥ DeA31Ca6h X DoCe3FB4h X 6BFO1ADE X CB183206h X F5439330h X 50646055h X_1F795970n X FD7FE;
& #..topjesd_tx_DAC|xcvr_jesd_txi0_xcvr_jesd_tx|jesd204_tx_pcs_data[159..128] {\_E9345F20h A D358E847h A 87722C67h X\ 0B7Fe07Ah A F17CD87Fh A 776C6C76h X BO4FSDSFh X 62295530 A 84FE4014h
F ®-__topsjesd_tx_DAC|xcvr_jesd_tci0_xcvr_jesd_tx|jesd204 _tx_pcs_data[127.96] { 748B2A84h /_DeA31Cash ¥ DoCe3FBah X 6BFo1ADBh X CB1B3206h /_Fs430330h ), 50646055h } 1F795970h ¥ FD7F627EN
F #-_x_topijesd tx DAC|xcvr_jesd_tci0_xcvr jesd tx|jesd204 tx_pcs_data[95..64] { E9345F20n X D358E847h ) 67722C67h X_0B7Fo07Ah X_F17CDG7EN ) 776C6C76h X_BO4FSDSFh X 6220553Dh } 84FE4
_topjesd_tx | _jesd_tei0_xcvr_jesd_te|j _tx_pes_
“i # . x_topjesd_tx_DAC|xcvr_jesd_tx:i0_xcvr_jesd_tx|jesd204_tx_pcs_data[63.32] { 74882484h X DBA31Co6h X DoCa3FB4h X 6BFO1ADBN X CR1B3206h X F5439330h X 50646055h X 1F795970h \ FO7F627EN )
% #.ix_topjesd_tx_DAC|xcvr_jesd_tci0_xcvr_jesd_tx|jesd204_tx_pcs_data[31..0] | E9345F20h A D358E847h A 87722C67h X 0B7FO07Ah A F17CD87Fh A 776C6C76h X BO4FSDSFh X 62295530 A 84FE4014h
3 =--_|Transport_layer AFE76xx_2x442_txjesd_transport]|jesd204_tx_link_data[255..0]
F #_ort layer AFE76xx_2x442 txjesd_transport1|jesd204_tx link data[255.224] (063218CBh X 300343F5h ) 55606450 X_7050701Fh X_7E627FFDh  7DE17820h X_6EES6271h X 5323416Dh { 200018E30)
_Layer ¥ _tejesd_transport1]] _tx_link_
& ort_layer AFE76xx_2x442_tcjesd_transport1|jesd204_tx_link_data[223.192) (7FDa7CF1h ) 766C6C77h _5F5D4FaON }_3D552962h }_1440FEah {_EBD3DICEN }_CO14AE32h )} OEAE91FDh {88
=y F-_ort_layer AFE76xx_2x442_brjesd_transport1|jesd204_tx_link_data[191.160] { 063218CBh A_309343Fsh # 55606450h X 7059791Fh X 7E627FFDh # 7DE17820h X_6FEs6271h X 5323416Dh A 2
‘i * _ort_layer AFE76xx_2x442 txjesd_transportl|jesd204_tx_link_data[159..128] { 7FD97CF1h A 766C6CI7h # SF5D4Fach X 3D552962h £ 1440FEa4h A EBD3D3CER X CO14AF3Zh f_OEAES1FDh
3 # _port_layer AFE76xx_2x442_tx|esd_transport1|jesd204_tx_link_data[127..96] {_06321BCBh /_309343F5h A 55606450h X 7059791Fh % 7E627FFDh # 7DE17820h %_6EE56271h % 532341600 A 2
port_layer . ¥ _tejesd_transpor +_tx_link_
& sport_layer_AFE76xx_2x442_tcjesd_transport |jesd204_tx_link_data[95.64] {7FDa7CF1h X 766C6C77h {_SF504F80N X 3D552962h }_1440FEa4h { EBD3D3CEN X CO14AE32h ) GEAES1FDN A 88
=y F-_sport_layer AFE76xx_2x442_txjesd_transport1|jesd204_tx_link_data[63..32] { 06321BCBh #_309343Fsh # 55606450h X 7059791Fh X 7E627FFDh # 7DE17820h X_6EEs6271h X 5323416Dh A 2
‘i # _nsport_layer AFE76xx_2x442_txjesd_transportl|jesd204_tx_link_data[31..0] ¢ 7FD97CF1h A 766C6CI7h /# SF5D4Fach X 3D552962h £ 1440FEa4h A EBD3D3CER X CO14AF32h )\ OEAFS1FDh 4 587C8
5 sd_tx_DAC|Transport_layer_AFE76xx_2x442_tcjesd_transporti]jesd204_tx_link_valid
@ .. DAC|Transport_layer AFE76xx_2x442_txjesd_transport1|dds:ddsi0|fsin_o[15..0] 3003h 5560h 70s9h 7E62h 7DE1h GEESh 5323h 20Doh 0334
Ci #-_._DAC|Transpori_layer_AFE76xx_2x442_tcjesd_transport|dds:ddsi1|fsin_o[15..0] 43F5h 6450h 791Fh FFFDh 7820h 6271h 4160h 18E3h ED78

‘jesd204 tx_pcs_data’ shows the 256 bits of data which will be sent to DAC serially,

It is grouped as 32 bit buses so that each bus corresponds to data of a single lane.

‘jesd204 tx link data’ shows the 256 bits of data which is formed by rearranging the data

generated by the DDS module so that it suits 2x4421 mode of DAC.
It is grouped as 32 bit buses so that each bus corresponds to data of a single lane.



the

DDS module.

‘ddsi*|fsin_0’ shows the 16 bits of sample data (sine wave of 10 MHz) which is generated by

It is possible to view the output of each DDS as a 10 MHz wave, within the chipscope.

The procedure:

1. Right click -> Bus Display Format -> Signed decimal in Two’s Complement

T SignalTop Tl Logic Analyzer - [AL0_AFETGx 244710 4T4R_REFDESIGN stp]" =
Eile Edit View Project Processing Tools Window Help Search altera.com {
BEDC %8 »r0 e
Instance Manager. ") (D] (@ (B3] Readyto acquire X | JTAG Chain Conflguration: JTAG ready
Instance Status Enabled  LEs: 13340 Memory: 871628 Small: NA Medium: NA Large: NA P — Iusa—masml [wse-1] .I [ =

debug_signals_tx Not running £l 6842 cells 4481024bits  NA NA NA

2 debug_signals_nc Mot running 5498 cells 4235264bits  NA NA NA Device: [@1:104T11551 {0x02£06000) | [ Scan chai
50F Manager () ] g_violjesd204b_edsof [

log Trig @ 2018/10/24 0710019 [000.2 elapsed) ck to me bar

Type | Alias Name Jrors  1qus aq13 1912 Er 1910 -1q09 -1q08 -1q07 1906 -1005)

= sysref
Y tx_syncn
| & | = ..04b_tx_topijesd_tx_DAC|xcvr_jesd_tx:i0_xcvr_jesd_tx|jesd204_tx_pcs_data[255..0]
El1 % _top:jesd_tx_DAC|xcvr_jesd_tei0_xcvr_jesd_tx|jesd204_tx_pcs_data[255.224] {FCe07880hY748B2A8an{DaA31Cosh{DaCe3FB2} 6BF01ADBNYCB1B2206h/ F5439330N/50646055h,1F795970h) FD7F627ER
& _top:jesd_tx_DAC|xcvr_jesd_tei0_xcvr_jesd_tx|jesd204_tx_pcs_data[223.192] (E50A1EF5h X F0345F20h {D358FE4T)(7722C67h) 0B7FO07ANXKF17CD07Fh 776C6C76hY B04F5SDSFNY 6220553 DN 84FE4014n
¥ top:jesd_tx_DAC|xcvr_jesd_txii0_xcvr_jesd_tx|jesd204_tx_pcs_data[191..160] (FC807880n)748B2A840{DBA31C061 DaC63FB4hY 6BF01ADE F5439330nX50646055hY1F795670nX FD7F627ER)
_{_ & _topijesd_tx_DAC|xcvr_jesd_bi0_xcvr_jesd_tx|jesd204 _tx_pcs_data[159..128] {Es0A1EFshXE9345F20n{Da58ER47h) 87722C67h) 087 Fo07 AN F17CD07 Fh/776C6C76h/ 804FSDSFhy 30nKg4FE4014h
_{_ ® ___topjesd_tx_DAC|xcvr_jesd_bi0_xcvr_jesd_ix|jesd204_tx_pcs_data[127..96] {FCao7aa0h, 748B2Az4n/{DaA31Cosh DoCe3FB2n) 6BF01 ADBN/CB1B3206h) F54393300 /5064605501 F795970h) FD7F527ER
- _x_topjesd_tx_DAC|xcvr_jesd_txi0_xcvr_jesd_tx||esd204_tx_pcs_data[95.64] {EscA1EFshXFo345F20h{D358E847h)87722C67h)0B7F307ANAF17C007Fh{776C6C76h/B04F5DSF 300 84FE4014h
@ # .x_topjesd_tx_DAC|xcvr_jesd_tci0_xcvr_jesd_tx|jesd204_tx_pcs_data[63..32] (FCE07880h)748B2A84n{D8A31Co6R DaC63FRANY 6BFO1ADBRYCE F£429230hY 506460550 1F795070h FD7F627ER)
= #-.tx_topjesd_tx_DAC|xcvr_jesd_tci0_xcvr_jesd_tx|jesd204_tx_pcs_data[31.0] {Es0A1EFshXE9345F20n{D3saFea7h a7722C67hA0B7F907ANAF17CD07F776C6C76h/\B04F5D5Fh 6229553 DhX 84FE401 4k
|| |5 .iTrensport layer AFE76xx_2x422 tjesd_transporti[jesd204 e link_data[255.0]

3 _ort_layer AFE76xx_2x442_tcjesd_transport1|jesd204_tx_link_data[255..224] {DB1 1BCBN{300343F5h); 7053791 Fh){7E627FFDN )7 DE17820NA6EE56271hA53234160N{2DD018E30)

i_ ® ..ort_layer AFE76xx_2x442_tcjesd_transportd|jesd204_tx_link_data[223.192) (7A907F0BhK7FD97CF10{766C6C7 7h  5F504F80N) 30552062 1440FE84h (EBD3D3CENCO14AEIZNASEAES1FDNKEE7CE272h)

= ¥ _ort_layer AFE76xx_2x442_tcjesd_transport1|jesd204_tx_link_data[191..160] {DB1 21BCBh/300343Fsh 17059701 Fh¥7E627FFDh}7DE17820nA6EES6271hAB323416DhX2DD018E3N

I & _ort_layer AFE76xx_2x442_txjesd_transport]|jesd204_tx_link_data[159..128] (7A007F08h7FDS7 CF1n{766C6C77h SFSD4FEONY: 1440FE@4hEBD3D3CENY, CO14AE32h L GEAES 1 FDN X587 Ca272h)
#_port_layer AFE76xx_2x442_txjesd_transport1|jesd204_tx_link_data[127..96) (DB1AF06BhY 0632 1BCBNY300343F5h{55606450h) 7050701 FhY7E627 FFDh)7DE17820h/, 6EES6271h)5323416DR\2DD012E2H)

@] | ¥ _.sport_layer AFE76xx_2x442_txjesd_transport!|jesd204_tx_link_data[95..64] (7A907F0BN\7FD97CF1n{766C6C77h 5F5D4FB0N 3D552962h 1440FEG4h EBD3D3CEN/CO14AE32hAOEAED 1 FORNBE7CE272h)

& | ¥ _sport_layer AFE76xx_2x442_txjesd_transport]|jesd204_tx_link_data[63..32] (D1 21BCBh{300343Fsh {7059791Fh¥7E627FFDh}{7DE17820n46EES6271hAB323416Dh{2DD018E3N,

E4 % _nsport_layer AFE76xx_2x442_tcjesd_transport1|jesd204_tx_link_data[31..0] {7A007F0BhY7FDo7CF1n4766C6C77h/\SFED: 52062h)1440FE84h{EaD3D3CENY, C014AF3Zh{OFAFS1FD 887 Caz72h)

a ..5d_tx_DAC|Transport_layer AFE76xx_2x442_tcjesd_transport1|jesd204_tx link valid
% [# ... DAC|Transport_layer AFE76xx_2x442_txjesd_transport1|dds:ddsiO]fsin_o[15.0] 1586 12435 21856 ) 28761 ) 32354 J_ 32225 28389 21283 11728 826
i ¥ _._DAC|Transport_layer AFE76xx_2x442_tcjesd_transport1|dds:ddsi1|fsin_o[15..0] 7115 17397 25680 31007 X 32765 30752 25201 16749 6371 -4743
e We can plot the samples of any dds instance ouput(fsin_o) and we should get a sine wave as

follows(plot of ‘ddsiO|fsin_o[15:0]’)
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4. Spectrum Analyzer

The frequency as seen in the Spectrum Analyser:
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Note: As NCO frequency is set to 1.7G and the generated frequency is 10 MHz, we see a tone
from the DAC at NCO Freq+ Generated frequency i.e. 1.71G

IVV. DAC wave form generation

This FW (and Transport Layer) has been made specifically for 2x4421 mode. A tone is generated
within the FW. This tone is being sent continuously (free-running) to the DAC from the FPGA.

1. Generation of Sinewave:

e A DDS Compiler is being used within the FW in order to generate the tone. In this design, a
Sine wave of frequency of 10 MHz is being generated.

e The DDS compiler will require a sampling clock as input. In this firmware, the sampling
frequency of the DDS compiler is 184.32 MHz

e For every link clock cycle we need to send 32 bits of data to the altera_jesd204b_tx IP. Hence
we use 2 instances of DDS compiler modules to generate 2 waves of 10 MHz each. However



each instance is offset by an equal value (for this mode the phase offset is one-half of the
output wave i.e., 10/2 = 5Mhz) such that in each link clock 2 samples of a 10 MHz Stone is
generated. All two samples are concatenated (jesd204_tx_link_data signal) and given as an
input to the altera_jesd204b_tx IP.

e The concatenated output (jesd204_tx_link_data) consists of four 16-bit samples. In this mode
2 samples are provided for each lane. Hence the output of the transport layer is a 256 bit bus,
which contains sixteen 16-bit samples for 8 lanes.

e The DAC sampling rate for this lane rate (7.372G) is 368.64 Msps/ Channel. Each DDS
Compiler instance generates a 10 MHz wave w.r.t a sampling rate of 184.32 MHz Therefore
when we combine the outputs of two such instances for a single cycle, a tone of 10 Mhz is
generated for a sampling rate of 368 Msps.

2. Changing the Sine wave frequency:

o In order to change the generated Sine wave frequency, we need to change the phase offset and
phase increment values.
(Calculation has been presented for 20 MHz sine wave case)
o Phase offset = [2*Phase width /(Sampling frequency/Required frequency)]/2
= [2732/(184.32/10)]/2
= [4294967296/18.432]/2
=233016888.889/2
=116508444.444

By rounding off to the nearest integer we get 116508444 which is 6F1FC71C in
hexadecimal.

o Phase increment = 2*Phase width /(Sampling frequency/Required frequency)
= 2/32/(184.32/10)
= 4294967296/18.432
= 233016888.889
By rounding off to the nearest integer and making it a multiple of phase offset, we get
23301689 which is DE38E38 in hexadecimal.

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

https://www.altera.com/en_US/pdfs/literature/ug/ug_nco.pdf
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https://www.altera.com/en_US/pdfs/literature/ug/ug_nco.pdf

V. STATUS LEDS

Few signals added for debugging are listed below,

link_clk_led: This signal indicates if the link clock (lane rate/40 clock) from ADC is available or not.
A signal which toggles for every 160ms, derived from link clock is connected to this LED(D7).

rx_altsyncn_led: This signal refers to the SYNC out from altera_jesd204b_rx IP and is given to LED
D6 on board. It will be ON if SYNC is lost. Under normal process, this LED will be OFF.
tx_syncn_led: This signal refers to the SYNC input to altera_jesd204b_tx IP and is given to LED D9
on board. It will be ON if SYNC is lost. Under normal process, this LED will be OFF

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 low



