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The Altera JESD204B MegaCore function is a high-speed point-to-point serial interface intellectual property
(IP).

The JESD204B IP core has been hardware-tested with a number of selected JESD204B-compliant ADC
(analog-to-digital converter) and DAC (digital-to-analog) devices.

This report highlights the interoperability of the JESD204B IP core with the DAC37]84 converter evaluation
module (EVM) from Texas Instruments Inc. (TI). The following sections describe the hardware checkout
methodology and test results.

Hardware Requirements

The hardware checkout test requires the following hardware and software tools:

o Altera Stratix V Advanced Systems Development Kit with 15 V power adaptor

o HSMC breakout board included in the Stratix V Advanced Systems Development Kit
« TIDAC37]J84 EVM with 5.0 V power adaptor

o Mini-USB cables

o SMA cables

« Wire for connecting J21 header to HSMC breakout board header

+ Oscilloscope with a minimum bandwidth of 4 GHz

Hardware Setup

A Stratix V Advanced Systems Development Kit is used with the TI DAC37J84 daughter card module
installed to the development board’s FMC connector.

o The DAC37]J84 EVM derives power from 5.0 V power adaptor.

o The FPGA and DAC device clock is supplied by the LMK04828 clock generator on the DAC37]84 EVM.

o Forsubclass 1, the LMK04828 clock generator generates SYSREF for the JESD204B IP core as well as the
DAC37]J84 device.

o The sync_n signal is transmitted from the DAC37]84 to FPGA through a wire connected to J21 (pin 1)
of DAC37]J84 EVM and HSMC breakout board (pin 3). M

M Thesync_n signal from the DAC does not have direct connection to FPGA 1 through the FMC connector. The
FPGA 2 is used as a bridge to transfer the sync_n signal to FPGA 1 through the HSMC connector.
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Figure 1: Hardware Setup
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The system-level diagram shows how the different modules connect in this design.
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DAC3XJ8XEVM Software Setup 3

In this setup, where LMF = 841, the data rate of transceiver lanes is 12.288 Gbps. The LMK04828 clock
generator provides 307.2 MHz device clock to the FPGA and 1228.8 MHz device clock to the DAC37]84
device. The LMKO04828 provides SYSREF pulses to both the DAC and FPGA. A wire connects between J21
pin 1 on DAC37J84 EVM (SYNC_N_AB pin) and HSMC breakout board header pin 3 to transmit the sync_n
signal from DAC37]84 to FPGA 2. The FPGA 2 acts as a passthrough to deliver sync_n signal to FPGA 1.
The DAC37]84 operates in LINKO only mode (single link) in all configurations.

Note: The FPGA 2 must be configured prior to connecting the wire that carries the sync_n signal to the
HSMC breakout board header. Verify that the voltage at the targeted header pin is less than 1.8 V.
Refer to the DAC37]84 datasheet for the absolute maximum rating of SYNC_N_AB pin.

DAC3XJ8XEVM Software Setup

The DAC3XJ8XEVM software configures the DAC37]84 device and LMK04828 clock generator for JESD204B
link operation.

You need to configure the DAC and LMK04828 with the correct settings and sequence for the JESD204B
link to operate at the targeted data rate and JESD204B link parameters. Follow these steps to set up the
configuration via the DAC3XJ8XEVM graphical user interface (GUI):

1. Configure the FPGA.

2. In the Quick Start tab, select a value for DAC Data Input Rate, Number of SerDes Lanes, and
Interpolation options to meet the settings as stated in Table 6. The DAC device clock is synonymous to
the DAC Output Rate.

3. Click the 1. Program LMKO04828 and DAC3X]J8X button.

4. Inthe DAC3X]J8X Controls tab, select the Clocking sub tab. For the SYNCing of Clock Dividers drop-
down list, select Use all SYSREF pulses.

5. In the DAC3X]J8X Controls tab, select the JESD Block sub tab.

o

At the Elastic Buffer section, turn on the Match Char. checkbox.
. At the Initialization Bits section, turn off the TX Does not allow lane syncing checkbox.

=

o

Change the K and RBD value accordingly. RBD value is K value minus 1. For example, when K = 32,
set RBD = 31.

. At the Configuration for All Lanes section, for the SCR drop-down list, select SCRAMBLE ON if
scrambler is turned on at the JESD204B IP core. Select SCRAMBLE OFF if scrambler is turned off at
the JESD204B IP core.

At the Errors for SYNC Request and Reporting section, under the Link0 S column, turn on the Link
configuration error, 8b/10b not-in-table code error, and 8b/10b disparity error checkboxes.
Optionally, you can turn off all the checkboxes under the Link1 S R columns.

(=9

o

6. In the LMKO04828 Controls tab, select the SYSREF and SYNC sub tab.

a. Atthe FPGA Clock and SYSREF section, turn on the HS checkbox for DCLK Delay.

b. At the SYSREF Configuration section, change the SYSREF Divider value according to the mode and
K value of the targeted operation:
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LMFS=148, K=16 and 32, SYSREF Divider=768
LMFS=244, K=16 and 32, SYSREF Divider=512
LMFS=4421, K=16 and 32, SYSREF Divider=256
LMFS=8411, K=20, SYSREF Divider=80
LMFS=8411, K=32, SYSREF Divider=128

U S L

c. For the SYSREF Source drop-down list, select Normal SYNC.
d. At the SYNC Configuration section, set the following:

a. For the SYNC Mode drop-down list, select Pin.

b. Turn off the SYSREF SYNC Disable, DCLKout0 SYNC Disable, and DCLKout2 SYNC Disable
checkboxes.

c. Turn on the SYNC Pin Polarity checkbox. Then turn off this option.

d. Turn on the SYSREF SYNC Disable, DCLKout0 SYNC Disable, and DCLKout2 SYNC Disable
checkboxes.

e. Atthe SYSREF Configuration section, for the SYSREF Source drop-down list, select SYSREF Pulses.

7. Inthe Quick Start tab, click the 2. Reset DAC JESD Core button. Then, click the 3. Trigger LMK04828
SYSREF button

You can record steps 4 to 6 in a log file for future replay. Double-click the lower left corner (see Figure 3) of
the software. A pop-up Status Log window is launched. Right click at the empty area and select "Clear Log"
and close the pop-up window. Perform steps 4 to 6. Re-open the pop-up window and select the series of
actions that are recorded. Right click at the empty area and save the selected actions into a file with .cfg
extension. Use an editor to delete the read register records. Then transform the write register records into
the format as indicated in the sample setup files that are included in the graphical user interface (GUI)
installation. A sample configuration file for the LMF=841, K=32, RBD=31, SCR=1 is shown below.

DAC3XJ8X

0x51 OxOOFF //enabl e sync request for link O

0x54 0x0000 //disable sync request for link 1

0x55 0x0000 //disable error reporting for link 1

Ox4F O0x1CCl //turn on | ane sync, match specific character 0x1Cto start JESD buffering
0x4C 0x1F07 //K=32, L=8

0x4B 0x1EOO //RBD=31, F=1

Ox4E OxOF6F //SCR=1, HD=1

0x24 0x0010 //cdrvser_sysref_node=use all sysref pul ses

LMK04828

Ox13A 0x00 //sysref divider=128

0x13B 0x80 //sysref divider=128

0x104 0x60 //half step for FPGA device clk

0x139 0x00 //set SYSREF _Mux to "Nornmal"

0x143 0x11 // trigger SYNC event using "Pin" node
0x144 0x00 //enable syncing of all clock outputs
0x143 0x31 //toggle SYNC Pin Polarity bit

0x143 0x11 //toggle SYNC Pin Polarity bit

0x144 OxFF //disable syncing of all clock outputs
0x139 0x02 //set SYSREF_MJX to "Pul ses"

The figures below show the examples of GUI setup for LMF = 841 configuration.
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Figure 3: Quick Start Tab

DAC3XJ8XEVM Software Setup 5

d —
& DACIXJEX GUI i - - =Ll
File Debug  Settings Help
DAC3XJ8X GUI v1.0
Quick Start | DAC3XJ8X Confrols | LMK04828 Controls | Low Level View ‘ L] ussstatus )
Step 1 - Choose Clock Mode  Step 2 - Choose DAC Configuration Step 3 - Stats!
Device Number of SerDes Lanes DAC Output Rate JESD204B Mode (LMFS)
EVM Clocking Mode DAC3ITIE4 |z| & lz‘ 12288 MSPS 2411
Onboard Iz‘ DAC Data Input Rate Interpolation FPGA Clock SerDes Linerate
1228.8 |Z| MSPS 1 E| 3072 MHz 12288 Mbps
Step 4 - Program EVM
Programming Order: )
1. Program LMK04828, 1. P:‘?am LMK::(&B 2]? DAC 3. Trigger LMK04328
toggle DAC RESETB Pin, DaCcic Co RS
program DAC3XJEX i
2. Reset DAC JESD Core DAC RESETE Pin
3. Trigger SYSREF
Quick Start Message
Read Register: DAC3XJ8X.config 108[0x6C] - [0x7] I 1122011 11:44:30 AM ‘ | CONMNECTED | | Idle | # TEXAS INSTRUMENTS
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Figure 4: DAC3XJ8X Controls Tab - Clocking
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Figure 5: DAC3XJ8X Controls Tab - SERDES and Lane Configuration

DAC3XJ8XEVM Software Setup 7
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Figure 6: DAC3XJ8X Controls Tab - JESD Block
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DAC3XJ8XEVM Software Setup
Figure 7: LMK04828 Controls Tab - SYSREF and SYNC
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SYSREF PD[| 8 2 DCLKoutd SYNC Disabl DCLKoutd SYNC Disabl SYNC Enable []
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Figure 8: LMK04828 Controls Tab - Clock Outputs
&3 DACIXIEX GUI - e S |
File Settings  Help

DAC3XJ8X GUI v1.0

‘ Quick Start | DAC3XJ8X Controls ‘ LMK04828 Controls ‘ Low Level View ‘

B

USB Status J Reconnect USB ?

CLKout 0 and 1

CLKout2and 3

CLKout4and 5

CLKoutGand7

| PLL1 Configuration | PLL2 Configuration | SYSREF and SYNC | Clock Outputs |

CLKout 8 and 9

CLKout 10 and 11

CLKout12and 13
FPGA Clock & SYSREF DAC Clock & SYSREF Not Used SMP Clock Qutputs Extra FMC Clocks Not Used Extra FMC Clocks
Group Powerdown [ Group Powerdown [] Group Powerdown [J] Group Powerdown [J] Group Powerdown [¥] Group Powerdown [¥] Group Powerdown [¥]

Output Drive Level [
Input Drive Level [7]

Output Drive Level
Input Orive Level

Output Drive Level [7]
Input Drive Level[]

Output Drive Level [
Input Drive Level[]

Output Drive Level [
Input Drive Level [7]

Output Drive Level [
Input Drive Level [7]

Output Drive Level [
Input Drive Level [7]

DCLK Divider DCLK Divider DCLK Divider DCLK Divider DCLK Divider DCLK Divider DCLK Divider

5 = [ = [ & [ & [e & [ & [ =
DCLK Source DCLK Source DCLK Source DCLK Source DCLK Source DCLK Source DCLK Source

Divider + DCC + HS [« || | Divider +DCC+HS [ | Divider [=] | Divider [=] |mivider Divider Divider [=]
DCLK Type  Invert[T] DCLK Type  Invert[T] DCLK Type  Invert[T] DCLK Type  Invert[T] DCLK Type  Invert[T] DCLK Type  Invert[T] DCLK Type  Invert[T]
LvDS [=] |wveecL2000my [«] | Powerdown [=] |Powerdown [=] |wvos [=] |Powerdown [=] [vps [=]
SOCLK Source SDCLK Source SDCLK Source SDCLK Source SOCLK Source SOCLK Source SOCLK Source

SYSREF [=] |svsrer [=] | Device Clock [=] |svsrer [=] |pevice ciock [=] |pevice Ciock [=] |svsrer [=]
SDCLK Type Invert[[]  SDCLKType Invert[]  SDCLKType Invert[[]  SDCLK Type Invert[T]  SDCLK Type Invert[T]  SDCLK Type Invert[T]  SDCLK Type Invert[]
LVDS lz‘ LCPECL |z| Powerdown |z| Powerdown lz‘ VDS lz‘ Powerdown lz‘ Powerdown lz‘
SDCLK ENDIS State SDCLK ENVDIS State SDCLK EN/DIS State SDCLK EN/DIS State SDCLK EN/DIS State SDCLK ENDIS State SDCLK ENDIS State
Activelactive  [w] |Activelactve  [w|  Actvelactve  [w| |Actveiactve || |Actveisctive  [v] |Actveisctive  [v] | Activeisctve [

SDCLKout_PD[]
DCLKout_DDLY_PD
DCLKout_HSg_PD
DCLKout_ADLYg_PD
DCLKout_ADLY_PD

SDCLKout_PD [
DCLKout_DDLY_PD
DCLKout_HSg_PD
DCLKout_ADLYg_PD
DCLKout_ADLY_PD

SDCLKout_PD
DCLKout_DDLY_PD
DCLKout_HSg_PD
DCLKout_ADLYg_PD
DCLKout_ADLY_PD

SDCLKout_PD
DCLKout_DDLY_PD
DCLKout_HSg_P
DCLKout_ADLYg_PD
DCLKout_ADLY_PD

SDCLKout_PD
DCLKout_DDLY_PD
DCLKout HSg_PD
DCLKout_ADLYg_PD
DCLKout_ADLY_PD

SDCLKout_PD
DCLKout_DDLY_PD
DCLKout HSg_PD
DCLKout_ADLYg PD
DCLKout_ADLY_PD

SDCLKout_PD
DCLKout_DDLY_PD
DCLKout HSg_P
DCLKout_ADLYg_PD
DCLKout_ADLY_PD

Read Register: LMK04828 x100[0x100] - [0xg]

1M2/2011 11:44:30 AM

[ connecTED

Idle

@ TexAS INSTRUMENTS

=

The LMKO04828 clocks:

CLKout0 supplies device clock to the FPGA.
CLKoutl is configured as the SYSREF source for the FPGA.
CLKout2 supplies device clock to the DAC.
CLKout3 is configured as the SYSREF source for the DAC.

To perform short transport layer test, you must properly set up the pattern checker at DAC transport layer
according to the following steps:

1

Set bit 12 of the conf i g2 register (address 0x02) to enable short transport layer checker. To do this,

highlight the conf i g2 register and check the bit 12 checkbox in the “DAC3X]J8X Controls > Low Level
View” tab. Click the Write Register button to write the setting to the SPI interface of the DAC37]84.

2. Clear bits 8-15 of the conf i g6 register (address 0x06) to disable the “Short Test Error” alarm mask. Clear
the bits according to the respective active lanes (for example, bit 8 is for lane0, bit 15 is for lane 7). To do
this, uncheck the Short Test Error checkboxes at the Alarm Masking section in the “DAC3X]J8X Controls
> Alarms and Errors” tab.

3. Set the FPGA to output the corresponding test pattern, according to the parameter configuration listed
in Table 6.

Check the result at bits 8-15 of the conf i g109 register. To do this, press the Clear Alarms and Read
button in the “DAC3X]J8X Controls > Alarms and Errors” tab and monitor the Short Test Error indicator.
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DAC3XJ8XEVM Software Setup 1

Figure 9: DAC3XJ8X Controls Tab - Alarms and Errors

-
&3 DAC3XIEX GUI

File Debug  Settings Help

DAC3XJ8X GUI v1.0

B |

USB Status J Reconnect USB 7

Quick Start | DAC3XJ8X Controls ‘ LMKO04828 Controls | Low Level View ‘

| Overview | Clocking | SERDES and Lane Configuration | JESD Biock | Dig Biock 1 | Dig Block 2 Alarms and Errors

Alarms and Errors:

General Alarm and Test

[] Alarm Zeros JESD Data
L [T Alarm Mig-Levels DAC
ALARM Pin

Alarm Output E‘

ALARM Pin Polarity
Active High [ =]
ATEST |6 000000

Alarm Masking

SYSREF Errors
PAP Alarm

PLL Out of Lock
RWO Out of Lock []
RW1 Out of Lock [T

The DAC3IXIEX alarme are "sticky”™. Meaning that if an alarm occurs, t will constantly report that
alarm until i is cleared. The alarms only have meaning when the DAC is configured and running
properly. Click the "Clear Alarms and Read” button to check the alarms. After the alarms have been
| cleared and proper operation cbserved, the "Read Alarms” button can be used to check if an alarm
has occured. Only alarms on enabled RX lanes are valid. If "FIFO Read Error” or "FIFO Read Empty™
is observed, reset the JESD core and trigger SY'SREF again.

DAC PLL Out of Lock )
SERDES PLL 0 Out of Lock .
SERDES PLL 1 Out of Lock .

SYSREF Alarms

0 1 2 3

|

PA Protection Alarms
01 2 3

|

Lane Number

012345

Lane Alarms ][] ] [C1[C]
FIFD Alarms [ [C]
Short Test Error [ [T [
LOS Detect Error

Clear Alarms and Read l |

Read Alarms

Receiver Number
23 45 87

01

Multiframe Alignment Error
Frame Alignment Error
Link Configuration Error
Elastic Buffer Overflow
Elastic Buffer Match Error
Code Group Synch. Error
8b/10b Not-in-Table Error
8b/10b Disparity Error

Error Counting

87 Link 0 Count EI Read Counter
Link 1 CuuntEI Read Counter

FIFO Write Error
FIFO Write Full
FIFO Read Error
FIFO Read Empty

Short Test Error

LOS Detect Alarm

Receiver Number
23 45 87

0o 1

Read Reqgister: DAC3XJ8X config108[0x6C] - [0x3]

| 1

212011 11:44:30 AM | | CONMNECTED | | Idle

| k3 TEXAs INSTRUMENTS

[ - p—
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Figure 10: Low Level View Tab
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*i DACINEK GUI

File Settings  Help

DAC3XJ8X GUI v1.0

Quick Start | DAC3XJ8X Controls | LMK04828 Controls ‘ Low Level View ‘

i‘ USB Status J Reconnect USB 7

Transfer Read to Write

Register Map Write Data Register Data

Block / Register Name Address | Default WMode Size Value - x 3002

LMK04828 i RW

=] DAC_RESET = 0| [[] mem_sif_reset[1/1]

\

DAC_RESET 0x00 0x1 W 1 0x1 b 1 mem_twos[1/1]

£ DAC3XJEX > unwseD
configo %00 0x0218 |RW |16 | 0x0218 Read Dats
configt 0x01 0x0000 | RAW 16 0x0003 2002 [T unuseD

* [ mem_nco_gna[1/1]

configd 0x03 0XFOB0 |RAW |16 | OxA300 [ mem_mixer_gain[1/1]
configd 004 | 0x00FF |RAW |16 | OxFOFO = mem_mixer_enal111]
canfigh 005 | OxFFOD |RAW |16 | OxFFOT T
configh 0x06 0xFFFF |RW |18 0xFOFF [ mem_sif4_ena[1/1]
config? 0x07 0x0000 |RAW |18 0x3100 Current Address [F] UNUSED
configs 0x08 00000 |RAW |16 | 0x000O x 2 9 [ [F] UNUSED
configd 0%09 0x0000 |RAW |16 | 0x0000 Note: Load 107 unusep
config10 Ox0A | 0x0000 |RAV |16 | 0x0000 Config wil
config11 0x0B 0x0000 |RAW |18 0x0000 Overwrite all T [CJuNuseD
configl2 0x0C 0x0400 | RAV 16 0x0400 Registers. 12 mem_shorttest_ena[1/1]
CO”EQ:} i EXEE gxg igg gx ::E gxg igg 13 mem_zero_invalid_data[1/1]
config15 0x0F | 0x0400 |RAW |16 | 0x0400 ¢ ] Emem_dac_bitwidth[12]
config16 0x10 0x0000 |RW |18 0x0000 T 15[ [ mem_dac_bitwidth[2/2]

Register Description

Block Address Write Data Read Data_Generic
mem_dac_bitwidth[15:14] -
Determines the bits width of the DAC. Bl DAC3XIBX [=] [ 2 * 3002 T HE l
mem_zero_invalid_data[13:13] .
When asserted, the data from the JESD block is zeroed in the mapper to prevent goofy output " - -
from the DAC. For test purposes this bit should be desasserted. - [ e fegsicn ] [ fead Begzley ]
Read Register: DAC3XJ8X . config108[0x6C] - [0x7] 1M2/2011 11:44:30 AM CONMNECTED Idle # TEXAS INSTRUMENTS
e L] ¥ =t — P T

Hardware Checkout Methodology

The following section describes the test objectives, procedure, and the passing criteria.

The hardware checkout test covers the following areas:

o Transmitter data link layer
o Transmitter transport layer
o Scrambling

 Deterministic latency (Subclass 1)

Transmitter Data Link Layer

This test area covers the test cases for code group synchronization (CGS) and initial lane alignment sequence

(ILAS).

On link start up, the receiver issues a synchronization request and the transmitter transmits /K/ (K28.5)
characters. The SignalTap II Logic Analyzer tool monitors the transmitter data link layer operation. The
DAC3X]J8XEVM software GUI is used to monitor the receiver data link layer operation.
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Code Group Synchronization (CGS)

Code Group Synchronization (CGS)

Table 1: CGS Test Cases

13

CGS.1 | Check that /K/ | The following signals in <ip_variant_name>_|+ /K/ character or K28.5 (0xBC)
characters are inst_phy.v are tapped: is transmitted at each octet of
transmitted when i N thej esd204_t x_pcs_data
sync_nis ¢ ]‘esd204_tx_pcs_data[(L 32)-1:0] @ bus when the receiver asserts
asserted. o jesd204_tx_pcs_kchar_data[(L*4)-1:0] the sync_n signal.

The following signals in <ip_variant_name>.v|* Thejesd204_tx_pcs_kchar _

are tapped: dat a signal is asserted
whenever control characters

© Ssyncno like /K/ characters are

* jesd204_tx_int transmitted.

The t x| i nk_cl k is used as the SignalTap II Thej esd204_tx_int is

sampling clock. deasserted if there is no error.
The “Code Group Synch

Each lane is represented by 32-bit data bus in Error” in GUI is Ir)loty asserted

the j esd204_t x_pcs_dat a signal. The 32-bit ’

data bus is divided into 4 octets.

Check the following error in Alarm and Errors

tab in the DAC3XJ8XEVM GUI:

« Code Group Synch Error

CGS.2 | Check that /K/ | The following signals in <ip_variant_name>_|+ The /K/ character transmis-

characters are
transmitted after
sync_n is
deasserted but
before the start of
multiframe.

inst_phy.v are tapped:

o jesd204_tx_pcs_data[(L*32)-1:0]
o jesd204_tx_pcs_kchar_data[(L*4)-1:0] @

The following signals in <ip_variant_name>.v
are tapped:

e sync_n
o tx_sysref
o jesd204_tx_int

The t xIi nk_cl k is used as the SignalTap II
sampling clock.

Each lane is represented by 32-bit data bus in
the j esd204_t x_pcs_dat a signal. The 32-bit
data bus is divided into 4 octets.

Check the following error in Alarm and Errors
tab in the DAC3XJ8XEVM GUI:

« 8b/10b Not-in-Table Error
« 8b/10b Disparity Error

sion continues for at least 1
frame plus 9 octets.
Thesync_nandjesd204 tx_
i nt signals are deasserted.
The “8b/10b Not-in-Table
Error” and “8b/10b Disparity
Error” in GUI are not asserted.

@ 1, is the number of lanes.
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14 Initial Lane Alignment Sequence (ILAS)

Initial Lane Alignment Sequence (ILAS)

Table 2: ILAS Test Cases

AN-719
2014-09-05

Test Objective Description Passing Criteria
Case

1| Check that /R/
and /A/
characters are
transmitted at the
beginning and
end of each
multiframe.
Verify that four
multiframes are
transmitted in
ILAS phase and
receiver detects
the initial lane
alignment
sequence
correctly.

The following signals in <ip_variant_name>_
inst_phy.v are tapped:

o jesd204_tx_pcs_data[(L*32)-1:0]

o jesd204_rx_pcs_kchar_data[(L*4)-1:0] @
The following signals in <ip_variant_name>.v
are tapped:

e sync_n

o jesd204_tx_int

The t xI i nk_cl k is used as the SignalTap II
sampling clock.

Each lane is represented by 32-bit data bus in
the j esd204_t x_pcs_dat a signal. The 32-bit
data bus is divided into 4 octets.

Check the following error in “Alarm and
Errors” tab in the DAC3XJ8XEVM GUTI:

o Frame Alignment Error
o Multiframe Alignment Error

The /R/ character or K28.0
(0x1C) is transmitted at the

j esd204_tx_pcs_dat a bus to
mark the beginning of
multiframe.

The /A/ character or K28.3
(0x7C) is transmitted at the

j esd204_t x_pcs_dat a bus to
mark the end of each
multiframe.

Thesync_nand | esd204 tx_
i nt signals are deasserted.
Thej esd204_tx_pcs_kchar _
dat a signal is asserted
whenever control characters
like /K/, IR/, 1Q/ or /A/
characters are transmitted.
The “Frame Alignment Error”
and “Multiframe Alignment
Error” in the GUI are not
asserted.

® 1 is the number of lanes.
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Initial Lane Alignment Sequence (ILAS)

— e
Case

ILA2 | Check the The following signals in <ip_variant_name>_ The /R/ character is followed
JESD204B inst_phy.v are tapped: by /Q/ character or K28.4
configuration . (0x9C) in the j esd204 t x_
—- ri ctersare | * Jesd204 tx_pcs_data[(L*32)-1:0] © pcs_dat a bus at the beginning
transmitted in the | The following signal in <ip_variant_name>.v of second multiframe.
second is tapped: The JESD204B parameters read
multiframe. ) . from ilas_data0, ilas_datal,

* jesd204_tx_int ilas_data2, ilas_data4, and ilas_

The t xI i nk_cl k is used as the SignalTap II data5 registers are the same as

sampling clock. the parameters set in the

i JESD204B MegaCore function

The_: system console accesses the following Qsys parameter editor.

U SIS s The j esd204_t x_i nt signal is

o ilas_data0 deasserted if there is no error.

o ilas_datal The “Link Configuration

o ilas data2 Error” in the GUI is not

e ilas datad asserted.

o ilas_data5

The content of 14 configuration octets in the

second multiframe is stored in these 32-bit

registers - ilas_data0, ilas_datal, ilas_data2,

ilas_data4 and ilas_data5.

Check the following error in “Alarm and

Errors” tab in the DAC3XJ8XEVM GUI:

 Link Configuration Error
Check the The following signals in <ip_variant_name>_ When scrambler is turned off,
constant pattern |inst_phy.v are tapped: the first user data is
of transmitted . transmitted after the last /A/
user data after the | * jesd204_tx_pcs_data[(L*32)-1:0] character, which marks the end
end of 4th The following signal in <ip_variant_name>.v of the 4th multiframe
multiframes. is tapped: transmitted.
Verify that the The j esd204_t x_i nt signal is

receiver success-
tully enters user
data phase.

o jesd204_tx_int

The t xI i nk_cl k is used as the SignalTap II
sampling clock.

The system console accesses thet x_er r register.

Check the following errors in the Alarm and
Errors tab in the DAC3XJ8XEVM GUI:

« Flastic Buffer Overflow
o Flastic Buffer Match Error

deasserted if there is no error.
Bits2and 3 of thetx_err
register are not set to “1”.
The “Elastic Buffer Overflow”
and “Elastic Buffer Match
Error” in the GUI are not
asserted.

@ When scrambler is turned on, your data pattern cannot be recognized after the 4th multiframe in ILAS

phase.
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Transmitter Transport Layer
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To verify the data integrity of the payload data stream through the TX JESD204B MegaCore function and
transport layer, the DACJESD core is configured to check short transport layer test pattern that is transmitted
from FPGA test pattern generator. The DAC JESD core checks the short transport layer test patterns based
on F =1, 2,4 or 8 configuration. Refer to Table 6 for the short transport layer test pattern configuration.
The short test pattern has a duration of one frame period and is repeated continuously for the duration of

the test.

To verify that data from the FPGA digital domain is successfully sent to the DAC analog domain, the FPGA
is configured to generate a sine wave. Connect an oscilloscope to observe the waveform at the DAC analog

channels.

Figure 11: Data Integrity Check Using DAC Short Transport Layer Pattern Checker

This figure shows the conceptual test setup for short transport layer data integrity checking.

FPGA
Constant TX JESD204B
Pattern ™ '[r:;;rport P MegaCore Function
Generator PHY and Link Layer
DAC
CFf’"Stam RX Transport RX PHY
attern L < d Link L
Checker ayer and Link Layer

The SignalTap II Logic Analyzer tool monitors the operation of the TX transport layer.
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Table 3: Transport Layer Test Cases

Test Objective Description Passing Criteria
Case

TL.1 | Check the The following signals in altera_jesd204_ Thej esd204_t x_dat a_r eady
transport layer | transport_tx_top.sv are tapped: and j esd204_tx_data_valid
mapping using | jesd204_tx_data_valid signals are asserted.

short transport | o The “Short Test Error” is not
layer test pattern | ° jesd204_tx_data_ready asserted.

as specified in the | The following signal in jesd204b_ed.sv is tapped:
parameter - '

configuration, | * J€sd204_tx_int

The t xf rame_cl k is used as the SignalTap II

sampling clock. ©

Check the following error in “Alarm and
Errors” tab in the DAC3XJ8XEVM GUI:

o Short Test Error

TL.2 | Verify the data | Enable sine wave generator in the FPGA and | A monotone sine wave is observed

transfer from observe the DAC analog channel output on the | on the oscilloscope.
digital to analog | oscilloscope.
domain.

Scrambling

With descrambler enabled, the short transport layer test pattern checker at the DAC JESD core checks the
data integrity of scrambler in the FPGA.

The SignalTap II Logic Analyzer tool monitors the operation of the TX transport layer.

Table 4: Descrambler Test Cases

SCR.1 | Check the Enable descrambler at the DACJESD coreand | e Thej esd204_t x_dat a_r eady
functionality of |scrambler at the TX JESD204B MegaCore andj esd204_tx_data_valid
the scrambler function. signals are asserted.
using short The signals that are tapped in this test case are | * The “Short Test Error” is not
transport layer asserted.

similar to test case TL.1
test pattern as

specified in the | Check the following error in “Alarm and
parameter Errors” tab in the DAC3X]J8XEVM GUI:

configuration.
8 o Short Test Error

®) For LMF=148 configuration, the t x| i nk_cl k signal is used as the SignalTap II sampling clock as the t x1 i nk_
cl k frequency is two times of the t xf rame_cl k frequency.
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SCR.2 | Verify the data
transfer from

domain.

digital to analog

Enable sine wave generator in the FPGA and
observe the DAC analog channel output on
the oscilloscope.

Enable descrambler at the DAC JESD core and | A monotone sine wave is
scrambler at the TX JESD204B MegaCore
function.

observed on the oscilloscope.

Deterministic Latency (Subclass 1)

Figure below shows a block diagram of the deterministic latency test setup. The LMK04828 clock generator
provides periodic SYSREF pulses for both the DAC37]84 and JESD204B MegaCore function. The period of

SYSREF pulses is configured to 2 Local Multi Frame Clocks (LMFC). The SYSREF pulse restarts the LMF
counter and realigns it to the LMFC boundary.

Figure 12: Deterministic Latency Test Setup Block Diagram

FPGA1

FMC DAC

Single Pulse

¢

Generator

»  Transport
Layer

X

A

JESD204B IP Core JESD204B
PHY and Link Layer

Core

Digital
> Biods > DA

MSB

16-] bltdlgltalsample 8000h
(two’s complement)

10 -t

Total latency

ov

FPGA 2

HSMC

1
chl | I ch2

Oscilloscope

The FPGA generates a 16-bit digital sample with a value of 8000 hexadecimal number at the transport layer.
The most significant bit of this digital sample has a logic 1 and this bit is pin out at FPGA 1. This bit is

transmitted to FPGA 2, which passes this signal to the HSMC breakout board header. This bit is probed at
oscilloscope channel 1. The DAC analog channel is probed at oscilloscope channel 2. With two's complement
value of 8000h, a pulse with the amplitude of negative full range is expected at DAC analog channel 1. The
time difference between the pulses at channel 1 (t0) and channel 2 (t1) is measured. This is the total latency
of the JESD204B link, the DAC digital blocks, and analog channel.
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Table 5: Deterministic Latency Test Cases

Test Objective Description Passing Criteria
Case

The latency should be consistent.

DL.1

Measure the total
latency.

Measure the time difference between the rising
edge of pulses at oscilloscope channel 1 and 2.

JESD204B MegaCore Function and DAC Configurations 19

DL.2

Re-measure the
total latency after
DAC power cycle
and FPGA
reconfiguration.

Measure the time difference between the rising
edge of pulses at oscilloscope channel 1 and 2.

The latency should be consistent.

JESD204B MegaCore Function and DAC Configurations

The JESD204B MegaCore function parameters (L, M and F) in this hardware checkout are natively supported
by the DAC37J84 device and Quick Start tab of DAC3XJ8XEVM GUI. The transceiver data rate, device
clock frequency, and other JESD204B parameters comply with the DAC37]84 operating conditions.

The hardware checkout testing implements the JESD204B MegaCore function with the following parameter
configuration.

Table 6: Parameter Configuration

Configuration Setting Setting Setting Setting
LMF 148 244 442 841

HD 0 0 0 1

S 1 1 1 1

N 16 16 16 16

N’ 16 16 16 16

CS 0 0 0 0

CF 0 0 0 0
Subclass 1 1 1 1
DAC Interpolation 8 4 2 1
DAC Device Clock (MHz) 983.04 1228.8 1228.8 1228.8
DAC Data Input Rate (MSPS) 122.88 307.2 614.4 1228.8
FPGA Device Clock (MHz) © | 245.76 307.2 307.2 307.2

© The device clock is used to clock the transceiver.
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FPGA Management Clock (MHz) | 1

FPGA Frame Clock (MHz) 7 |122.88 307.2 307.2 307.2

FPGA Link Clock (MHz) 245.76 307.2 307.2 307.2

FPGA TX PHY Mode ® Bonded Bonded Bonded Non-bonded

PCS Option® Hard PCS Soft PCS Soft PCS Soft PCS

Character Replacement Enabled Enabled Enabled Enabled

Test Data Pattern « (0xF1,0xE2, |« (OxFI, o (0xF1,0xE2) |« (0xF1)1?
omvect | gmegs | 2| st
0x97, 0x80) 19| , Sine 1V T W Smgle(lz)

i o Single pulse pulse

+ Sine o Single pulse
« Single pulse "?

(12)

Test Results

The following table contains the possible results and their definition.

Table 7: Results Definition

PASS

The Device Under Test (DUT) was observed to exhibit conformant behavior.

PASS with comments

The DUT was observed to exhibit conformant behavior. However, an additional
explanation of the situation is included, such as due to time limitations only a
portion of the testing was performed.

FAIL

The DUT was observed to exhibit non-conformant behavior.

Warning

The DUT was observed to exhibit behavior that is not recommended.

) The FPGA frame clock and link clock for LMF=244, 442, and 841 modes are sourced directly from the FPGA
device clock (LMK04828 clock channel CLKout0). For LMF=148 mode, the link clock is sourced directly from
the FPGA device clock, while the frame clock is sourced from the LMK04828 clock channel CLKout12 through

the FMC connector.

® The ATX PLL is used in the JESD204B IP core. The TX PHY mode selected is compatible with the transceiver
channel placement rules in the Quartus II software.

© A data rate beyond 12200 Mbps requires a soft PCS to be enabled in the JESD204B MegaCore function.

19" Each frame clock cycle consists of the test pattern in parentheses. Refer to JESD204B specification section
5.1.6.2 for short transport layer test pattern definition.

(D Sine wave pattern is used in TL.2 and SCR.2 test cases to verify that pattern generated in the FPGA transport
layer is transmitted by DAC analog channel.

12 Single pulse pattern is used in deterministic latency measurement test cases DL.1 and DL.2 only.
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e e

Refer to comments From the observations, a valid pass or fail could not be determined. An additional
explanation of the situation is included.

The following table shows the results for test cases CGS.1, CGS.2, ILA.1,ILA.2,ILA.3, TL.1, TL.2, SCR.1
and SCR .2 with different values of L, M, F, SCR, K, data rate, DAC output rate, FPGA link clock and sysref
pulse frequency.

Table 8: Test Results

Test L SCR Data rate | DAC Output | FPGA Link | Sysref Pulse
(Mbps) Rate (MSPS) | Clock (MHz) | Frequency
(MHz)
1 |1 |4 |8 |0 16

9830.4 983.04 245.76 3.84 Pass with comments
2 |1 |4 |8 |1 16 |9830.4 983.04 245.76 3.84 Pass with comments
3 |1 |4 |8 |0 32 19830.4 983.04 245.76 3.84 Pass with comments
4 |1 |4 |8 |1 32 [9830.4 983.04 245.76 3.84 Pass with comments
5 12 |4 |4 |0 16 |12288 1228.8 307.2 9.6 Pass with comments
6 |2 (4 |4 |1 16 | 12288 1228.8 307.2 9.6 Pass with comments
7 |2 |4 |4 |0 32 12288 1228.8 307.2 4.8 Pass with comments
8 (2 |4 |4 |1 32 | 12288 1228.8 307.2 4.8 Pass with comments
9 |4 |4 2 |0 16 |12288 1228.8 307.2 19.2 Pass with comments
10 |4 (4 |2 |1 16 |12288 1228.8 307.2 19.2 Pass with comments
11 (4 |4 |2 |0 32 12288 1228.8 307.2 9.6 Pass with comments
12 (4 |4 |2 |1 32 | 12288 1228.8 307.2 9.6 Pass with comments
13 /18 |4 |1 |0 20 |12288 1228.8 307.2 20.48 Pass with comments
14 /8 |4 |1 |1 20 |12288 1228.8 307.2 20.48 Pass with comments
158 |4 |1 |0 32 | 12288 1228.8 307.2 19.2 Pass with comments
16 |8 |4 |1 |1 32 | 12288 1228.8 307.2 19.2 Pass with comments
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Table 9: Test Results For Deterministic Latency

Test L SCR RBD ¥| Datarate | DAC Output | FPGA Link Total Latency Result
(Mbps) Rate (MSPS) | Clock (MHz)
1 |4 |8 |1 32 |31

DL.1 9830.4 983.04 245.76 Pass, ~810.8-811.2 ns
DL2 |1 32 |31 9830.4 983.04 245.76 Pass, 810.9-811.3 ns
DL.1 |2 32 |31 12288 1228.8 307.2 Pass, ~684-688 ns
DL2 |2 32 |31 12288 1228.8 307.2 Pass, ~684-688 ns
DL.1 |4 32 |31 12288 1228.8 307.2 Pass, ~278-281 ns
DL2 |4 32 |31 12288 1228.8 307.2 Pass, ~278-281 ns
DL.1 |8 32 |31 12288 1228.8 307.2 Pass, ~213-220 ns
DL2 |8 32 |31 12288 1228.8 307.2 Pass, ~213-220 ns

Figure 9 shows the results of the alarm and error checking at DAC3XJ8XEVM GUI for LMF = 841
configuration. No link initialization alarm or error is reported.

Figure 13: Sine wave at DAC analog channel output

Figure shows the sine wave output from DAC analog channel.

SiF100mVO M 200ns A

(13 Get the RBD value in the DAC3XJ8XEVM GUI.
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Figure 14: Deterministic Latency Measurement For LMF = 442 Configuration
Figure shows the time difference between pulses in deterministic latency measurement for LMF = 442

configuration.
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Test Result Comments

In each test case, the TX JESD204B IP core successfully initializes from CGS phase, ILA phase, and until
user data phase. The j esd204_t x_i nt signal is asserted because the DAC deasserts sync_n initially and then
asserts sync_n for a duration of more than 5 frames plus 9 octets. The sync_reinit _reqbitoftx_err
register (bit 4) is set. Since there is no register available at the DAC to set the initial logic level of sync_n
signal, the j esd204_t x_i nt signal is asserted during link initialization. There is no other error bit being set
inthet x_err register throughout CGS.2 and ILAS.1- 3 test cases. Other than the TX interrupt, the behavior
of the TX JESD204B IP core meets the passing criteria. To clear the interrupt, write “1” to t x_err (bit 4)
register. From the “DAC3X]J8X Controls > Alarms and Errors” tab in DAC3XJ8XEVM GUI, no error
pertaining to RX JESD204B IP core is reported.

For LMF=148 configuration, 9.8304Gbps is the highest data rate achievable using the EVM on-board clocking
mode; the period of SYSREF pulses for K=32 configuration needs to be 1 LMFC in order to get a stable link
initialization.

No data integrity issue is observed from the short transport layer test pattern checkers at DAC JESD core.
Sine wave is observed at all four analog channels when sine wave generators in FPGA are enabled.

In the deterministic latency measurement, consistent total latency is observed across the JESD204B link and
DAC analog channels.
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Table 10: How to Contact Altera
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To locate the most up-to-date information about Altera products, refer to this table. You can also contact your local

Altera sales office or sales representative.

Technical support Website www.altera.com/support
Website www.altera.com/training
Technical training
Email custrain@altera.com
Product literature Website www.altera.com/literature
Nontechnical support: general Email nacomp@altera.com

Nontechnical support: software licensing

Email

authorization@altera.com
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TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
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voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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